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Abstract
Fingermark identification has significance in forensic science, particularly in the processing of crime scene evidence. The 
majority of literature focused on physical interpretation of fingermarks with limited studies relating to chemical analysis. 
This systematic review investigated prospective studies dealing with the analysis of latent fingermark constituents. Studies 
included were those concerned with the analysis of intrinsic organic constituents present in latent fingerprints. Studies with 
no clear procedure were excluded. Data from the studies were exported into SPSS v22 (IBM, Armonk, NY, USA) where 
descriptive statistics were applied. The data extraction yielded 19 studies related to identification of lipids (n = 66) and/or 
amino acids (n =27) in latent fingermarks. The primary lipid identified was squalene and the major amino acids included: 
alanine, glycine, leucine, lysine, and serine. For identification of the aforementioned constituents both chromatographic and 
spectroscopic techniques of which the main technique was gas chromatography-mass spectrometry. Prior to analysis, the 
majority of studies involved collection of fingermarks from both hands at room temperature. Deposition was done on dif-
ferent substrates of which the main were glass, Mylar strips, aluminium sheets or paper. In conclusion, chemical analysis of 
latent fingermarks enabled identifying key biomarkers of individual that could serve as complementary evidence in crime 
scene investigation.

Keywords Fingermark analysis · Fingermark components · Fingermark constituents · Fingermarks · Classification · 
Regression · Extraction techniques

Introduction

A fingermark is formed by a complex mixture of materi-
als resulting when a part of the epidermal skin layer of the 
hand’s palm and feet’s sole areas of human beings has a 
contact with any surface, which leaves a unique pattern for 
a single source part of the skin. The main components in a 
latent fingermark comprises of amino acids, inorganic and 
organic compounds released by many types of glands. These 
include eccrine or merocrine glands with their number being 

highest in hands, soles of the feet, and the forehead. Also, 
the apocrine or exocrine glands; and the holocrine or seba-
ceous glands (Asano et al. 2002).

Fingerprint analysis is an important form of physical evi-
dence especially in criminal investigations. Fingermark resi-
due preserves exogenous compounds such as drugs of abuse, 
explosives, and chemical substances (Asano et al. 2002). 
Historically, the physical properties of latent fingerprints 
have been used to identify the perpetrator of a crime due 
to the ridge details giving a unique pattern not only to each 
individual but rather to each finger of the same individual. 
In this respect, several areas have been examined in relation 
to fingermark composition being gender identification, and 
age assignment (Asano et al. 2002; Bramble 2015).

Fingermark composition has been investigated in the lit-
erature using multiple analytical techniques being chroma-
tographic (Bramble 2015), spectroscopic (Ricci et al. 2007a; 
Williams et al. 2004), and mass spectrometric/hyphenated 
techniques (Asano et al. 2002; Girod et al. 2012; Archer 
et al. 2005; Atherton et al. 2012; Croxton et al. 2006, 2010; 
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Frick et al. 2015; Mountfort et al. 2007). The aforemen-
tioned techniques included gas chromatography-mass spec-
trometry (GC–MS) (Asano et al. 2002; Archer et al. 2005; 
Croxton et al. 2006, 2010; Frick et al. 2015; Girod and Wey-
ermann 2014), liquid chromatography-mass spectrometry 
(LC–MS) (Mountfort et al. 2007), capillary electrophoresis-
mass spectrometry (CE-MS) (Atherton et al. 2012), thin-
layer chromatography (TLC) (Bramble 2015), and Fourier 
transform infrared (FTIR) spectroscopy (Ricci et al. 2007a; 
Fritz et al. 2013; Girod et al. 2015; Williams et al. 2004). 
The aforementioned studies investigated the chemical com-
position of fingerprints and the influence of environmental, 
lifestyle, and disease factors on latent fingermarks. GC–MS 
was the most utilised technique as it offered high sensitivity 
and specificity to analytes that was down to 5 ng/ml. None-
theless, the sensitivity was not always reported with other 
techniques that had been used only for latent fingermark 
identification purposes. Moreover, the utilised techniques 
were not consistent in fingermark sample collection, stor-
age, and analysis. None of the mentioned techniques have 
optimised the fingermark sample selection, sample pre-treat-
ment, extraction methods, and/or data analysis. Furthermore, 
previous systematic reviews relating to fingermarks focused 
on determining the composition of fingermarks and the fac-
tors affecting them (Girod et al. 2015; Cadd et al. 2015). 
However, none of the aforementioned reviews considered the 
validation of the analytical methods deployed for analysis of 
fingermark composition.

