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Validation of new saliva test using SALIgAE®
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Abstract: A new forensic saliva test method using SALIGAE® was evaluated in this study. The
sensitivity and specificity of SALIGAE® were examined and compared to those of other saliva test
methods such as agarose gel diffusion method and Phadebas® test sheet method. SALIgAE® showed
high sensitivity and specificity to human saliva in addition to quickness. SALIgGAE® was modified so
that test is done in a less costly and quick manner at the crime scene. It was observed to show positive
response with 1;600 dilution within 5 minutes. Other human secretions (semen, vaginal fluid, urine,
sweat and nasal discharge) didn’t show positive reaction within 5 minutes. Moreover modified
SALIgAE® method was cheap and easy to use in crime scene and DNA laboratory. SALIgAE® was very
stable at room temperature and had no effect on STR typing.
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1. Introduction For examples, anything with saliva detected on the

surface could be used as vital evidence such as

There are many cases in which saliva is left on cigarette butts from the criminals, masks, cups used

the objects that are submitted for genetics by criminals, beverage containers, or even

identification. toothpick or spoon (Fig. 1). Especially, for sexual
crimes such as rape,
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Examining effectiveness of the modified SALIGAE® for saliva testing at the crime scene
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Fig. 1. Various crime-scene evidences containing saliva on the surface.

the culprit’s saliva stain left on various parts of the
victim is directly linked to the criminal investigation.
Saliva contains amylase, a type of enzyme, which
decomposes starch. Most of the forensic saliva tests rely
on looking for body parts with saliva stains, or detecting
saliva left on the surfaces. Amylase is produced at the
salivary glands and from the pancreas also. However,
pancreas amylase and saliva gland amylase are two
separate enzymes showing different structures coded at
different locations of number 1 chromosome. Saliva
gland amylase is found not just in saliva, but also in
sweat and milk. Pancreas amylase is found also in
semen, feces and vaginal fluids. Methods widely used
in forensic saliva test are Phadebas® Method(2, 3) and
starch/agarose test sheet diffusion method(4). Blue
starch is decomposed by the activation of amylase in the
saliva, and takes on blue color. However, these two
methods cannot differentiate human amylase from
amylase found in micro-organism, plants and non-human
animals. Also, those two methods require longer test
hours and additional equipment, and show
specificity(5, 6).  Therefore there has been a need for a
new method with higher specificity and a faster outcome.
SALIgAE® developed by Abacus Diagnostics(West
Hills, CA91307 USA) draws attention as a new
replacement to the existing methods (7). This thesis aims

low

at examining validity of SALIGAE® method as a
possible new saliva test method for forensics evidence.
The test procedure was partially modified so that saliva
test could be run not just in the lab but out on the field of
crime scene.
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2. Materials and Methods

2-1. Samples

Reference saliva sample was taken from three healthy
male individuals, the reason being activation of saliva
amylase could differ by person. The saliva sample was
diluted at 1:5 ratio subsequently using sterilized
physiological saline. Saliva stains were prepared by
smearing 1040 of the saliva dilution on a Wattman filter
paper by 5 mm in diameter and drying up in open
atmosphere. Samples of semen, vaginal fluids, urine,
nasal discharge, sweat, dog’s sample and rat’s sample
were applied on cotton swabs and dried so that
specificity by test method could be examined.

2-2. Blue-Starch Agarose Gel Diffusion Method

0.5g of agarose(1%) was put into 50ml of
physiological saline and melted using microwave oven.
A single pill of blue-starch was grinded, poured into
plastic container and hardened in an open atmosphere, so
as to produce blue-starch agarose gel. The prepared
saliva stain sample was put on the gel, put into activation
for 12 hours inside a room temperature (37°C) incubator
so that round-shaped clear zones can be observed as
they appear when the blue-starch is decomposed.

2-3. Phadebas® Method

Phadebas® test followed the procedures given by the
manufacturer. 10¢¢ of saliva dilution was dropped
onto a Phadebas® sheet, and it was observed if it took

on blue color within 5 minutes.
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2-4. SALIGAE® Method

SALIgAE® test also followed the procedures given by the
manufacturer. Saliva stain was put into 50u0 of distilled
water for milking for 30 minutes at room temperature. And
8ul of it was taken to be added into a vial(300x0) of
SALIGAE®  The vial was shaken well, and it was observed if

it changed color from transparent to yellow within 10 minutes.
2-5. Modified SALIZAE® Method

For the purpose of defining a simpler, faster and less costly
saliva test at the crime scene, the test method of SALIGAE® by
the manufacturer was partially modified and tested for its
efficiency. Saliva stain was carved out and directly put into a
transparent plastic tube containing 1/10(3040) of SALIGAE®,
without any extraction procedure, for observation of any change
in color(Fig. 2). Also, it was compared with the existing
blue-starch agarose gel diffusion method and Phadebas®
method for its sensitivity and specificity.

