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Cost-eﬀective, portable, and rapid smartphone sensors will play a critical role in bringing chemical detection technologies from
central laboratories to simple laboratories, such as those of schools in less-developed area. In this work, we study whether eggs in
Yinchuan have a higher concentration of ovalbumin than that in ordinary eggs. We summarise previous research on sensors built
inside smartphones, as well as some developments in the current literature, and develop a simple experimental procedure that
utilises the light sensor of a smartphone to analyse light intensity and thereby determine the ovalbumin content of egg white
cheaply and quickly. Most of the materials required for conducting this experiment can be easily found in simple school
laboratories, and it allows solution concentrations to be quickly assessed by high school students in the data collection and analysis
phase. Indeed, the data collected using smartphone light sensors were similar to those obtained using a spectrometer. It was
concluded that egg white ovalbumin concentration in eggs collected from Yinchuan is higher than that in ordinary eggs.

1. Introduction
Due to continuous developments in science and technology,
smartphones have become rich in features, while their cost
has gradually reduced; at present, smartphones that are fully
equipped with a variety of sensors are available for under 150
U.S. dollars. Compared to costly and bulky digital information system (DIS), which costs around 1,500 U.S. dollars
for a kit, smartphones are a cheaper and more portable
alternative that is more suitable for laypeople, researchers
conducting ﬁeld survey, and students conducting scientiﬁc
experiments in resource-limited areas. While chemists strive
to improve chemical technologies, they should consider how
this technology can be eﬀectively used by students and
laymen who want to understand chemistry. Smartphones
could see more uses in the research ﬁeld of chemistry if they
are utilised for more practical applications.
Selenium has been proposed to have a role in protein
synthesis. The local soil of Yinchuan is rich in selenium. Thus,

it is ideal to check whether the eggs in Yinchuan have a higher
concentration of ovalbumin than that in ordinary eggs.
Yinchuan is a less-developed area in China, and the development of more selective and cost-eﬀective equipment for use
in daily chemical experiments is highly desirable. Many
schools in less-developed areas are not equipped with traditional sensor devices, but almost everyone has a smartphone
that they can use to explore the world around them. This also
includes conducting chemical experiments anywhere and
anytime. For these reasons, a growing number of researchers
are investigating mobile resources. Researchers from many
countries have engaged themselves in this ﬁeld, including
those from the United States, Germany, South Africa, Spain,
Scotland, Uruguay, Turkey, Australia, and China [1–4]. By the
end of January 2020, there have been nearly 6,000 research
articles published related to smartphone sensor experiments,
which is regarded as a prevailing ﬁeld around the world.
Common methods of using smartphones for scientiﬁc inquiry
focus on two aspects: the manifest functions of smartphones
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and the sensors inside smartphones. This report describes an
experiment to determine the egg white ovalbumin concentration in eggs collected from Yinchuan, using the built-in
light sensor of a smartphone.
The range of experiments that can be carried out using
smartphone sensors is extremely wide. Current research has
covered many ﬁelds including biochemistry, optics, acoustics,
and thermodynamics. For example, several researchers have
investigated free-falling through mobile phones using a variety
of sensors, including accelerometers, air pressure sensors, and
GPS [5–7]. Smartphone sensors can also be used as optical
microscopes [8, 9], with many reports describing how
smartphones can be used to design simple and inexpensive
photometers for daily use [10–12]. In 2016, Thomas put forward a method of using a smartphone camera and related
software in the spectrophotometric analysis of CuSO4 solution
concentration [13]. Khalili integrated a generic holographic
sensor platform and a smartphone-based colour quantiﬁcation
algorithm in order to standardise and improve the determination of the concentration of analytes of interest [14]. These
experiments further simpliﬁed the process of creating simple
photometers from smartphones and cameras, allowing photometry to be conducted in every high school laboratory, but
they ignored the eﬀects of stray light and low-concentration
solutions [15]. Furthermore, the analyte concentration only can
be determined from colour change. In order to measure ovalbumin concentration in egg white, experiments to measure
the concentration in low-concentration colourless solutions
should be designed. With this in mind, we earlier designed the
salting-out method-based quantitative experiment [16–19].
Traditionally, ovalbumin concentration is measured using an
ultraviolet and visible spectrophotometer; however, certain
citizen science squares and high schools cannot aﬀord expensive visible spectrophotometers for communities and
groups of students. To overcome this diﬃculty, a new saltingout-based method for ovalbumin extraction from egg white
and determination of ovalbumin concentration was developed
in this study. It is emphasised that the ovalbumin concentration
of the egg white can be measured using the built-in light sensor
found in a cheap smartphone.
This experiment focuses on utilising the built-in light
sensors of smartphones to measure the ovalbumin concentration of egg white and involves the following steps:
(1) Preparing a calibration curve using saline solutions
containing bovine serum albumin (BSA)
(2) Using ammonium sulfate salting-out to extract ovalbumin from egg white
(3) Verifying the presence of ovalbumin in the solution
chemically, using the Coomassie brilliant blue (CBB)
test
(4) Determining ovalbumin concentration using a
smartphone

