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ABSTRACT
Gelatin is a highly purified animal protein of pig, cow, and fish origins and is extensively used in food,
pharmaceuticals, and personal care products. However, the acceptability of gelatin products greatly
depends on the animal sources of the gelatin. Porcine and bovine gelatins have attractive features but
limited acceptance because of religious prohibitions and potential zoonotic threats, whereas fish gelatin
is welcomed in all religions and cultures. Thus, source authentication is a must for gelatin products but it is
greatly challenging due to the breakdown of both protein and DNA biomarkers in processed gelatins.
Therefore, several methods have been proposed for gelatin identification, but a comprehensive and
systematic document that includes all of the techniques does not exist. This up-to-date review addresses
this research gap and presents, in an accessible format, the major gelatin source authentication
techniques, which are primarily nucleic acid and protein based. Instead of presenting these methods in
paragraph form which needs much attention in reading, the major methods are schematically depicted,
and their comparative features are tabulated. Future technologies are forecasted, and challenges are
outlined. Overall, this review paper has the merit to serve as a reference guide for the production and
application of gelatin in academia and industry and will act as a platform for the development of
improved methods for gelatin authentication.
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Introduction

The selective identification and quantification of animal mate-
rials are of enormous interest for food, pharmaceutical, and
personal care products. Authentication of gelatin limits the
spread of zoonotic threats by animal materials, prevents unfair
competition in business settings, boosts consumer confidence
and product sales, and brings long-term benefits to public
health, social harmony, economic growth, and biological con-
servation of endangered species. Therefore, public awareness,
regulatory laws, and authentication tools work side by side to
achieve these overall objectives.

Gelatin is a highly purified protein derived from colla-
gen, a connective tissue abundant in bones, skin, and ani-
mal hides (Liu et al., 2015). Gelatin is widely used as a
coating, binding, gelling, and glazing agent in food, phar-
maceuticals, and osmetic products, including confectionar-
ies, creams, lotions, face-masks, capsule shells, and dietary
supplements, because of its unique structural stability and
excellent functional, nutritional, and other physio-chemical
properties (Karim and Bhat, 2008; Zhang et al., 2009).

Gelatin is manufactured from the by-products of certain
mammalian animals such as pigs and cows by acidic or
alkaline treatment at high temperature and pressure (Karim

and Bhat, 2008; Zhang et al., 2009). During acidic or alka-
line treatment, the fibrous structure of collagen is broken
down, cross-linkages between different polypeptide chains
develop and gelatin is formed (Yang et al., 2007). Depend-
ing on the fibrous structure of collagen, there are two main
processes of commercial gelatin production from raw colla-
gen materials: (1) acidic treatment (type A), which is used
to extract gelatin from collagen with fewer covalent cross
linkages and from collagens with a high fat content (such
as pig or fish skin) to avoid saponification or (2) alkali
treatment (type B), which is employed in industries to
extract gelatin from chopped spilt materials and bones
(such as bovine and fish by-products; Schrieber and Gareis,
2007). The physicochemical characteristics of raw gelatin
products are determined by the three-dimensional structure
of the amino acid sequence, the molecular mass distribu-
tion, the ionic strength and the pH, because the two types
of gelatin differ in terms of the isoelectric point (IEP). The
IEP for type A gelatin is in the pH range of 8 to 9, whereas
for type B gelatin, the IEP is only 4.8–5.5. The functional
standards of gelatin products are associated with their sur-
face behavior, such as the formation and stabilization of
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foams and emulsions, adhesive properties, dissolution prop-
erties, bloom strength, viscosity, and gelling properties
(Schrieber and Gareis, 2007).

However, both the price and acceptability of gelatin products
depend on the animal origin of the gelatin. For example, the
Muslim halal and Jewish kosher dietary laws require gelatin or
gelatin capsules to be free from porcine materials. A select
denomination of the Christian community also does not like to
use porcine products. Hindu religious customs also require gela-
tin to be free from bovine by-products. Furthermore, the reli-
gious and social acceptability of bovine gelatin depends on the
slaughtering method. Additionally, bovine products are greatly
avoided in Europe and the United States due to concerns with
mad cow disease and bovine spongiform encephalopathy (BSE),
which is a fatal neurodegenerative disease in cattle that causes
spongy degeneration of the brain and spinal cord (Cai et al.,
2012). Approximately 326,000 tons of gelatin is produced per
year, and among the gelatin, 46% comes from pig skin, 29.4%
comes from bovine hide, 23.1% comes from bones, and only
1.5% is produced from other sources (Karim and Bhat, 2008).
Recent data indicates that gelatin could also be procured from
fish, especially from the skin of scaly fish, using approaches simi-
lar to those used for other animals (Norziah et al., 2009; Liu et al.,
2015). Fish gelatin has received wider acceptability because fish
are permissible in most religions and cultures, and fish products
also have superior health attributes (Liu et al., 2015).

