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Abstract
A method for the enzymatic determination of atropine has been developed, which is based on a sequence of reactions involv-
ing (1) the hydrolysis of atropine to give tropine; (2) the enzymatic oxidation of tropine with NAD (catalysed by tropinone 
reductase); and (3) an indicator reaction, in which the NADH previously formed reduces the dye iodonitrotetrazolium chloride 
(INT) to a reddish species, the reaction catalysed by diaphorase. The method was first developed in solution (linear response 
range from 2.4 × 10−6 M to 1.0 × 10−4 M). It was then implemented in cellulose platforms to develop a rapid test where the 
determination is made by measuring the RGB coordinates of the platforms using a smartphone-based device. The device is 
based on the integrating sphere concept and contains a light source to avoid external illumination effects. The smartphone is 
controlled by an app that allows a calibration line to be generated and the atropine concentration to be quantified; moreover, 
since the app normalizes the CCD response of the smartphone, the results and calibrations obtained with different smart-
phones are similar and can be shared. Using the G coordinate, the results were shown to have a linear response with the 
concentration of atropine ranging from 1.2 × 10−5 M to 3.0 × 10−4 M with an RSD of 1.4% (n = 5). The method has been 
applied to the determination of atropine in baby food and buckwheat samples with good results.
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Introduction

Tropane alkaloids (TA) are compounds found in a wide vari-
ety of foods and cereals. The most studied of these com-
pounds are atropine (APe) and scopolamine (SPe) [1], due to 
their applications in the pharmaceutical industry (they act as 
non-selective inhibitors of muscarinic acetylcholine recep-
tors). Atropine is a pre-anaesthetic, while scopolamine, in 
the form of butyl-scopolamine, is used to relieve discomfort 
associated with spasms of the gastrointestinal tract. They are 

currently extracted from plants, usually genetically modi-
fied for their production. However, these compounds can be 
highly toxic if the established dose is exceeded [1]. Due to 
adverse health effects, APe and SPe are considered undesir-
able substances in food and feed (especially for infants), and 
the European Food Safety Authority (EFSA) has established 
an acute reference dose of 0.016 mg/kg-day expressed as the 
sum of APe and SPe [2, 3].

The analytical methods currently used for the determina-
tion of TA are based on the use of techniques such as gas 
chromatography, high-performance liquid chromatography 
and liquid chromatography coupled to mass spectrometry, 
capillary electrophoresis techniques and immunoassay tech-
niques [4–6]. The use of liquid chromatography-tandem 
mass spectrometry has been shown to be a highly sensitive 
technique for the identification of these metabolites, achiev-
ing detection limits below 5 ng/ml [5]. While these tech-
niques provide optimal results, they are slow procedures for 
quality control so the design and development of rapid meth-
ods that require sample treatment is a challenge that needs 
to be addressed. In this regard, although the development 
of chemical sensors is increasing in importance, most of 

Published in the topical collection Optical Biosensors and 
Biomimetic Sensors for Chemical Analysis with guest editors Elena 
Benito-Peña and Guillermo Orellana.

In honour of Professor María Cruz Moreno Bondi.

 *	 S. de Marcos 
	 smarcos@unizar.es

1	 Analytical Chemistry Department, University of Zaragoza, 
50009 Saragossa, Spain

2	 Instituto de Nanociencia y Materiales de Aragón (INMA), 
CSIC-Universidad de Zaragoza, 50009 Saragossa, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s00216-024-05401-x&domain=pdf
http://orcid.org/0000-0002-7902-6005


	 M. Domínguez et al.

those that have been developed so far for the determination 
of atropine are based on electrochemical [7] or fluorescence 
quantum dots [8] sensors and lack enough specificity to be 
applied to real samples.

This lack of specificity could be overcome with the use 
of immunoassays for AT that give reliable results. However, 
to develop more accessible and simpler methods for APe 
that can provide an initial assessment of food toxicity, it 
would be necessary to focus on enzymatic methods (because 
of their specificity) and colorimetric methods (because of 
their accessibility). To the best of our knowledge, no enzy-
matic methods have yet been proposed for these compounds, 
probably due to the lack of commercially available suitable 
enzymes.