2-6. Specificity Comparison for Human Saliva among
\LIgAE®, Blue-Starch Agarose Gel Diffusion, and Phadebas®

For the comparison of specificity among the thee saliva test
methods (SALIGAE®, blue-starch agarose gel diffusion and
Phadebas®), each of the prepared samples — semen, vaginal

fluid, urine, nasal discharge and sweat — was tested by each of
the above test methods.

Fig. 2. SALIgAE® vial(A) and small aliquots of the
solution(B and C) for the modified method.

Also, saliva samples of dog and rat were also taken with cotton
swab to examine the reaction to saliva of non-human animals.

3. Outcome and Analysis

3-1. Sensitivity Comparison of Blue-Starch Agarose Gel
Diffusion, Phadebas® and SALIZAE®

Blue-starch agarose gel diffusion method showed a relatively
high sensitivity by identifying 1:3,000+ saliva dilution(Fig. 3).
SALIgAE® Method, according to the manufacturer, can detect
saliva in up to 1:2,500 dilution, and works pretty well at 1:500
dilution. This experiment produced a similar outcome (Fig. 4).
Phadebas® Method was the lowest in sensitivity as color change
was observed with gross examination at 1/5 dilution. Modified
SALIgAE® method could identify 1:600 saliva dilution(Fig. 5).
To sum up sensitivity of the three test methods, blue-starch
agarose gel diffusion showed high sensitivity, however it
required a room-temperature incubator and took a long reaction
time. Phadebas® was the fast working method taking only 5
minutes, however sensitivity was low. On the contrary,
SALIgGAE® was fast and high in sensitivity, proving itself

Fig. 4. Sensitivity of SALIAE® test. The numbers indicates
saliva dilutions;1;1X, 2;1/5X, 3;1/25X, 4;1/125X, 5;1/625X,
6;1/3,125X, 7;1/15,625X, 8,D.W. 8ul of saliva dilution
solutions were injected into SALIgAE® test vial, then the color
change was checked after 10 minutes.

Fig. 3. Sensitivity of Blue-Starch agarose gel plate method. The number indicates saliva dilutions. 1;1X, 2;1/5X, 3;1/25X,
4;1/125X, 5;1/625X, 6;1/3,125X, 7;1/15,625X, 8;D.W. The plate was incubated for 12 hours at 37°C.
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Fig. 5. Comparison of sensitvity of Phadebas® paper(A) and
modified SALIGAE® test(B). The number indicates saliva
dilutions;1;1X,  2;1/5X,  3;1/25X, 4;1/125X, 5;1/625X,
6;1/3,125X, 7;1/15,625X, 8;D.W. For Phadebas® test, 1010 of
saliva dilutions were plated onto the paper and incubated for 5
min at room temperature. For modified SALIGAE® test, 5l of
saliva dilutions were directly injected into the test tube
containing 3010 of SALIZAE® solution and stand for 5 min at
room temperature.

as the most efficient forensic saliva test method (Table 1).

3-2. Human Saliva Specificity by SALIGAE® Test

SALIgAE® test was conducted on semen, vaginal fluid,
urine, sweat and nasal discharge. All of the samples didn’t
show any visible color change within 5 minutes. However, as
time lapsed further, change in color was detected. As for nasal
discharge, the color started changing after 5 minutes and in 10
minutes’ time it could be evaluated as positive. Sweat and
urine showed a slight color change in 1-2 hours, and were taken
as showing positive reaction after 3 hours. Semen and vaginal
fluids took 5 or more hours before any color change, and after a
day has passed, they took on yellow color. Also, reaction to
other animals’ saliva was observed. Dog’s saliva didn’t show
any change in color within 5 minutes, however rat’s saliva
sample showed the similar reaction time for color change with
human saliva.

Phadebas® method showed the same outcome. It was
recommended that further experiments be conducted on saliva
samples taken from various animals. Given the facts above,
reaction time could be considered a very important reference for
detecting human saliva using SALIgAE® method. It was also
considered that the observed reaction time be confined to 5
minutes or less to prevent false positive reaction.

3-3. Sensitivity by Dilution of SALIZAE® Test Sample

SALIZAE® sample was diluted by 1:2 ratio using distilled
water, and 510 of saliva was added for observing color change.
All the diluted SALIGAE® test samples didn’t show any color
change. This is interpreted that SALIgAE® sample has lost its
property in the course of dilution.

3-4. Stability of SALIGAE® Test Sample

Stability of SALIgAE® sample was observed at a room
SALIgAE® was divided by 3040 each and kept
under room temperature for observation of any color change, as
diluted saliva solution was added every 10 days. The result
was no difference in sensitivity even after 30 days have lapsed,
proving high stability even at room temperature (Fig. 6).

temperature.

