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Gelatin origin determination has been a crucial issue with respect to religion and health
concerns. It is necessary to analyze the origin of gelatin with reliable methods to ensure
not only consumer choices but also safety and legal requirements such as labeling. There
are many analytical methods developed for detection and/or quantification of gelatin from
different sources including bovine, porcine and piscine. These analytical methods can be
divided into physicochemical, chromatographic, immunochemical, spectroscopic and
molecular methods. Moreover, computational methods have been used in some cases
consecutively to ensure sensitivity of the analytical methods. Every method has different
advantages and limitations due to their own principles, applied food matrix and process
conditions of material. The present review intends to give insight into novel analytical
methods and perspectives that have been developed to differentiate porcine, bovine and
piscine gelatins and to establish their authenticity. Almost every method can be
succeeded in origin determination; however, it is a matter of sensitivity in that some
researches fail to ensure sufficient differentiation.
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Introduction

Gelatin is a water soluble protein obtained by
hydrolysis of collagen to several high molecular weight
polypeptides. While the main component of the gelatin is
protein (85-92%), it also contains mineral salts and
moisture (Baziwane and He, 2003; Schrieber and Gareis,
2007). Gelatin has a great importance in pharmaceutical,
cosmetic and especially food industry with its well-known
functional properties such as gel formation in jellies, foam
formation and stabilization in ice cream, emulsion
stabilization in meat products, syneresis stabilization in
yogurt (Nhari et al.,, 2012). Gelatin was produced
approximately 326.000 metric tons in 2008 worldwide,
and it is estimated to be consumed 395.840 metric tons by
the year of 2017 according to Global Industry Analysts,
Inc. which is one of the largest and reputed market
research companies (Anonymous, 2016). The raw
materials used in gelatin production are mainly from
bovine and porcine sources: 80% from pig skin, 15%
from cattle hide split, the remaining 5 % from bones, fish
and other sources (GME, 2016). Gelatin origin
determination has been a matter of paramount importance
for Muslims, Hindus, Jews, vegetarians and vegans, in
that, in Islam and Judaism, porcine derivatives are
prohibited to consume, whereas in Hinduism, cow can

neither be slaughtered nor consumed. Vegetarians and
vegans prefer to eat animal-free foods (Boran et al., 2010;
Nhari et al., 2012). Moreover, bovine gelatin has been
restricted for human consumption due to Bovine
Spongiform Encephalopathy (BSE) outbreak in 1986 in
England and other countries (Venien and Levieux, 2005).
Therefore, it is necessary to analyze the origin of gelatin
with a reliable method. As far as it is concerned,;
physiochemical, chromatographic, immunochemical,
spectroscopic and molecular methods have been
developed to determine and differentiate gelatin origin
(Doi et al., 2009; Nhari et al., 2012). Every method has its
own principles, advantages, and drawbacks. The
analytical method studies examining identification and
differentiation of gelatin origin (porcine and bovine) up to
2010, have been indicated in the review article written by
Nhari et al. (2012). However, new methods and different
perspectives to differentiate origin of the gelatins are
established in recent years. For example, computational
methods and combinations of databases have been
involved in studies concerning differentiation of gelatin
species. Moreover, there is a growing interest for piscine
gelatin because it is a good alternative to bovine and
porcine gelatins due to its abundance, biodegradability,
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film-forming property, appropriate barrier capacity
against oxygen and aromas, and affordable price
(Benbettaieb et al., 2016; Gomez-Guillén et al., 2002). By
using optimized extraction conditions, it is even possible
to obtain better gelling ability than those of the
mammalian ones with warm water piscine gelatins as in
the case of Yellowfin Tuna fish (Cho et al., 2005).
Therefore, it has been aimed herein to give brief
information about the analytical methods concerning the
identification and differentiation of bovine, porcine and
piscine gelatins in recent studies via summarizing
principles, advantages and disadvantages of each method.

Analytical Methods

PCR Based Techniques

Polymerase chain reaction (PCR) is a technique
among the molecular analytical methods, which provides
millions of copy of a few fragment of DNA in very short
periods of time (Saiki et al., 1985). PCR amplification is
based on DNA replication in in vitro conditions by using
specific oligonucleotides as primers to target DNA and
synthesize millions of copies (Nakyinsige et al., 2012). A
PCR cycle consists of three steps which are denaturation,
annealing and extension. Denaturation step requires high
temperature around 93-96°C and allows the separation of
the double stranded DNA helix. Lower temperatures
(generally between 55-65°C) are required for annealing
step of cycle in which primers bind to the appropriate
parts of single stranded DNA. After that, heat stable DNA
polymerase enzyme (generally Taq polymerase) binds to
this primer template structure and starts to copy the main
chain. In the last step of a cycle, the primers are extended
across the target sequence by using a heat stable DNA
polymerase. To create a pair of the targeting material,
nucleotide triphosphates containing deoxyribose (ANTPs)
are used. This step usually performed at 72°C which is the
optimum working temperature of Taq polymerase enzyme
(Somma and Querci, 2006). After applying many cycles
repeatedly, a large number of targeted genes can be
produced.