The possible routes existing for enzymatic reactions 
involving APe were reviewed. The first step is hydrolysis, 
which is catalysed by tropine esterase (TEase) (Fig. 1A) [9]. 
After that, two degradation pathways with highly specific 
enzymes can then be followed, either via tropic acid or tro-
pine. Via tropic acid, only a complex reaction involving ATP 
and CoA (catalysed by L-firefly luciferin-CoA ligase) [10] 
has been found in the literature; this reaction does not allow 
the coupling of affordable indicator mechanisms. A simpler 
scheme can be found via tropine; this involves the use of 
the tropinone reductase (TRase), which catalyses the oxida-
tion of the –OH group using NAD as a cofactor (Fig. 1B). 
This reaction can be monitored by measuring the molecular 
absorption/fluorescence properties of NADH (340 nm) [9].

However, better analytical figures of merit can be 
obtained by submitting the NADH to a further reaction 
involving the oxidation of tetrazolium salts (such as 
iodonitrotetrazolium chloride (INT)) to the reddish garnet 
formazan compound, catalysed by diaphorase (dihydroli-
poyl-dehydrogenase). Tetrazolium salts are widely used 
for both the determination of NADH in cell viability stud-
ies [11] and the determination of diaphorase.

The implementation of detectors in low-cost equipment such 
as cameras, mobile phones, webcams, or digital scanners consti-
tutes a new analytical methodology with characteristics of fast 
radiation reading and direct signal processing at a moderate cost 
[12]. Nowadays, this type of analytical platform is experienc-
ing a huge increase, competing against determinations through 
molecular spectrophotometry, fluorescence and derived sensors, 
due to the implementation of an analytical methodology based 
on the use of colour spaces [13]. This implementation is aimed 
at areas which demand a large amount of analysis and the rapid 
obtaining of analytical information, such as clinical diagnosis 
or “in situ” control of food [14].

This paper describes a reliable colorimetric enzymatic 
method for the determination of APe based on the scheme 
described in Fig. 1. This method is further implemented 
on solid supports where the RGB coordinates are acquired 
by a mobile phone uploaded with a Apk developed in the 
research group [15]. The Apk includes a correction method 
that standardizes each measurement making it comparable 
between different days and phones.

Fig. 1   Scheme of the reactions of enzymatic degradation of atropine. A Desterification of APe using TEase. B Oxidation of tropine using TRase 
and NAD as a cofactor. C Reduction of the dye using the enzyme diaphorase
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Materials and methods

Reagents and solutions

Diaphorase (Sigma-Aldrich D5540-300U), iodonitro-
tetrazolium chloride, INT (Sigma-Aldrich I8377), tropine 
(Sigma-Aldrich 93,550), tropinone reductase (TRase) 
(Gecco Biotech, EC 1.1.1.206), tropine esterase (TEase) 
(Gecco Biotech, EC 3.1.1.10), β-nicotinamide adenine dinu-
cleotide hydrate NAD (Sigma-Aldrich N1511), atropine 
sulphate monohydrate (Sigma-Aldrich A0257) and micro-
crystal cellulose in powder 20 µm (Sigma-Aldrich 310,697) 
were used. All other reagents were of analytical grade and 
used without further purification.

Equipment

A PerkinElmer Lambda 465 UV–vis spectrophotometer 
(diode-array) and SPECORD 210 Plus UV–vis molecu-
lar absorption spectrophotometer were used for UV–vis 
absorbance measurements. The RGB measurements were 
performed using with a Xiaomi Mi A2 smartphone with 
the application ColorGrab™ v. 3.9.2 (Loomatix ©) and the 
Apk AppColorimetryV1.

Measurement procedure

Method in batch (UV–vis spectrophotometer)

Absorbance measurements were carried out in a UV–vis 
molecular absorption spectrophotometer. For this purpose, 
PMMA cuvettes of 1 cm path length were used where 
the final volume was 2 ml. Measurements were made in 
spectral scan mode measuring the spectrum from 290 to 
690 nm, taking measurements every 10 s.