Throughout the history of human civilization, religions, cul-
tures, and health concerns have had a tremendous influence on
the production and sale of consumers good. For example, in
2013, the turnover of the global halal market was $580–660 bil-
lion US dollars, and the market has continued to expand rap-
idly (Jahangir et al., 2016). In addition to the rapid increase in
the Muslim population and halal awareness, one of the main
driving forces enhancing the popularity of halal items is the
increasing assurance of halal through authentication and mar-
ket monitoring (Malik et al., 2016). Gelatin is one of the most
studied items in halal-related research, and there is a need for a
trustworthy and convenient technique for its authentication.
Therefore, several verification methods, including spectroscopic
(Hashim et al., 2010; Hermanto and Fatimah, 2013), immuno-
chemical (Venien and Levieux, 2005; Tukiran et al., 2016b),
chromatographic-chemometric (Nemati et al., 2004; Widya-
ninggar et al., 2012; Raraswati et al., 2013; Azilawati et al.,
2015), electrophoretic (Hamdan and Righetti, 2005; Hermanto
and Fatimah, 2013), and mass spectrometry coupled with liq-
uid/gas chromatographic methods (LC/GC-MS; Ib�a~nez et al.,
2013; Yilmaz et al., 2013), as well as chemisorption (Hidaka
and Liu, 2003), lateral flow detection (LFD; Gendel, 2016), PCR
and PCR-RFLP (Lin and Hwang, 2007), and PCR-Southern
blotting (Mutalib et al., 2015) have been developed. These
methods are mainly based on protein and DNA biomarkers
and their spectral fingerprints. An overview of the major gelatin
identification techniques is depicted in Fig. 1, and their com-
parative features are presented in Table 1.

Protein-based methods

The gelatin authentication methods based on protein or peptide
biomarkers are vast and are briefly discussed as follows.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) has been exten-
sively used to identify the specie origins of animal materials,
including gelatin and gelatin products. This method is based on
the combined effect of specific interactions between the raised
antibody and target antigen (Ekins, 1991). During the ELISA
technique, an unknown number of antigens is attached to an
ELISA plate with several wells through specific or nonspecific
interactions. Then, a specific chemically linked antibody is
added to the surface of the wells to facilitate binding of the anti-
body with the target antigen to form an antigen–antibody com-
plex. The antibody used in the assay is covalently linked to an
enzyme, which at the final stage of the reaction produces a sub-
strate that can produce a meaningful signal by changing the
color of the reaction mixture, indicating the amount of antigen
present in the unknown samples. Herein, after completing each
step, the contents in the ELISA plate’s wells is washed with a
soft detergent solution to remove the unbound antibodies or
proteins to avoid any false positive outcomes (Lequin, 2005).
The operating principle of the ELISA method is depicted
in Fig. 2. Among the ELISA methods, indirect and sandwich
ELISAs are best suited for food product authentication
(Chen et al., 1998). Indirect ELISA uses two antibodies, one of
which binds to the specific antigen. The other is labeled with a
reagent that can change the color of the final reaction mixture
(Hsieh et al., 2002). With a sandwich ELISA, both antibodies
bind to the antigen, but one of the two antibodies is coupled
with an enzyme to produce a colored product (Berg and Otley,
2002).

An ELISA is an effective way to measure unknown antibod-
ies or antigen concentrations. Recently, it has been used to
detect gelatin sources in various food products (Tukiran et al.,
2016b). Venien and Levieux (2005) identified animal-derived
gelatin sources using polyclonal antibodies raised against tyro-
sylated porcine and bovine gelatin samples. The tyrosylation
occurs using tyrosine to strengthen the immunogenicity of its
parent collagen and converts it into a powerful antigen. In an
indirect ELISA, the modified antibodies have large differences
in their sensitivity during the manufacturing process. Some
antibodies were able to detect the origin of gelatin in food,
whereas other antibodies showed strong sensitivity to acidic or
alkaline-processed gelatin. Herein, porcine-tyrosylated gelatin
showed more sensitivity than bovine gelatin, except alkaline-
treated gelatin (which comes from porcine bone). However, in
this technique, some antibodies show low specificity due to the
homology of the collagen sequence among different species.

To obtain greater specificity toward bovine gelatin with lower
process sensitivity, Venien and Levieus (2005) established a new
method of raising antibodies against the putative collagen a1-spe-
cific bovine sequence to show the changes in amino acid sequences
between bovine and unrelated species. They selected one specific
sequence from the central region of (N-terminal region) bovine a2
(I) telopeptide chain (Glu-Phe-Asp-Ala-Lys-Gly-Gly-Gly-Pro-
Gly) as peptide 1 and (Gly-Pro-Ala-Gly-Ala-Pro-Gly-Pro-Pro-
Gly) as peptide 2. Herein, antipeptide 2 antibodies have higher
reactivity than antipeptide 1 when raised against gelatin and colla-
gen. Between the two sources, antipeptide 2 showed greater sensi-
tivity against bovine gelatin than porcine gelatin. Thus, the indirect
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competitive ELISA method could be used as an effective analytical
tool to discriminate porcine and bovine gelatin. However, the gela-
tin process treatment (such as acid or alkaline), species origin
(bovine or porcine), and the source of by-products (bone, skin, and
hide) can affect the sensitivity of the ELISA assay (Venien and
Levieux, 2005; Nhari et al., 2012).

Therefore, to increase the sensitivity of the assay, Tukiran
et al. (2016a) have developed another competitive indirect
ELISA assay for the rapid detection of porcine gelatin in edible
birds nest (EBN). They developed a polyclonal antibody using
maleimide activated keyhole limpet hemocyanin (KLH) coupled
with amino acid sequences from rabbit to raise antibodies
against specific amino acid sequences of porcine collagen a1 (I)
chain pAb3 (22-amino acid sequence) and a2 (I) chain pAb1
(14-amino acid peptides) and pAb2 (15-amino acid peptides).
The pAb1 and pAb2 amino acid peptides showed cross reactivity
with egg white and cave nest and blood cave nest, respectively,
whereas no cross-reactivity was observed with pAb3 peptides.
The authors concluded that the pAb3 amino acid peptides
expressed greater sensitivity (with an LOD of 0.05 mg/mL),
accuracy, specificity, and repeatability to recognize porcine and

bovine gelatin. Thus, this proposed technique could be used to
determine the quality of the gelatin.