Due to the low amounts of DNA amplifying capability
and high detection limit of PCR technique, it is served as
an alternative to identification and quantification of meat
and meat products originated from different species.
Developing or selecting appropriate primer is essential for
a successful determination of species of sample
(Sentandreu and Sentandreu, 2011). Besides choosing
proper and sufficient genetic material, it is another
important issue to develop a susceptible assay. Although,
mitochondrial DNA and nucleus DNA can be used as a
targeting gene, mitochondrial DNA is mostly used due to
its advantages such as availability in extracted DNA
(Murugaiah et al., 2009). Mitochondrial DNA also
evolves faster compared to nucleus DNA. Cytocrome b
(cyt b), ATP 6 and 12S rRNA are mostly used
mitochondrial genes as markers to develop PCR assays
for meat species authentication (Abd Mutalib et al., 2015;
Chen et al., 2010a; Murugaiah et al., 2009). There are
various types of PCR analysis which have been used for

determination of species of meat and meat products, and
gelatin, as well.

The Conventional PCR

Conventional PCR technique is based on amplification
of DNA fragments. After the PCR amplification, the
produced DNA is investigated with agarose gel
electrophoresis with respect to their fragment sizes in
order to determine the presence of any species
(Nakyinsige et al., 2012). Restriction fragment length
polymorphism analysis (PCR- RFLP) is one of the
commonly used methods to determine the species
adulteration of meat (Aida et al., 2007; Murugaiah et al.,
2009). Although this technique is known for its low cost,
simplicity and adoptability to routine analysis, it is not
applicable in processed foods like gelatin due to DNA
degradation (Fajardo et al., 2010).

Species Specific PCR

Another PCR technique which is commonly used is
species specific PCR. In this technique, a targeted DNA
sequence can be amplified precisely. Shabani et al. (2015)
have developed a new method based on species specific
PCR technique to investigate halal authenticity of gelatin.
Mitochondrial cyt b gene was targeted and two sets of
specific bovine and porcine primers were used.

5’-GCCATATACTCTCCTTGGTGACA-3’,
5’-GTAGGCTTGGGAATAGTACGA-3’
and
5’-GCCTAAATCTCCCCTCAATGGTA-3,
5’-ATGAAAGAGGCAAATAGATTTTCG-3’
for bovine and porcine, respectively.

Binary gelatin mixtures prepared with different
concentrations by using standard bovine and porcine
gelatins.  Additionally, eight commercial gelatin
containing food products and eight commercial gelatin
capsules were investigated with both methods. After gel
electrophoresis of amplified samples it is found that the
developed method was very sensitive (as low as 0.1%),
specific and affordable for routine analyses of
adulteration on gelatin containing foods and capsules
(Shabani et al., 2015). Furthermore, multiplex PCR assays
can be used with species-specific primers to multiple
target detection at the same time. This technique provides
reduction in time and cost of assays (Ali et al., 2015).
However, there is no study about gelatin differentiating
methods conducted with multiplex PCR assays.

Real-Time PCR (Quantitative PCR / gPCR)

Real-time PCR (quantitative PCR / gPCR) is another
method to detect the species of meat products. The
differences of this method from the other PCR methods
are directly monitoring of amplification products by using
different chemistries such as fluorescent dyes and
sequence-specific DNA probes. Real-time PCR assays
have been increasingly used for specific, sensitive and
guantitatively detection of species specific DNA
fragments in meat products. Due to its specificity and low
detection limits, it is preferred to determine species of
processed products (Cai et al., 2012; Hanna et al., 2005).
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Cai et al. (2012) represented two species-specific real-
time PCR assay as simple, reliable and sensitive method
for detection and quantification of bovine and porcine
DNA in gelatin mixtures and capsules. They have used
two species-specific (bovine and porcine) quantitative
PCR assays based on repetitive elements. Different
concentrations of porcine and bovine standard mixtures
were prepared and the closeness of measurements and
theoretical values were observed. High specificity and
lack of cross-reactivity with any other species of DNA
were reported against the developed gPCR assays.
Additionally, gPCR assays allowed sensitive detection
and quantification of bovine and porcine species as low as
1 pg/mL The fact that significantly fewer amounts of
DNA were detected in gelatin capsules maybe due to
extra processes applied in capsule production of gelatin
(Cai et al., 2012). In another study, a simple method is
developed for routine analyses in food control
laboratories to determine whether the gelatins are
adulterated or mislabeled (Demirhan et al., 2012).
Researchers used commercial real-time PCR and test kits
to extract DNA from food materials. Forty-three gelatin
containing food were collected from Turkey and Germany
consisting of gum drops, jellies, marshmallows, cakes and
Turkish delight. 1 % contamination level was assumed as
a pragmatic level for a practical usage. The results
indicated that, porcine gelatin was detected in two of
eleven different food products from Germany and one of
thirty-two different food products from Turkey which are
unlabeled. However, a false negative data, which is the
amount of porcine detected to be zero although the
samples include porcine, was obtained in a 5 % porcine
gelatin containing control sample. It is indicated that the
applied method was not very sufficient and robust.
Finally, the results showed that using real-time PCR with
commercial DNA extraction kit provides detection of
porcine DNA in food products as low as 1%, like in Cai et
al. (2012), with a 2% false negative rate (Cai et al., 2012;
Demirhan et al., 2012).