12.5 mm × 45.2 mm; AICE, Hangzhou, China), four 150 mL
beakers, one 750 mL beaker, two 100 mL volumetric cylinders, ten test tubes, three stirring rods, four 5 mL syringes,
four 10 mL centrifuge tubes, one centrifuge, and one
smartphone (in this case, a Samsung Galaxy S4, Android 4.0
was used). A smartphone application capable of determining
the average intensity of ultraviolet light passing through the
solution in real time is also required (for use as a light
detector). The spectrophotometer used in traditional experiment was Varian CARY 5000 UV-VIS spectrophotometer in the range of 200–1000 nm. Details for setting up
the smartphone-based instrument are provided below. The
eggs selected in this study were purchased from 20 diﬀerent
markets in Yinchuan, and they were all common local eggs,
not those produced by rare breeds.
2.1. Developing the Instrument. To facilitate the measurement of the ultraviolet ﬂashlight intensity and to avoid
interference from other light sources, a lighttight plastic box
was used to construct a cuvette holder in which the cuvette
was set. Two holes were cut as indicated in Figures 1(a) and
1(b). The hole’s radius we made for cuvette holders was
0.2 mm and no larger than the ﬂashlight bulb. The height
from the bottom edge of the cuvette was 1 cm. The lighttight
plastic board was then folded to make a box, as shown in
Figure 1(a), ensuring that holes A and B faced each other.
Holes A and B on the back of the box is shown in Figure 1(b).
Hole B was closely attached to the light sensor. The cuvette
was placed in the cuvette holder.
The cuvette holder was ﬁxed on the smartphone
(Samsung Galaxy S4), and the sensor was attached to one of
the holes on the holder (Figure 2(a)). The box was arranged
such that light penetrating through the cuvette could be
detected by the smartphone (Figure 2(b)). A 595 nm ultraviolet ﬂashlight (Blnmax, Ningbo, China) was used as the
light source. A diagram of the complete apparatus is shown
in Figure 2(c). The built-in sensor required no user
installation.
The smartphone application “Luxmeter with graph” (or a
similar photometer application) was downloaded onto the
android smartphone to measure light intensity. This free
Luxmeter can be used for measurement for any purpose—for comparison, for simple experiments, or just for fun.
This is a free version and has no limitations. Moreover,
improvements, new features, and users’ requests are always
implemented on the free version. This study uses Luxmeter
with graph as an example. More information regarding this
application can be found at the following link: https://www.
amazon.com/dp/b00mdub0ze/. In case the smartphone
being used is an iPhone, many similar alternative photometer applications can be installed on the iOS smartphones. More detailed information and helpful tips may be
found in the Supplementary Materials.

2. Materials and Methods

2.2. Sample Preparation

The equipment required for this experiment included one
50 mL volumetric ﬂask, two quartz cuvettes (12.5 mm ×

2.2.1. CBB Reagent. CBB G250 (100 mg) (Analytical Reagent, Vorradex, Nanjing, China) was dissolved in 50 mL
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Figure 1: Schematic (a) and photo (b) of homemade cuvette holder.

95% ethanol; 100 mL 85% phosphoric acid was added to this
and diluted to 1000 mL with distilled water and then ﬁltered.
The CBB reagent can combine with protein NH3 bond in
acid medium to cause the solution colour turn blue.
Moreover, staining the solutions with CBB allowed easy
protein detection.

