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Abstract There is a great concern regarding the safety of
milk not only for human health but also for its economic
consequences. The portable sensing devices, which can
collect and analyze data within food supply chains at
critical control points are lacking. Smart phones have now
emerged as an integral part of each home, lab, farm and
factory. It is having a provision of digital camera and
computation; with widespread applicability including food
analysis. The use of soda as a milk neutralizer is a usual
practice but has a detrimental human health impact. This
investigation explored an easy, economic, fast, repeatable,
and field applicable Smartphone-based sensing technology,
which was standardized and in-house validated for the
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quantitative determination of neutralizer in milk samples.
The method had simple steps of spot-test response and
digital image evaluation with the Red Green Blue process.
The linearity of the method was shown by analytical curves
ranging from 0.125% (1250 ppm) to 1% (10,000 ppm) that
were characterized by R* > 0.99. The limit of detection of
0.11% demonstrated the sensitivity of the method which
was found better than the existing wet chemical spot test.
Comparison with the existing spectroscopic method
revealed no statistically significant difference between the
observations using paired t-test at a confidence level of
95%.
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Introduction

Milk was identified as one of the most frequently defrauded
foods in the world (Moore et al. 2012). There is an
increasing tendency to use adulterants as neutralizers,
preservatives, diluting agents, thickeners, and non-dairy fat
emulsifiers; foaming agents in milk (Kumar et al. 2019) to
prevent microbial proliferation and spoilage and to increase
the bulk and make more profit. The use of soda as a neu-
tralizer was very common. It is added to nullify the
developed acidity in the milk (Gupta et al. 2013) conse-
quently prevents the souring and increases the shelf life of
the milk. It has immense public health significance so; the
investigation of soda in milk plays a crucial role to prevent
this counterfeiting and adulterating practice.

Modern smartphones are the most recent age telephones,
which are very likely a small personal computer (PC) with
best in class worked in segments required for a sensing
gadget like contact screen, top-notch camera, light sensors,
earphones, stockpiling memory, correspondence function-
alities, a global positioning system (Younis et al. 2020),
computation, etc. Moreover, as per an estimate, around
6.37 billion individuals in the world utilize smart phones,
which is practically 80.76% of the total populace
(Bankmycell 2021). Along with the progression headway
of electronics and information technology areas, the spot of
PCs has been replaced by Cell phone gadgets (Sumrid-
detchkajorn et al. 2014). It has now become a necessary
aspect of each and everyone’s life. Its relevance has been
found in the analysis of foods and beverages (Igbal and
Bjorklund 2011), detection of antibiotic residue in milk
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(Urapen and Masawat 2015), estimation of preservative
(formaldehyde) in milk (Gupta et al. 2019), etc.

Colorimetry is not a wonder; Cell phone-based colori-
metric measurement has been proposed and applied by
numerous workers (Shen et al. 2012; Sumriddetchkajorn
et al. 2014; Gupta et al. 2019). Development of digital
image-based (DIB) colorimetric methods have been per-
formed and applied in analytical science for exact esti-
mation of analyte (Dos Santos Benedetti et al. 2015) of
interest. This technique utilizes the fundamental concept of
a primary color pattern i.e. red (R), green (G) and blue
(B) as more than 16 million color tones may be possible by
different blends of these colors (Gomes et al. 2008). These
RGB values changed proportionally with variation in
concentration of an analyte of interest during a colorimetric
response. Thus the RGB approach can be straightforwardly
used to play out a quantitative analysis (Andrade et al.
2013). Indeed, the inconstancy of the light during the
application of the DIB technique can be the principal
reason for helpless reproducibility. Radiant or overcast
climate during the catch of the picture could significantly
change the RGB pattern (Martinez et al. 2008) here, we
have overcome this drawback by using homogenous illu-
mination and prevention of environmental hindrance dur-
ing the experimentation. To detect neutralizer in milk,
qualitative rosalic acid spot test can be performed using a
method described by FSSAI (2016). In this test, aliquot of
milk was added with rosalic acid solution. Rosolic acid
changes its colour from yellow to red due to raised pH in
neutralizer adulterated milk. Development of rose red
colour indicates presence of it in the milk. Digital image of
the chromogenic reaction was then taken up with the help
of a smartphone. Color of the captured pix was then con-
verted into numerical value by using RGB approach and
the analytical curve constructed here was useful to estimate
concentration of neutralizer in milk.
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The food safety agencies regularly performed screening
of milk samples by using chromogenic subjective tests.
Simply qualitative determination is not corroborative proof
of adulteration. It ought to be quantified with a validated
analytical approach. There is a paucity of such kind of
methods and compact handheld gadgets, which can gather
and analyze information inside food chains at focused
points. The present investigation was embraced for the
development and validation of colorimetric-based tech-
nology with a cell phone for the determination of milk
neutralizer (soda).

