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ABSTRACT: Cosmetic evidence such as lipstick recovered from a crime scene can prove useful to link a
suspect with the victim or crime scene and therefore need to be carefully analysed during crime investigation. 53
lipstick samples of different brands of similar colour were selected for this study. Colouring agent was analysed
by thin layer chromatography (TLC) and organic components were subjected to gas chromatography-mass
spectrometry (GC-MS). Using three different solvent systems [methylene chloride; chloroform: methanol: water
(50: 15: 2), ethyl acetate: methanol: ammonium hydroxide (5: 1: 1)] by TLC, lipstick samples of colours
indistinguishable on visual observation could be grouped into eight subgroups. Subsequent GC-MS analysis
enabled identification of all the samples by comparing chromatograms acquired by scan mode. Lipstick sample
from the scene of crime and from suspected sources can be analysed using both these techniques and
comparison of pattern of band separation and chromatogram can aid in discriminating lipstick traces in a simple

and quick manner.
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Introduction

Cosmetic evidence recovered from a crime scene can
link a suspect to a victim or to a crime scene and
therefore needs careful and thorough attention in
crime investigation. Traces of lipstick are one such
evidence. Lipstick smears could be found left on
drinking cups, glasses, cigarette butts, tissue papers
or handkerchief [1]. In certain cases, trace amount of
lipstick was transferred to the clothing of perpetrator
who attacked a female [2-4]. Thus, forensic analysis
of lipsticks was often found to be crucial in the
investigation of criminal cases. The identification
and determination of components in a lipstick sample
have to be conducted with rapid methods [2-7].

Lipsticks contain wax, oil and colouring agents as
three main ingredients [1, 3, 6]. Wax enables the
adjustment of the staying powder properties to heat
and hardened texture on application. Meanwhile, oil
provides shiny and glide quality. During
manufacturing process, the number of dyes or
colouring agents used is limited and combination of
dyes give rise to variation in shade.

Colouring agents can be either synthetic or natural
dyes which can further be categorized into oil-
soluble or water soluble dyes. Therefore, lipstick of
same colour may contain varied colouring agents [6].

Various methods of forensic lipstick analysis were
reported [2, 3, 5, 7-20]. Forensic analysis of lipstick
by thin layer chromatography (TLC) was conducted
in previous studies for the separation of these
colouring agents in a mixture with development of
bands that varied in colour and number[2, 3, 5, 6].
Small amount of lipstick (approximately 10 pg)
could lead to good comparisons in TLC [6]. Oil
soluble and water soluble dyes were separated in
different solvent systems respectively [7]. Several
authors have described various TLC solvent system
for separation in respective studies [2, 3, 6, 7]. In
addition, TLC gives rise to different retardation
factor (Ry) value for different components present in
a lipstick sample. The samples of lipstick were
compared and grouped into different groups in which
they were distinguishable on comparison.
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Gas chromatography (GC) is a technique for the
separation of complex mixtures especially with
organic compounds based on the differences in
partitioning behaviours between mobile gas phase
and stationary phase in the column. Combination of
GC with mass spectrometry technique allows the
identification of chemical structures of organic
compounds as in lipstick. The presence of such
compounds differing in chemical structures produced
different chromatographic patterns on analysis.
According to Russell and Welch (1984), difference
in the composition of the lipstick can be seen not
only between manufacturers but also samples from a
single manufacturer [6].

Usually, lipstick smears collected from a scene of
crime contained only trace amount of sample [3, 8].
However, study conducted by Russell and Welch
(1984) showed that small quantity of extracted
lipstick smear could be compared with those samples
from direct extracts of lipstick effectively by TLC
and GC-MS [6]. In this study, TLC and GC-MS
techniques were carried out on trace lipstick smears
from different brands and also different series from
the same brand for comparison and discrimination.

Experimental
i) Reagents, materials and apparatus

The samples, 53 lipsticks were obtained from shops
and consisted of commonly used lip cosmetics in
Malaysia, representing 15 different manufacturers.
Commonly available solvents and other chemical
substances, unless otherwise stated, were of
analytical grade.

