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Abstract 

The accurate measurement of reward consumption and timing of that consumption is a key 

component of reward driven learning in psychology and neuroscience research. Likewise, food 

consumption is important in nutritional research to understand consummatory patterns. While 

previous methods can time lick responses in these sub fields of research, none can detect reward 

consumption or lick force. Moreover, these methods can introduce electrical artifacts in other sub-

fields of research acquiring electrophysiological and electrochemical data. We have developed a 

novel, inexpensive, and open-source system to measure consummatory behavior in rats and mice 

for both solid and liquid food. Here we show that this system can accurately measure the amount 

of liquid or solid food dispensed and consumed by rats or mice with high temporal precision and 

accuracy. This lick detection system can be used to time individual licks, quantify the force of 

those licks, and can be used without introducing electrical artifacts into electrophysiological 

recordings while keeping calibration over extended periods of data collection.  

1. Introduction 

Accurate measurement of food consumption in rodents is critical for many fields of research. For 

instance, in behavioral neuroscience, the precise timing of reward consumption is critical to 

understand associations between neural activity and animal behavior (Amarante, Caetano, & 

Laubach, 2017; Farzin & Attarzadeh, 2000; Weijnen, 1989; Wiesenfeld, Halpern, & Tapper, 

1977). In nutritional research, the accurate measurement of the amount and rate of consumption is 

important to understand the underlying ingestive behaviors seen in rodents. Furthermore, patterns 

of licking behavior can help indicate motivation, response vigor, and reward palatability (reviewed 

in (Smith, 2001)). Rat licking behavior, a staple of rhythmic oromotor activity produced from the 

tongue, jaw, and surrounding muscles are thought to be a production of the activation of post 

synaptic D1 and D2 receptors in the rat nigrostriatal system allowing for fine motor control (Farzin 

& Attarzadeh, 2000; Travers, Dinardo, & Karimnamazi, 1997). Because the fine motor control of 

the tongue is due to dopaminergic activity, Parkinson’s disease has been shown to alter the licking 

force and timing in rodents which corresponds to DA cell loss in these animal models (Abbs, 

Hartman, & Vishwanat, 1987; Michelle R. Ciucci et al., 2011; Michelle Renee Ciucci & Connor, 

2009; Nuckolls et al., 2012; Skitek, Fowler, & Tessel, 1999). While previous methods of lick 

detection have been used in these research, they are marked with advantages and disadvantages 

(summarized in Table 1). For example, sensors that require the passage of current into a rodent 

feeder bottle while utilizing the rodent lick as an added resistor (Slotnick, 2009; Stellar & Hill, 

1951) can detect lick timing, but electrical contact can also introduce electrical artifacts that 

interfere with electrophysiological recordings (but see (Hayar, Bryant, Boughter, & Heck, 2006). 

Alternative approaches avoid this issue through the use of photoelectric cell systems that detect 

licking behavior when the rodent tongue breaks a beam around the reward dish (Dunn & Fray, 

1986; Martonyi & Valenstein, 1971) or through video recording of tongue licks that are hand-

scored (Johnson et al., 2010). A final approach that we have improved upon in the study described 

utilizes a strain-gauge load cell that detects the force of the tongue against a dish containing liquid 

reward (Fowler & Mortell, 1992; Vrtunski & Wolin, 1974). 



We describe a lick sensor that expands upon the use of force transducers to provide a novel 

instrument capable of timing individual licks, the force of those licks, and delivery and 

consumption of reward at a high temporal resolution (97 Hz). Because this system can observe 

delivery of reward and consumption in real time, this may be of general use to scientific research 

other than behavioral psychology or neuroscience where one might find similar systems. This 

system may enhance measurement and information surrounding oral motor function, learning, 

motivation, and food palatability. In brief, load cells utilize a strain-gauge resistor that measures 

force as a change in resistivity produced by small deformations in a metal block. Because of how 

accurate and precise these sensors can be, this system can detect the weight of food delivered and 

the individual licks of a mouse or rat. Behaving rats and mice were used to validate this system 

with and without acquiring electrophysiological data. As shown, this sensor does not introduce 

observable electrical artifacts to these neural recording programs such as Intan Technologies or 

NeuraLynx. Finally, the parts to build the lick sensor cost less than 100 US dollars, requires 

  Methods for Lick Sensing  

Methodology Measures Strengths/Limitations Source 

Electric current 

through feeder 

bottle 

 

Lick timing 

 

Strengths: Simple and inexpensive.  

