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Abstract  

Introduction: The WHO has stated that about 50% of the world lacks access to secure and continuous supply of electricity, 

heavily impacting the healthcare industry in these countries. Microbial Fuel Cells (MFCs) can be a low cost-efficient energy 

source capable of powering medical devices in low-income countries. Due to the components and impurities found in saliva, 

this biofluid can behave like an electrolyte and a viable fuel source to power the MFC. With this capability, saliva has the 

potential to power micro-gadgets with microbial fuel cells capable of degrading the components of saliva. Thus, this study 

explores saliva’s potential to act as a fuel source to power microbial fuel cells within medical diagnosis devices.  

Methods: A systematic review was conducted through primary and secondary research articles exploring and comparing the 

use of saliva as an energy source compared to other biofluids. Key terms focused for meta-analyses include: ‘semiconductors’, 

‘saliva’, ‘microbial fuel cells’, ‘point-of-care’.  

Results: Previous research has discovered that lysozyme enzymes present in saliva can create an electrical charge that can 

successively power biomedical devices. Researchers have also created paper-based batteries containing frozen exoelectrogenic 

cells, powered by the bacterial degradation of human spit. Saliva has been demonstrated to contain similar biomarkers to urine, 

a successful diagnostic biofluid, and can therefore be used as a diagnostic biofluid as well.  

Discussion: Given saliva’s capabilities, a hypothetical diagnostic device powered using saliva as the biofluid, was designed. 

Bacteria break down the saliva, allowing protons to travel from the anode to the cathode resulting in electricity. It was 

determined that graphite would be the most cost-efficient and energy producing electrode material for the device. In addition, 

this electricity that is produced will power the diagnostic device attached.  

Conclusion: Saliva can act as a fuel source, capable of powering diagnostic devices using microbial fuel cells with saliva. 

These properties can be beneficial to many people who do not have access to preliminary diagnosis. This can result in immediate 

treatment and help prevent further spread of diseases, vital for those in low-income countries. Broad scale applications of using 

saliva can be directed towards exterior lighting systems and powering larger medical devices.  
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Introduction 

Since the rise of global warming [1], finding more ways 

to produce electricity has been a priority for scientists [2]. It 

is important to establish secure methods for clean electricity 

as it can directly impact healthcare and the ability to combat 

diseases. The lack of sufficient electricity to healthcare 

facilities increases the opportunity of diseases and puts 

members of impoverished communities at high health risks 

[3]. To put in perspective the widespread shortage of 

electricity and healthcare, almost 50% of the world do not 

have access to basic healthcare necessities [4] and poorly 

regulated laboratories [5], as ~940 million people lack access 

to electricity [6], which can increase the risk of infectious 

diseases that wipe out more than 17 million people annually 

[4].  

Although a huge number of people face this disadvantage, 

semiconductors, a material that has electrical conductivity 

between that of a conductor and insulator, with well known 

efficient power distribution and low cost [7] can be used. For 

example, Poly(3,4-ethylenedioxythiophene): 

poly(styrene sulfonate) (PEDOT:PSS) is a highly conductive 

and transparent polymer [8] semiconductor [9]. The 

PEDOT:PSS polymer consists of PEDOT with positive 

charges and PSS with negative charges [10]. Doped 

PEDOT:PSS allows for band-gap narrowing and increase in 

conductivity efficiency [11]. When atoms are connected 
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creating a molecule, the wavefunctions of valence electrons 

overlap [12]. The orbitals then split into different energy 

levels [12]. The orbitals are placed closely and look like a 

band with the minimum energy required to excite the 

electrons for conductivity [12]. Between the bands are band-

gaps where energy does not exist [12]. Semiconductors have 

smaller band-gaps allowing for increased electrical 

conductivity, compared to insulators [12]. The process of 

doping a semiconductor is introducing impurities with atoms 

that have excess valence electrons that can be donated [12], 

for example acids like H2SO4 [13]. Therefore, increasing the 

doping level increases the narrowing of band-gap [11]. 