Therefore, our systematic review critically evaluated ana-
lytical methods for the determination of latent fingermark 
composition. More specifically, it considered the latent fin-
germark collection methods, the analytical approach, and 
the data processing. The objectives of the review were; (1) 
identifying the chemical constituents of latent fingermarks; 
(2) considering the procedures deployed for fingerprint 
deposition; (3) exploring the effect of different substrates 
on deposition; (4) appraising the analytical techniques used 
to determine latent fingermarks.

Methods

Search strategy

Our literature search strategy was predefined and aligned 
with recommendations outlined in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Moher et al. 2009). We searched the following 
five databases between August 2018 and January 2022: 
Google, Google Scholar, Science Direct, Scopus, and Web 
of Science. The search strategy assessed articles retrieved 
mainly through the aforementioned databases. Moreover, 
bibliographic lists from other reviews were inspected for 

relevant articles where applicable. There were no language 
or time restrictions applied to the studies.

We have used the following search terms: ‘fingerprints’, 
‘chemical composition’, ‘fingermarks’ and ‘analysis’. 
The search strategy involved the use of the three terms in 
each database as follows: ‘fingerprint’, or ‘fingerprints’ 
or ‘latent fingerprint’ AND ‘fingermark’ or ‘fingermarks’ 
AND ‘chemical composition’ or ‘chemical constituent’ or 
‘chemical constituent(s)’ AND ‘analysis’ or ‘determination’ 
or ‘identification’.

Inclusion and exclusion criteria

Studies included were those that had investigated chemical 
composition of fingermarks in relation to individual con-
stituent type, types of donor, and analytical technique ana-
lysed. Two types of studies were excluded. The first type 
was studies that did not state clearly that ethical and correct 
procedural protocols were followed. The second types of 
studies were those that presented an evaluation of a tech-
nique without showing any factors that affected the data col-
lection and results.

Ethical approval

Ethical approval of the study was granted by Bournemouth 
University Ethics Committee (Ethics ID 23,010). The study 
was conducted considering Bournemouth University Ethics 
Code of Practice and the Data Protection Act 2017 (Avail-
able from 2020; Gov 2018). No participants’ personal data 
were identified in this study. The retrospective data extracted 
were limited to the research question present in the study 
related to chemical analysis and composition of latent 
fingerprints.

Quality assessment

In order to evaluate the quality of the studies, the Joanna 
Briggs Institute (JBI) appraisal checklist was used after mod-
ification to suit the type of studies being evaluated (Appen-
dix I) (Briggs 2017). The JBI checklist allowed for scoring 
system of suitability, and this included studies requiring an 
overall score above 6/10. It is noteworthy to mention that 
none of the included studies scored below 6.

Data extraction

Data extraction was carried out by the authors and included 
the following information for each study: title, aim of study, 
experimental settings, country settings, participant charac-
teristics, sample type, sample size, and duration of study, 
fingermark collection, deposition procedure, storage proce-
dure, and constituent identification (Table 1). Articles were 
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scanned independently by two reviewers (RR and SA), and 
the screening process included titles, abstracts, and full arti-
cles. Disagreement among reviewers was resolved by discus-
sion. Where no consensus was achieved among both review-
ers, a discussion was made with the wider team (TG, SM and 
IK). The inter-rater reliability was excellent (kappa = 0.95) 
(Cohen 1968).

Data analysis

We carried out data analysis using SPSS version 22 (IBM, 
Armonk, NY, USA). The summary statistics included 
descriptive statistics expressed as percentages, mean/stand-
ard deviation or median/interquartile range depending on the 
normality of each evaluated parameter. Parameters evalu-
ated included: participants’ characteristics, amino acids’, and 
lipids’ presence in the latent fingerprints.

Results

The initial search yielded 9850 studies. After applying limits 
and removing duplicates, 9764 were excluded (Fig. 1). This 
resulted in 86 studies which titles were evaluated according 
to the inclusion and exclusion criteria and 34 studies were 
removed. The remaining 52 studies were subject to abstract 
evaluation and 24 studies were excluded. The full text of the 
remaining 34 studies was subject to the inclusion/exclusion 
criteria, and further 15 studies were rejected. This resulted 
in a total of 19 studies that were included in the review.

Study characteristics

The 19 studies included in the review were conducted 
between 1995 and 2021 and were from seven different 
countries (Table 2): Australia (Fritz et al. 2013; Frick et al. 
2015; Dorakumbura et al. 2018); Canada (Yeh et al. 2020); 
Switzerland (Girod et al. 2015, 2012); The Netherlands 
(Helmond et al. 2017; Helmond et al. 2019); United King-
dom (Bramble 2015; Ricci et al. 2007a; Archer et al. 2005; 

Croxton et al. 2006, 2010; Ferguson et al. 2012; Wolsten-
holme et al. 2009); USA (Asano et al. 2002; Williams et al. 
2004); Spain/UK (Girod et al. 2012). All of the aforemen-
tioned studies evaluated amino acids and/or lipids in latent 
fingermarks; however, they differed in the analytical tech-
nique use, number of donors and donors’ characteristics 
(number, age, gender, and health/lifestyle factors).