A novel sandwich ELISA method was developed to trace the
origin of bovine and porcine gelatin in commercial food prod-
ucts to reduce the risk of allergic reactions to gelatin in patients
(Doi et al., 2009). The authors have developed two sandwich
polyclonal antibodies: one from the immunization of gelatin in
rabbits (pAb2- pAb1 ELISA; with pAb1 used for the capture
reaction and pAb2 for the coating) and the other from goats
(pAb3- pAb3 ELISA). The reactivity test for both ELISA meth-
ods showed strong reactivity against porcine and bovine gelatin,
but they had very low reactivity for fish gelatin sources. The goat
pAb3-pAb3 ELISA was reacted mostly against bovine and por-
cine gelatin that undergoes alkaline treatment, whereas the rab-
bit pAb2-pAb1 ELISA was reacted against alkaline-treated
porcine gelatin. However, the goat pAb3-pAb3 ELISA showed
no cross reactivity, whereas the rabbit pAb2-pAb1 ELISA
showed cross reactivity with boiled squid. Finally, the authors
successfully detected gelatin in all declared gelatin-containing
commercial foods using the goat pAb3-pAb3 ELISA methods
without showing any false positive or false negative results or

Figure 1. A summary of gelatin authentication techniques.
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cross reactivity. However, the main drawback of the proposed
method was that it resulted in false positives or false negatives
for gelatinized heated meats. The main factors that affect the
sensitivity of the sandwich ELISA techniques include processing
treatments in which the acidic treatment leads to less sensitive
gelatin than the alkaline treatment. This analytical assay may be
limited by cross-reactivity with meat from other species, such as
chicken or seafood (squid, prawn, roe, and shellfish), and vari-
ous commercial foods (Nhari et al., 2012).

Overall, ELISA techniques are able to detect gelatin products
without the need of any expensive instrumentation or high-purity
sample preparation, offering simplicity in operation and detection
(Doi et al., 2009; Nhari et al., 2012; Tukiran et al., 2016b). In addi-
tion, ELISA methods provide rapid, low cost and high specificity
to differentiate the various animal-derived gelatin sources (Asen-
sio et al., 2008). However, none of them can detect fish gelatin,
and because of the high degree of susceptibility of peptide bio-
markers to denaturation under heat, chemical, and pressure treat-
ments, these methods are not suitable for the routine analysis of
highly processed gelatin products (Lin et al., 2015; Wolf and
L€uthy, 2001). Previous studies on ELISA techniques for the differ-
entiation of gelatin sources are depicted in Table 3.

Electrophoresis

Electrophoresis techniques have evolved as simple, rapid, and
low-cost analytical tools to detect gelatin sources based on the

molecular weight of the protein biomarkers (Hamdan and
Righetti, 2005; Amin et al., 2013). Commercially available gelat-
ins have different protein fractions, and the variation in molec-
ular weight can be used as a basis for identifying gelatin origins.
Gelatin contains a, b, and g chains of the parent protein colla-
gen with approximate molecular weights of 100, 200, and
300 kDa, respectively. However, there is significant variation in
the lengths and molecular weight of these chains among the
species, resulting in separate bands for different species upon
electrophoretic separation (Zhang et al., 2006). The fragment
profile of commercial gelatins of different species also varies
considerably. For example, commercial bovine gelatin pro-
duced four fragments, but that of porcine origin resulted in 12
bands upon electrophoretic separation (Malik et al., 2016).
Common polyacryl-amide gel (PAGE) that contains a gradient
of denaturants is used to migrate protein fractions depending
on their individual molecular weight (Hamdan and Righetti,
2005). The applications of different electrophoresis techniques,
including sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE), are well known for the identification of
various animal species (Hamdan and Righetti, 2005). In fact,
SDS-PAGE offers a simple and easy way to authenticate halal
gelatin products (Hermanto and Fatimah, 2013; Azira et al.,
2014). A combination of SDS-PAGE and FTIR spectroscopy
was used to differentiate bovine and porcine gelatin products
based on the two-dimensional conformation of the peptide or
protein (Hermanto and Fatimah, 2013).

Figure 2. Standard procedure of an enzyme linked immunosorbent assay (ELISA).
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Currently, a combination of electrophoresis and the princi-
ple component analysis (PCA) technique provides better reso-
lution and sensitivity for gelatin source authentication. A PCA
score-plot distribution of the SDS-PAGE-densitometry was
able to detect as low as 5% of gelatin under a mixed background
(Chen et al., 1998). Gelatin was extracted from the reference
porcine and bovine capsule shells using cold acetone, and the
protein fractions were separated by SDS-PAGE; this results in
12 potential bands (239, 221, 200, 171, 158, 139, 122, 115, 108,
96, 90, and 83 kDa) for the porcine reference gelatin but only 4
(236, 222, 120, and 107 kDa) for the bovine.