PCR Combined with Southern Hybridization

Abd Mutalib et al. (2015) reported a technique which
is a combination of PCR and southern hybridization in
order to be used in analysis of halal authentication of
gelatin capsules. The researchers also compared their
results with conventional PCR. In the combined
technique, by using a commercial porcine gene chip and a
set of primer targeting mitochondrial DNA cyt b (biotin
labeled oligonucleotide primer); the PCR-southern
hybridization on chip assay was developed. Twenty
different brand gelatin capsules were investigated with
both methods and porcine DNA was detected in six of
them by PCR-southern hybridization on chip assay,
whereas no porcine positive detection was observed by
conventional PCR. Limit of detection of porcine DNA
was determined as 0.001 ng. PCR-southern hybridization
on chip assay was reported as applicable for highly
processed foods, such as gelatin, relying on its ability to
detect very low concentration of porcine DNA (Abd
Mutalib et al., 2015).

When overall studies on PCR based methods for
detection of different species of gelatin were reviewed, it
has been observed that there are some advantages and
disadvantages of different types. PCR based techniques
are widely used to detect species origin in many meat
products; however, there are limited studies intended for
gelatin differentiation (Abd Mutalib et al., 2015; Cai et
al., 2012; Demirhan et al., 2012; Grundy et al., 2016;
Shabani et al., 2015). These techniques provide results
through DNA sequence level, so it has high specificity,
sensitivity, and discriminating power (Nakyinsige et al.,
2012). Protein based techniques have some limitations in
processed meat products due to denaturation of proteins
during thermal processes. Moreover, DNA is more stable
with temperature changes in analysis of processed foods
and highly specific to species (Nakyinsige et al., 2012).
These are general advantages of PCR based techniques.
However, gelatin is a highly processed meat product and
leaves very few amount of DNA after processes and
lower chain length fragments due to DNA damage. These
DNA fragments with lower chain length exhibit the
specificity of PCR assays (Sentandreu and Sentandreu,
2011). It is possible to obtain lower detection limits and
detection values consistent with theoretical ones by direct
testing of gelatin (Abd Mutalib et al., 2015; Cai et al.,
2012; Demirhan et al., 2012; Grundy et al., 2016; Shabani
et al., 2015). On the other hand, gelatin is added in very
low concentrations to the food products as an ingredient,
in addition; DNA level further decreased by extra
processing and DNA damage increased. Hence, detection
of gelatin species became difficult.

Fourier Transmission Infrared Spectroscopy (FTIR)

Fourier transmission infrared spectroscopy (FTIR) is a
non-destructive and practical method among the
spectroscopic analytical methods giving information
about molecular structure and composition (Sivakesava
and lrudayaraj, 2002). FTIR is an effective way to
measure adulteration in food industry. It can be combined
with attenuated total reflectance (ATR). ATR element and
sample are in contact, which enables to obtain the
spectrum. ATR technique provides minimizing the
sample amount and radiation through the sample without
transmission (Griffiths and De Haseth, 2007). A typical
gelatin spectrum can have low intensified Amide A
(3600-2300 cm™), Amide | (1656-1644 cm™), Amide II
(1560-1335 cm™), and much lower Amide 111 (1240-670
cm™) bands. Low intensity of Amide Il band can be
explained by denaturation of collagen to gelatin and loss
of triple helix state during extraction of gelatin (Muyonga
et al., 2004). The most differentiations between bovine
and porcine gelatins were found in 3290-3280 cm™ and
1660-1200 cm™ (Hashim et al., 2010). The obtained
spectrums of bovine and porcine gelatins can be found
very similar using 4000-650 cm™ resolution. Cebi et al.
(2016) studied to differentiate porcine, bovine and fish
gelatins by ATR-FTIR. They found that even though all
kind of gelatin spectrums are similar, fish gelatin can be
separated from bovine and porcine gelatin in 1100-1000
cm™ spectral range. While the concentrations of gelatin
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content in the solutions increase, the intensities of Amide
I and Il bands improve (Cebi et al., 2016). To classify
bovine and porcine gelatins, Amide Il band becomes
important. 1313-11124 cm™ spectral range provides to
separate bovine and porcine gelatins from each other. The
results indicate that classification of bovine, porcine and
piscine gelatins are achieved with 100 % accuracy (Cebi
et al., 2016).

Electrophoretic Methods

Polyacrylamide Gel Electrophoresis (PAGE)

Polyacrylamide gel electrophoresis (PAGE) is an
applicable method among the physiochemical methods for
species determination. PAGE is preferred because it is
easy, simple, and fast. It has been used in milk, cheese
(Mayer, 2005), raw (Chen et al., 2010b) and cooked fish
(Etienne et al., 2000). Azira et al. (2014) have studied
with sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) for determination of bovine
and porcine gelatin species with respect to their molecular
weight. In the literature, the molecular weights of porcine
gelatin polypeptides are ranged from 53 to 220 kDa and
they are more heterogeneous than those of bovine gelatin
(Schrieber and Gareis, 2007). Azira et al. (2014) also
found that porcine gelatin has 16 bands and their
molecular weights are ranged from 58 to 160 kDa. On the
other hand, bovine gelatin has 2 dominant bands and their
molecular weights are 135 and 110 kDa. By looking at the
results, bovine and porcine gelatin cannot be separated by
number of bands, however; differentiation can be
obtained by the help of different intensities of the bands.
Porcine gelatin in bovine gelatin can be identified at 5 %
by SDS-PAGE method but adulteration of porcine gelatin
with bovine gelatin cannot be detected by SDS-PAGE.
Nevertheless, this method does not require an expensive
equipment, high sample purity and time consuming
sample preparation. Moreover, the results were not
affected by DNA degradation caused by gelatin
manufacturing process (Azira et al., 2014).