The human body is host to an abundance of natural fuel 

sources that have enough power to generate electricity to 

influence nonhuman mechanics [14]. Urine, for example, is 

mildly acidic, ranging from a pH of 6 to 7.5 [15] because it 

contains electrolytes, organic and inorganic solutes dissolved 

in 95% water [16]. Acids [17] and electrolytic substances [18] 

have the potential to conduct electricity [17, 18], and due to 

the presence of impurities urine can conduct electricity  [16]. 

An often disregarded and non-invasive biofluid is saliva. 

Saliva is a slightly acidic biofluid that contains several 

electrolytes, proteins, and biological materials [19]. With 

similar properties to urine, saliva also has the ability to execute 

electrical properties powering micro-and-macro-gadgets [20]. 

Saliva also has storage advantages by undergoing 

exoelectrogenic lyophilization, the process of freeze drying 

the biological fluid [21]. The two terms ‘exoelectrogens’ and 

‘lyophilization’ mean biological substances capable of 

transferring electrons on the extracellular surface [22] and the 

process of freezing these exoelectrogens [21], respectively. 

Overall, saliva has the ability to allow lyophilization of 

exoelectrogens thereby allowing storage and accessibility at 

point of care [20]. Storage abilities are important when 

considering point of care (POC) medical testing in order to 

bring the environment of diagnosis and immediate treatment 

closer to the patient [23] without waiting for the condition to 

worsen.    

Moreover, saliva and urine are used as non-invasive 

methods to diagnose different conditions. Despite urine 

being easily accessible and non-invasive, similar to saliva, it 

has been used more often as a diagnostic tool. This is because 

urine has been used since the early 16th century as a simple 

diabetes diagnosis because after evaporating water from 

urine, excess salt present gave doctors a conclusion about 

diabetes presence [24]. Urine is used for checking stress 

levels by measuring biomarkers - compounds that indicate 

cellular processes - including cortisol and testosterone, and 

measuring the presence of myoglobin, a protein that holds 

oxygen in the muscle [16]. To measure such biomarkers in 

urine, the Enzyme-Linked Immunosorbent Assay (ELISA) 

[25] is used. ELISA is an assay that can identify the presence 

of antigens, antibodies and hormones in a solution, which 

can be associated with underlying health problems 

[25]. ELISA test is done using a polystyrene plate which has 

a primary and secondary antibody that attaches to different 

proteins [25]. The primary antibody binds to the specific 

protein whereas the secondary antibody binds to a non-

enzyme-conjugated primary antibody [25]. In order to detect 

the protein in the plate, substances such as horseradish 

peroxidase, a hydrogen peroxide, can be used giving the 

protein of interest a blue color [25]. 

Since urine is excreted unlike blood and other bodily 

fluids, it can be tested easily. There is increased importance 

inflicted towards non-invasive diagnostics because it allows 

for less physical interference, decreased pain, prevents 

emotional stress [16], and is overall inexpensive [26]. In the 

hospital, invasive methods such as drawing out blood and 

tissue biopsies [16] are used to diagnose and treat patients. 

Similarly, tears in the skin from a biopsy or needle, or being 

under anesthesia during a medical procedure can cause 

disruption to an individual’s daily routine. This is especially 

impactful for people living in under-developed and barren 

nations where getting the basic needs like food and water 

requires a lot of movement and is not readily accessible [16]. 

When these invasive diagnosis methods are not easily 

accessible, saliva and urine can be used as alternative bodily 

fluids for examination despite these fluids acting as only a 

precursor for possible underlying conditions. Similarly, the 

cost to bring surgical tools, needles, and doctors to retrieve 

the samples would be reduced to a negligible amount [16]. 

Along with being a non-invasive diagnostic biofluid, saliva 

can be stored in MFC’s to be used in third world countries.  