2.3. Utilising Smartphone Light Sensors to Measure Samples

2.2.2. BSA Normal Saline Solution. Ten BSA samples (Analytical Reagent, Vorradex, Nanjing, China) of known
concentrations were prepared by dissolving BSA in normal
saline solution. The solutions were stained with CBB.

A � ε l c.

2.2.3. Salting-Out Method and Extraction of Ovalbumin from
Egg White. The surface of the protein molecule contains
charged groups, which have signiﬁcant aﬃnity for water
molecules. Thus, in an aqueous solution, the protein forms a
hydration membrane to increase the stability of the proteinwater solution. The membrane will be destroyed if a large
amount of neutral salt is added to the protein solution, as
this neutralizes the surface charge of the protein molecules
[20]. The protein molecules then agglomerate and can be
separated from the solution. The precipitate is crude ovalbumin, which should be measured.
This precipitate was then dissolved in normal saline
solution, and the presence of the protein was conﬁrmed
using CBB staining. In this study, researchers used eggs
collected from other cities as the control group, while students used local eggs as the experimental group. Researchers
also measured the concentration of BSA by drawing a calibration curve.

2.3.1. Preparing Calibration Curves. In this spectrometry
experiment, transparent solutions were irradiated with UV
light, and the portion of light that passes through the solution was measured (Figure 3).
Equations (1) and (2) are known as Lambert–Beer’s law
and are useful for calculating sample concentrations [15]:
(1)

Here, A is the absorbance of the solution, ε is the molar
attenuation coeﬃcient, which is a constant determined
solely by the wavelength used for analysis, l is the cell path
length, and c is the solution concentration. Absorbance is
directly proportional to the solution concentration when ε
and l remain constant [15, 21]:
I
A � −lg .
(2)
I0
Here, I is the intensity of light transmitted through the
sample and I0 is the intensity of light transmitted through a
blank sample. Thus, the solution concentration (c) can be
obtained by determining I. It is assumed that the incident
light is a parallel monochromatic light that passes through
the solution vertically.
The intensity of light transmitted through samples of
BSA-normal saline solution and normal saline solution was
measured, and a calibration curve of the intensity of UV light
penetrating BSA samples of diﬀerent concentrations was
prepared. Equations (1) and (2) were then used to convert
this to a calibration curve of absorbance vs BSA
concentration.
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Figure 2: Experimental setup. (a) The location of the smartphone’s sensors. (b) Side view of the instrument. (c) Front view of the
instrument.

Figure 3: UV light produced by a 595 nm UV ﬂashlight passes through a transparent solution. The amount of light transmitted through the
solution is detected by a smartphone.

2.3.2. Utilising Smartph One Light Sensor to Measure Concentration of Ovalbumin in Egg White. The intensity of light
transmitted through normal saline solutions containing the
precipitate was measured using the experimental setup. The
solution concentration was determined by comparing this
value to the calibration curve.

3. Results and Discussion
3.1. Drawing Protein Calibration Curve Using BSA-Normal
Saline Solutions. Solutions of BSA in normal saline with ten