Overall, electrophoresis is a simple and low-cost technique,
and it effectively discriminates raw gelatin sources based on the
molecular weight of the peptides. However, different sources of
gelatin products contain various protein fractions with a varia-
tion in molecular weight that act as a basis for detecting gelatin
origin under raw conditions using electrophoresis. However, in
the case of highly processed gelatin products such as marshmal-
lows, jellies, gummies as well as hard and soft capsule shells, the
amino acid profile in the finished products might be more

variable than that of the original gelatin products. Thus, elec-
trophoresis techniques, which are based on the homogeneity of
the gelatin structure and the composition, exhibits uncertainty
in gelatin authentication under highly processed conditions.

Lateral flow devices

A lateral flow device (LFD), which is also referred to as a lateral
flow immune-chromatographic assay, is a rapid and simple
device used to detect the presence of a specific analyte in the
mixed sample without the need for heavy instrumentation
(Wong and Harley, 2009; Yetisen et al., 2013). Most LFD assays
are noninstrumental, depend on the visual detection of a col-
ored compound, and offer portability, which means testing can
be performed any time and at any place (Wong and Harley,
2009).

LFD methods are mainly divided into two types: (1) a dou-
ble antibody sandwich direct assay and (2) a competitive inhib-
itory immuno assay. LFD generally consists of different
segments, including the absorption pad (15 nm), membrane
(25 nm), conjugation pad (13 nm), and wicking pad (15 nm;
Fig. 3), all of which are enclosed in a cassette commonly known
as the housing, base or backing card that supports the entire
system (Yetisen et al., 2013; Mazumder et al., 2010). Colloidal
gold and monodisperse latex often perform the detecting func-
tion, wherein the antibody labeled gold particles that provide
distinct extinction coefficients over the organic dyes are used.
Currently, LFD assays are regarded as a time-saving, low-cost,
portable, and easily handled operative tool for the speciation of
meat, unknown adulterants, and gelatin (Gendel, 2016). Gendel
(2016) developed a detection assay based on the LFD principle
capable of detecting pig derivatives from raw, processed and
gelatin samples within 35 minutes with 0.01%, 1.0%, and 2.5%
sensitivity, respectively (Gendel, 2016). Although LFD is a low-
cost method, saves time, is lightweight, and has minimum sam-
ple preparation, the growing demand for higher sensitivity is
often a challenge, demanding the development of upgraded

Figure 3. Lateral flow device consisting of an absorption pad, membrane, conjuga-
tion pad, and working pad.

Table 3. Previous studies on ELISA methods for authentication of gelatin source.

Method name Advantages Disadvantages References

Indirect ELISA � Highly specific for bovine gelatin
authentication

� Can only identify bovine gelatin (Venein et al., 2005a)

� Can be used for pharmaceutical and
commercial gelatin source authentication
to ensure the security of the food supply
chain

� Highly depends on the processing
treatments of gelatin (such as alkaline or
acidic treatment) and sources (bovine and
porcine)

Indirect competitive
ELISA

� Highly specific for porcine gelatin
authentication

� Only pAb3 amino acid peptides give specific,
sensitive, and accurate results, whereas other
designed peptides such as pAb1 and pAb2
showed cross reactivity with egg white and
cave nest in the case of porcine gelatin
detection from edible birds nest (EBN)

(Venein et al., 2005a; Tukiran
et al., 2016a)

� Sensitive and accurate assay compared with
indirect ELISA

� Can be applied to secure the quality of
edible birds nest (EBN)

Sandwich ELISA � Can detect both bovine and porcine gelatin
in commercially processed food

� Gives false-positive results for highly heat-
treated gelatin products

(Doi et al., 2009; Nhari et al.,
2012)

� Accurate and specific � Unable to detect fish gelatin sources
� Goat pAb3-pAb3 ELISA has no cross
reactivity with boiled squid and gives no
false-positive or -negative results

8 M. E. ALI ET AL.
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formats (Wong and Harley, 2009). Moreover, LFD detection is
merely qualitative and cannot be used for multiplexing or
quantitative results. Furthermore, sample manipulation,
manufacturing issues, operator errors, and cross reactivity can
influence the results of an LFD assay (Wong and Harley, 2009).

Chromatographic techniques

Chromatographic techniques are effective in identifying chemi-
cal components in feed and food samples (Azira et al., 2014).
They provide a rapid, cost-effective, and reliable means of iden-
tifying structurally similar components in mixed food matrices
through unique chemical fingerprints that can easily differenti-
ate various chemical compounds such as peptides, fatty acids,
aldehyde, organic acids, nucleic acids, and various food addi-
tives (such as artificial color compounds, preservatives, and
aromas) (Cserhati et al., 2005; Ibanez et al., 2013). Among the
different chromatographic techniques, gas chromatography
(GC), liquid chromatography (LC), and high-performance liq-
uid chromatography (HPLC) have been used for separating
various biomolecules with close structural similarities (Sander
and Wise, 1987; Kupiec, 2004). Currently, reverse phase HPLC
(RP-HPLC) has emerged as a useful authentication tool
because it is easy to operate and capable of detecting a wide
range of macromolecules (Sander and Wise, 1987), especially
with the use of a fluorometer that offers additional detection
sensitivity (Sander and Wise, 1987). LC separation is based on
three primary chemical characteristics: electrical charge, molec-
ular size, and polarity. It is widely used to identify various
chemical components, such as carbohydrates, protein, amino
acids, vitamins, phenolic compounds, chiral compounds, pig-
ments and vitamins, whereas gas chromatography (GC) is
based on the volatile or semivolatile characteristics of the mole-
cules (Stefano et al., 2012). GC is a sensitive and powerful tech-
nique that can be used for simultaneous detection and
separation of the specific analytes present in the head space vol-
atiles of a liquid or solid sample (Ali et al., 2012). However, this
method requires volatile organic components (VOCs) extrac-
tion and pre-concentration from the food sample before run-
ning the experiment, which might increase the probability of
sample contamination and analyte loss; therefore, a large
amount of sample is needed (Peterson and Cummings, 2006;
Ali et al., 2012).

