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Abstract: The WAIT4 (Welfare: Artificial Intelligence and new Technologies for Tracking Key Indicator
Traits in Animals Facing Challenges of the Agro-ecological Transition) project aims to increase
research-based capacities to quantify and characterize animal welfare (AW) from the agro-ecological
(AE) perspective and to revise farming practices by considering interactions between the animal and
its environment. From this perspective, the development of new sensors for assessing the kinetics of
physiological variables of interest (Na+, K+, pH) in animals’ interstitial fluid (ISF) by microneedle
patches will be a valuable aid for farmers to monitoring AW states and various stressors.
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1. Introduction

To guarantee fair and sustainable food production, urgent changes in agricultural
systems are required, and the transition to AE farming practices is an important way
of achieving this goal. The transition to AE will have a major impact on AW [1]. The
strategies to improve AW are dependent on the understanding and precise assessment
of traits underlying the physiology, behavior and perception of an animal in fluctuating
contexts. Then, the WAIT4 project will develop pattern-mining algorithms combined with
machine learning algorithms to extract models from such heterogeneous data and interpret
them in relation to AW. However, in order to achieve these purposes, there is a clear need
to measure internal physiological factors with smart biosensors, a topic that is of growing
interest in human medicine and is an emerging challenge in animal science [2]. In this
context, one of the challenges of this project is to develop a minimally invasive device that
combines a microneedle patch for interstitial fluid (ISF) extraction with a multi-parameter
electrochemical platform for monitoring sodium, potassium and pH. This paper will then
report the first promising results of the potentiometric electrochemical detection of Na+

and K+ in artificial ISF.

2. Materials and Methods

Three different ionophores were selected for Na+ detection (sodium ionophore IV, VI
and X) and one for K+ (potassium ionophore III). To obtain the Ion-Selective Electrodes
(ISEs), the ionophores were mixed with ion exchanger, plasticizer and polymer dissolved in
THF. The corresponding formulations are noted as Na04-01, Na06-01, Na10-01 and K03-01.
Electrode arrays were made as described in a previous paper [3]. These platforms were
composed of 8 working electrodes, and 2 µL of each formulation was drop-casted and let
to dry overnight (2 electrodes for each ISE). The measurements were obtained by Open
Circuit Potential (OCP) vs. a reference electrode of Ag/AgCl by increasing concentrations
of Na and K, respectively, in two different start artificial ISF media at pH 7.4.

3. Discussion

Figure 1 shows the OCP of Na and K tests in electrolyte solutions with physiologically
relevant concentrations of 1.8–150 mM Na+ and 0.2–28 mM K+, respectively.
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3. Discussion 
Figure 1 shows the OCP of Na and K tests in electrolyte solutions with physiologi-

cally relevant concentrations of 1.8–150 mM Na+ and 0.2–28 mM K+, respectively. 

 
Figure 1. Electrochemical responses and linearity of (A) Na+ test and (B) K+ test in artifi-
cial ISF. 

All sodium ISEs show near-Nernstian sensitivities of 39.9/41.3/41.4 mV per decade 
for Na04-01/Na06-01/Na10-01, respectively, and linearity between 6 and 150 mM of Na+ 
(Figure 1A). The potassium ISE, K03-01, also shows good selectivity of 46.7 mV per decade 
and a linearity between 0.2 and 28 mM (Figure 1B). ISEs do not show crossed interferences 
by the other ion (Table 1). 

Table 1. The table shows the calibration values for each ISE for the Na+ test (a) and K+ test (b). 

ISE S (mV/dec) a R2 a E0 (mV) a S (mV/dec) b R2 b E0 (mV) b 
Na04-01 39.9 0.995 315.6 −0.9 0.976 353.0 
Na06-01 41.3 0.994 309.3 −0.3 0.885 353.1 
Na10-01 41.4 0.993 308.6 −0.4 0.656 355.3 
K03-01 −1.3 0.741 356.6 46.7 0.998 338.2 

In this study, we demonstrate that applying our design and the fabrication strategy 
of this platform enables the detection of multiple parameters involved in animal stress. 
The next step will be the integration of the electrochemical platform with a pH sensor and 
microneedle patches to perform measurements of physiological parameters that are min-
imally invasive for animals. 
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All sodium ISEs show near-Nernstian sensitivities of 39.9/41.3/41.4 mV per decade
for Na04-01/Na06-01/Na10-01, respectively, and linearity between 6 and 150 mM of Na+

(Figure 1A). The potassium ISE, K03-01, also shows good selectivity of 46.7 mV per decade
and a linearity between 0.2 and 28 mM (Figure 1B). ISEs do not show crossed interferences
by the other ion (Table 1).

Table 1. The table shows the calibration values for each ISE for the Na+ test (a) and K+ test (b).

ISE S (mV/dec) a R2 a E0 (mV) a S (mV/dec) b R2 b E0 (mV) b

Na04-01 39.9 0.995 315.6 −0.9 0.976 353.0
Na06-01 41.3 0.994 309.3 −0.3 0.885 353.1
Na10-01 41.4 0.993 308.6 −0.4 0.656 355.3
K03-01 −1.3 0.741 356.6 46.7 0.998 338.2

In this study, we demonstrate that applying our design and the fabrication strategy
of this platform enables the detection of multiple parameters involved in animal stress.
The next step will be the integration of the electrochemical platform with a pH sensor
and microneedle patches to perform measurements of physiological parameters that are
minimally invasive for animals.
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