Silica gel aluminium plates, (F 254, 20 cm x 20 cm),
were obtained from Merck Darmstadt Germany. A
model of gas chromatography-mass spectrometer
(Varian CP-3800 GC equipped with Saturn 2200 MS
detector) with a VF -1MS capillary column (30 mm
x 0.25 mm x 0.25 pm) was used.

ii) Sample preparation

Fifty three lipstick samples of different brands of
very similar shade were selected from among the 70
samples in our collection and labeled according to
different manufacturers. All the lipsticks were red
with very similar shades.
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Lipstick was smeared on filter paper (110 mm in
diameter; Whatman, Schleicher & Schuell) and a
small portion of filter paper (4 mm x 4 mm) was
placed into a labeled tube. Petroleum ether (1.0 mL)
was added to the tube and placed in desiccators for
removal of waxes and oil. This step was repeated for
twice. Petroleum ether extract was combined and
kept for GC-MS analysis. The filter paper containing
colouring agent was decanted followed by the
addition of methanol-ammonium hydroxide (95:5
v/v). The solution containing extracted dyes was
transferred to a small glass vial and gentle heating
was applied to aid evaporation. Methanol (2 drops)
was added before the spotting of sample on TLC
plate.

Three solvent systems were prepared and labelled as
solvent system A, B and C respectively. All solvent
used were of analytical grade.

Solvent system A- Methylene Chloride

Solvent system B- Chloroform: Methanol: Water
(50: 15:2)

Solvent system C- Ethyl acetate: Methanol:
Ammonium hydroxide (5: 1: 1)

iii) TLC separation

Silica gel aluminium plates (20 cm x 20 cm) were
heated at 100°C for 1 h and cooled at room
temperature. Sample was spotted and the plate was
developed in a TLC chamber with respective solvent
system. Examination of developed TLC plate was
performed under white and ultraviolet lights. Rg
value of different visible bands was recorded.

iv) GC-MS analysis

Combined petroleum ether (2.0 mL) was carefully
concentrated to about 500 pL. 100 pL of this extract
was transferred into GC vial. 500 pL of n-hexane
was also added to the vial.

The GC-MS analysis was carried out on a Varian
CP-3800 GC equipped with Saturn 2200 MS detector,
a VF -IMS capillary column (30 mm x 0.25 mm x
0.25 um). Helium was used as carrier gas with a flow
rate of 0.8 mL/min. The injector was set at 250 °C
and the transfer line was set at 280 °C. The oven
temperature was programmed as follows: an initial
temperature of 65 °C was held for 5 min, followed by
an increase of 5 °C/min to 300 °C which was held for
10 min. The samples (1 pL) were introduced in
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splitless mode. Mass spectra were acquired in scan
mode from m/z 50-500.

Results and Discussion

Most of the lipstick samples could be separated from
others through TLC technique using solvent system
B and C. The number of coloured spots observed
varied from one to four in orange, pink and yellow
shades in addition to several spots which
fluorescence under UV light (Table 1). This suggests
that manufacturers of lipsticks applied different or a
combination of colouring agents to give the desired
colour that appears indistinguishable to normal visual
examination in white light especially when present at
trace amount.

During TLC using solvent system A, spot was not
observed indicating that lipstick samples used has no
or little oil-soluble colouring agent that might be
separated by dichloromethane. Both the solvent
system B and C produced good separation for the
samples analysed permitting sample grouping based
on their differing Ry and colour of spots. Solvent
system C gave sharper bands as compared to solvent
system B. However, it is worth mentioning that some
bands produced by solvent system C were not well
separated using a 15 cm x 15 cm plate. Solvent
system C which gave sharper bands allows better
discrimination especially in separating K1, L1, M1
and N1 which appeared to be indistinguishable using
solvent system B.

By TLC, every lipstick sample could be
discriminated from the rest or could be assigned to
different groups with solvent system B and C (Table
2). From a total of 53 samples examined, 16 of them
showed different pattern of separation in both the
solvent systems. The samples (H1 and H2; E6, E8
and E9; H5, H6 and H7) which originated from the
same manufacturer were grouped into a single group
based on R; calculated. Groupings (a total of 11
groups) of other samples either from a single
manufacturer or different manufacturers were shown
in Table 2.
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The method limit of detection was determined by
smearing lipstick on filter papers. The amount of
lipstick per unit area of filter paper was determined
before going through the extraction process and TLC
determination. The minimum amount of lipstick
present on filter paper and produced a positive result
using the experimental parameters is 154 pg, on a
surface of 2 mm by 2 mm.