Twenty microliters of the corresponding atropine solu-
tion was mixed with 20 μl of NaOH 2 M in the PMMA 
cuvettes, and the hydrolysis was allowed to proceed for 
5 min. Then, 1615 μL of carbonate buffer pH 10, 40 μl 
of NAD 5 × 10−2 M (in aqueous solution), 5 μl of TRase 
8.8  mg/ml (in buffer pH 7.5), 200 μL of dye (INT) 
2 × 10−3 M (in aqueous solution) and 100 μl of diaphorase 
11.2 U/ml were added, and the absorbance at 500 nm was 
monitored.

Method with solid supports

Cellulose support synthesis  A 5% (w/V) cellulose sus-
pension was prepared by weighing 50 mg of 20 μm cel-
lulose in a vial, adding the reagents (3.3 × 10−3 M NAD, 
3.9 × 10−4 M INT and 0.67 U.ml−1 diaphorase final concen-
trations) and making up to 1 ml final volume. Seventy-five 
microliters was added to each well of the well-plate and 
incubated at 35 °C to dryness (about 2 h).

Use of the RGB coordinates.
The values obtained in the RGB coordinates (E(R,G,B)) 

are given by [16]:

Fig. 2   a Scheme of the lighting 
box; b lighting box coupled to a 
smartphone, b measures in the 
solid support with the smart-
phone-lighting box device

c)

a)

b)

Table 2   Results of the measurements obtained for each APe concen-
tration in solution (all samples were analysed in triplicate)

[APe] added
mol/l

% Recovery
(Method in solution)

% Recovery
(Cellulose test method)

1·10−5 111 (± 6) % –-
6·10−5 93 (± 2) % 88 (± 3) %
1·10−4 97 (± 2) % 108 (± 4) %
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In this equation, A is a parameter that includes fac-
tors related to the device (camera design, solid angle, 
light-to-voltage conversion and analogue-to-digital), Iλ 
is the spectral power of the light source which is usually 
known, and Pλ is the spectral sensitivity of the detec-
tor (camera). Rλ is the reflectance of the solid cellulose 
support containing the enzymatic reaction; it depends 
on the analyte concentration according to a second-order 
mathematical equation derived from the Kubelka–Munk 
approach. Finally, to avoid both the stray light and the 
constant A effect in the analytical signal, the following 
quantitative parameters are finally used, where (E0,(R,G,B)) 
is the blank signal [17]:

Colour measurements of the cellulose support  A light 
box with a universal holder for any mobile phone was 
developed in our laboratory [18] (Fig. 2). The Xiaomi 
Mi A2 mobile used in this work was loaded with the 
application (AppColorimetryV1) developed in our labo-
ratory. This application can be downloaded for free and 
works with the Android operating system (download 
link: https://​drive.​google.​com/​drive/​folde​rs/​1Hub0​fYkR0​
tabdX​laZeW​eYzVL​Dwll5​KzC?​usp=​drive_​link).

The AppColorimetryV1 features a correction method 
that standardizes each measurement to a common and well-
defined RGB system which significantly reduces measure-
ment errors and variance between different mobile phones, 
making measurements comparable [13]. The application 
also allows calibration lines to be performed. The G coordi-
nate is chosen because it provides better results, and G0-G 
(G0 and G being the blank and sample signals, respectively) 
is used as the analytical parameter.

Three replicates of both blank and samples were made 
in each study. Measurements were taken after 30 min of 
reaction.

(1)E(R,G,B) = A

∑

�

I
�
P
�
R
�

(2)ΔE(R,G,B) = E0,(R,G,B) − E(R,G,B)

(3)ΔE(R,G,B),r =
E0,(R,G,B) − E(R,G,B)

E0,(R,G,B)

Sample treatment: lixiviation from the buckwheat sample

1.5 g of buckwheat is weighed, lixiviated with 30 ml 
of Milli-Q water in a beaker and left to leach for half 
an hour. The sample was then centrifuged for 20 min at 
room temperature at 6000 rpm. The solution was then 
separated, neutralized to basic pH by the addition of 
NaOH, and centrifuged again for 20 min (6000 rpm). 
Finally, the filtered solution was separated, neutralized 
with HCl, and filtered (by gravity). The filtered solution 
was washed, and the washing waters were mixed with the 
solution and bringing to 50 ml in a volumetric flask with 
Milli-Q water [19].

Results

Enzymatic method for the determination 
of atropine in solution

As shown in Fig. 1, the proposed method consists of three 
steps: de-esterification of atropine to tropine, oxidation of 
tropine catalysed by TRase and a colorimetric reaction.