Saliva’s chemical properties, storage and easily 

attainable methodology allows it to be used in powering 

MFC’s, which are battery cells powered by microbes (a 

bacteria [27]) [20]. Fuel cells are like a battery that uses a 

fuel source to create electricity [28] through the movement 

of electrons via oxidation and reduction reactions [27]. 

MFC’s have bacteria that break down organic compounds, 

which is present in both saliva and urine, thereby creating an 

electrical current to power other devices [29]. It is 

hypothesized that with saliva’s ability to act as a non-

invasive diagnostic biofluid and an efficient fuel source for 

MFC’s capable of exoelectrogenic lyophilization for point of 

care diagnostics, a device can be designed to function using 

saliva powered MFC’s while simultaneously using the same 

sample of saliva to diagnose the patient. This design can 

provide poverty-stricken communities with low cost and 

efficient diagnostic instruments that do not require more than 

1.07 ml of saliva - the amount of saliva present in the mouth 

at any given time [30] to conduct the electricity required to 

power the device.  

Since 17 million people annually are at risk of dying due 

to infectious diseases [4], small diagnostic devices can be 

used to check the body for any foreign microorganisms. And 

since ~940 million people lack the access to electricity [6] 

and have less resources to create electrical poles and 

electrical sockets, human bodies natural fluids such as saliva, 

can be used to conduct electricity for small devices. Saliva 

can power MFCs and thus saliva can indirectly be used to 

power the diagnostic device while the device analyzes the 
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saliva for different conditions the person may have. Such a 

self-powering saliva-based device can reach many people 

and help them see if they have any underlying illness before 

it worsens while not needing to rely on the government for 

building electrical ports and medical test centers. 

 

Methods 

To focus on this research, the following search engines 

were used: York University Library, Google scholar and 

Google with the subsequent keywords: ‘band-gap’, 

‘microbial fuel cells’, ‘semiconductor’, ‘point-of-care’, 

‘electricity shortage’, ‘worldwide infectious disease deaths’, 

‘lyophilization’, ‘diagnostic device’ and ‘exoelectrogenic’. 

This paper used primary and secondary papers from 1990 to 

2021. Since urine and saliva are easily accessible and non-

invasive both their electrical and diagnostic properties are 

compared. 

 

Results 

There is experimentation underway regarding paper-

based bio-batteries that are saliva activated such as a 

disposable bio-battery to be used for POC [20]. It was 

discovered that a single paper-based lyophilized 

exoelectrogenic bacterial cell has both electronic and fluidic 

structure for the anode storage, ensuring that all layers were 

oxygen tight, as well as an air-cathode was used [20].  

The paper was enabled with conductive components  

to create the paper base using poly(3,4‐ethylene 

dioxythiophene):polystyrene sulfonate (PEDOT:PSS) [31]. 

This polymer increases the conductivity of the overall device 

and exhibits an average experimental band-gap of 1.5eV 

[32]; band-gap is subject to change with the varying dopant 

used. This enables the paper to maintain its pores and 

hydrophilicity allowing bacterial attachment and is not 

reduced due to freezing [31]. The example of such a device, 

Figure 5, can be found on page 6 of Mohammadifar’s 

manuscript [20]. 

Referring to Figure 2b, found on page 3 of 

Mohammadifar and Choi’s manuscript [20], a direct 

conclusion was made that as the storage time of the paper-

based bio-battery increased, the ability to retain the 

maximum power density decreased. This shows that saliva 

can only be stored for approximately 3 weeks as seen from 

Figure 2b, before the power density decreases significantly 

[20]. However, the significant decrease was due to changes 

in humidity and temperature during storage [20]. Analyzing 

the graph, from Figure 2a, found on page 3 of 

Mohammadifar et al.’s manuscript, the results show the 

average power generated by the bio-battery with freeze-dried 

exoelectrogens is 0.396 μW/cm2 [20]. 