Materials and methods
Design of the device

A 15.5 cm x 9.5 cm x 4.0 cm black plastic platform was
designed for a Samsung Galaxy on 7 phone manufactured
by Samsung electronics. The manufacturing details
includes Android 6.0.1 operating system, 64 bit Qualcomm
Snapdragon 410 Quad-core 1.2 GHz Cortex-AS53 proces-
sor, Adreno 306 GPU, 1.5 GB RAM, 5.5-inch TFT
capacitive touch screen, 8 GB of internal storage, a battery
of 3000 mAh, 13 MP CCD rear camera and 5 MP front
camera. The rear phone camera was positioned over the
observing window of the platform. The device was
enlightened from a white light LED source with an illu-
mination of 300 lux. A white plastic light diffuser and a
mirror reflector were placed between the light source and
the sample for a steady enlightening condition (Fig. 1).

Spot test reactions

Rosalic acid spot test for detection of milk neutralizer was
performed using the method described by Food safety and
standards authority of India (Food safety and standards
authority of India 2016) viz. 2 ml aliquot of milk was taken
in a test tube; 2 ml of rosalic acid solution was then added.
Appearance of rose red colour indicates sodium bi car-
bonate (neutralizer) was present in milk. Each lot of
experimental milk sample was previously assessed for
tested neutralizing substance by the approved method and
was found free of adulterant. Each batch was then split into
5, 50 ml aliquots, 4 intended for the experimental addition
of neutralizer to milk and one for the negative control.
After serial dilution, each aliquot has neutralizer in one of
the following concentrations: 0.125%, 0.25%, 0.5% and
1% sodium bi carbonate (99.7% NaHCOs;, AR). Calibra-
tion measurements were carried out using standard con-
centrations (0.125%, 0.25%, 0.5% and 1.0%) and with a
negative control (0.00%). Each tube of different concen-
trations was then added by an equal volume of rosalic acid

solution. The pics of the developed rose-red color were
taken by Smartphone using black plastic plate-form.
Independent repetitions were performed for each of the five
standard concentrations.

Colorimetric analysis of digital image data

All digital images captured from Smartphone were pro-
cessed for colorimetric analysis with the Image J program;
a freely available internet download (Andrade et al. 2013).
It is a very capable image analysis program. This is
designed to import and display an image in the desired
pixel area and process it with the RGB approach. It
examined the 200 x 250 pixel selected. Captured pics
were converted into numerical values by using the pro-
gram. The user can select the most homogeneous region in
the image (usually the middle portion) defining the coor-
dinates for the selected region and to be used for all the
images. The software scans all the pixels (column by col-
umn) to extract the Red, Green, and Blue (RGB) compo-
nents for each pixel and calculates a mean value for each
RGB component. These values change relatively with
developed color in colorimetric spot reaction. The color
generated was proportional to concentration of the analyte.