Table 1   Analytical figures of 
merit of the method for APe in 
solution

Sensitivity Limit of detec-
tion (LOD, 
mol/l)

Limit of quanti-
fication (LOQ, 
mol/l)

Lineal response 
range
(mol/l)

RSD (n = 5)
[APe] = 1·10−4 mol/l)

11.3 mM−1 cm−1 7.1·10−7 2.4·10−6 2.4·10−6–1·0−4 3.8%

Fig. 3   Calibration curve obtained for different tropine concentrations. 
Experimental conditions as indicated in 2.3.2.1

https://drive.google.com/drive/folders/1Hub0fYkR0tabdXlaZeWeYzVLDwll5KzC?usp=drive_link
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The de-esterification step was first studied using TEase. 
This enzyme (as well as TRase) was produced specifically 
for our laboratory by Gecco Biotech B.V., and although the 
formation of tropine was observed, the transformation was 
not quantitative enough even though several experimental 
conditions were tested. The best results were obtained when 
the hydrolysis was carried out at basic pH (without the use 
of the enzyme) with NaOH; ESM 1 shows the results of the 
hydrolysis optimization.

The oxidation reaction of tropine by TRase was then 
studied by measuring the absorbance at 340 nm (NADH). 
The experimental results obtained during the optimization 
study of this reaction, involving TRase concentration, pH 
and temperature, are detailed in the supplementary mate-
rial section (ESM2). Finally, the colorimetric reactions 
involving the oxidation of NADH by INT and the forma-
tion of the reddish INTred were studied. ESM3 summa-
rizes the results obtained during the optimization study, 
which included diaphorase and INT concentrations and pH. 
Under the optimal conditions found (see the “Method in 
batch (UV–vis spectrophotometer” section), the analyti-
cal figures of merit obtained are summarized in Table 1 
(Fig. S3d shows the UV–vis spectra of INT with increas-
ing concentrations of APe and inside the colour of these 
solutions). Taking into account that the molar absorptivity 
of the reduced form of INT is 19.3 mM−1 cm−1 [20], the 
enzymatic method gives an atropine conversion of 58%.

The method has been applied to the determination of 
ATe in baby food. These samples were provided by the 
Laboratorio de Salud Publica (Government of Aragón-
Spain). They had previously analysed the extract (according 
to UNE EN: 15,662:2019) using a validated HPLC–MS/
MS method [21], and the atropine concentrations found 
were below their detection limit. We then spiked these sam-
ples with known concentrations of ATe. The results of the 
recovery study are shown in Table 2, which validate the 
ability of this method to analyse real samples.

Cellulose test platforms

Measurement system: G coordinate

The ultimate aim of this study is to provide a quick and 
easy test for the determination of atropine in food. With that 
objective, this methodology has been implemented in cel-
lulose test platforms, where the concentration of APe could 
be determined by measuring the RGB coordinates using a 
smartphone-based device system developed in our labora-
tory. The main improvements of this system compared to 
others previously proposed are as follows:

•	 The light box is based on the integrating sphere con-
cept, which allows more light to be collected and is more 
reproducible, so that lower RGB values can be taken with 
better precision.

•	 It is fixed to the smartphone with a universal support 
(compatible with most of the smartphones on the market).

•	 The colour measurement is carried out by means of an 
application (AppColorimetryV1) developed in our labora-
tory which can be freely loaded on the mobile. This app 
allows (1) correcting the differences between mobiles by 
means of a correction matrix (calculated specifically for 
each mobile) that normalizes the RGB values obtained 
and makes them comparable between mobiles, (2) per-
forming second-order calibration lines from the RGB 
values measured for the standards and (3) determining 
the concentration of atropine from the image taken from 
the samples.

The maximum absorbance of INTred occurs at 500 nm. 
This wavelength corresponds to the green light of the vis-
ible spectra, so it is expected that the G coordinate will give 
the best sensitivity. The experimental results agree with this 
hypothesis (ESM4, Table S4a), and this coordinate gave 
about 3 times higher sensitivity than B or R.