The MFC using saliva for creating electricity is known 

as a two-chamber cell. The anode and cathode are in 

plexiglass chambers and copper wires connect the two 

through a Nafion membrane (made of perfluorosulfonic acid 

[33]) allowing only protons to pass through [34]. The MFC 

will use platinum for the electrodes however, such a rare 

metal will increase the cost of the MFC [33]. In the MFC, the 

bacteria will break down saliva and its protons will flow from 

the anode to the cathode [29], generating electricity for the 

battery. 

Diagnostic devices using urine as diagnostic fluid, could 

also use saliva because of similar biomarkers present in both 

biofluids. For example, when using the ELISA assay testing 

for inflammation, neopterin is the biomarker examined in 

urine and saliva [16]. Another example of similar biomarkers 

found in urine and saliva include cortisol and testosterone 

identifying stress [16]. Testosterone levels are examined 

using ELISA from both urine and saliva, however, cortisol, 

a protein hormone [35] is detected in saliva using ELISA and 

in urine using High Performance Liquid Chromatography 

[36,16]. Other biomarkers tested from saliva include salivary 

lactate showing the amount of lactic acid present and salivary 

antibodies testing for infections created by H. pylori bacteria 

[35]. 

Inspired by Figure 5 of Mohammadifar and Choi’s 

manuscript, and Figure 1 [20] of Mansoorian et. al.’s 

manuscript [34], a theoretical device can be constructed 

when combining this two-chamber MFC [29] with 

diagnostic devices and considering saliva as the power 

source and diagnostic fluid (Figure 1). The person will first 

spit into a pump that will send saliva to both the MFC and 

the diagnostic device. The sample of saliva that is used for 

diagnosis purposes will be tested using the device's 

capabilities which vary according to the device attached. The 

results of the diagnosis will display onto an attached screen. 

The hypothetical MFC would have the anode and cathode 

chambers separated by wax [20] or Nafion membrane [34] 

allowing effective proton exchange [20]. 
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Figure 1. A 2D theoretical schematic of a microbial fuel cell layout. The MFC would use wax [20] or a Nafion membrane 

[34] to separate the anode and the cathode in a PEDOT:PSS reservoir [20] to act as a proton exchange membrane [34] and 

allow the flow of protons to be more effective [20]. The bacteria present in the MFC will break down saliva to create the flow 

of protons [20]. Within each plexiglass chamber sits an anode and a cathode sequentially connected to a digital multimeter 

via a copper wire. The anode and cathode would be made of graphite [20,34] as it produces a high amount of energy with a 

low cost [37]. The saliva imputed into the peristaltic pump will be divided between fuelling the MFC and the diagnostic tool. 

There will be an overlaying monitor screen eliciting the results.  

 

Discussion 

The purpose of this study was to explore saliva’s 

capability to act as a natural fuel source to power MFC’s. It 

was hypothesized that a device could be designed to function 

as a diagnostic tool powered by saliva. In this research, urine 

and saliva were compared as common non-invasive bio-

fluids with biomarkers available for many conditions. 

According to the diagnostic device created in Figure 1, urine 

could also be used instead of saliva as urine contains 

electrolytes, organic and inorganic solutes dissolved in 95% 

water [16]. However, no device has been made that uses 

urine as a power source. To support saliva being used as an 

energy source and diagnostic device, a study was performed 

to find the preference of saliva among other bio-fluids to be 

used for different tests [38]. The study concluded that 85% 

of clinicians in Ibadan, Nigeria preferred saliva as a good 

bio-fluid to test for diseases as spitting saliva into a container 

for testing is convenient [38]. If the patient is dehydrated, 

limited urine is produced to power the MFC and obtaining 

urine is more difficult if there is no access to clean 

washrooms, whereas saliva can be obtained anywhere. 

Despite urine being more than 99% accurate at drug tests and 

saliva having 99% accuracy, saliva drug tests require smaller 

samples and simpler devices than urine [39].  