Regarding the analytical technique used, GC–MS was the 
main technique and was utilised by seven studies (Asano 
et al. 2002; Girod et al. 2012; Archer et al. 2005; Croxton 
et al. 2006; Croxton et al. 2010; Frick et al. 2015; Helmond 
et al. 2019). This was followed by FTIR that was used in five 
studies (Fritz et al. 2013; Girod et al. 2015; Williams et al. 
2004; Dorakumbura et al. 2018; Ricci et al. 2007b). Each 
of LC–MS (Mountfort et al. 2007; Helmond et al. 2017; 
Helmond et al. 2019) and MALDI-MS (Yeh et al. 2020; 
Ferguson et al. 2012; Wolstenholme et al. 2009) was used in 
three studies. On the other hand, each of CE-MS (Atherton 
et al. 2012), Raman spectroscopy (Dorakumbura et al. 2018) 
and TLC (Bramble 2015) was used by one study only. The 
number of donors reported in the 13 studies ranged between 
1 and 463 (median, IQR = 5, 17). Where reported, donors 
were mainly adults in the age range of 18—77 years. Gender 

Table 1  Information extracted through the data extraction

Sections Sub-sections

Title Aim of study
Study Characteristics Experimental settings; country settings; 

participants characteristics; sample 
type; sample size

Deposition procedure Fingers used; Latent fingerprint col-
lected; Grooming procedures; Cleaning 
procedure

Experimental conditions Experiment duration; storage conditions
Constituent Constituents analysed; techniques applied

Fig. 1  The identification, screening, eligibility and inclusion of 
included studies
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was reported in 16 out of the 19 studies where: four studies 
recruited equal representation of males and females (Asano 
et al. 2002; Croxton et al. 2006, 2010; Ferguson et al. 2012), 
two studies recruited higher ratio of males (Dorakumbura 
et al. 2018; Ricci et al. 2007b), five studies recruited higher 
ratio of females (Fritz et al. 2013; Frick et al. 2015; Girod 
and Weyermann 2014; Helmond et al. 2017; Helmond et al. 
2019), three studies recruited only males (Bramble 2015; 
Williams et al. 2004; Archer et al. 2005), and two studies 
had only females (Girod et al. 2015; Yeh et al. 2020). It is 
noteworthy to mention that the studies that recruited only 
males or females had only one participant each This showed 
inconsistency in recruitment of genders across studies and 
could be related to the difficulty in recruiting participants. 
Only five studies reported the ethnicity of participants (Ricci 
et al. 2007a; Girod et al. 2015, 2012; Archer et al. 2005; 
Croxton et al. 2010). However, this was not included in 
the overall discussion and evaluation of the included study 
methodologies due to the lack of specific observational dif-
ferences associated with ethnicity. Healthcare and lifestyle 
characteristics among participants were assessed only in 
eight studies (Girod et al. 2012; Archer et al. 2005; Croxton 
et al. 2010; Frick et al. 2015; Girod and Weyermann 2014; 
Helmond et al. 2019; Ricci et al. 2007b). These character-
istics ranged from dietary preference (Girod et al. 2015; 
Archer et al. 2005; Croxton et al. 2010; Girod and Weyer-
mann 2014; Helmond et al. 2019); if they were a smoker or 
non-smoker (Archer et al. 2005; Croxton et al. 2010; Girod 
and Weyermann 2014; Helmond et al. 2019); if they used 
skin products or cosmetics prior to the fingermark depo-
sition (Girod et al. 2015; Croxton et al. 2010; Frick et al. 
2015; Girod and Weyermann 2014); medication prescrip-
tions (Girod et al. 2015; Archer et al. 2005; Croxton et al. 
2010; Girod and Weyermann 2014); and the weight of the 
participant (Ricci et al. 2007a). All gave figures per donor 
group to how many characteristics were identified within 
except for two studies (Ricci et al. 2007a; Girod et al. 2015), 
which reported only weight of participants.

Deposition procedure

The fingermark deposition procedure differed between stud-
ies, and there were three features that encompassed this pro-
cedure. The features included the specification of the finger 
used, the grooming procedure, and the fingermark collection 
procedure (Table 3).