Table 2: Grouping of samples based on R¢and colour of

spots
Group Sample
1 A5, G2,11,12,K1, L1, M1, O1, P1
2 B1, C1, D6, N1, Q1
3 A2, A3,E3
4 D1,D2, F3
5 D5, G1,J1
6 E6, E8, E9
7 H5, H6, H7
8 Al, C2
9 B2, D3
10 E1l, H3
11 H1, H2
Ungrouped | A4, B3, C3, C4, C5, C6, D4, D7, E2, E4,
ES, E7, F1, F2, H4, Q2

In each lipstick, differences in organic components
were found to produce different GC-MS
chromatogram patterns attributable to variation in
chemical structures. With GC-MS operating at scan
mode, comparison of the 53 chromatograms shows
all of them have different peaks patterns (Fig. 1).
Nevertheless, staged chromatograms of H1, H2 and
H4 as well as G1 and G2 show some similarities,
respectively. It is worth nothing that H4 is different
from H1 and H2 by TLC. Similar is the difference
between Gl and G2. A careful comparison of
overlaid chromatograms of H1 and H2 shows that
they are not identical, when adjacent peak height
ratios were considered (Fig. 2). It is pertinent to
mention that in this study no attempt was made to
identify the peak producing compounds since visual
comparison of the chromatogram patterns is
sufficient to discriminate the samples.
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Table 1: Analysis result of different kinds of lipstick samples with solvent system B and C

Solvent system B

Solvent system C

Sample Brand No. of spot R¢ No. of spot R¢

Al Follow Me 1 0.29 (lo) 1 *0.48 (lo)

A2 Follow Me 2 *0.66, 0.32 (lo) 2 *0.46, 0.39 (lo)

A3 Follow Me 2 *0.66, 0.33 (0) 2 *0.46, 0.38 (lo)

A4 Follow Me 2 *0.78, 0.32 (lo) 2 0.45 (Ip), 0.38 (lo)

AS Follow Me 1 0.20 (lo) 1 0.38 (lo)

Bl Safi 1 0.32 (lo) 2 *0.43, 0.36 (lo)

B2 Safi 2 *0.25(lo), **0.18 (Ip) 3 **0.35 (p), 0.34 (lo), *0.26 (lo)

B3 Safi 3 #%0.80 (lo), **0.75 (lo), *0.25 (Ip) 4 *042 (Ip), *0.38 ((11‘3))) *0-28 (lo), *0.21

Cl Safi 1 0.25 (lo) 2 *0.38, 0.30 (lo)

C2 Safi 1 0.31 (lo) 1 *0.35 (lo)

C3 Safi 2 0.43 (lo), *0.17 (Ip) 3 *0.55(p), 0.48(1p), 0.37 (lo)

C4 Safi 2 *0.79 (Ip), 0.43 (lo) 1 *0.37 (lo)

C5 Safi 2 0.27 (Ip), 0.06 (lo) 3 *0.37, 0.31(lo), 0.09 (y)

Co6 Safi 1 0.20 (lo) 2 *0.31(lo), 0.11 (y)

D1 Safi 1 0.29 (lo) 2 *0.42 (Ip), *0.37 (lo)

D2 Safi 1 0.28 (lo) 2 *0.42 (Ip), *0.35 (lo)

D3 Safi 2 0.36 (lo), *0.10 (Ip) 3 *0.43 (p), 0.38 (Ip), 0.35 (lo)

D4 Safi 1 0.28 (lo) 2 0.33 (lo), 0.33 (Ip)

D5 Safi 2 0.24(lo), *0.19 (Ip) 2 **0.33 (lo), 0.33 (Ip)

D6 Safi 1 0.37 (lo) 2 *0.38 (Ip), 0.33 (lo)

D7 Safi 1 *0.24(lo) 3 *0.38 (p), *0.30(lo), 0.29 (Ip)

El Irise Colour 1 0.37 (lo) 2 *0.41(Ip), 0.35 (lo)

E2 Irise Colour 4 **0.65 (Ip), *0.28 (lo), *0.17 (lo), *0.04 (Ip) 3 *0.37 (Ip), *0.30 (lo), *0.17 (lo)

E3 Irise Colour 2 **0.65 (Ip), 0.26 (lo) 2 *0.37 (lo), 0.28 (lo)

E4 Irise Colour 2 *0.20 (lo), *0.09(Ip) 2 **0.33 (p), *0.24 (lo)