Fig. 4   Colour obtained for the 
different APe concentrations 
used during the calibration 
curve. Each concentration in 
duplicate. Experimental condi-
tions as indicated in 2.3.2.2

Table 3   Analytical figures of merit of 
the method in cellulose platforms

Linear range LOD LOQ RSD (n=3)
(mol/l) (mol/l) (mol/l) [APe] = 3·10−5 mol/l [APe] = 3·10−4 mol/l

1.2·10−5–3·10−4 4.1·10−6 1.2·10−5 2.6% 0.7%
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Optimization

Cellulose was used as a solid substrate for the preparation of 
the platforms. A suspension containing the appropriate con-
centration of cellulose and reagents (see 2.2.3) was prepared. 
Previous studies carried out by our research group with this 
material have shown that the best results are obtained with 
dispersions containing 3% (w/w) or 5% (w/w) cellulose [22]; 
a lower % gives weak supports and higher concentrations 
do not allow reproducible preparation. In this reaction, both 
cellulose concentrations gave similar sensitivity (G0-G val-
ues of 133 and 138 for 3% and 5%, respectively), but the 
uncertainty expressed as RSD was worse for 3% cellulose 
(RSD = 9%), compared with RSD = 0.5% for 5% cellulose 
(n = 5 in both cases).

Different concentrations of INT, diaphorase and NAD 
were tested by addition to the 5% cellulose suspensions. 
These concentrations were tested at two levels of atropine 
concentration in order to make an initial assessment of the 
sensitivity they could give. The results obtained are shown 
in ESM4 (Tables S4b and S4d) which allow the optimal 
concentrations to be derived.

Although it was possible to immobilize TRase simultane-
ously with the rest of the reagents, it was better to add TRase 
to the previously synthesized cellulose platforms. There are 
two main reasons for this: (1) some activity of this enzyme 
is lost during entrapment, and (2) during drying in the pres-
ence of the enzyme, the supports acquire a very high surface 
tension, and this prevents a homogenous impregnation of the 
cellulose by the analyte.

Cellulose test stability

The stability of the sensor was checked over time. To do this, 
several groups of three sensors (for testing 0 M, 3.3 × 10−5 M 
and 3.3 × 10−4 M atropine concentrations) were prepared and 
subjected to the reaction during 4 consecutive days; no signifi-
cant differences were observed between these measurements 
(Table S4f). These results show that the cellulose supports 
were preserved for at least 5 days after their preparation.

Effect of ionic strengths

The effect of ionic strength was studied by adding differ-
ent concentrations of NaCl during the preparation of the 
cellulose suspensions. As done in the “Optimization” sec-
tion, each concentration of NaCl was tested for two levels of 
atropine concentration to check how it affects the sensitiv-
ity. The results obtained are shown in ESM4 (Table S4g). 
These results show that the ionic strength does not cause 
any changes in the sensor signal for concentrations within 

the linear range, while a loss of signal is observed at higher 
concentrations.

Analytical figures of merit

Figure 3 (and ESM 5, Table S5a) shows the results obtained 
during the calibration study; each measurement is the aver-
age of three different values. From these values, the LOD 
and LOQ were obtained. An example of the colours obtained 
is shown in Fig. 4. Table 3 compiles the complete analytical 
figures of merit of this method.

Application of the method to real samples

The method was first applied to the determination of APe in 
the spiked samples previously indicated (Table 2) demon-
strating the ability of these platforms to determine atropine 
in real samples.

The method was then applied to a sample of buck-
wheat that had previously been subjected to extraction as 
described in the “Sample treatment: lixiviation from the 
buckwheat sample” section. The cellulose test platforms 
were prepared as described above, and, after drying, the 
buckwheat extract was submitted to the standard addition 
method; this determination was carried out in triplicate. 
The result obtained was a concentration in buckwheat of 
0.0612 ± 0.0016 g/kg, in agreement with normal values 
reported by the EFSA (2).

Conclusions

A novel rapid test for the enzymatic determination of APe 
has been successfully developed. It has been demonstrated, 
for the first time, that APe can be determined by coupling 
the enzymatic reaction with TRase to an indicator reac-
tion. This methodology can be successfully implemented 
in cellulose platforms to determine APe concentrations 
in foods using the G coordinate proving to be a rapid and 
reliable method.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00216-​024-​05401-x.