Recently, the combination of high-resolution chro-
matographic techniques with mass spectrometry, such as gas
chromatography mass spectrometry (GC-MS/MS) or liquid
chromatography-time-of-flight mass spectrometry (LC-TOF-
MS), has been widely used for the authentication of food prod-
ucts, including adulterants in high-quality food products such
as wines, olive oils, coffee, confectionary products, and saffron
(Zhang et al., 2009; Stefano et al., 2012). Among these techni-
ques, ultra-performance liquid chromatography and electro-
spray ionization quadrupole time-of-flight mass spectrometry
(Nano-UPLC-ESI-q-TOF-MSE) are novel techniques developed
by Yilmaz et al. (2013) to detect the source of bovine and por-
cine gelatin in some dairy food products (ice cream, cheese,
and yogurt). This assay is performed in two steps. First, gelatin
is extracted from the above food products before preparing the
MS sample. Second, tryptic gelatin peptide was separated and

analyzed using nanoUPLCESI-q-TOF-MSE. The originality of
the developed assay is its ability to function in a data-indepen-
dent acquisition mode and alternate low and elevated collision
energy applied to collect product ion and precursor informa-
tion; thus, it is possible to generate accurate mass acquisition
on the peptide level to recognize specific gelatin peptides. Yil-
maz et al. were able to detect the specific marker peptides for
bovine and porcine gelatin that were added to the dairy food
samples, revealing that their proposed assay could be an effec-
tive alternative for the detection and differentiation of gelatin
derivatives in commercial dairy food products.

Nevertheless, the combinations of HPLC and mass spectro-
scopic methods reported by some researchers have the poten-
tial to detect some species’ specific polypeptide chains after
hydrolyzation with 3 mol/L HCL using HPLC/MS techniques
(Ocana et al., 2004). The operating principle of the HPLC/MS
method was based on the theory that gelatin contains degraded
polypeptides from collagen type I, and the amino acid sequence
from different animal-derived collagen is not identical. Thus, it
can be detected after digestion with an appropriate enzyme
using HPLC/MS (Zhang et al., 2008). Trypsin, 6-aminoqui-
nolyl-N hydroxysuccinimidyl carbamate, and ortho-phthaldial-
dehyde enzymes are used to digest bovine and porcine gelatin
to produce specific peptide sequences (Zhang et al., 2008;
Widyaninggar et al., 2012; Raraswati et al., 2013). By compar-
ing the MS/MS collagen data base, most of the peptide
sequence in both type I and type II gelatin were found to be
similar, but some partial sequences were specific. Some litera-
ture indicates that more marker peptides were identified in the
a2 chain rather than the a1 chain because the difference of
total amino acid residues in the a1 chain was 1.1% whereas the
difference in the a2 chain was 2.3% (Zhang et al., 2009; Nhari
et al., 2012). However, the accuracy and sensitivity of this assay
might be influenced by the hydrolysis time and temperature
(Ocana et al., 2004; Nhari et al., 2012).

Generally, porcine gelatin contains two amino acids (aspara-
gine [ASN] and glutamine [GLN]), whereas bovine gelatin are
deficient of these amino acids. Therefore, a selective assay for
extraction, preconcentration, and analysis of GLN and ASN
can be applied as a useful tool for gelatin source authentication.
However, the hydrophilic nature and low absorbance upon
UV-spectral phenomenon makes the identification of these two
amino acids quite challenging. To overcome this challenge,
Rezazadeh et al. (2015) established an efficient, simple, and
practical method for the authentication of animal-derived gela-
tin based on pulsed electro membrane extraction (PEME) and
HPLC techniques. They used pulsed electric field for sample
extraction, preconcentration, and analysis of derivatized amino
acid compositions. They derivatized amino acids of some selec-
tive species with the use of o-phthalaldehyde (OPA) to increase
the ultraviolet absorbance and lipophilicities. Then, they
applied a 137 V electric field for 20 min with 10 min¡1 fre-
quency to migrate the analytes through an organic liquid mem-
brane of approximately 200 mm into an aqueous acceptor
phrase. At the end of their experiment, the aqueous phase was
analyzed by a HPLC-UV system. Their developed assay offered
43% and 79% extraction recoveries, whereas the LOD for aspar-
agine and glutamine was 25 and 50 ng/mL, respectively (Reza-
zadeh et al., 2015). Overall, the outcomes of the developed

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 9

D
ow

nl
oa

de
d 

by
 [

T
ex

as
 A

&
M

 U
ni

ve
rs

ity
 L

ib
ra

ri
es

] 
at

 1
0:

47
 0

9 
Ja

nu
ar

y 
20

18
 



assay confirmed that OPA derivatized amino acids analyzed by
the PEME and HPLC-UV assays were able to detect the origin
of animal-derived gelatin.