Results were plotted between average intensities of
various components (R, G, and B) and standard concen-
trations of the neutralizer (%). A calibration curve was
plotted in concentrations of the neutralizer (%) against
analytical response (R) obtained from mean values of the
intensities of the red (Red) component, which was found to
be most linear.

In order to validate the method for the tested analyte,
parameters like sensitivity, linearity, range, limit of
detection (LOD) and limit of quantification (LOQ) were
evaluated by using a prepared calibration curve for neu-
tralizer estimation in milk. The accuracy, precision was
also determined.

New versus existing methods

The comparison of the developed smartphone-based col-
orimetric method with the spectrophotometric technique
was performed. A spectroscopic method (Modi Zeel et al.
2018) was used for the determination of neutralizer in milk
as a comparative method. Milk with known standard con-
centrations of neutralizer i.e. 0.00 mg/5 ml, 6.25 mg/5 ml,
12.50 mg/5 ml, 25.00 mg/5 ml and 50.00 mg/5 ml corre-
sponding to 0.00%, 0.125%, 0.25%, 0.5% and 1% sodium
bi carbonate, respectively were admixed with rectified
spirit and filtered through Whatman filter paper No.1. Fil-
trates of various standard concentrations were then col-
lected and the rosalic acid spot tests for chromogenic
reaction were performed. The analytical measurements
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Fig. 1 Schematic diagram of the Smartphone based colorimetric device. Dimension of the black plastic platform is 15.5 cm x 9.5 cm x 4.0
cm. Components include white light source, diffuser, mirror/reflector, sample bottle holder, observing window, and power assembly

(absorbance) were taken at a wavelength of 554 nm in the
visible region. Results of both the techniques were com-
pared using a paired t-test (CL-95%).

Comparison of analytical sensitivity of developed
smartphone-based colorimetric method and routine wet
biochemical method was also carried out. The limit of
detection (LOD) of the developed method was compared
with the existing wet biochemical method for the detection
of neutralizer in milk. For this purpose, LOD reported by
the Food safety and standards authority of India (Food
safety and standards authority of India 2016) was taken
from literature.

Results and discussion
Color analysis

Rosalic acid spot test is intended to detect neutralizer in
milk. Test reagent changed its color from yellowish/
brownish to rose-red. The color response pixs captured in
smartphone were converted into numerical values by using
the Image J. program. Digital images for standard solutions
with different concentrations were depicted in Fig. 2. All
images represent a selected area equal to 200 x 250 pixels.
Visual examination revealed that images present a
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difference in intensity for the red color, relative to the
neutralizer concentration in each calibration solution.

The intensity of the red “R” component decreases with
increasing concentrations of the standard solution, the
intensities associated with the green “G” and the blue “B”
components remain practically almost constant (Fig. 3).

Preparation of analytical curve

The analytical curve for the neutralizer was constructed
using the analytical responses (R), which were calculated
according to the following equation (Kohl et al. 2006;
Gomes et al. 2008). The curve was prepared by using
standard neutralizer solutions of various concentrations
from 0.125 to 1.0% (w/v).

R = log (If¢®/IRGP)
where,
IORGB = Mean values of the intensities for the R, G, or B

components in the selected area associated with the blank
solution,

IREB = Mean values of the intensities for the R, G, or B
components in the selected area associated with standard
solutions.

Linear regression was found between concentrations of
the neutralizer (%) and analytical responses (R) obtained
from mean values of the intensities for the R (Red)
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Fig. 2 Digital images captured
for different standard
concentrations (200 x 250
pixel selected area)
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Fig. 3 Neutralizer concentration versus intensity for RGB color
scheme. Mean values were plotted against the different concentrations
(0.125-1.0% w/v)

component (Fig. 4). Other linear relationships between
concentrations of neutralizer and the responses of those
concerned with mean values of the intensities for the G or
B components were also tried to maximize precision. But,
in every case, the results were poor compared to those
using “R” (Red) for neutralizer.
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Fig. 4 a Digital images containing spot test reaction mixtures with
neutralizer contents from 0.25 to 1.0% (w/v). The arrows indicate the
direction of the increase of neutralizer content b Analytical curves
obtained for neutralizer contents ranging from 0.25 to 1.0% (w/v) by
using the results from the R channel
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Application