Limitations: Potential for electrical artifact 

which could impact neural recordings. Does not 

measure lick force or amount of reward 

consumed. Any body contact can trigger a lick 

event. 

 

(Stellar and Hill, 

1951; Davis and 

Smith, 1990) 

 

Photoelectric cell 

 

Lick timing 

 

Strengths: No electrical contact with animal. 

May be more reliable than electric contact 

sensors. See Dunn and Fray (1986). 

Limitations: Does not measure lick force or 

amount of reward consumed. Any body beam 

break can trigger a lick event. 

 

(Martonyi and 

Valenstein, 1971; 

Dunn and Fray, 

1986)  

 

Video recording 

and manual 

inspection. 

 

Lick timing 

 

Strengths: Visual confirmation for each lick.  

Limitations: Labor intensive hand scoring. 

Large video files. 

 

(Johnson et al., 

2010; Rossi and 

Yin, 2015) 

 

Load cell  

 

Lick timing and 

force and reward 

amount 

 

Strengths: Simple and inexpensive. Can 

measure both lick force and timing. Can measure 

amount of reward delivered to the dish. Force of 

lick event can differentiate between light tongue 

touch or heavy paw press. 

Limitations: Food must be dripped onto a dish. 

System must be manually calibrated upon each 

use. Rodents can press with their teeth instead of 

tongue. 

 

(Vrtunski and 

Wolin, 1974; 

Fowler & Mortell, 

1992, Michelle 

Renee Ciucci & 

Connor, 2009) 

 

Table 1. Summary of lick detection methods. 



minimal soldering and construction, and all plans, 3D printable designs, and Matlab™ and Arduino 

source code are freely available as part of an open-source project 

(https://github.com/CowenLab/LickSensor). 

2. Materials and Methods 

2.1 Lick Sensor Design and Construction 

The lick sensor detects the amount of food delivered and the timing of individual licks and 

consumption of food by measuring of the force applied to the food dish (Fig. 1A). Force is detected 

by the 100 g micro load cell (see Table 2: Components) that is connected to a 3D-printed dish. 

The load cell and lick dish are fashioned to a base with a stand to hold a spout that can dispense 

liquid reward. Vinyl tubing is attached to the spout which leads to a solenoid valve that dispenses 

the reward from a container filled with the reward. Force detected by the load cell is amplified and 

digitized by a load cell amplifier converter board. Output from the digitizer is sent to an Arduino 

Uno microcontroller (Fig. 1B). The microcontroller samples the signal from the load cell at 97 Hz 

and the data acquired is sent to a PC to be stored and, optionally, to an electrophysiological data 

acquisition software such as Intan or NeuraLynx. For instance, digitized signals from the load cell 

were sent to the PC through a UBS cable and 5 V TTL pulses were sent from the Arduino indicating 

when an individual lick was detected to the data acquisition system through a BNC cable. The PC 

archived the data using a serial terminal emulator (we used Putty: http://www.putty.org/); however, 

any programming language capable of accessing the USB port (e.g., Python, Matlab, or LabView) 

could be used. Furthermore, many 3D-printed covers for the lick dish and wires from the load cell 

were constructed in SolidWorks to guard from the rat chewing on the hardware and wires. All 

components besides the brass spout were constructed to accommodate many experimental 

conditions (Fig. 1A). All of the source code for the Arduino microcontroller (C), for loading and 

analyzing data on a PC (Matlab™), the 3D design files (STL and SolidWorks™) for the 

dish/cover/base/stand are open source and freely available on GitHub 

(https://github.com/CowenLab/LickSensor). The wiring of the system requires no components 

(e.g., resistors, capacitors) beyond the parts listed in Table 2. The wiring diagram is presented in 

Fig. 1C. The total cost of the components, including the 3D printed parts, is under 100 US dollars. 

2.2 Animals 

Mice (n = 1 C57BL/6J) and rats (n = 2 Sprague Dawley, n = 1 Fisher 344) were pair-housed on a 

reverse 12-hr light-dark cycle until the time of surgery and provided food and water ad libitum. 