known concentrations (0.05 g/L, 0.10 g/L, 0.15 g/L, 0.20 g/L,
0.25 g/L, 0.30 g/L, 0.35 g/L, 0.40 g/L, 0.45 g/L, and 0.50 g/L)
were prepared. CBB (5 mL) was added into BSA-normal
saline solutions. The protein concentration can be measured
easily by staining with CBB. Before the experiment, the
sensor had been wiped with the computer detergent containing volatile hydrocarbon detergent, antisedimentation
agent, surface cleaner detergent, and antistatic agent. The
light intensity analyser application on the smartphone was
opened. A cuvette ﬁlled with normal saline solution and CBB
(i.e., a blank) was placed in the cuvette holder, and the UV
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ﬂashlight was operated such that UV light could pass
through the holes into the light sensor of the smartphone,
and the intensity of light passing through the blank sample
(I0) could be recorded. The intensities of UV light that
penetrated through the solutions with known concentrations (I1–I10) were then measured in a similar manner. The
software interface is shown in Figure 4.
The application recorded the intensity of UV light
penetrating through the blank solution (I0 � 331.2 lux)
and BSA sample (I10 � 254.4 lux). Equation (2) yielded an
absorbance of 0.115 for the BSA-normal saline solution
(0.50 g/L).
The intensities of light transmitted through the BSAnormal saline solutions and the reference sample were
measured using the apparatus described above (Table 1),
after which a curve of the UV light intensity penetrating
through the BSA samples was prepared (Figure 5). This was
then converted to a calibration curve of the absorbance of
BSA-normal saline solutions by equation (2) (Table 2 and
Figure 6).
3.2. Using Ammonium Sulfate Salting-Out to Extract Ovalbumin from Egg White and Verifying the Presence of
Ovalbumin. The volume and mass of an egg white were
measured using a volumetric cylinder and an analytical
balance, respectively. The mass of the whole egg was determined at the beginning of the experiment. A small hole
was then created at one end of the egg to transfer the egg
white into a volumetric cylinder. The mass of the eggshell
and yolk was then determined. The diﬀerence between the
mass of the whole egg and that of the shell and yolk was the
mass of the egg white (denoted by m).
In order to extract ovalbumin from the egg white, raw
egg white and normal saline (Vorradex, Nanjing, China)
were combined in a 1 : 1 volume ratio in a 150 mL beaker
(AICE, Hangzhou, China). The egg white and saline solution
were mixed, and the mixture was allowed to stand for
10 min. A same volume of saturated ammonium sulfate
(60%, Vorradex, Nanjing, China) was added into mixture, as
saturated ammonium sulfate (60%) can be used to separate
ovalbumin from egg white [22]. Following this, the mixture
was transferred into a centrifuge tube [23] and centrifuged at
3000 rpm for 10 min (centrifuge, 220 V, 50 Hz, Max
Speed � 16600 rpm, AICE, Hangzhou, China). The supernatant was collected, and ammonium sulfate was continuously added into it until no additional ammonium sulfate
could be dissolved. This mixture was allowed to stand for
10 min and then centrifuged at 3000 rpm for 10 min. The
precipitate, which is crude ovalbumin, was collected. The

mass fraction (W) �

(a)

(b)

Figure 4: View of a blank sample (a) and a sample containing
0.5 g·L−1 BSA-normal saline solution (b) through the Luxmeter
with graph application on a smartphone.

extracted crude ovalbumin was dissolved in normal saline to
0.7 L (denoted by V) to prevent the formation of protein
dimers [24]. Finally, CBB (5 mL) was added to this solution,
causing the solution to turn blue, thereby conﬁrming the
presence of the protein (Figure 7). Moreover, staining the
solutions with CBB allowed easy protein detection.
3.3. Determination of Ovalbumin Concentration. Brieﬂy,
595 nm ultraviolet ﬂashlight was turned on, and the
smartphone’s light intensity analyser application was
opened. A cuvette ﬁlled with 2.5 mL of ovalbumin-normal
saline solution was placed in the cuvette holder, the ultraviolet light passing through the solution was recorded, and
the absorbance of each sample was determined using
equation (2). Subsequently, absorbance values were converted into concentrations using the curve, and this process
was repeated four times to give ten concentrations (c1, c2, c3,
c4, c5, c6, c7, c8, c9, and c10). The intensities of UV light
penetrating through the sample are given in Table 3. Intensity was converted to absorbance by equation (2). Absorbance was converted to concentration by equation (1).
The concentration values are also shown in Table 3 that are
obtained from the ﬁve tests of an egg white with a mass of
57.1 g.
The formula for calculating the ovalbumin mass fraction
of the egg white is as follows [20, 25–27]:

average ovalbumin concentration (c) × volume (V) × 100%
eggs mass (m)

c + c + . . . + cn V × 100%
.
W� 1 2
nm

(3)
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Table 1: Intensities of BSA-normal saline solutions measured by a
smartphone.

Intensity (lux)

Intensity of UV light penetrating
through the sample (lux)
324.4
317.0
310.5
300.0
289.8
279.3
274.8
267.9
260.7
254.4

0.12
Absorbance (lux)

Concentration of BSAnormal saline (g/L)
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

0.1
0.08
0.06
0.04

y = 0.2384x – 0.003

0.02
0

R2 = 0.9954
0

0.1

0.2

0.3

0.4

0.5

0.6

Concentration for BSA (g/L)

Figure 6: Calibration curve for absorbance of known BSA-normal
saline solutions.