Two-Dimensional Electrophoresis (2-DE)

Two-dimensional electrophoresis (2-DE) is a
promising and powerful separation technique among the
physical-chemical methods for resolution of several
proteins (Beranova-Giorgianni, 2003; Cellulaire, 2002).
Determination of gelatin origins by 2-DE can be obtained
with respect to molecular weight and isoelectric point.
Aina et al. (2013) studied about determination of gelatin
origin by 2-DE method. They emphasized that the
preparation steps are very important to get high resolution
of protein separation in 2-DE gel. Salts, minerals and
other interfering compounds can affect the results so the
method has to be applied thoroughly (Isola et al., 2011;
Schrieber and Gareis, 2007). High resolution of protein
separation can be obtained by applying protein
precipitation with cold acetone. Bovine gelatin was
adulterated with porcine gelatin in a proportion ranging
from 1 to 5% (v/v). According to their findings, 2-DE
method is an easy and trustable method even if the

percentage of porcine gelatin in the solution is 1%.
However, sample preparation and inconsistent exposure
time during experiment can influence the results
negatively (Nishihara and Champion, 2002).

Enzyme Linked Immune Sorbent Assay (ELISA) Method

Detection and quantitation of gelatin in food and
pharmaceutical products have also been achieved by
immunochemical methods which are less expensive, can
be completed in shorter time and do not require highly
skilled staff (Tukiran et al., 2016a; Venien and Levieux,
2005). ELISA is among the types of immunochemical
analytical methods. Not only the type and quality of
gelatin but also the used concentration of gelatin affects
the results with these methods, in that low quality or
concentrations of a sample can either lead to false positive
or false negative results. Moreover, these methods are not
suggested for commercial gelatins. Competitive indirect
ELISA has allowed detecting porcine acidic gelatins with
around 10-fold higher sensitivity than their bovine
counterparts. However, the porcine limed bone has not
been detected by competitive indirect ELISA (Venien and
Levieux, 2005). Tukiran et al. (2016a) investigated limit
of detection of 0.05 mg/mL which is satisfactory for the
scope of adulteration lower than this would not be
economically profitable and prone to cross contamination
problem. Weber et al. (2009) developed a competitive
indirect ELISA which was applied to several fish gelatins
and isinglass samples used in food production for the
determination of parvalbumins from various fish species.
Competitive indirect ELISA detected parvalbumins
within a range of 0.1-0.5 mg/L. Antibody binding was
strongly inhibited between 0.1 and 100 mg/L (Weber et
al.,, 2009). Tukiran et al. (2016b) also developed a
competitive indirect ELISA to determine gelatin sources
in commercial confectionery products. To select the
protein that used they analyzed porcine gelatin by SDS-
PAGE. Jellies with defined amounts of porcine gelatin
showed the recovery rates in a range between 90.28 and
114.51%. Specificity, accuracy, sensitivity and
repeatability suggested that the developed ELISA is
suitable for determination of mammal gelatin in
commercial processed products such as jelly, gummy,
marshmallow and premix powder (Tukiran et al., 2016b).

High Performance Liquid Chromatography with Mass
Spectroscopy or Chemometrics

High performance liquid chromatography (HPLC)
techniques have been widely used as a chromatographic
analytical method to detect the origin of gelatin species.
Gelatins of different origin are first digested with trypsin.
Then, specific sequences of peptides are formed, which
are further identified with a type of mass spectrometry
(MS) or a chemometric technique (Zhang et al., 2009;
Zhang et al., 2006). Many HPLC techniques have been
investigated by researchers in recent years to reach a cost
and time-efficient and highly sensitive and accurate
method of differentiation. Due to the fact that the species
desired to be differentiated has been generally of bovine
and porcine gelatin, which have same chemical and
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electrophoretic properties and are affected similarly from
harsh process conditions, chromatographic methods alone
has failed to differentiate them (Azilawati et al., 2015;
Nemati et al., 2004). There are a great number of methods

from laboratory based to computational ones used in
combination with chromatographic methods in order to
achieve the purpose of differentiation; their comparison
can he followed at Table 1.