Commercially Available Components 

Component Part Number Source 

100 g Micro Load Cell CZL639HD Phidgets: www.phidgets.com 

SparkFun Load Cell Amplifier - HX711 SEN-13879 SparkFun: www.sparkfun.com 

Arduino Uno R3 

 

DEV-11021 Arduino: www.arduino.cc 

 

Table 2. Parts used to construct lick sensor 

https://github.com/CowenLab/LickSensor
http://www.putty.org/
https://github.com/CowenLab/LickSensor


Surgical procedures were in accordance with NIH guidelines for the Care and Use of Laboratory 

Animals and with approved IACUC protocols at the University of Arizona. 

2.3 Stereotaxic Surgeries 

Rat 1 and 2 were the only ones to go through surgery. Mouse 1 and rat 3 were just used for 

behavioral data. Stereotaxic coordinates were taken from Paxinos and Watson, and surgeries were 

performed under 1.5 – 3.5 % isoflurane anesthesia (JD Medical Distribution Company, Phoenix, 

AZ). Different surgical procedures were performed for each of the rats. These procedures are 

described below. 

Rat 1 (Sprague Dawley, LFP recordings): To determine whether the lick sensor interfered with 

local-field recordings, behavioral and neural measurements were acquired from a Sprague Dawley 

rat implanted with a fixed electrode array (23 µM diameter twisted nichrome wires) targeting the 

nucleus accumbens (NAc) and hippocampus. Coordinates: NAc (AP: 1.5 mm, ML: 1.4 mm, DV: 

6.3 – 6.8 mm from brain surface and relative to bregma), medial forebrain bundle (AP: -2.5 mm, 

ML: 1.7 mm, DV: 7.4 – 8.5 mm from brain surface), and hippocampus (AP: -3 mm, ML: 2 mm, 

DV: 2.0 – 3.5 mm from brain surface). A hole was drilled above the cerebral cortex for placement 

of the Ag/AgCl reference electrode (insertion depth ~ 5 mm). A single carbon-fiber microelectrode 

was lowered into the NAc for voltammetric recordings. 

 
Figure 1. Lick sensor and schematic. A) Top: rat consuming liquid food reward (Ensure™). The food 

dish is connected to the load cell. The protective 3D-printed covers and wire housing units are shown 

below. These covers were made to protect the wiring and to prevent the rat from pressing its paw on the 

lick dish. Also illustrated is the food delivery system designed for recording from animals with neural 

recording implants. The height of the spout prevents the implant from hitting the delivery spout. B) Flow 

chart showing signal direction. C) Wiring schematic used in the lick sensor system. The 4 wires of the 

load cell are connected to an amplifier/AD converter. The digitized output of the amplifier is sent to a 

microcontroller where it is processed in grams, timestamped, and sent to a connected computer for 

archiving. 5 V TTL pulses are also produced by the microcontroller that that can be sent to a data 

acquisition system for synchronization. 



Rat 2 (Fisher 344, Single-unit and LFP recordings): To determine whether the lick sensor 

interfered with single-unit recordings, measurements were acquired from a Fisher 344 rat 

implanted with a chronic microdrive or “hyperdrive” holding 12 independently-adjustable tetrode 

recording probes (McNaughton, O’Keefe, & Barnes, 1983; Wilson & McNaughton, 1993). 

General surgical procedures and anesthesia are as described above. The hyperdrive was centered 

over the right hemisphere (ML 2.0 mm, AP: -3.8 mm). Tetrodes were constructed of twisted 

polyimide-coated nichrome wires (13 µm diameter) and were driven to an initial depth of 1 mm at 

surgery. Over the next 14 days, tetrodes were lowered to record extracellular spikes from CA1 

pyramidal cells (~2 mm from brain surface). Two additional tetrodes whose four wires had been 

shorted together acted as references and were placed in or near the corpus callosum and 

hippocampal fissure. A ground screw and all wires were secured to the skull using dental acrylic. 