Regarding the finger used, there were variations in the 
fingermark collection method. The most commonly used 
fingers for deposition were the index, middle and ring fin-
gers and were reported in four studies (Archer et al. 2005; 
Atherton et al. 2012; Ferguson et al. 2012; Wolstenholme 
et al. 2009). This was followed by using only one finger for 
deposition (without specifying which one) and that was seen 

by four studies (Fritz et al. 2013; Girod et al. 2015; Williams 
et al. 2004; Frick et al. 2015). Three studies reported using 
all fingers from both hands (Croxton et al. 2006; Yeh et al. 
2020; Dorakumbura et al. 2019), and additional three stud-
ies reported using the index finger of each hand (Mountfort 
et al. 2007; Helmond et al. 2017; Helmond et al. 2019). 
Nonetheless, only one study reported each of using the 
thumb of each hand (Girod and Weyermann 2014) and the 
ring and middle finger of both hands (Croxton et al. 2010). 
The remaining three studies did not report which fingers 
were used for deposition (Ricci et al. 2007a; Fritz et al. 
2013; Girod et al. 2015).

The number of depositions per fingermark  ranged 
between two and 200 fingermarks per donor over the evalu-
ated studies. For grooming procedure, studies had variations 
in grooming procedures depending whether sebaceous or 
eccrine constituents were collected. For sebaceous secre-
tions’ collection, participants had not undertaken hand wash-
ing prior to fingermark deposition in contrary to eccrine 
secretions’ collection. In the latter case, participants either 
washed their hands with soap and water or cleaned with 
ethanol solution and then waited between 15 and 30 min 
before deposition.

Where rubbing was required prior to deposition, patrtici-
pants either rubbed their fingertips on their faces or together. 
This was reported by the majority of studies (n = 12) (Asano 
et al. 2002; Bramble 2015; Ricci et al. 2007a; Fritz et al. 
2013; Girod et al. 2015; Williams et al. 2004; Archer et al. 
2005; Frick et al. 2015; Mountfort et al. 2007; Girod and 
Weyermann 2014; Dorakumbura et al. 2018; Yeh et al. 
2020). On faces, participants rubbed their fingertips on the 
forehead, hair, nose, cheeks, and chin with the forehead 
being the most utilised source. The remaining seven stud-
ies asked the donors to rub fingertips together (Atherton 
et al. 2012; Croxton et al. 2006, 2010; Helmond et al. 2017; 
Helmond et al. 2019; Ferguson et al. 2012; Wolstenholme 
et al. 2009). Prior to fingermark grooming, two studies did 
not report cleaning of fingers (Ricci et al. 2007a; Mountfort 
et al. 2007)); two studies stated no cleaning of fingers was 
required (Asano et al. 2002; Atherton et al. 2012). There was 
a vary in time given to the last time hands could be washed 
prior to deposition: one hour (Croxton et al. 2006; Croxton 
et al. 2010); 45 min (Girod et al. 2015, 2012); 30 min (Fritz 
et al. 2013; Girod et al. 2015; Dorakumbura et al. 2018); no 
specific time (Croxton et al. 2010); and five minutes (Wil-
liams et al. 2004). For the cleaning solution, seven solutions 
were used and included: acetone (Atherton et al. 2012; Crox-
ton et al. 2010), dichloromethane (Frick et al. 2015), ethanol 
(Fritz et al. 2013; Girod et al. 2015; Atherton et al. 2012; 
Girod and Weyermann 2014; Ferguson et al. 2012; Wolsten-
holme et al. 2009), hexane (Croxton et al. 2006), methanol 
(Croxton et al. 2006, 2010), soap (Girod et al. 2015; Girod 
and Weyermann 2014; Dorakumbura et al. 2018; Helmond 
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et al. 2017; Helmond et al. 2019) and sodium hydroxide 
(Atherton et al. 2012; Croxton et al. 2010). For the col-
lection procedure, all studies stated that the fingers were 
pressed onto the selected substrates of which two studies 
indicated the same exact time and pressure applied for depo-
sition (Girod et al. 2015; Girod and Weyermann 2014). The 
remaining studies did not specify the pressure applied onto 
the substrate.