Table 1 Differentiation of gelatin species using chromatographic methods coupled with mass spectroscopic or

chemometric methods

Method name Advantages of the method Limitations of the method  Reference
A faster UPLC/Q-TOF-MS tryptic peptides NeOttrggsa” marker
profiling assay with better chromatographic peak. pep X
Reduced severe ion suppression Non-collagen based
UPLC/Q-TOF-MS . o markers cannot be Chengetal.
coupled with PCA PCA serves sensitive profiling at low identified (2012)
concentrations. ; :
L Still complex due to
Good for gelatin mixtures. .
gelatin homology.
Long time for profiling.
High protein identification score. Enabled complex  Careful pursuit and
mixture analysis. comprehensive work and
High sensitivity at lower concentrations than the time.
i previous high resolution mass spectrometry Further studies required .
.ll\.lgr::ci,\LAJEIEC/ESI systems. to utilize MSF for ;(Ill(rggzlse;[
Combination of nanoUPLC and SYNAPT HDMS quantification. '
is advantageous. Very expensive
Even shape of molecules can be identified. instrument.
Highly skilled personnel.
Specific trypsin digested peptide peaks for porcine
and bovine obtained.
Potential for the systematic and routine traceability =~ Low sensitivity and Elaudrons et
MALDI-TOF-MS of collagen. unsuitable for al (2012)
No qualified personnel and high-performance traceability. '
instruments requirement.
Pre-treatment steps can
A practical, simple and efficient technique using ng#;r;n%oi?rggehenswe
PEME coupled with | two specific amino acid peaks of porcine gelatin Not a Iicable. for Rezazadeh
HPLC-UV (Asn and Gln). ppiica . et al. (2015)
. - . . quantification of gelatin
Easier follow up the traceability of porcine gelatin. .
mixtures.
Required area
normalization and mean
RP-HPLC with AQC Successful differentiation of the bovine, porcine gznfrgtne%andc{?ZﬁTgS:siG
reagent and and fish gelatin into three distinct groups. ofgo amino acids Azilawati et
nor?nalize d PCA Better derivation of amines in a shorter time and Resolution robleﬁws al. (2015)
more analytical way with reagent choice of AQC. . P !
high temperature and
extensive period of time
for process.
Capable of determining the number of
MALDI-TOE-MS hydroxylated proline within peptides; indicators of Future quantitative
marker peptide degradation. .
ﬁ;g /(I\Ijg I():;)tcl_e d More robust technique than before, able to detect ?gigﬂ?rmiﬂ:ad be useful Grundy et
. P some of the published ‘bovine-determinant” while . al. (2016)
with a collagen . . latin and vi lvzed composition of the
database testing porcine gelatin and vice versa. Analyzed a MiXEUres.

wide range of samples. Combined experimental and
published data, and computational programs.
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UPLC/Q-TOF-MS Method Coupled With PCA

Collagen marker peptides followed by sequence
searching can be used to differentiate origins of gelatin
species by utilizing time of flight mass spectrometry
(TOF) since it is useful for protein analysis (Nimptsch et
al., 2011). Cheng et al. (2012), referring to previous
applications of the technique, have used collagen marker
peptides to differentiate bovine, porcine, donkey (hide)
gelatins and tortoise shell glue, and deer-horn glue
(Nemati et al., 2004; Zhang et al., 2006). They have
coupled the method with PCA analysis to have
unigueness. Via combination of TOF/MS detection and
using of a sub-2 micrometers particle column, a
significantly faster (55 min) UPLC/QTOF-MS tryptic
peptides profiling assay with better chromatographic peak
resolution than that of previous study was obtained. By
this method, one of the problems of chromatographic
separation, which is severe ion suppression, was expected
to be reduced, whereas the other source of the problem,
the complexity of the tryptic gelatin peptides, still exists
due to homology of collagen in Total lon
Chromatography (TIC). That is why, further sample
profiling of the gelatins included multivariate statistical
tools, in that, the 3D LC/MS dataset was converted into a
2D matrix. Positive ion base peak intensity
chromatograms used for marker peptides gave results as
follows: (A) donkey-hide gelatin, m/z 765.8556, doubly-
charged ion of fragment GEAGPAGPAGPIGPVGAR.
(B) bovine-hide gelatin, m/z 641.3065, doubly-charged
ion of fragment GEAGPSGPGPTGAR. (C) pig-hide
gelatin, m/z 925.4326, doubly-charged ion of fragment
GEPGPTGVQGPPGPAGEEGK. (D) tortoise shell glue
m/z 758.3530 (E) deer-horn glue m/z 732.8282. Since
tortoise shell glue and deer-horn glue do not have
collagen sequences, it was not possible to differentiate
them by using sequences. However, the base marker
peptides can still be an efficient way to differentiate them.
The UPLC/Q-TOF-MS detection coupled with PCA
allowed for details of the samples to be profiled so that
not all but important markers of differences can be
measured, even at low concentration levels, hence; can be
used effectively for gelatin mixtures.

Nano UPLC/ESI-TOF-MS Method

Electrospray ionization quadrupole time-of-fligh mass
spectrometry (ESI-qTOF-MSF) is a proteomic method
based on data independent acquisition mode, in which not
precursor but a non-overlapping m/z window was selected
and all the precursor ions within the window were co-
fragmented (Yilmaz et al., 2013). It is known to yield
more fragment ions per peptide and more peptides per
protein, in turn, increase the protein identification score.
Additionally, it enables the complex mixture analysis by
providing masses of the precursor and fragment ions in
parallel (Purvine et al., 2003). Yilmaz et al. (2013) have
introduced this complex method to differentiate gelatins
of different origin; bovine and porcine, including
mixtures. Both ion mobility of UPLC and mode of the
SYNAPT HDMS (high definition mass spectrometer with
nano lock spray ion source) ensure enormously high