2.4 Animal Testing 

Rat 1 was used for behavioral experiments and neural recording testing. The rat was handled for 

1-hour increments over a two-week period to become accustomed to humans. The rat was food-

restricted according to guidelines through the University of Arizona’s/IACUC guidelines. The rat 

was weighed daily before and after training. Amount of food per day was based on the daily weight 

of the rat in relation to 85% of the free-feeding weight. After a month’s time, the rat was placed 

back on free feeding for a one-week period and a new free-feeding weight was established. An 

operant conditioning paradigm was utilized to train the rat to run on a maze. The rat was placed 

on a ramp and given positive reinforcement using half-cheerios for moving back and forth across 

the ramp. The rat was then trained to run along a half-circle track, again through use of cheerios 

for positive reinforcement. During a typical training session, the rat was required to run the ramp 

100 times, resulting in the reward of 50 cheerios. During this time, the rat was additionally fed 

small amounts of EnsureTM through a syringe after training for habituation purposes. Finally, the 

rat was placed in a faraday cage on a maze housing the lick sensor. The maze was horseshoe shaped 

and consisted of the lick sensor on one end and a standard dish on the other. Delivery of EnsureTM 

was cued whenever the rat passed an infrared sensor on either side of the maze. The infrared sensor 

would cue delivery of reward to the opposite side of the maze. Through classical conditioning, the 

rat learned to associate the clicking of the feeding solenoid with reward and further the behavior 

of turning the opposite direction to return to the other side of the ramp. This behavior was trained 

to ensure numerous trials for the collection of data using the lick sensor. Rat 3 was used to validate 

the sensor’s ability to observe solid food consumption. This rat was not trained, but food restricted 

under the same procedure used for the previous rat and housed with Bio-Serv 45mg Dustless 

Precision PelletsTM to acclimate it during the experiment. Because the rat was not trained on the 

behavioral maze, it was partitioned to the end of the maze containing the lick sensor and allowed 

time to freely take a 45 mg pellet off of the lick dish (experimental procedure is described below). 

Mouse 1 was used to validate the lick sensor’s response to mouse licks. The mouse was not trained, 

but rather placed on the maze with the lick sensor and EnsureTM and the experimenter waited until 

the mouse lapped the liquid food. 

 

 



2.5 Electrophysiological Recording During Licking Behavior 

Rat 1 electrophysiological signals were recorded from local-field potentials in the hippocampus 

using the Intan Technologies neural acquisition system. The rat was placed on the maze described 

previously and Rat 2 electrophysiological signals were recorded in the CA1 region of the 

hippocampus using the Cheetah Data Acquisition System (NeuraLynx Inc.). Single-unit activity 

was digitized at 30 kHz and bandpass filtered between 0.5 and 5 kHz (Butterworth 8th order filter). 

Semi-automated spike sorting was performed post-hoc using Spike2 (Cambridge Electronic 

Design, Ltd.). Local-field activity was down-sampled to 300 Hz prior to analysis. 

2.6 Experimental Design for Sensor, Behavioral, and Neural Data Acquisition 

Validation 

The core components of the lick sensor include the 3D-printed lick dish, a 100 g load cell, a signal 

amplifier/analog to digital converter, and an Arduino microcontroller. Liquid food reward was 

delivered to the 3-D printed lick dish either automatically or manually via solenoid valve through 

a brass spout or by hand using a syringe. The spout used to dispense the liquid reward was 

connected to vinyl tubing which led to a solenoid valve to distribute the reward from an elevated 

container of EnsureTM. The 3D-printed base was fashioned to a maze with screws inside a faraday 

cage used for neural recordings. Solid food reward consisted of 45 mg Bio-Serv Dustless Precision 

PelletsTM that were placed on the lick dish. All licking behavior was video recorded from a camera 

placed near the animal’s mouth. A sample video with superimposed readings from the lick sensor 

is available at https://github.com/CowenLab/LickSensor. 

A different lick dish was used for rats than was for mice. Due to the difference in lick force of 

mice as compared to rats, a planar lick dish was created to accommodate the mouse. The original 

design used a bowl shape to allow the liquid reward to pool for easier access to the animal. This, 

however, proved insufficient for the mouse since when they licked, they would lap the top of the 

pool of EnsureTM. This would not allow the force of their lick to be fully displaced to the load cell. 

This would result in insignificant lick detection. A planar lick dish, then, would allow for the pool 

of liquid reward to disperse across the dish. Less distance between the top of the liquid reward and 

the dish itself provided significant lick detection for the mice that was comparable to the rat lick 

data as shown in Results. 