Author contribution  Conceptualization: SdM and JG. Methodology: IS 
and JG. Investigation: MD, SL, and DM. Data curation: SdM and IS. 
Writing—original draft preparation: MD. Writing—review and editing: 
SdM and JG. Funding acquisition: SdM and JG. All authors have read 
and agreed to the published version of the manuscript.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. This work is part of the projects 
PID2019-105408 GB-I00 and PID2022-139235OB-I00 supported by 
MCIN/AEI/10.13039/501100011033/ and by FEDER “Una manera de 

https://doi.org/10.1007/s00216-024-05401-x


Colorimetric enzymatic rapid test for the determination of atropine in baby food using a…

hacer Europa” and by the funding for Research Groups by the Govern-
ment of Aragón, Spain (E-25_23R).

Declarations 

Competing interests  The authors declare no competing interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Mateus ARS, Crisafulli C, Vilhena M, Barros SC, Pena A, 
Sanches Silva A. The bright and dark sides of herbal infusions: 
assessment of antioxidant capacity and determination of tropane 
alkaloids. Toxins (Basel). 2023;15(4):245. https://​doi.​org/​10.​
3390/​toxin​s1504​0245.

	 2.	 Mulder PPJ, de Nijs M, Castellari M, Hortos M, MacDonald S, 
Crews C, et al. Occurrence of tropane alkaloids in food. EFSA 
Support Publ. 2016;13(12):EN-1140, 200. https://​doi.​org/​10.​
2903/​sp.​efsa.​2016.​EN-​1140.

	 3.	 de Nijs M, Crews C, Dorgelo F, MacDonald S, Mulder PPJ. 
Emerging issues on tropane alkaloid contamination of food in 
Europe. Toxins (Basel). 2023;15(2):1–32.

	 4.	 Dräger B. Analysis of tropane and related alkaloids. J Chromatogr 
A. 2002;978(1–2):1–35.

	 5.	 Chen HX, Chen Y, Du P, Han FM. LC-MS for identification and 
elucidation of the structure of in-vivo and in-vitro metabolites of 
atropine. Chromatographia. 2007;65(7–8):413–8.

	 6.	 Weston A, Brodmann P, Widmer M, Bartel J, Kübler E. Develop-
ment of a DNA-based assay to detect and quantify tropane alka-
loids producing thornapple contaminations in processed food. 
Chimia (Aarau). 2019;73(5):422–5.

	 7.	 Crapnell RD, Banks CE. Electroanalytical overview: the detection 
of the molecule of murder atropine. Talanta Open. 2021;4:100073. 
https://​doi.​org/​10.​1016/j.​talo.​2021.​100073.

	 8.	 Khataee A, Hassanzadeh J, Kohan E. Specific quantification 
of atropine using molecularly imprinted polymer on graphene 
quantum dots. Spectrochim Acta - Part A Mol Biomol Spectrosc. 
2018;205:614–21.

	 9.	 Page C. Enzymology and regulation of the atropine metabolism 
in pseudomonas putida. (Doctoral dissertation, Rijksuniversiteit 
Leiden). 1969.

	10.	 Kato DI, Teruya K, Yoshida H, Takeo M, Negoro S, Ohta H. 
New application of firefly luciferase - it can catalyze the enanti-
oselective thioester formation of 2-arylpropanoic acid. FEBS J. 
2007;274(15):3877–85.

	11.	 Stockert JC, Horobin RW, Colombo LL, Blázquez-Castro A. 
Tetrazolium salts and formazan products in cell biology: viabil-
ity assessment, fluorescence imaging, and labeling perspectives. 
Acta Histochem [Internet]. 2018;120(3):159–67. https://​doi.​org/​
10.​1016/j.​acthis.​2018.​02.​005.

	12.	 Scheeline A. Teaching, learning, and using spectroscopy with com-
mercial, off-the-shelf technology. Appl Spectrosc. 2010;64(9):256A–
68A. https://​doi.​org/​10.​1366/​00037​02107​92434​378.

	13.	 Capitán-Vallvey LF, Palma AJ. Recent developments in hand-
held and portable optosensing-a review. Anal Chim Acta. 
2011;696(1–2):27–46.