ES Irise Colour 3 **0.67 (Ip), *0.20 (lo), *0.07 (Ip) 3 *0.51 (p), *0.50 (10),*0.41 (lo)

E6 Irise Colour 4 #%0.70 (l0), *0.28 (l0), * 0.19 (l0), *0.07 (lo) 5 **0'44(({2;,*3,;3_22(6113;; 0(;_3284(23’ 0

E7 Irise Colour 2 *0.85 (Ip), *0.39 (Ip) *0.43, *0.37 (Ip), *0.26 (lo), ¥**0.18 (lo)

E8 Irise Colour 4 *#0.85 (Ip), *0.39 (lo), *0.22 (lo), *0.08(lp) 6 **0'47(1(;‘;”);:8:;2 88 :203 ?6(1(0;) 03

E9 Irise Colour 4 #%0.72 (0), *0.28 (10), *0.20 (10), *0.06 (Ip) 6 "0 (}Eg :265.2123(183;)T:Sé 4119(18;)**0-37

F1 Tracia Teen 2 **0.75 (Ip), *0.67 (lo) 2 *0.46(Ip), *0.42 (lo)

F2 Tracia Teen 1 *0.25 (lo) 2 *0.49 (lo), *0.43 (p)

F3 Tracia Teen 1 0.23 (lo) 3 *0.50(1p), *0.37 (lo)

G1 Fanbo 2 0.31 (lo), *0.07 (p) 2 **0.32 (p), 0.26 (0)

G2 Fanbo 1 0.31 (o) 1 0.26 (o)

H1 Avon 2 0.31 (0), *0.17 (Ip) 2 0.25 (0), **0.23 (Ip)

H?2 Avon 2 0.32 (0), *0.19 (Ip) 2 0.25(0), **0.22(Ip)

H3 Avon 1 0.30 (o) 2 **0.40 (p), 0.25 (o)

H4 Avon 3 0.27 (p), *0.16 (Ip), 0.08 (Ip) 3 0.31(p), **0.24 (0), 0.23 (Ip)

HS Avon 1 0.26 (0) 1 0.23 (o)

H6 Avon 1 0.27 (lo) 1 0.25 (lo)

H7 Avon 1 0.26 (0) 1 0.26 (lo)

11 Loréal Paris 1 0.31 (0) 1 0.26 (0)

12 Loréal Paris 1 0.31 (lo) 1 0.27 (0)

J1 Silky Girl 2 0.33 (0), *0.09 (p) 2 **(.32 (p), 0.27 (o)

K1 Dior 1 0.30 (o) 1 0.26 (o)

L1 Estée Lauder 1 0.31 (0) 1 0.27 (0)

M1 Beauté de Kosé 1 0.31 (0) 1 0.31 (0)

N 1 Shiseido 1 0.31(0) 2 *0.35 (Ip), 0.30 (o)

01 Lancdme 1 0.30 (0) 1 0.30 (0)

P1 Maybelline 1 0.28 (0) 1 0.30 (o)

Ql Nutrimetics 1 0.29 (0) 2 *0.35 (Ip), 0.30 (o)
Nutrimetics 3 **0.72 (Y), 0.31 (0), *0.25 (p) 4 0.29 (0), **0.28 (0), **0.23 (p), **0.14

Q2 (0]

lo-light orange, Ip-light pink, o-orange, p-pink, y-yellow, *- weak fluorescence, **- strong fluorescence
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Fig. 1: Staged chromatograms show different lipsticks (H1, I1, J1, M1 and P1) give distinguishable chromatogram patterns
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Fig. 2- Overlay of chromatograms of two very similar samples, H1 (red) and H2 (green) shows different peak height ratio to
adjacent peaks in regions marked *

Conclusion

TLC analysis of lipstick traces is shown to be a good
screening technique for discriminating samples
during initial investigation while GC-MS can serve
as a confirmatory technique since it enables
discrimination based on the chemical structures of
the sample. Our study showed that all lipstick
samples that remained indistinguishable during
visual analysis could be discriminated from each
other by a combination of both TLC and GC-MS
techniques. With lipstick sample from the scene of
crime and also samples from suspected sources, both
these techniques can be carried out together for
comparison purpose. Generation of pattern of TLC
separation and chromatogram in a suspected sample
that differed from the pattern produced by the crime
scene sample may lead to exclusion in a simple and
quick manner.
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