sensitivity at lower concentrations than the previous high
resolution mass spectrometry systems. Furthermore, this
method is advantageous over traditional molecular
methods such as NMR, electron microscopy, and X-ray
crystallography, in that, it can determine even the shape
of molecules. Label-free nanoUPLC-ESI-gTOF-MSE
system; a combination of nanoUPLC and SYNAPT
HDMS was utilized in this study to differentiate gelatin
mixtures in dairy food systems such as yoghurt, cheese,
and ice cream. Although the method is novel and
advantageous, the pre-treatments and experimental steps
require careful pursuit, comprehensive work and time.
Specific extraction after extracting all other proteins,
overnight peptide trypsinization, and manual verification
of proline hydroxylated peptide sequence can be stated
among the pre-treatments. The MS/MS spectra of various
peptides identified in porcine and bovine gelatins can be
stated as follows: (A) MS/MS spectrum of a unique
porcine peptide with the sequence
GETGPAGPAGPVGPVGAR. (B) MS/MS spectrum of a
modified porcine peptide with two proline hydroxylation.
(C) MS/MS spectrum of a uniquely identified bovine
gelatin peptide having IGQPGAVGPAGIR sequence.
Gelatin mixtures, which were prepared in 90:10, 50:50
and 10:90 bovine to porcine standard sample ratios, were
successfully identified with Nano liquid chromatography.
On the other hand, since most intense peptides were
identical between bovine and porcine gelatin peptides,
MSE was not useful for quantification of gelatin mixtures;
therefore, it was pointed out that filtration of species
specific gelatin peptides and/or analyzing unique marker
peptides can maintain this purpose in future studies.

MALDI-TOF-MS Method

As in the case of HPLC-MS and UPLC-QTOF-MS,
tryptic peptides of gelatins can be analyzed by using
reflectron Matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF-MS)
system, again in a positive ion mode. Flaudrops et al.
(2015) studied on determination of the origin of gelatin
(porcine or bovine) in food preparations, such as candies;
and herbal formulations, such as drugs; by using MALDI-
TOF-MS. Tryptic peptide data of isotopic resolution mass
spectra monitored between 700 and 4000 Da, manually
compared for specific peaks to distinguish the gelatin
source without ambiguity. Ten specific peaks were
identified for porcine: [M+H]* 1177 Da, 1180 Da, 1666
Da, 1892 Da, 2005 Da, 2188 Da, 2980 Da, 3265 Da, 3281
Da and 3605 Da. Thirteen were identified for bovine:
[M+H]" 1192 Da, 1297 Da, 1308 Da, 1427 Da, 1580 Da,
1632 Da, 1769 Da, 1922 Da, 1975 Da, 2216 Da, 2404 Da,
2549 Da and 2853 Da. Candies containing gelatin were
crocodile candies (containing porcine gelatin), strawberry
candies, marshmallows, and teddy bear candies. Candies
without gelatin were cream desserts and halal candies
(containing starch). Herbal formulations were collected
from common brand drugs that claim to contain bovine
gelatin such as capsules, coated tablets, two-piece hard
capsules, and single-piece soft gel capsules. All candies
and herbal formulations presented a common digested
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gelatin profile precisely specific for their labeled gelatin,
either porcine or bovine. The means no adulteration
established by looking at these profiles. The mixture of
varying quantities of standard porcine gelatin and halal
candies was analyzed to evaluate the sensitivity; the
detection of less than 1 % of gelatin in candies was
performed without ambiguity concerning its origin.
Moreover, the detection limit of porcine gelatin in bovine
gelatin was found to be 20 %, below which the bovine
gelatin signal was presumed to hide the porcine gelatin.
Hence, this MALDI-TOF-MS technique has potential for
the systematic and routine traceability of collagen, even at
low concentrations; although it was noted for low
sensitivity and unsuitable for traceability, it did not
require highly qualified personnel and high-performance
instruments as employed in molecular methods such as
NMR (Flaudrops et al., 2015).

PEME) Followed by HPLC-UV Method

The amino acid compositions of porcine and bovine
gelatins are different; asparagine (Asn) and glutamine
(GIn) amino acids are present in porcine gelatin, whereas
they are absent in bovine gelatin (Zhang et al., 2009);
therefore origin determination can be maintained by
amino acid analysis. Rezazadeh et al. (2015) introduced a
pulsed electro membrane extraction method of amino
acids coupled with  high  performance liquid
chromatography-ultraviolet —detector to differentiate
bovine and porcine gelatins. Asn and GIn samples were
derivatized with o-Phtalaldehyde (OPA) reagent to have
UV absorbance and hydrophobicity/ lipophilicity prior to
analysis; in addition, pulsed voltages were applied to
make the analytes migrate through organic liquid
membrane into an aqueous acceptor phase via hollow
fiber-based liquid phase micro extraction method. In that
way, pre-concentration of analytes was obtained enabling
analysis in complicated matrices. The Asn and GIn amino
acids were obtained in samples within their detection
limits, and their existence in porcine gelatin was
confirmed by HPLC-UV. This method was simple and
efficient compared to previous electro membrane
extraction methods (Rezazadeh et al., 2012); by looking at
the chromatogram consisting of only two amino acid
peaks, which are Asn and GIn, porcine and bovine origin
can be determined, data further quantified with calibration
curves. Differentiation analysis of gelatin mixtures was
not performed in this study; however, it is possible to
deduce that the trace of Asn and GIn marker peaks
represented the existence of porcine gelatin; and further
more sensitive differentiation studies may arise in future.