Experimental conditions

Experimental conditions reported included latent fingermark 
collection and storage methods reported comprised collec-
tion substrate type, temperature conditions, light conditions, 
and duration of the study (Table 4). Seven types of substrates 
were used for collection of latent fingermarks including: 
glass (n = 4), Mylar film or Mylar strips (n = 3), aluminium 
coated slide/sheet (n = 6), filter paper (n = 3), microfibre 
filter (n = 1), TLC plates (n = 1), gold-coated glass plates 
(n = 1), Mylar strip (n = 2), stainless steel plates (n = 1), 
potassium bromide disc (n = 1), ZnSe discs (n = 1), ger-
manium substrates (n = 1), glass slide (n = 1), and directly 
onto the ZnSe ATR crystal or calcium fluoride (n = 2). It 
is noteworthy to mention that the experimental conditions 
were not specific to the technique utilised. Hence, different 
conditions were taken between the six studies that utilised 
GC–MS. Once collected fingermarks were stored at vari-
able temperatures ranging between 4 and 100 °C depending 
on the substrate. The 100 °C was seen for potassium bro-
mide discs. However, all the other substrates (whether glass, 
paper, or aluminium), where reported, were stored at a maxi-
mal temperature of 25 °C. Both light and dark conditions for 
storage of substrates were reported and light used included 
both natural light or light induced via light bulbs (Ricci et al. 
2007a; Fritz et al. 2013; Girod et al. 2015, 2012; Williams 
et al. 2004; Archer et al. 2005; Atherton et al. 2012). Only 11 
studies reported the duration which ranged widely between 
two and 80 days (median, IQR = 27, 28) (Table 4).

Constituents analysed

The studies’ results identified qualitatively lipids’ or amino 
acids’ composition within fingermark samples. For lipid 
composition in fingermarks, there was variation in the stud-
ies reporting specific lipid derivatives. This depended on 
the technique used, its sensitivity, specificity as well as the 
methodological approach. For instance, CE-MS showed the 
highest specificity in detecting the highest number of lipids 
and differentiating between them (S7). This was followed 
by GC–MS that showed high specificity and selectivity in 
characterising lipids (S1-S6). On the other hand, FTIR spec-
troscopy showed less sensitivity and specificity in detecting 

constituents, where it indicated the presence of certain 
functional groups that were common to multiple derivatives 
(S15-S19). Where specified, 44 lipids were detected in fin-
germark secretions. Squalene and its degradation products 
were the most reported lipid and were reported by 10 stud-
ies (Table 5) (Asano et al. 2002; Bramble 2015; Girod et al. 
2015; Archer et al. 2005; Atherton et al. 2012; Girod and 
Weyermann 2014; Helmond et al. 2017; Dorakumbura et al. 
2019; Mountfort et al. 2007). This was followed by pentade-
canoic acid that was reported in six studies (S2; S3; S4; S5; 
S7; S13). Moreover, each of cholesterol (S2; S6; S6; S10; 
S14); palmitoleic acid (S1; S2; S7; S10; S13); pentadeca-
noic acid (S2; S3; S4; S5; S6; S7); and tricosanoic acid (S1; 
S3; S4; S5; S7) were reported in five studies. Four studies 
reported each of oleic acid (S1; S2; S7; S12; S13); palmitic 
acid (S1; S2; S7; S10; S13); palmitoleic acid (S1; S2; S7; 
S10; S13); stearic acid (S1; S2; S7; S13); and tetradecanoic 
acid (S1; S3; S4; S5). Three studies reported ceramides (S4; 
S7 and S17); decanoic acid (S3; S4 and S7); doecanoic acid 
(S3; S4; S7); glutamic acid (S3; S4; S7); glycerides (S4; S7; 
S17); hexadecanoic acid (S3; S4; S5); myristic acid (S2; S7; 
S13); nonadecanoic acid (S3; S4; S7); octanoic acid (S3; 
S7; S13); and tetraconsanoic acid (S3; S4; S7).Two stud-
ies reported each of aspartic acid (S4; S7); eicosanoic acid 
(S4; S7); linoleic acid (S7; S13); ocadecanoic acid (S4; S5); 
octadecadienoic acid (S3; S4); stearyl palmitate (S6; S7); 
tridecanoic acid (S4; S7); and undecanoic acid (S4; S15). 
The remaining lipids were less popular where only one study 
reported each of docosanoic acid (S7); heneicosanoic acid 
(S7); heptadecenoic acid (S7); isopropyl decanoate (S4); 
lactic acid (S7); margaric acid (S7); methyl palmitate (S2); 
methyl palmitoleate (S2); methyl steerage (S2); myristoleic 
acid (S7); myristyl palmitate (S6); myristyl palmitoleate 
(S6); nonanoic acid (S7); palmityl palmitate (S6); palmityl 
palmitoleate (S6); urea (S7); and uric acid (S7) (Table 5).