Experimental design for characterizing known weights: To test the ability of the lick sensor to 

accurately detect mass, we placed known weights of 1 mg to 10 g on the lick dish and recorded 

the output signal. Because liquid food was used as a reward, we also conducted a similar test with 

water drops. Using a pipette, single drops of water were placed on a petri dish. We placed the petri 

dish on a calibrated laboratory scale to determine the weight of a single drop of water and 

compared that weight to our observed output from the lick sensor. We repeated this procedure for 

a total of 20 drops. Next, to test whether the lick sensor calibration drifts over time, a known mass 

of 2 g was placed on the lick sensor. The weight was removed every half-hour to determine if the 

sensor would return to 0.0 g. The weight was then replaced again shortly after to observe a 

returning signal of 2 g. 

https://github.com/CowenLab/LickSensor


Experimental design for characterizing food consumption detection in mice and rats: To determine 

if the sensor would work in behavioral tests, the Rat 1 was placed in the maze previously described 

to record rat lick bout events. The rat was allowed to run from end to end of the maze 23 times to 

be used for data analysis. Since Mouse 1 in our experiment was not trained on the maze, we isolated 

the mouse to the end of the maze that included the lick sensor. Reward was triggered manually 

from the solenoid valve after the mouse finished consuming what was on the dish. Moreover, 

because some experimental designs require the use of solid food reward, Rat 3 was partitioned to 

the end of the maze containing the lick sensor. A single Bio-Serv 45 mg Dustless Precision PelletTM 

was placed on the lick dish. The experimenter waiting until the rat consumed the reward, and then 

placed another to obtain many trials for data analysis. 

Experimental design for characterizing electrical noise generation of lick sensor during neural 

data acquisition: Lastly, to determine whether the sensor could be used during electrophysiological 

data acquisition, Rat 1 conducted the same behavioral test described previously but implanted to 

our Intan Technologies electrophysiological recording software. Rat 2 was placed in an isolated 

box and presented with EnsureTM pipette by hand onto the lick dish. The experimenter placed 

EnsureTM on the lick dish once the rat finished consuming the reward. As shown in Results, the 

data from these methods were shown to be effective at recording mass accurately, work while 

conducting behavioral experiments, and while recording neurological data. 

2.7 Data Analysis 

All post-processing, filtering, and statistical analyses were performed using Matlab® 2017a. Real-

time lick detection was performed on the microcontroller by sending a 5 V TTL pulse to a PC for 

synchronization using a fixed threshold of 1 gram. When processing the data, lick detection was 

set as a threshold of 0.5 g. Detection was also performed off-line by first bandpass filtering the 

original signal (0.5 – 40 Hz, 8th order Butterworth filter), and then rectifying this signal. Power-

spectral density estimates for neural local-field signals were determined using Thomson's 

multitaper power spectral density estimate. 

3. Results 

Here we assessed the capacity of the lick sensor described above to measure the amount of food 

delivered, the timing of food consumption, and the duration and force of licking elicited by rats 

and mice. The design and construction of the sensor is described in Materials and Methods and 

illustrated in Fig. 1 and Table 1. To summarize, sensing is performed by a strain gauge load cell 

connected to an amplifier and digitizer. This signal is processed by an Arduino microcontroller 

and sent to a computer for storage and analysis. The system’s ability to accurately measure food 

delivered and consumed, lick timing, and tongue force are described in the following sections. 

3.1 Characterization using Known Weights 

The accuracy and reliability of the sensor was determined by measuring responses to known 

weights and to single drops of liquid. Data from the known weights are shown in Fig. 2A. As 

shown, the sensor was capable of accurately detecting the mass of 10 mg and larger. The sensor 

was unable to sense anything below 10 mg, not due to the sensitivity of the sensor, but rather 



because output signal of the Arduino was sensitive to a 100th of a gram. Furthermore, because we 

and many other researchers may use liquid reward in research we wanted to establish whether the 

lick sensor was accurate in detecting liquid mass. The capacity to measure small quantities of 

liquid reward was assessed by measuring the sensor’s response to increasing amounts of water that 

was pipetted, a single drop at a time, to the lick dish (Fig. 2B). Using a calibrated weight scale 

simultaneously, we determined that a single drop of water weighed 34 mg. As shown, the lick 

sensor accurately detected liquid mass and showed a clear and highly correlated linear response to 

increasing amounts of liquid. Finally, because experiments can usually last longer than a few 

hours, one concern was that measurements from the sensor could drift over time and require 

recalibration. To determine the stability of measurements, a known 2 g weight was placed on the 

food dish, and data was acquired over a 3-hour period (Fig. 2C). Every half hour the experimenter 

briefly removed the 2 g weight and replaced it to determine if the sensor accurately measured 0.0 

g. Responses to both 2 g and 0 g remained stable over the 3-hour period. 