RP-HPLC Using AQC Reagent Coupled with nPCA

PCA is a chemometric technique that can be used as a
screening method in correlation with fluorescence
detector RP-HPLC method to reduce the dimensions of an
interrelated data set of gelatins transforming it to
uncorrelated principal components. Moreover, it has been
reported to be difficult to define the relationship between
samples and variables of spectral chromatographic
multivariate data, in PCA. By the help of mean centering

adjustment and area normalization pre-treatments to data
of control gelatin samples, pattern recognition of different
origins can be obtained. Azilawati et al. (2015) have
performed differentiation of gelatins from bovine,
porcine, and fish skin based on amino acid profiling via a
RP-HPLC method with fluorescence detector that coupled
with normalized PCA. This method was first introduced
by Nemati et al. (2004) with less practical reagents and
without normalization step. A 6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate (AQC) reagent was used
in this study to separate the primary and secondary
amines completely by derivatizing them to highly
fluorescent urea in a same optimum excitation wavelength
and shorter time than the derivation agents used in
previous studies such as o-phthalaldehyde (OPA), 3-
mercaptopropionic acid (MPA) and 4-chloro-7-
nitrobenzofurazane (NBD-CI) (Nemati et al., 2004). In a
previous study of same researchers, pre-column
derivation procedure with AQC reagent, which ensures
good chromatographic separation for 18 amino acids, has
been validated for amino acids composition in gelatin-
based ingredients (Azilawati et al., 2014). However, there
are 16 amino acids available in this study due to
destruction of some amino acids under process conditions
such as high temperature (Masuda and Dohmae, 2011).
The 20 control gelatin samples of each known origin
(porcine, bovine, and fish skin) were obtained from
suppliers, and 12 gelatins of commercial brands (7 bovine
and 5 porcine gelatins) were analyzed with respect to
corresponding controls. Among the 16 amino acids;
which are Hyp, Asp, Ser, Glu, Gly, Arg, Thr, Ala, Pro,
Tyr, Val, Met, Lys, lle, Leu and Phe; the Thr, Ser and Met
contributing to the huge variances in the data correlated to
fish gelatin; the non-polar side chains Pro, Hyp, Leu, lle
and Val positioning on the negative side of the PC1 found
to be correlated to bovine gelatin, and polar side chain
amino acids Asp, Glu, Lys and Tyr which form linear
combination of variables correlated to porcine gelatin. As
a result, successful differentiation of the bovine, porcine
and fish gelatin into three distinct groups was obtained
with the highest variance demonstrated by PC1 at 72 %.
These results indicate that this method is able to
differentiate gelatin mixtures in a simpler way than the
previous studies with PCA (Azilawati et al., 2015).

MALDI-TOF-MS and (ESI)-LC— MS/MS: A Tryptic
Peptide Mass Fingerprinting Method Coupled With a
Collagen Database

Computational programs allowed researchers to
generate new collagen databases by collecting and
comparing data from high number of previous studies.
Grundy et al. (2016), performed a comprehensive and
complicated study on origin determination of gelatin
species found in the food industry and their differentiation
by using PCR, ELISA, and mass spectrometry methods.
Nine commercial gelatins of (labeled) bovine, porcine and
piscine origin, suspicious (undeclared) commercial
injection mixtures of gelatin, and suspicious exudate test
materials from two frozen chicken fillets, were collected
from suppliers to the food chain across Western Europe.
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In mass spectrometry part, after performing solid phase
extraction followed by tryptic digestion, mass
spectrometry analysis were applied by using MALDI-
TOF-MS and ESI-LC-MS/MS as in the case of Flaudrops
et al. (2015) and Yilmaz et al. (2013), respectively. An in-
house database was formed consisting of 32 species such
as bovine, porcine, and piscine, in which; published
sequences data, direct sequences data (using LC-ESI-
MS/MS and Nano LC-MALDI-TOF/TOF), recovery of
sequence data from publicly available genomic data and
expressed sequence tag libraries data; were collected.
The comparison of data was carried out with a program
called Biotyper software. A species identification was
accepted when a minimum of two species-specific
peptides were identified with at least 95 % confidence in
the Biotyper result. In cases of single or modified peptide
identification manual validation was applied. Among nine
of commercial gelatin results, one bovine and one porcine
gelatin did not match the labeling origin. Employing mass
spectroscopy, the labeled species, in both cases, were
found to be major in qualitative amount. By comparing
the relative peak intensities of labeled and undeclared
gelatin species in this two sample, a lower proportion,
ranging between 1/10 and 1/17, was observed. The mass
spectrometry method developed in this study was capable
of determining the number of hydroxylated proline within
peptides, as well, which are indicators of marker peptide
degradation. Some peptides were observed to be
unchanged in terms of proline hydroxylation and vice
versa. For example, among 15 bovine peptides detected,
while there is no hydroxylated proline detected for
peptide sequence of IGQPGAVGPAGIR with 1192.7
monoisotropic mass; GEPGAVGQPGPPGPSGEEGKR
sequence  with 2006.9 monoisotropic mass has 3
hydroxylated prolines, Similarly, among 10 porcine
peptides detected, GETGPAGPAGPVGPVGAR
sequence with monoisotropic mass of 1545.8 has no
hydroxylated prolines, whereas
GEPGPAGSVGPAGAVGPR sequence  with a
monoisotropic mass of 1547.8 has one hydroxylated
proline (Grundy et al., 2016).

