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ABSTRACT
Introduction: Saliva found on victims can be potentially recovered and typed from bite marks, cigarette butts, postage
stamps, envelopes, edibles, and other objects. The detected saliva is recognized as one of the primary source of DNA by the
forensic serologist. Aim: In this study, we have evaluated the quality of the salivary samples collected from porous (cloth
and mud) and non-porous (cement and ceramic tile) surface for the number of cells obtained and their viability for the use of
DNA extraction. Materials and Methods: Sixty samples of saliva were collected on non-porous tile and cement surface and
porous cloth surface and saliva was collected at the interval of 2 and 5 days. The samples were collected, centrifuged, and
analyzed with trypan blue staining. Results: There was a strong positive correlation between number of cells and viability of
cells and the surface, which was statistically significant, rs = 0.726. Conclusion: Saliva is found to be an emerging forensic
tool. It has found to be of great help in forensic by monitoring drug abuse, help in sex determination, and bite marks analysis
which can be human and non-human. Saliva provides genetic material which can be used even if it is stored suboptimal.
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INTRODUCTION
Saliva is one of the vital fluids secreted in human
beings, which is deposited on the human skin through
various actions such as biting and sucking[1,2] and
hence, saliva stands as a source for identification of
accused.[3]
Saliva found on victims can be potentially recovered
and typed from bite marks, cigarette butts, postage
stamps, envelopes, edibles, and other objects.[4] The
detected saliva is recognized as one of the primary
source of DNA by the forensic serologist.[5]
The oral cavity is an excellent source of easy-toaccess biological material for studies of genetics,
genotoxicity, epigenetics, proteomics, metabolomics,
and microbiomes.[6,7] This is due to the quick, noninvasive, and low-cost collection compared to tissues
such as blood.[8,9]
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The most popular sources of oral samples are saliva
samples (collected by passive drool or swab) and
buccal samples (collected by swabs or brushes).[8]
The saliva deposited is used for age and sex
identification of the person or animal that has
deposited the sample. In this study, we have evaluated
the quality of the salivary samples collected from
porous (cloth and mud) and non-porous (cement and
ceramic tile) surface for the number of cells obtained
and their viability for the use of DNA extraction.

MATERIALS AND METHODS
Sixty samples of saliva were deposited on non-porous
tile and cement surface and porous cloth surface and
saliva was collected at the interval of 2 and 5 days.
The saliva samples were collected using the double
swab technique which has been proven to be an
advantageous over the single swab technique.
Double Swab Technique
This technique is similar to single swab technique
here a single wet cotton swab or wet filter paper
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helps to recover saliva from the surface on which the
saliva was deposited. This was followed by second
application of dry cotton swab.[10]
Checking the Viability of Cells
Dye exclusion is a simple and rapid technique
measuring cell viability but it is subject to the problem
that viability is being determined indirectly from
cell membrane integrity. The cell suspension was
centrifuged to test the viability of the cells; the aliquot
is centrifuged for 5 min at ×100 g and the supernatant
is discarded. The size of the aliquot depends on the
approximate number of cells present.
The aliquot should contain a convenient number of
cells to count in a hemacytometer when suspended
in 1 ml phosphate buffered saline (PBS) and then
diluted again by mixing with 0.4% trypan blue (e.g.,
5 × 105 cells/ml). The cell pellet was resuspend in 1
ml PBS. 1 part of 0.4% trypan blue is mixed with 1
part cell suspension (dilution of cells).
The mixture was allowed to be incubated ∼3 min at
room temperature. Cells were counted within 3–5
min of mixing with trypan blue, as longer incubation
periods will lead to cell death and reduced viability
counts.
A drop of the trypan blue/cell mixture was applied to a
hemacytometer. Moreover, the unstained (viable) and
stained (nonviable) cells were counted separately in
the hemacytometer.
The total number of viable cells per ml of aliquot
was obtained by, multiplying the total number of
viable cells by 2 (the dilution factor for trypan blue).
To obtain the total number of cells per ml of aliquot,
add up the total number of viable and nonviable cells
and multiply by 2. The percentage of viable cells was
counted as follows:
Viable cells (%) = Total number of viable cells
per ml of aliquot/total number of cells per ml of
aliquot × 100.

RESULTS
It was found that the number of viable cells counted
from the porous surface was greater than the number
of viable cells counted from the non-porous surfaces.
The mean of the cells collected and viable cells of
the three surfaces and day 2 and 5 is represented
in Figures 1 and 2, respectively. The Pearson’s
correlation test was done to find the correlation
between the viability and number of cells to the
surfaces over which the sample was found, there
was a strong positive correlation between number of
cells and viability of cells and the surface, which was
statistically significant, rs = 0.726.
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Figure 1: The mean number of cells present in the three
surfaces

Figure 2: The mean number of viable cells obtained from
the three surfaces

DISCUSSION
The average turnover of epithelial cells in the mouth is
every 2.7 h and the mean number of epithelial cells per
1 mL of saliva is about 4.3 × 105 suggesting that there
is higher probability of intact genomic DNA in saliva
samples. Saliva can be used even when it is stored in
different conditions.[11] Recent studies have shown
that human genomic DNA can be reliably obtained
from saliva.[12]
Biological fluids, which are more commonly found at
crime scenes, cannot be analyzed with morphological
techniques.[13] However, these fluids can be used for
other proteomic and genetic studies. Saliva provides
genetic material which can be used even if it is stored
suboptimal.[10]
The cellular content is given importance because
these cellular contents can be used for studies of
epigenomics,[7,14] gene expression,[15,16] and proteomics.[17]
In our study, we used the double swab technique
to obtain the saliva samples from porous and nonporous surfaces. It is believed that this is due to
the fact that the moisture present in the first swab
rehydrates and loosens the majority of the epithelial
cells dried in the saliva and causes them to adhere
to the cotton fibers of the swab. When the second
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(dry) swab is applied to the site, the cells in the saliva
are able to adhere to the fibers more easily because
they are rehydrated after the application of moisture
from the first swab and the time elapsed since the
first swabbing. Hence, the double swab technique
for recovering saliva permits collection of a larger
amount of DNA evidence than the classical methods
studied.[1]
We were also able to prove that the saliva samples
obtained from porous surfaces found to have more
viable cells than those obtained from non-porous
surfaces. This is due to the fact that porous objects or
surfaces aid in the retention of cells and also provide a
suitable niche for the cells to stay viable for longer. The
number of cells reduced between the 2nd and 5th day.
The non-porous surfaces used were tile and cement;
they proved to be disadvantageous when compared to
the porous surfaces. This can be due to the fact that the
cells on non-porous surfaces are often exposed to the
activity of heat, dust, and other microorganisms at a
higher effect when compared to the cells in the porous
surfaces.
In our study, we were able to prove that the viable
cellular yield from a porous surface was more
beneficial than the yield from non-porous surfaces.
However, there are a few problems associated with the
dye uptake which can be assessed subjectively; small
amounts of dye uptake indicative of cell injury may
go unnoticed.

CONCLUSION
Saliva is one of the vital fluids secreted in the body,
which has an advantage of non-invasive method of
collection, and is found to be an emerging forensic
tool. It has found to be of great help in forensic by
monitoring drug abuse, help in sex determination,
and bite marks analysis which can be human and
non-human. Saliva provides genetic material which
can be used even if it is stored suboptimal. DNA
extraction from saliva has been used as one of the
common method but many advanced techniques
and from our study we have found that the salivary
samples collected from the porous surfaces is found
to be more advantageous than the non-porous
surfaces.
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