The theoretical device is designed to function off saliva 

which is used as the fuel source and diagnostic specimen. As 

mentioned previously it is evident that saliva contains 

sufficient biomarkers that can provide adequate point of care 

testing [40]. Semiconductors allow for low-cost 

construction, low power usage, long-lasting energy, is 

minimizable in size and integratable [41]. Since the device 

would be using saliva as a fuel source, accessing the energy 

will be quick. This device is designed to provide accessibility 

and affordability of health care for low income communities 

and diagnosis at POC. POC testing is beneficial because it 

provides earlier diagnosis of ailments or illnesses, minimizes 

patient travel time to hospitals for urgent care, low hospital 

or lab waiting time, immediate results, and economic 

benefits [42]. Although saliva can be used to detect systemic 

diseases [43], this device is designed for primary diagnosis 

and further testing is required before more severe treatments 

like surgeries. 

The MFC is similar to the paper-based bio-battery as it 

uses bacteria to break down organic matter. The protons 

released by the bacteria travel from the anode to the cathode 

via a conductor [29]. However, MFC’s generally have a 

continuous supply of electricity as the organic substrate is 

restored, while the bio-battery has a limited flow of 

electricity because the organic matter is not replenished [29]. 

Therefore, to create a device that can be reused for diagnosis 

while generating electricity, a MFC is a better option than 

the bio-battery. The challenge faced by MFC’s is the cost of 

construction materials as platinum is a rare metal that is used 

in the cathode and anode [33]. To overcome this 

disadvantage, copper, gold [44] and ferricyanide [29] are 

some metals that can be used instead of platinum as a cathode 
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but the former does not give the same effectivity rate as 

platinum [44] and ferricyanide despite generating 1.5-1.8 

times more power than platinum, needs to be generated 

chemically [29]. Other cathodes using iron and cobalt as 

organic mixtures may replace platinum, but their durability 

is not well studied [45]. The hypothetical device should use 

graphite rods [34] making the device more cost-effective as 

graphite is cheaper and generates a high amount of electricity 

[37].  

Normal batteries in remotes for example, could also be 

used as they are simple to put in the device. However, once 

these batteries run out, they need to be charged. If the 

diagnostic device is being used in third world countries, then 

having access to electricity is not very common. MFC's, 

unlike batteries, do not need to store electrical energy as they 

can directly create it [46] by using saliva, for example. This 

process has a higher efficiency rate of 40% to 60% whereas 

batteries have an efficiency rate of less than 40% [46]. Like 

normal batteries, saliva can also be stored for longer periods 

of time. If optimal levels of humidity and temperature are 

maintained, a bio-battery can elicit a constant power density 

output of 0.396 μW/cm^2 [20] whereas, MFCs generate 

1540 mW/m^2 [29] power density, thereby releasing more 

power for the device. As in Figure 1, the MFC will have 

PEDOT:PSS as the semiconductor surrounding it which will 

increase the power output of the device by doping. The level 

of doping increases with the progression of miniaturization 

[4]. It can be noted that an MFC is a small cell; it would 

require a significantly increased level of PEDOT:PSS 

doping. As doping levels of PEDOT:PSS increase, it is 

anticipated that the overall conductivity of the MFC should 

increase as well. 

MFC’s use bacteria that break down organic matter like 

saliva to create electricity [29]. Protons flow from the anode 

to the cathode once the bacteria produces protons by 

breaking down the organic matter [29]. The hypothetical 

device created in Figure 1 uses a similar method where an 

anode and cathode will be divided by a Nafion membrane 

[34] and the device will use bacteria to break down saliva 

and produce protons to create a current. The flow of protons 

will be connected to the diagnostic device attached which 

will be diagnosing the saliva from the peristaltic pump. 

Simultaneously, the flow of protons will also power the 

monitor displaying the results. The hypothetical device will 

be able to use saliva’s chemical ability to fuel the MFC 

powering the diagnostic device. The hypothetical device 

would be an improved version of the MFC by Logan et al.’s 

[29] and Mansoorian et al.’s [34] as it will be able to 

diagnose the person while using their saliva to generate the 

power to do so.  