Furthermore, the combination of chromatographic techniques
with chemo metric tools such as PCA has been used to detect the
exact source of gelatin. This authentication is capable of differenti-
ating bovine and porcine gelatin under raw conditions
(Nemati et al., 2004). The principle of this detection techniques
relies upon an individual amino acid profile analysis using RP-
HPLC. Amino acid analysis can be used to detect and quantify pro-
teins and peptides of target species, as well as some unusual amino
acids sequences. The RP-HPLC chromatographic results of bovine
and porcine gelatin are almost the same, whereas bovine gelatin
contains an extra amino acid sequences compared to porcine gelat-
ins. However, this result cannot be used alone to differentiate
bovine and porcine gelatins, as they have similar chemical proper-
ties. Therefore, a PCA score plot was applied because it gives the
overall peaks of amino acids (such as the height, width, areas, and
area percent) to obtain significant variables and differentiate bovine
and porcine gelatins (Nemati et al., 2004). In this respect, Widya-
ninggar et al. (2012) developed an assay and showed that
combinations of PCA and HPLC techniques can differentiate spe-
cies-specific gelatin products. They obtained amino acid profiles of
gelatin containing capsule shells using HCL-hydrolysis protocols,
and the variations in the amino acid profiles of two gelatin sources
were sorted out by a PCA score plot, wherein the PC1 and PC2
demonstrated 64.4% and 15.7% variations within the bovine and
porcine gelatin capsules, respectively (Hermanto and Fatimah,
2013;Widyaninggar et al., 2012). Although, chromatographic tech-
niques offers higher specificity and sensitivity of the reaction assay
and are effective at discriminating raw gelatin sources. Moreover,
the hydroxylation of some amino acids during enzyme treatments
could increase the complexities in peptide differentiation, and deg-
radation of marker peptides during manufacturing conditions
makes chromatographic techniques less suitable for mixed gelatin
source authentication (Zhang et al., 2009). The recent applications
of chromatographic techniques to detect and differentiate gelatin
sources are presented in Table 1.

Spectroscopic techniques

Spectroscopic techniques produce remarkable, reliable, and
precise results from small sample volumes. They measure the
absorption of high energy light at 200–800 nm that causes exci-
tation of the pi-electron bonds that are ubiquitous in a wide
range of biomolecules (Schmid, 2001). Different types of bio-
macromolecules, such as lipids, proteins, and carbohydrates,
contain delocalized electrons in the aromatic systems that can
absorb UV light at 150–400 nm (Aitken and Learmonth, 2002).
For example, peptide bonds give absorbance at a range of
approximately 180–230 nm, and the aromatic site chains of
some amino acids, such as tyrosine, trypsin, and phenyl-ala-
nine, give absorbance at 240–230 nm. These spectral finger-
prints provide the basis for identifying gelatin products under
complex matrices (Schmid, 2001; Aitken and Learmonth,
2002).

Among the numerous spectroscopic tools, infrared spectros-
copy (IR) is very dominant and is broadly used to generate IR
fingerprints of a large domain of functional groups in

biomolecules (Barth, 2007; Hashim et al., 2010; Hermanto and
Fatimah, 2013). IR measures the molecular vibrations caused
by absorbed light, and it has successfully recognized the special
secondary structure of various gelatins, the thermal self-assem-
bly of macromolecules, and the crosslinking patterns of colla-
gens from different species (Hashim et al., 2010). During IR
radiation, each sample passes through a separate pathway; thus,
each sample from different origins gives a different IR finger-
print that represents unique molecular structures. This makes
IR a useful analytical approach for gelatin source authentication
because its results represent actual information on various
functional groups of marker peptides (Nhari et al., 2012). Four-
ier transform infra-red spectroscopy (FTIR) is an advancement
of IR spectroscopy, and it is used to identify organic molecules
in polymer or polymer blends, providing special sensitivity
towards inorganic adulterant detections (Barth, 2007). Cur-
rently, the FTIR technique has been used to authenticate halal
products such as meat and gelatin species. Hashim et al. (2010)
conducted a useful study based on FTIR and attenuated total
reflectance (ATR) to discriminate bovine and porcine gelatin.
ATR is an advanced technique whereby the analytical sample is
placed in an ATR element, and spectrum phenomenon of the
sample is recorded based on the ATR element. The spectral
results for both types of gelatin are very similar within the
range of 650 to 4,000 cm¡1, whereas the major differences were
found between 3,280–3,290 cm¡1 and 1,200–1,660 cm¡1. The
3,280–3,290 cm¡1 area is donated by a hydrogen bonded amide
group (N–H). The discriminant analysis for the amide bond of
gelatin at this region can detect unknown gelatin origins. These
two areas show specific characteristics through analysis of
major spectrum differences in bovine and porcine gelatin.
These comparisons were confirmed based on the intensity of
spectra that varies from one gelatin to another. Cooman’s plot
analysis was used to show the discriminant analysis that is
designed from the Mahalanobis distance (the distance between
the clusters). Their developed techniques can detect and dis-
criminate gelatin origins; however, this technique requires high
purity samples, which makes the assay quite difficult when sub-
jected to mixed gelatin sample detection from different sources.
Additionally, this assay was unable to detect gelatin from fish.
In this respect, Cebi et al. (2016) developed a similar method to
overcome the drawbacks of Hashim et al. (2010) and success-
fully classified and discriminated fish gelatin in addition to
bovine and porcine gelatin using ATR-FTIR along with hierar-
chical cluster and PCA. Additionally, they were able to detect
bovine and porcine gelatins from mixed samples.