On the other hand, less amino acids were reported in stud-
ies (n = 24) of which the most common was alanine that 
had been reported in six studies (S3; S4; S7; S8; S10; S13) 
(Table 6). This was followed by phenyl alanine (S3; S6; 
S9; S10; S19) and serine (S3; S4; S7; S9; S11) that were 
reported by five studies. Four studies reported each of argi-
nine (S4; S7; S9; S10), asparagine (S4; S7; S9; S10), glysine 
(S3; S4; S7; S13), isoleucine (S4; S7; S9; S10), methionine 
(S4; S7; S9; S13) and tyrosine (S4; S7; S9; S19). In addi-
tion three studies reported each of histidine (S4; S7; S9), 
leucine (S3; S4; S7); lysine (S3; S4; S7), ornithine (S4; S7; 
S9), proline (S4; S9; S10), threonine (S3; S7; S9) and tryp-
tophan (S4; S9; S10). Two studies reported each of cystine 
(S4; S9) and valine (S7; S9). Only one study reported each 
of cysteine (S4), guanine (S10), guanosine (S10), glutamic 
acid (S9), glutamine (S9) and hydroxyproline (S4).
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Discussion

This systematic review investigated the endogenous finger-
mark composition from 19 studies. To our knowledge, this 
is the first systematic review that investigated fingermarks’ 
chemical constituents, analytical techniques, deposition pro-
cedures and storage of substrates. The literature reported 
three similar reviews by Cadd et al. 2015; Girod et al. 2012 
and Gonazales et al. 2020. The first, by Girod et al. (2012), 
provided a qualitative overview regarding the fingermark 
composition and highlighted the gap in quantitative studies, 
ageing kinetics and influencing factors. Subsequently, the 
second review findings complemented the gap in the afore-
mentioned review by critically evaluating how fingermark 
composition can be used to differentiate donors and how it 
changes over time and with different environmental factors 
(Cadd et al. 2015). The third review was more methodologi-
cal in nature and focused more on the analytical techniques 
rather than sample collection procedures (González et al. 
2020). Consequently, our review complemented the findings 
of the previous three reviews’ findings, by exploring findings 
beyond the chemical constituents and techniques utilised.

Our findings suggested the lack of consistency in studies 
in relation to participants’ characteristics, number of par-
ticipants, healthcare- and sociodemographic-related factors. 
Hence, the number of participants between studies varied 
between one participant in some studies (S7; S8; S13; S18) 
and 463 (Helmond et al. 2019). This could be attributed 
to difficulty in recruiting participants considering the dif-
ferences in ethical procedures and timeline of each study. 
This influenced the heterogeneity of the findings between 
the study in terms of the lipids and amino acids constitu-
ents’ detection. A further challenge in interpreting the find-
ings was introduced by the underreporting of participants’ 
sociodemographic factors such as ethnicity, social situation 
and disease. Though the studies were sampled from seven 
countries the ethnicity had not been stated within any of 
the studies. On the other hand, gender was reported in the 
majority of studies where different genders could be identi-
fied through differences in lipid compositions of fingermark 
secretions and that was key for forensic intelligence (Hel-
mond et al. 2019; Ferguson et al. 2012).

Yet many factors influenced fingermark composition 
determination in addition to the participants characteris-
tics and number of participants. These factors are related 
to grooming procedure, deposition procedure and storage 
of the sample. Grooming procedures varied whether detect-
ing eccrine or sebaceous secretions. Eccrine sweat glands 
are predominant in soles of hand and feet and secrete water 
(that is rapidly lost), organic (e.g. amino acids) and inor-
ganic compounds. On the contrary, sebaceous glands are 
more prevalent on the face and hair and get transferred 

upon rubbing and consist mainly of lipids (e.g. cholesterol, 
fatty acids, phospholipids and esters). Hence, the sebaceous 
secretion is relatively slow compared to the eccrine secre-
tion and varies between individuals depending on their diet, 
lifestyle and behaviour (Champod et al. 2004; Scruton et al. 
1975). Hence, using different grooming procedures and dif-
ferent washing procedures (before grooming) affected the 
differences in findings between the studies. This identified 
that studies showing higher lipid content were the ones 
where participants rubbed their fingers together, on the 
forehead and/or nose with no hand washing procedure prior 
deposition (S4; S7). Both studies also utilised the donors 
rubbing their hands together (with no pre washing) prior to 
deposition.

It is noteworthy to mention that the previous studies 
reported more lipids than other studies where participants 
rubbed their hands on the face and/or hair (e.g. S11; S12; 
S14; S16-S19). This latter findings could be attributed to 
the differences in deposition substrate and/or analytical 
techniques used within the study. Hence, both S4 and S7 
involved the use of Mylar strip as a substrate for fingermark 
deposition rather than aluminium foil/sheets or crystals as 
reported in other studies. Mylar strips are made of polyester 
on which retain fatty acids depending on their saturation, 
length of carbons and the number of double bonds (Ackman 
1963). Polyester is a synthetic fibre based on petroleum with 
no natural property and hence has poor absorption capacity 
due to its molecular structure and that allowed the retain 
of the sebaceous secretion of fingermarks on the surface 
(Shorter 1924). The chemical nature of the substrate played 
a role in fingermark deposition (Thornbury et al. 2021). For 
instance, glass is made of silicon that is highly polar and 
would deposit less lipids in contrary to other non-polar sub-
strates (Hughes et al. 2021).