The current technique acquired a good scientific bend for
the estimation of neutralizer in milk with the regression
equation y = 0.1484 x + 0.1539; where.

y = R is the analytical response

x = the analyte concentration in % (w/v) of neutralizer

The coefficient of determination, R? was 0.9913 in the
reach between 1250 ppm (mg/liter) and 10,000 ppm (mg/
liter). The technique indicated a linear regression at an
examined concentration up to 1% (10,000 ppm). For
assessment of the concentration of neutralizer up to that
level above portrayed direct condition can be utilized;
nonetheless, if the obscure aliquot contains a higher
grouping of neutralizer in milk, dilution of such samples
were needed. The LOD of the technique for neutralizer
determination was found as 0.11%. The mean % recovery
of analyte was found to be 94.7 and mean % RSD to be
2.05. No other investigation was observed in the literature
review for comparison of neutralizer determination in milk
through Smartphone-based colorimetry. Although, the
explored method is comparable with earlier report by
(Gupta et al. 2019), who applied smartphone for colori-
metric determination of formaldehyde residues in milk. All
the method validation parameters are presented in Table 1.

New versus existing methods
The proposed method can successfully be applied for the

quantitative determination of neutralizer in milk. The
results obtained for the samples analyzed by newly

Table 1 Method validation parameters for neutralizer determination
in milk

Parameter Neutralizer

Linear regression equation y =0.1484 x + 0.1539

R’ 0.9913
Range (%) 0.125-1
LOD (%) 0.11
LOQ (%) 0.38
Accuracy (% recovery) 94.7
Precision (% RSD) 2.05
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Table 2 Results for the neutralizer determination in milk samples by the proposed and comparative methods

Samples Smartphone based colorimetric technique (mg/5 ml) Spectro-photometric method (mg/5 ml) Relative error (%)
1 0£0 0£0 Undefined

2 6.25 £+ 0.0050 5.61 £+ 0.0020 — 114

3 11.93 £ 0.0065 11.77 £ 0.0019 - 14

4 23.28 + 0.0030 25.32 £+ 0.0072 + 8.1

5 50.43 £+ 0.0058 50.29 £+ 0.0072 —-03

developed v/s comparative spectroscopic methods
(Table 2) were statistically compared using the paired t-test
at a confidence level of 95%. The t exp value (0.47) was
found lower than the t critical value (2.776), so that, it is
concluded that there is no statistically significant difference
between the results obtained using the two analytical
techniques.

Comparison of analytical sensitivity of developed
smartphone-based colorimetric method and routine wet
chemical method The limit of detection of the developed
method was also compared with the existing wet chemical
method for detection of neutralizer in milk. For comparison
purposes, LOD reported by Food safety and standards
authority of India (Food safetey and standards authority of
India 2016) was taken from literature. The LOD of the DIB
method (0.11%) was found better than the wet chemical
test (0.2%) i.e. analytical sensitivity of the spot test has
been improved by some extent with the use of digital
image-based sensitive technique.

Conclusion

A simple, cost-efficient, smartphone-based sensing tech-
nology for colorimetric determination of neutralizer in milk
based on a chromogenic spot check and digital image
analysis is proposed. This study blends the talent of spot
test (rapid, less volume and screening evaluation) and
digital pix processing (economic gadget with color quan-
tification, portability, and field applicability). Moreover,
technology has the potential to provide a cheaper analytical
alternative for a different range of analytes particularly in
low-income nations with limited resources. Thus, we
devised a technology that uses an omnipresent tool with the
facility of on-site quantification of neutralizer residue in the
milk supply chain. This technique is not only beneficial for
the end-users but also helps in achieving extension goals by
shifting out of the lab to the land.
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