However, the sensitivity of this technique is often limiting,
and the method also has the potential of quantitative measure-
ment using multivariate analysis methods such as partial least
squares (PLS). Recently, some authors have used spectroscopic
techniques (such as FTIR) coupled with PLS regression analysis
to authenticate the presence or absence of pig substances in
halal food products (Rohman and Che Man, 2012). Basically,
PLS is a chemo metric technique used along with spectroscopic
techniques (such as NMR, FTIR, or IR) for the quantification
of specific analytes present in the food sample (Wise et al.,
2006). In the conventional spectroscopic techniques, the target
sample can only be quantified if the intensity values are directly
equal to the concentrations of the components of interest, but
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PLS regression analysis can also quantify the target sample if
there is a certain amount of nonlinearity within the spectral
data set and their previous concentrations (Wise et al., 2006;
Kumar and Mishra, 2015). PLS implicates the instantaneous
analysis of all the spectral variables; therefore, one can create a
better calibration model to analyze unknown samples
(Wise et al., 2006), although different spectroscopic methods
are useful to detect and differentiate bovine and porcine gelatin.
Moreover, the sensitivity of spectroscopic techniques is not
equivalent to DNA-based methods.

DNA-based methods

Spectroscopy is an advance method for authenticating gelatin
sources based on the spectral fingerprints, but it demands a
highly pure sample; and hence, it is not suitable for detecting gel-
atin under complex matrices (Zhang et al., 2009; Hashim et al.,
2010). HPLC-coupled PCA can differentiate bovine and porcine
gelatins under raw conditions, but it fails in highly treated gelatin
products because of the denaturation or degradation of the spe-
cies authenticating protein or peptide biomarkers (Aristoy and
Toldr�a, 2004). In this regard, LC-MS is quite successful to differ-
entiate gelatin sources by peptide mapping, but it also fails
because of the instability of the peptide biomarkers under
extreme thermal and chemical treatments (Zhang et al., 2009).
However, ELISA is a highly sensitive, quantitative, and rapid
method to authenticate gelatin sources, but it is also unfit for the
repetitive analyses and highly processed gelatin products due to
the denaturation of the biomarker epitopes (Asensio et al., 2008).
Thus, the numerous disadvantages of the protein-based methods
have initiated a paradigm shift toward the DNA-based techni-
ques because of the exceptional stability of DNA biomarkers,
which can survive extreme denaturing conditions such as the
heat, pressure, and chemical treatments involved in gelatin and
gelatin product processing (Tasara et al., 2005; Cai et al., 2012).

The main advantages of using DNA-based techniques include
greater biomarker stability and the extraordinary sensitivity,
which is provided by significant amplification of the biomarker
targets from a single copy or a few copies into easily detectable
quantities (Sun et al., 2014). A uniform information content,
the ubiquitous presence of certain nucleic acid materials in mul-
tiple copies, such as mitochondrial DNA, and wider availability
of polymorphic features throughout the genome further
strengthens the sensitivity of this method. Herein, the major
challenge for gelatin source authentication using DNA-based
techniques is the extraction of DNA from gelatin and its deriva-
tives. This is because of its very low abundance in the finished
products and the possibility of degradation under extreme heat
and other processing treatments. The development of an
improved DNA extraction protocol and shortening the amplicon
targets with superior stability might greatly overcome the limita-
tion. Recently, Mohamad et al. (2015) established a procedure
that significantly eased the extraction of DNA from gelatin. The
authors established that quality DNA extraction entirely depends
on the successful lysis of the gelatin product using proteinase K
and loosening of protein-DNA interactions using a pretreatment
that involves pH modifications; wherein the use of an approxi-
mate pH of 8.5 prior to the precipitation of DNA into isopropa-
nol can yield quality DNA (Mohamad et al., 2015). However,
the low content of DNA and the strong interaction between the
DNA and non-lysed gelatin residues made it impossible to mea-
sure the concentration of the extracted DNA using spectrophoto-
metric approaches. This was overcome by using a pico Green
dye kit (Molecular Probes, Eugene, OR, USA) that successfully
measured both the concentration and purity of the extracted
DNA (Mohamad et al., 2015). Among the different DNA-based
methods, the PCR assay occupies the central position, and the
various PCR-based approaches to authenticate gelatin products
are briefly discussed as follows and are schematically shown in
Fig. 4.

Figure 4. Major analytical steps for gelatin and collagen product authentication using PCR techniques.
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Species-specific PCR assay (endpoint PCR)

Recently, species-specific PCR (SS-PCR) has received major
attention to authenticate gelatin sources (Tasara et al., 2005).
The technique usually involves amplifying a target segment of a
mitochondrial gene using a couple of species-specific primer
pairs together with a buffer, enzymes, and magnesium chloride,
followed by identification of the amplified product on an aga-
rose gel using ethidium bromide and other staining agents
(Fig. 5). SS-PCR is a simple, accurate, and low-cost technique,
and it has been used to authenticate gelatin from various sour-
ces (Tasara et al., 2005; Lee et al., 2016). Tasara et al. (2005)
documented a conventional SS-PCR and a qPCR method to
detect and differentiate bovine, porcine, and fish gelatin,
wherein the sensitivity of the developed qPCR assay was 0.1–
0.001%.