Moreover, surface roughness plays a significant role in 
the fingermark deposition. Hence, a study by Huges et al. 
2021 has shown that aluminium and synthetic polymers 
had rougher surfaces than glass and were more likely to 
show more fingermark secretions. A study in the literature 
regarding fingermark deposition on glass and polypropylene 
showed that the deposition of fingermarks on glass had an 
average thickness of 0.25 µm. Contrary to polypropylene 
that showed deposition thickness of 0.19 µm (Luda et al. 
2018). With glass being the smoothest surface, it will deposit 
less lipids and more eccrine sections (Hughes et al. 2021), 
whereas Mylar strips and aluminium showed higher amount 
of lipids (sebaceous secretions) due to their surface.

Additional factors could have played a role in finger-
mark deposition related to the differences in the pressure 
of applying, angle of application and the analytical tech-
nique used. These differences existed between individual 
studies that had different protocols, despite the presence of 
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unified guidelines from the UK Home Office for deposition 
of fingermarks (Sears et al. 2012). Reed et al. (2016) dem-
onstrated that the different contact time, pressure and angle 

affected the fingermarks even within the same donor. Sub-
sequently, electro-mechanical device control gave variabili-
ties between different fingermarks. They controlled variables 

Table 5  List of lipid constituents identified in the studies

Study number (S) S
1

S
2

S
3

S
4

S
5

S
6

S
7

S
8

S
9

S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

S1
8

S1
9

Aspartic acid            
Ceramides           
Cholesterol       
Decanoic acid           
Dodecanoic acid           
Docosanoic acid           
Eicosanoic acid           
Glutamic acid           
Glycerides           
Glycolipids           
Heneicosanoic acid           
Heptadecenoic acid           
Hexadecanoic acid           
Isopropyl decanoate           
Lactic acid           
Linoleic acid         
Margaric acid           
Methyl palmitate           
Methyl palmitoleate           
Methyl stearate           
Myrstic acid         
Myristoleic acid           
Myristyl palmitate           
Myristyl palmitoleate           
Nonadecanoic acid           
Nonanoic acid           
Octadecadienoic 
acid

          
Octadecanoic acid           
Octanoic acid         
Oleic acid       
Palmitic acid   
Palmitoleic 
acid

  
Palmityl palmitate   
Palmityl palmitoleate   
Pentadecanoic 
acid

    
Phospholipids 
(unspecified)

  
Saturated esters 
(unspecified)

  
Squalene
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related to pressure, angle of deposition and/or contact time 
(Reed et al. 2016; Fieldhouse 2010). Such devices improve 
the reproducibility of fingermarks between the same donor 
and decreased variations between multiple donors. However, 
further research is needed regarding the influence of differ-
ent factors on fingermark composition.

Moreover, the techniques used for collection of finger-
marks played a role in the amount and type of substances 
detected. The highest number of analyses was detected 
through CE-MS followed by GC–MS, LC–MS and MALDI-
MS. Our findings were consistent with the review (González 
et al. 2020). Mass spectrometric techniques have demon-
strated high specificity and sensitivity in analysis, where 
they gave information about molecular structure of the 
sample (Bécue et al. 2020). When combined with imaging, 
MS offered further advantages regarding the spatial distri-
bution of the different analytes within the sample. None-
theless, considering the extraction, sample preparation and 
presentation involved in MS-based techniques with other 
techniques were reported in the literature. For instance, TLC 
was used in one of the studies for detecting lipids in finger-
mark secretions (Bramble 2015). This could be due to cross-
reactivity between structurally similar derivatives that could 
be encountered in TLC. In this respect to spectroscopic tech-
niques including infrared and Raman spectroscopy. Offered 
an alternative to destructive techniques (such as TLC) and 
addressed challenges relating to cross-reactivity of analytes. 
FTIR and Raman were used for both amino acids and lipid 
contents with few derivatives reported (S15-S19). Both 
techniques gave fingermarks of measured samples, which 
requires building libraries and chemometric models for trac-
ing individual samples. Moreover, the sensitivity of both 

spectroscopic techniques could be enhanced in further, by 
using surface enhanced infrared (SEIRA) or Raman (SERS) 
spectroscopy. Therein, SEIRA and SERS substrates that are 
based on metallic nanoparticles can enhance the infrared or 
Raman signal in a magnitude between 100 and 100,000 of 
a conventional infrared or Raman signal. Yet still the tech-
nique is in its infancy for detection of fingerprint secretions, 
and further work is needed for method development and 
optimisation (42,43).