 

 
Fig. 2. Characterization of the sensor. A) The accuracy and sensitivity of the sensor was evaluated by 

measuring output with known weights. The values of known weights are on the x axis, and the outputs 

of the sensor are on the y axis. B) The capacity to measure small amounts of liquid reward was assessed 

by measuring increasing amounts of water (y axis) pipetted one drop at a time to the lick sensor dish. 

The same amount of water was also weighed using a digital laboratory scale (x-axis). A total of 20 drops 

were delivered. C) To determine if measurements were stable over time, measurements from the lick 

sensor for a known 2 g weight were acquired over a 3 h period. Every half hour the experimenter briefly 

removed the 2 g weight and replaced it to test if the lick sensor accurately measured 0.0 g. 



 

3.2 Characterization with Behaving Animals 

 The lick sensor was tested in mice and rats as they consumed liquid Ensure™ from the reward 

dish. Data from the sensor during a lick bout event in a mouse and rat are shown in Fig. 3. Fig. 

3A,D show the data of a mouse and rat, respectively. As shown, the lick sensor can detect 

individual lick events. This is further shown with post-hoc filtering of the signal (Bandpass 0.5 – 

40 Hz, 8th order Butterworth filter followed by rectification) to improve signal-to-noise (Fig. 3B,E) 

and better visualize individual lick events. The onset of each lick was determined by defining a 

threshold of 0.5 g. To better characterize the frequency components of the signal from the lick 

sensor, a Morelet wavelet spectrogram was created for each lick bout (Fig. 3C,F). The spectrogram 

indicated a high power and low-frequency component corresponding to the overall lick rate (~8 

Hz) and multiple high-frequency components corresponding to each lick. This lick detection 

system is unique in that other methods cannot detect these higher frequency components within 

 
Fig. 3. Lick responses from a mouse and a rat. A) Unfiltered readout from the lick sensor (grams) during 

a lick bout in a mouse. B) Rectified bandpass filtered trace (0.5 –40 Hz, 8th order Butterworth). This trace 

was used for lick onset detection (blue triangles). Dashed line indicates the threshold used for detection 

(0.5 g). C) Wavelet spectrogram (square root of wavelet power) of responses during a lick bout 

demonstrating the multiple frequency components of the response. The overall lick rate is indicated as 

the band near 8 Hz (verified with autocorrelogram of lick times). D-F) As with A-C, but for a longer lick 

bout in a rat. 



the licking behavior of rodents. The rich 

frequency response suggests that 

information from additional frequency 

bands could improve detection and 

analysis. The frequency of lick responses 

identified by the lick sensor was also 

analyzed using an autocorrelogram (Fig. 

4). As shown, a lick frequency of ~6.7 Hz 

was identified in this rat. This frequency is 

similar to what has been reported in 

previous literature (Davis & Smith, 1990; 

Hayar et al., 2006; Lin, Pierce, Light, & 

Hayar, 2013; Marowitz & Halpern, 1973). 

Furthermore, because some experimental 

procedures may prefer the use of solid food 

during experiments, 45 mg Dustless 

Precision PelletsTM were also used to show that this system can detect small solid food rewards 

and show when the reward was consumed (Fig. 5). As shown, this lick detecting system can be 

used in behaving animals with accuracy for both solid and liquid food.  

3.3 Characterization During Neural Recording 

 A target application of the sensor is to measure the timing of reward consumption during neural 

recording. Given the sensitivity of neural recordings (e.g., extracellular electrophysiology and fast-

scan cyclic voltammetry) to electrical interference, the sensor was tested during the acquisition of 

neural data. Data was acquired from two rats. Fig. 6A,B shows one rat implanted with a fixed 

microelectrode array with electrodes in the hippocampus (see Materials and Methods). Clear 

local-field potential data is observed with the sensor disconnected (Fig. 6A) and connected (Fig. 