Future quantitative analyses are planned to determine
if the additional species were present only at trace levels
or significantly higher. This method was more specific
and robust than those of some previous methods
involving tryptic digestion and MS/MS analysis, in that, it
was able to detect some of the published ‘bovine-
determinant’ peptides when testing porcine gelatin and
vice versa (Hidaka and Liu, 2003; Nemati et al., 2004). In
phylogenetic trees application Grundy et al. (2016), like
as a previous study, find that tracing the occurrence of
certain markers and PTMs increased confidence of this
method (Buckley et al., 2009).

Discussion

Among different species of gelatin studied, especially
bovine and porcine gelatins are homologous; they have
similar structures and physicochemical characteristics;
thus, are difficult to differentiate by conventional

analytical methods. Commercialized species
determination has been limited due to highly denaturing
processes used in gelatin manufacturing (Grundy et al.,
2016). It can be beneficial to compare the recent
analytical methods with regard to their accuracy,
sensitivity, price, and applicability/feasibility.

PCR based techniques provide results through DNA
sequence level, so it has high specificity, sensitivity, and
discriminating power (Nakyinsige et al., 2012). However
gelatin is a highly processed meat product and leaves very
few amount of DNA after processes and lower chain
length fragments due to DNA damage (Fajardo et al.,
2010). New PCR techniques such as species specific and
real-time PCR may potentially provide reliable and
sensitive detection and quantification of different gelatin
species. However, there is no study about gelatin
differentiating methods conducted with multiplex PCR
assays, and real-time PCR can give false negative results
(Cai et al., 2012).

An electrophoretic method, SDS-PAGE does not
require expensive equipment, high sample purity, and
sample preparation. Moreover, the results are not affected
by DNA degradation stemmed from gelatin
manufacturing process like in PCR (Azira et al., 2014).
Nevertheless, it can identify porcine gelatin in bovine
gelatin only if the adulteration is at least 5%. That is why
it cannot be preferred over PCR in the respect of sensitive
differentiation.

FTIR spectroscopy method with ATR can successfully
differentiate bovine, porcine, and fish gelatins; however,
it requires a threshold concentration of gelatin to be
present in a sample that is subjected to analysis. Moreover
it is not sufficient to differentiate gelatin species in
mixtures (Cebi et al., 2016). Like FTIR, ELISA method
requires proper quality and threshold concentration of
gelatin species to have sufficient differentiation between
bovine, porcine, and fish. It can be preferred over PCR
method due to DNA degradation handicap making the
determination step troublesome in PCR (Tukiran et al.,
2016b).

Conventional chromatography methods such as HPLC
alone cannot ensure sufficient differentiation of gelatin
species due to hydroxylated proline peptides. That is why
they are used in combination with mass spectroscopy or
chemometry (Zhang et al., 2006). Methods other than
computational ones which involve laboratory practices
have to be confirmed and have repeatability under
laboratory collaborative studies to assure both accuracy
and quality of the results (Azilawati et al., 2015). Certain
applications such as using mass spectrometry require high
initial costs, more time and skilled stuff. Nevertheless,
they provide the most sensitive and accurate results with
low concentrations even for gelatin mixtures (Grundy et
al., 2016).

A comparison study of a HPLC-MS, ELISA, and PCR
technique was published by Grundy et al. (2016),
recently. Different concentration (0% to 4.6%) of porcine
gelatin and chicken exudate simulants were investigated
with these three methods. Although developed LC-
MS/MS method was detected presence of porcine gelatin
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sensitively (1%), PCR assay was not sufficient to detect
porcine gelatin unless it is around 4.6% level neither do
ELISA (Grundy et al., 2016).

Furthermore, in a study, ambient liquid extraction
surface analysis mass (LESA-MS) was utilized to
differentiate complex  mixtures  of  processed
proteins/peptides from bovine, porcine, horse, chicken
and turkey meat (Montowska et al., 2015). It is mentioned
that they have detected protein-specific heat stable
peptide markers in processed food samples. Since thermal
processing is one of the handicaps of gelatin
differentiation due to destruction of marker peptides and
DNA as in the case of chromatographic, spectroscopic,
and PCR based methods; it may be beneficial to use this
method to determine and differentiate origins of gelatins
in thermally processed food.

Conclusion

More than hundred research articles concerning
analytical methods to identify and to differentiate gelatin
species of bovine, porcine, and piscine from 2010 up to
today have been examined, and 59 of them have been
cited as the unique ones among all. Performed analytical
methods included combinations of various techniques
ranging from chromatography and spectroscopy, to
statistical programs and computational databases. Since in
almost all studies mentioned here it has been claimed
differentiation between gelatins of different origin at
certain extend; there arose a matter of sensitivity. The
most sensitive results were obtained by two studies, one
of which combined HPLC with PCA (a PCA variance of
72%), and the other combined Nano LC-MS/MS with a
biotyper software (1% w/w). All things considered it can
be concluded that a reference limit of detection value for
animal origin of gelatin should be assigned by authorities
in order to deduce that the differentiation is maintained at
high sensitivity.
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