400.0
350.0
300.0
250.0
200.0
150.0
y = –31.9ln(x) + 240.5
100.0
50.0
R2 = 0.9202
0.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
Concentration of BSA (g/L)

Figure 5: Calibration curve of UV intensity penetrating through
known BSA samples.
Figure 7: Blue solution obtained on addition of CBB.
Table 2: Absorbance of known BSA-normal saline solutions
measured by a smartphone.
Concentration of BSA-normal
saline (g/L)
0.000
0.050
0.100
0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500

Absorbance (arbitrary units)
0.000
0.009
0.019
0.028
0.043
0.058
0.074
0.081
0.092
0.104
0.115

Here, mass fraction is denoted by W, m is the mass of the
egg measured in g, V is the volume measured in L, and c is
the average ovalbumin concentration measured in g/L. The
ovalbumin mass fraction determined using the data above
and Equation (3) was 0.554%.

The concentration and absorbance values obtained from
the ﬁve tests of same egg white tested by a traditional
spectrophotometer are shown in Table 4.
The ovalbumin mass fraction determined was tested by a
traditional spectrophotometer and calculated as 0.594%
[28, 29]. Thus, the diﬀerence between the traditional spectrophotometer and smartphones value was 6.73%, which is
suitable for the current purpose of developing an alternative
detection method.
The activity described here was carried out by 1271
students of Grades 9–11 at Yucai High School (Yinchuan,
China). In this experiment, students were divided into 18
teams to test 4,500 eggs from 20 diﬀerent markets in
Yinchuan by a smartphone. They used a method similar to
that used by researchers to measure the ovalbumin mass
fraction of the egg. The ovalbumin mass fraction is listed in
Table 5.
The average ovalbumin mass fraction of local egg
measured by students was 0.604%.
The estimating result shows that egg white ovalbumin
concentration in Yinchuan is higher than ordinary eggs.
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Table 3: The intensities and concentrations measured by smartphone.

Test
Intensity (lux)
Concentration (g/L)

1
265.3
0.46

2
265.1
0.46

3
263.9
0.48

4
266.7
0.44

5
266.6
0.44

6
265.2
0.46

7
265.9
0.45

8
266.0
0.45

9
266.6
0.44

10
265.9
0.45

Table 4: Absorbance and concentration of same egg white tested by
a traditional spectrophotometer.

of the smartphone use on people who want to learn
chemistry.

Absorbance
0.0984 0.0984 0.0983 0.0990 0.0989
Concentration (g/L) 0.4835 0.4833 0.4829 0.4891 0.4889

Data Availability

Table 5: Ovalbumin mass fraction measured by 18 teams of
students.
Team
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Average

Ovalbumin mass fraction (%)
0.582
0.599
0.601
0.600
0.589
0.622
0.610
0.627
0.621
0.601
0.599
0.599
0.597
0.599
0.619
0.604
0.607
0.590
0.604

4. Conclusions
Obviously, the rational use of new technologies is an important aspect of the problems encountered in the ﬁeld of
chemistry today. The development of a smartphone sensor
helps laymen explore the chemistry around them. This study
proves that smartphone sensors can be used in scientiﬁc
experiments to obtain results with a low cost and a large
degree of convenience. The estimating result shows that egg
white ovalbumin concentration in eggs collected from
Yinchuan is higher than that in ordinary eggs. It may also be
an economic impulse for the population of less-developed
areas in the Ningxia province. Smartphones can be used not
only for experimental teaching in schools but also as
powerful modern experimental tools in scientiﬁc experiments. However, it should be noted that this study is based
on a relatively convenient sample of students from a single
sector of society. Therefore, it is recommended to obtain
larger and more diverse samples in future research. It will
also be useful to develop a deeper understanding of the
quality, not the quantity, of the technology used. We will
develop more smartphone sensor experiments for measuring other ingredients in food. A further suggestion is to
perform follow-up trials to determine the long-term impact

All data used to support this study are included within the
manuscript.
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