6B). No observable high frequency 

electrical artifacts are introduced into the 

data by the load cell.  Further, another rat 

was implanted with a moveable 

microelectrode array with electrodes in the 

CA1 of the hippocampus. Fig. 6C shows 

this rat during single-unit recordings with 

the lick sensor connected. Although there is 

no clear response of action potentials in this 

cell to timing of the lick, we can see clear 

action potentials occurring with the use of 

the lick sensor. Analysis of the power 

spectral response of the local-field signal of 

this neuron when the sensor was connected 

and recording or disconnected did not reveal 

 
Fig. 4. Autocorrelogram of lick times from a rat. The 

autocorrelograms shows a rhythmic response with an 

inter-lick interval being ~150 ms (6.7 Hz).  

 
Fig. 5. Demonstration of the lick sensor being used 

with a solid food reward (Bio-Serv 45 mg Dustless 

Precision PelletsTM). The x-axis demonstrates time 5 

seconds before and after lick onset (time 0) with the y-

axis demonstrating grams of force. 



any identifiable difference in the low frequency signal (Fig. 6D) indicating that the sensor 

introduced no measurable artifact into the neural recordings. 

 

4. Discussion 

We have demonstrated a novel lick sensing system capable of measuring the weight of a single 

drop of liquid and the force and timing of individual licks that can take place over the course of 

many hours. The device does not interfere with electrophysiological signals as, construction 

requires minimal effort, and components cost under 100 U.S. dollars. Because a strain-gauged 

load cell is the basis of this lick sensing model, we can clearly distinguish between a 2 – 8 g lick 

 
Fig. 6. Neural recordings with the sensor off and on. A) Local-field activity recorded from a 

hippocampal electrode when the lick sensor was unplugged. Blue: unfiltered trace, Orange: 

band-pass filtered trace (500 – 5000 Hz). B) As in A, but with the lick sensor plugged in and 

acquiring data. The onset of a lick is indicated with the triangle. C) Peri-event raster (top) and 

histogram (bottom) of action potential times surrounding bouts of licks. This neuron showed 

no evident response to lick bout onset. Blue Inset: Waveform of the recorded neuron. D) Power-

spectral density of the local field signal recorded when the sensor was unplugged (black) or 

recording (red). Responses were similar under the two conditions indicating that the lick sensor 

did not produce any evident noise. 



touch and a much heavier 20+ g paw touch or a much lighter whisker touch. This implementation 

of lick sensing system can also be guarded further from extraneous and unwanted animal touches 

by adding our 3-D printed cover designs. This system fills the shortcomings that previous lick 

detecting models can introduce to behavioral psychology or neuroscience, studies of 

diet/nutrition, and pharmacological research. 

4.1 Applications 

Behavioral Investigations of Disease States and Aging: Accurate measurements of tongue 

force, reward consumption, and licking timing is critical addressing scientific questions in 

neuroscience, psychology, nutrition, and pharmacology. Certain disease states, such as 

Parkinson’s disease, are widely studied. Incorporation of these measures can be useful to 

researchers interested in learning more about patients with Parkinson’s as well as aging and other 

conditions associated with orofacial motor abnormalities. To illustrate, 70% of patients with 

Parkinson’s disease exhibit impaired oral movements that may contribute to dysphagia (Abbs et 

al., 1987; Schneider, Diamond, & Markham, 1986; Volonté, Porta, & Comi, 2002). Furthermore, 

DA depletion in rats affects tongue force more than forelimb force (Bethel-Brown, Morris, & 

Stanford, 2011; Michelle R. Ciucci et al., 2011; Plowman & Kleim, 2011) and alters lick rate and 

lick rhythm (Michelle R. Ciucci et al., 2011; Skitek et al., 1999). Furthermore, research can be 

done specifically to study Parkinson’s disease and its early effects to fine motor function, 

especially that of the tongue and lower jaw. Other lick detection systems, while effective in their 

own right, cannot detect the subtle changes in licking behavior and the higher frequency 

components found with each lick as shown previously in Fig. 3C,F. To illustrate, Ciucci and 

colleagues have demonstrated that tongue force and lick rate can be disrupted in experiments using 

the neurotoxin 6-hydroxydopamine which acts directly on the nigrostriatal dopaminergic pathway 

which is affected early in patients with Parkinson’s (Michelle R. Ciucci et al., 2011). Thus, 

combined measurement of force, rhythm, and rate using the lick sensor could simplify assessment 

of disease severity and can help further investigation of the disease. 