Strengths and limitations

The systematic review showed strengths in the type of 
data extracted and quality of studies that were thoroughly 
assessed by having two independent reviewers and verified 
by a third reviewer in order to avoid bias in study selection. 
Nonetheless, several limitations were encountered in this 
review. Due to the limited number of studies that were from 
seven countries, generalisability of the findings was not pos-
sible. Moreover, the inconsistency in reporting participants’ 
characteristics and sampling approached hindered reported 
concisely differences between methods and validation. This 
further affected the reliability of the reported results as it 
was not a clear representation of all information collected. 
The use of appraisal tools ensured that the appropriate stud-
ies were included. In this case of the JBI appraisal tool was 
utilised and amended to suit the data being collected, which 
evaluates its potential for the study. However, the appraisal 
tools did not add to the limitations but aided in identifying 
what area they were more apparent in. Another limitation 
highlighted was the length of time for the data collection, 
this did affect the study as the number of search engines 

Table 5  (continued)

Squalene 
degradation products

  
Stearic acid   
Stearyl 
palmitoleate

  
Tetraconsanoic acid   
Tetradecanoic 
acid

  
Triconsanoic acid   
Tridecanoic acid   
Triglycerides 
(unspecified)

  
Undecanoic
acid

  
Urea   
Uric acid   

Study number (S) S
1

S
2

S
3

S
4

S
5

S
6

S
7

S
8

S
9

S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

S1
8

S1
9

Reported squalene degradation products include squalene dihydroperoxide, epoxide, monohydroperoxide, pentahydroperoxide, trihydroperoxide 
and tetrahydroperoxide



4665Chemical Papers (2022) 76:4645–4667 

1 3

was constricted to fit into the time constraints for data col-
lection. This all may have allowed for selection bias of the 
studies as there was not a larger pool of search engines to 
analyse. Every effort was taken to minimise bias in the selec-
tion process by following the set protocol and criteria of the 
methodology.

Conclusion

Latent fingermark secretions are complex and influenced 
by participants characteristics and methodological consid-
erations (e.g. grooming and extraction procedures). Lipids’ 
and amino acids’ secretions can serve as biomarkers to 
indicate differences between participants, particularly in a 

forensic context. However, many factors play a role relat-
ing to the detection of the two types of secretions related 
to participants, grooming procedure, fingermark deposition 
and detection technique. The choice of pre-grooming and/
or grooming procedures depended on the types of secretions 
sought whether sebaceous or eccrine. Moreover, the quality 
of the fingermark deposition depended on the substrate and 
deposition angle, pressure and duration.

Analytical techniques for detecting fingermarks residues 
included mainly mass spectrometric-based techniques that 
offered high selectivity and specificity but were destructive 
and time consuming. Subsequently, spectroscopic techniques 
offered a more rapid and non-destructive alternative to mass 
spectrometric ones. However, spectroscopic applications 
are still in their infancy for fingermark applications. They 

Table 6  List of amino acid constituents identified in the included studies

Amino acid S
1 

S
2

S
3

S
4

S
5

S
6

S
7

S
8

S
9

S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

S1
8

S1
9

Alanine

Amide

Amide B

Secondary 
amide
Arginine

Asparagine 

Cys�ne

Cysteine 

Guanine

Guanosine

Glutamic acid

Glutamine

Glysine

His�dine

Hydroxyprolin
e
Isoleucine 

Leucine 

Lysine

Methionine

Ornithine

Phenyl alanine

Proline 

Serine 

Threonine

Tryptophan

Tyrosine                                     

Valine                                        
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require further development in relation to enhancing spectro-
scopic signals and constructing spectral libraries that could 
be conducted in future work.

Appendix

JBI critical appraisal checklist 
questions

Modified appraisal checklist 
questions

Were the criteria for inclusion in 
the sample clearly defined?

Were the criteria for inclusion in 
the sample clearly defined?

Were the study subjects and the 
setting described in detail?

Were the samples and the tech-
niques described in detail?

Was the exposure measured in a 
valid and reliable way?

Was the exposure measured in a 
valid and reliable way?

Were the objective, standard 
criteria used for measurement 
of the condition?

Were the objective, ICH and BP 
criteria used for measurement of 
the condition?

Were confounding factors identi-
fied?

Were confounding factors identi-
fied?

Were strategies to deal with the 
confounding factors stated?

Were strategies to deal with the 
confounding factors stated?

Were the outcomes measured in 
a valid and reliable way?

Were the outcomes measured in a 
valid and reliable way?

Was appropriate statistical analy-
sis used?

Was appropriate statistical analy-
sis used?

Were the aims of the study clearly 
stated?

Was the sample size justified?
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