	14.	 Sun W, Li H, Wang H, Xiao S, Wang J, Feng L. Sensitivity 
enhancement of pH indicator and its application in the evaluation 
of fish freshness. Talanta [Internet]. 2015;143:127–31. https://​doi.​
org/​10.​1016/j.​talan​ta.​2015.​05.​021.

	15.	 Cebrián P, Pérez-Sienes L, Sanz-Vicente I, López-Molinero Á, de 
Marcos S, Galbán J. Solving color reproducibility between digital 
devices: a robust approach of smartphones color management for 
chemical (bio)sensors. Biosensors. 2022;12(5):341. https://​doi.​
org/​10.​3390/​bios1​20503​41.

	16.	 Connah D, Westland S, Thomson MGA. Recovering spec-
tral information using digital camera systems. Color Technol. 
2001;117(6):309–12.

	17.	 Sanz-Vicente I, López-Molinero Á, de Marcos S, Navarro J, 
Cebrián P, Arruego C, et al. Smartphone-interrogated test sup-
ports for the enzymatic determination of putrescine and cadaver-
ine in food. Anal Bioanal Chem. 2020;412(18):4261–71.

	18.	 Apparatus and system for colorimetry, fluorimetry and chemilumi-
nescence techniques. Patent Reference: 2305011-EPP0; Applica-
tion number: EP23383338.3.

	19.	 Domínguez M, Oliver S, Garriga R, Muñoz E, Cebolla VL, 
de Marcos S, et al. Tectomer-mediated optical nanosensors for 
tyramine determination. Sensors. 2023;23(5):2524. https://​doi.​
org/​10.​3390/​s2305​2524.

	20.	 Babson AL, Babson SR. Kinetic colorimetric measurement of 
serum lactate dehydrogenase activity. Clin Chem. 1973;19(7):766–
9. https://​doi.​org/​10.​1093/​clinc​hem/​19.7.​766.

	21.	 Laboratorio de Salud Pública. Government of Aragón. ITE-
FQ/096 (UNE EN 15662: 2019): https://​www.​aragon.​es/​docum​
ents/d/​guest/​carte​ra_​servi​cios_​labor​atorio_​dgsp_​2024-​pdf.

	22.	 Sanz-Vicente I, Rivero I, Marcuello L, Montano MP, de Marcos S, 
Galbán J. Portable colorimetric enzymatic disposable biosensor for 
histamine and simultaneous histamine/tyramine determination using 
a smartphone. Anal Bioanal Chem [Internet]. 2023;415(9):1777–86. 
https://​doi.​org/​10.​1007/​s00216-​023-​04583-0.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/toxins15040245
https://doi.org/10.3390/toxins15040245
https://doi.org/10.2903/sp.efsa.2016.EN-1140
https://doi.org/10.2903/sp.efsa.2016.EN-1140
https://doi.org/10.1016/j.talo.2021.100073
https://doi.org/10.1016/j.acthis.2018.02.005
https://doi.org/10.1016/j.acthis.2018.02.005
https://doi.org/10.1366/000370210792434378
https://doi.org/10.1016/j.talanta.2015.05.021
https://doi.org/10.1016/j.talanta.2015.05.021
https://doi.org/10.3390/bios12050341
https://doi.org/10.3390/bios12050341
https://doi.org/10.3390/s23052524
https://doi.org/10.3390/s23052524
https://doi.org/10.1093/clinchem/19.7.766
https://www.aragon.es/documents/d/guest/cartera_servicios_laboratorio_dgsp_2024-pdf
https://www.aragon.es/documents/d/guest/cartera_servicios_laboratorio_dgsp_2024-pdf
https://doi.org/10.1007/s00216-023-04583-0

	Colorimetric enzymatic rapid test for the determination of atropine in baby food using a smartphone
	Abstract
	Introduction
	Materials and methods
	Reagents and solutions
	Equipment
	Measurement procedure
	Method in batch (UV–vis spectrophotometer)
	Method with solid supports
	Sample treatment: lixiviation from the buckwheat sample


	Results
	Enzymatic method for the determination of atropine in solution
	Cellulose test platforms
	Measurement system: G coordinate
	Optimization
	Cellulose test stability
	Effect of ionic strengths
	Analytical figures of merit
	Application of the method to real samples


	Conclusions
	References