3-5. Effect of SALIGAE® Test Sample on Analysis of STR
Genotype

For the purpose of observing the effect of SALIZAE® test
sample on genotype, 30l of SALIGAE® was mixed with
saliva, and put in the QIAgen DNA micro kit(Qiagen Co.,
Hilden, Deutschland) for DNA separation, and then amplified
using AmpFSTR Identifiler kit(Applied Biosystems, Foster
City, CA94404 USA) for the analysis of STR genotype.

Table 1. Summary of test time, sensitivity, specificity and stability of four saliva test methods

Saliva test methods Test Time®*  Sensitivity” Specificity® Stability*
Long i
Blue-Starch agarose gel plate (app. 12 hours) 1/3,000 specific not stablex
® Very Short .
Phadebas™ paper (5 minutes) 1/5 specific stable
® o2 Short -
SALIgAE™ vial (30 minutes) 1/2,500 specific stable
Modified SALIZAE® tube Very Short 1/2,500 specific stable

(5 minutes)

a; Time for tests.

b; Sensitivity means the detection limit of saliva dilution.

c; Specificity for saliva.
d; Stability at room temperature.
*; requires cold chamber and incubator
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Fig. 6. Stability of SALIGAE® solution. SALIgAE® solution
was stored in room temperature for 30 days. Panel A;
SALIgAE® solution stored for 10 days at RT, B; 20 days, and
C; 30 days. The number indicates saliva dilutions;1;1X, 2;1/5X,
3;1/25X, 4;1/125X, 5;1/625X, 6;1/3,125X, 7;1/15,625X, 8;D.W.

The result was that SALISAE® sample didn’t cause any effect :

on the genotype analysis(data not shown).

4. Conclusions

Timely collection of various evidences from crime scenes
and/or saliva stain from victims could be truly vital in the early
stage of crime investigation. It would be even further useful if
the saliva samples taken from the crime scene could be tested
quickly and on the spot. Blue-starch agarose gel diffusion
method and Phadebas® method

take long reaction times, require separate equipment and show
low sensitivity. However, modified SALIGAE® method is less
costly and high in stability and sensitivity, therefore considered
easily usable not just in the forensics lab but out in the field at
the crime scene. It should be noted, however, that in using the
modified SALIZAE® method, the reaction time is to be
confined to 5 minutes, and that even with a negative reaction
outcome, a genotype analysis is still to follow.
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Fig. 1. Various crime-scene evidences containing saliva on the surface.
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Fig. 4. Sensitivity of SALIGAE® test. The numbers indicates
sdivadilutions; 1; 1X, 2; 1/5X, 3; 1/25X, 4; 1/125X,
5; 1/625X, 6; 1/3, 125X, 7; 1/15, 625X, 8 D.W. 8
of sdivadilution solutions were injected into SALIGAE
test vid, then the color change was checked after 10
minutes.

Fig. 3. Sendtivity of Blue-Starch agarose gel plate method. The number indicates sdiva dilutions. 1; 1X, 2; 1/5X, 3; 1/25X,
4; 1/125X, 5; 1/625X, 6; 13, 125X, 7; 1/15, 625X, 8; D.W. The plate was incubated for 12 hours at 37 °C.
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Fig. 5. Comparison of sensitvity of Phadebas® paper(A) and
modified SALIGAE® test(B). The number indicates
sdivadilutions; 1; 1X, 2; 1/5X, 3; /25X, 4; 1/125X,
5; 1/625X®6 1/3, 125X, 7; 1/15, 625X, 8; D.W. For
Phadebas™ test, 10 uL of salivadilutions were plated
onto the paper and incubated for 5 min a room
temperature. For modified SALIGAE® test, 5L of
sdliva dilutions were directly injected into the test
tube containing 30 UL of SALIGAE® solution and
stand for 5 min a room temperature.

s Sl TH(Table 1).
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Table 1. Summary of test time, sensitivity, specificity and stability of four sdiva test methods

Saliva test methods Test Time? Sensitivity” Specificity® Stability®
Blue-Starch agarose gel plate Long (app. 12 hours) 1/3,000 specific not stable*
Phadebas® paper Very Short (5 minutes) 1/5 specific stable
SALIgAE® via Short (30 minutes) 1/2,500 speific sable
Modified SALIgAE® tube Very Short (5 minutes) 1/2,500 specific stable
a Time for tedts.

b; Sengitivity means the detection limit of sdiva dilution.
¢; Specificity for sdiva

d; Stability a room temperature.

*: requires cold chamber and incubator
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Fig. 6. Stability of SALIGAE® solution. SALIGAE® solution
was stored in room temperature for 30 days. Panel
A; SALIGAE® solution stored for 10 days a RT, B;
20 days, and C; 30 days. The number indicates
sdivadilutions; 1; 1X, 2; 1/5X, 3; 1/25X, 4; 1/125X,
5; 1/625X, 6; 1/3, 125X, 7, 1/15, 625X, 8; D.W.
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