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DESCRIPTION
The assessment of biochemical stress markers has increasingly 
become vital in both clinical diagnostics and sports physiology. 
Among various indicators, lactate is a well-established biomarker 
that reflects anaerobic metabolism and is often elevated during 
tissue hypoxia, sepsis, strenuous exercise and even psychological 
stress. Conventional methods of lactate estimation such as 
enzymatic assays or High-Performance Liquid Chromatography 
(HPLC) require sophisticated equipment, trained personnel and 
are unsuitable for point-of-care settings. In this short 
communication, we present the development and preliminary 
validation of a paper-based, low-cost, colorimetric assay for the 
rapid detection of lactate from small volumes of blood or sweat.

The foundation of our method lies in integrating Lactate
Oxidase (LOx) onto a nitrocellulose substrate, which catalyzes 
the oxidation of lactate to pyruvate and Hydrogen Peroxide
(H₂O₂). The generated H₂O₂ subsequently reacts with a 
chromogenic substrate 3,3′,5,5′-Tetramethylbenzidine (TMB) in 
the presence of Horseradish Peroxidase (HRP), producing a 
visible blue color. The intensity of the color is proportional to 
the concentration of lactate and can be quantified using a 
smartphone camera and an accompanying mobile application 
that analyzes RGB values.

The fabrication process is straightforward and suitable for mass 
production. Circular detection zones (5 mm diameter) were 
patterned on the paper using wax printing. The detection
chemistry LOx, HRP, and TMB was immobilized within the 
hydrophilic region using a one-step drop-casting method. The 
reagents were stabilized with trehalose and Polyethylene Glycol 
(PEG) to ensure enzyme longevity and minimize degradation 
under ambient conditions. Once dried, the test strips were 
vacuum-packed and stored at room temperature [1-3].

For validation, we tested our assay with lactate-spiked artificial 
sweat and finger-prick blood samples. The colorimetric response

was linear in the physiological range of 0.5 to 20 mM, with a 
Limit of Detection (LOD) of approximately 0.35 mM. The 
results correlated well with those obtained using a commercial 
enzymatic lactate assay kit (Pearson correlation coefficient, 
r=0.93). Importantly, the assay completed color development 
within 4 minutes at room temperature, offering a rapid 
turnaround suitable for field use.

In a pilot study involving 20 volunteers performing a 15-minute 
high-intensity cycling protocol, sweat was collected on absorbent 
patches and applied to the test strips. Post-exercise lactate levels 
ranged from 5 to 18 mM, and the paper-based readings matched 
venous blood lactate measurements within ± 1.2 mM for 85% of 
the participants. These results validate the utility of sweat as a 
surrogate fluid and the practical applicability of our device [4-7].

Several features distinguish our assay from existing paper-based 
sensors. First, its dual compatibility with both blood and sweat 
extends its utility to diverse settings, including sports, emergency 
medicine, and remote healthcare. Second, the visual readout is 
intuitive and semi-quantitative, with color intensities ranging 
from light blue (low lactate) to deep navy (high lactate), allowing 
users to interpret results even without a digital interface. Third, 
the use of stabilized enzymes and the elimination of external 
power sources make it ideal for use in low-resource 
environments.

Of course, limitations exist. The strip's accuracy may be affected 
by strong oxidizing or reducing agents present in contaminated 
sweat. Long-term storage stability beyond 3 months needs 
further testing and cross-reactivity with other metabolites, 
though minimal in our tests, requires large-scale population 
studies to confirm. Furthermore, while smartphone analysis 
improves quantification, the absence of a standardized light 
source may introduce variability in color readings across devices.

Nonetheless, the broader implication of our work lies in 
democratizing biochemical diagnostics. As the global health 
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landscape shifts toward decentralized care, such affordable and 
scalable tools become indispensable. Paper-based biosensors, 
owing to their simplicity and adaptability, represent the future of 
rapid biochemical assays and lactate monitoring is only the 
beginning. Similar platforms can be extended to detect glucose, 
uric acid, cortisol and other biomarkers critical for health 
monitoring [8-10].
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