Lick force has also been used to investigate the effects of aging. Age associated dysphagia in 

humans has been shown to be characterized by a reduction in tongue force (Baum & Bodner, 

1983). Likewise, tongue force has been reported to be reduced in aged rats (Connor et al., 2009). 

Consequently, integrating the lick sensor into aging experiments would provide an additional 

metric that could help characterize age-associated changes in motor function and help account for 

individual differences. Moreover, this lick detection system can be used to engage in oral motor 

therapy research to observe changes in lick force, duration, or frequency with presentation of 

therapy or exercises in these aging rodents. 

Analysis of Neural Mechanisms: Due to the nature of this lick sensor of recording force and reward 

consumption without introducing electrical artifacts into neurological data acquisition systems, 

our system can be used for research surrounding motivation, learning, orolingual function, and 

disease states. As seen in previous literature, neurons in the striatum (Yanase et al., 2001) and 

substantia nigra reticulata (Gulley, Kosobud, & Rebec, 2002) respond to licking behaviors which 

can be easily tracked using the lick sensor. In addition, the striatum plays a role in tongue 

protrusion (Pisa, 1988). This sensor, thus, can be used to observe the behavioral changes induced 



by lesions to these areas and others to understand rodent licking behavioral and the neural basis of 

muscle execution in many fields of neuroscience research which strive to understand the 

mechanisms of brain activity specific to orolingual activity in rodents. 

4.2 Study Limitations 

As described earlier, a new design for a mouse 3D printed lick dish was needed to accommodate 

the difference in lick power when compared to a rat. The changes made to the lick dish was to 

simply make the dish planar instead of bowl-shaped. This would allow the mouse tongue to touch 

the lick dish and displace its full weight onto the load cell rather than simply lapping the top of the 

pool of liquid reward. The one limitation with this design would be if the liquid reward used filled 

the entirety of the lick dish. An experimenter would be able to clearly see the change in mass of 

the liquid which would correlate with a rodent lick event, but one may not be able to clearly see 

individual licks or exact power of that lick. With this however, one may still be able to see the lick 

bout, as some force from the tongue would be displaced onto the load cell. One last limitation of 

this design is inherent in the load cell. Because the load cell we used was sensitive up to 100 g, 

anything more than that can permanently distort the load cell and ruin the sensitivity and 

calibration for further use. With this, excessive weight should not be put onto the lick sensor for 

extended periods of time. However, if a lick sensor does not seem to be functioning any longer, 

the inexpensive cost and easy assembly to establish working condition means that this problem 

can be easily fixed for little cost. 

4.3 Future Directions 

Because of the strengths of this lick detection system, we believe this sensor can be utilized for 

further testing in other fields of work. Especially because of the complex waveform dynamics of 

the licks we’ve detected, this system could potentially be used to identify phenotypes for animal 

models of disease like Parkinson’s disease. Not only this, but the system and code can be fitted to 

better adapt a self-contained archetype. This meaning data acquisition and filtering of the data can 

all be done in-house. Data can be archived on the Arduino for standalone sensing that does not 

require a data acquisition computer (e.g., through OpenLog 

(https://learn.sparkfun.com/tutorials/openlog-hookup-guide)). This also includes making the 

filtering in-hardware so that the system can be self-contained. The research described earlier are 

topics we are interested in looking further into, but the techniques described can be used to take 

steps out of data storage and eventual filtering processes. Finally, we wish to pursue designs that 

attach the load cell to a lick spout so that the sensor could detect lick force as water is licked from 

a standard water spout. 

5. Conclusions 

This open-source tool could be useful to a variety of researchers investigating rodent behavior, 

reinforcement learning, nutrition, and neuromodulator release. In addition, future versions may 

also be used to assess solid food consumption with even more research animals. While discussed 

in brief and not deliberately tested, this lick detection system can be used for evaluating disease 

states such as Parkinson’s disease. This lick sensing system is inexpensive, efficient to detect 

https://learn.sparkfun.com/tutorials/openlog-hookup-guide


individual rodent licks which can be time stamped and is accurate in detecting mass over a long 

period of time. 
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