Although the electrical component of the hypothetical 

device is cheaper, adding the diagnostic device raises the cost 

of the whole device. A monitor to display the results of the 

diagnoses will also increase the overall cost of the device. 

The diagnostic device will only be able to give baseline 

values which have to be analysed by the medical professional 

and to actually give medication and treatment to the patient, 

further tests and treatments need to be carried out to improve 

the patient’s well-being.  

Using saliva as a fuel source can be expanded to larger 

scale devices theoretically, where under optimal conditions 

singular MFCs can be combined into a circuit to generate 

power for outdoor lighting. This supposed MFC could also 

contain 2 electrodes: an anode, as well as an air-cathode [31]. 

The carbon anodes could be connected to sewage systems 

providing a natural flow of bacteria to treat  

the MFC before the saliva is introduced [31]. A creative use 

for such a system is by utilizing spit, and dog saliva to 

produce electricity in third world countries such as India. In 

stray dogs’ salivation can be caused by many factors like the 

scent of food, or other biological problems [47]. Although 

canine saliva may have different components, the MFC can 

be tested to see if dog saliva is as effective as humans.  

As WHO stated that 50% of the world doesn’t have 

access to basic healthcare necessities, using freeze-dried 

cells and MFC’s as in Figure 1, in medical devices and using 

saliva to generate power will be cost efficient. For example, 

in a dentist’s office, a saliva ejector is used to suction out the 

saliva which can be collected and used to power the same 

device and other devices such as the cavitron (a device that 

cleans plaque from the teeth [48]). It has been shown that 

saliva can be used to power a LED for 20 minutes [49]. This 

is especially useful in low-income countries where cheaper 

sources of electricity are beneficial. Instead of the 

government or private institutions sending medical 

equipment yearly to treat lower-income households, the 

hypothetical device can be used for diagnosis.  

 

Conclusions 

Healthcare worldwide can be made better by initiating 

adequate diagnosis procedures to prevent the spread of 

disease, providing small scale lighting and electricity to 

healthcare facilities and communities. In theory, since saliva 

is capable of exoelectrogenic lyophilization for point of care 

diagnostics and is a non-invasive biofluid with efficiency to 

power a semiconductor for a MFC, a device can be designed 

for simultaneous functions of power generation using saliva 

as the fuel source, and diagnosis. The intent of the research 

protocol was to explore the use of saliva as a fuel source to 

power diagnostic POC devices. It is anticipated that this 

prototype can use saliva to generate power to assist 

developing countries with primary POC diagnosis. The 

hypothetical prototype uses the knowledge from previous 

devices and improves and combines the functions of 

semiconducting and diagnostic devices. The importance of 

the research protocol is to improve electricity and healthcare 

sustainability as well as reduce the problems faced by people 

in developing nations by creating a self-powered diagnostic 

device. The protocol also combines the scientific knowledge 

presented in other research, enhancing, and promoting 

questions that can be associated with semiconductors. A fuel 

source brings in the aspect of the natural sciences, by using 

https://www.urncst.com/
https://doi.org/10.26685/urncst.261


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Dhall et al. | URNCST Journal (2021): Volume 5, Issue 6 Page 6 of 9 

DOI Link: https://doi.org/10.26685/urncst.261 

saliva to power devices used in the medical field and the 

device that diagnoses different diseases provides an 

amalgamation of clinical sciences and technology.  

Further research can be done so that saliva can power 

large scale devices like exterior lighting using human and 

possibly dog saliva. Dentists also encounter large amounts of 

human saliva when using saliva ejectors, and studies can be 

done to use this saliva efficiently to power the device. The 

goal is to create an affordable energy source available to all 

people around the world to obtain adequate primary 

diagnosis, and improve healthcare, electricity sources and be 

as eco-friendly as possible.  
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