Recently, Shabani et al. (2015) developed a species-specific
conventional PCR method for halal gelatin source authentica-
tion. They designed primers from the conserved regions of
mitochondrial DNA (cytochrome b gene) with an amplicon
size of 212 bp (porcine) and 271 bp (bovine) to evaluate the
halal authenticity of gelatin-containing products. The sensitiv-
ity of the proposed method was 0.1% (w/w) for both types of
gelatin under binary mixture conditions. For product analysis,
they chose eight food products and eight pharmaceutical cap-
sule shells labeled as containing bovine gelatin. PCR amplifica-
tion results of these products showed that all samples give
positive results for bovine gelatin. Thus, this method could be

used to authenticate gelatin and gelatin-containing food prod-
ucts to ensure its suitability for halal markets. Lee et al. (2016)
also established an SS-PCR assay to discriminate bovine-, por-
cine-, fish-, and plant-based gelatin in pharmaceutical capsule
shells. Briefly, they designed species specific primer pairs for
bovine, porcine, and tilapia fish and a universal primer pair for
fish species targeting the mitochondrial 16S rRNA gene to
amplify specific targets from the gelatin capsules. The limit of
detection for tilapia, bovine, and porcine was 0.1, 0.001, and
0.01 ng/ml, respectively, whereas the limit of detection was 0.01
and 0.0001 ng/ml for the universal targets of the fish and plant
species, respectively (Lee et al., 2016).

In another experiment, Mutalib et al. (2015) reported a
PCR-southern hybridization and endpoint PCR assay for the
identification of porcine derivatives in pharmaceutical capsule
shells. Although six out of 20 capsule brands demonstrated pos-
itive results in PCR-southern hybridization, the endpoint PCR
did not detect porcine in any of the capsules, indicating that
PCR-southern hybridization is more sensitive than endpoint
PCR. The authors further showed that the sensitivity of the
developed assay varies with target gene sequences, wherein the
LOD was 0.25 ng for cytb, 0.1 ng for cytochrome oxidase sub-
unit II (COII), and 0.0001 ng for the ATP6 gene sequences.
Finally, the authors concluded that on-chip-PCR-southern
hybridization is a reliable and sensitive method for authenticat-
ing porcine DNA in pharmaceutical capsules.

However, the lack of specificity, low and unequal amplifica-
tion efficiency, and inherent complexity of the method made it

Figure 5. Schematic presentation of various steps in the development of species-specific (SS-PCR) for gelatin product authentication.
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unsuitable for quantitative application (Ali et al., 2014). More-
over, singleplex endpoint PCR assays can detect only one spe-
cies at a time, incurring analytical cost and indicating the need
for further development (Ali et al., 2014).

Quantitative real-time PCR

Quantitative real-time PCR (qPCR) is a modern technique and
has recently become an essential analytical tool in biochemistry,
molecular biology, food analysis, and other molecular diagnos-
tic research areas in both the academic and industrial settings.
Precision, analytical speed, automation, and sensitivity are all
incorporated in qPCR (Rojas et al., 2011). In contrast to con-
ventional PCR, which relies primarily on endpoint analysis of
the amplified PCR product, qPCR detects and reports the

progress of the amplified DNA in real-time through the assis-
tance of a reporter dye (Ali et al., 2011, 2014). Two types of
dyes are adapted for a qPCR system: (1) nonspecific fluorescent
dye that intercalates with double-stranded DNA in a blind fash-
ion and (2) DNA probes that consist of an oligonucleotide
labeled with a fluorescent reporter dye at one end and a
quencher at the other; the reporter dye fluoresces while the
probe hybridizes to the target DNA, signaling the amplification
of specific targets (Ali et al., 2012). The various steps in the
development of qPCR are presented in Fig. 6.

In addition to identification, qPCR also offers quantification
of the DNA targets by plotting the fluorescent signal of the
exponential phase of the PCR reaction against the cycle number
in a logarithmic scale that provides a straight line for the ampli-
con quantities that exponentially increase with the reaction

Figure 6. Steps in the development of real-time PCR (qPCR) techniques for the authentication of gelatin products.
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progress. The cycle at which fluorescence overshoots the base
line fluorescence is called the threshold cycle (Ct) or cycle num-
ber, wherein the amount of the amplified DNA doubles at each
cycle during the exponential phase and is calculated based on
the relative Ct values. Relative Ct values can be calculated from
a standard curve that is constructed with several known con-
centrations of DNA; then, the concentration of the unknown
samples is determined by extrapolating the Ct values of the
unknown onto the standard curve (Ali et al., 2011; Cai et al.,
2012; Rahman et al., 2016). qPCR techniques have been used
for the detection and quantification of specific gelatin origins in
pharmaceutical capsule shells (Tasara et al., 2005; Cai et al.,
2012) and in processed food products, such as marshmallows
(Demirhan et al., 2012). Cai et al. (2012) detected 1.0% bovine
and porcine gelatin under a mixed background using qPCR.
The qPCR system was further used to authenticate the gelatin
origin in marshmallows, Turkish delights and gum drops
(Demirhan et al., 2012). Overall, qPCR assays provide quantita-
tive data but involve a high cost and difficult steps for optimiza-
tion and probe design.

Future prospects and challenges

The growing demand for functional foods has pressured manu-
facturers to produce foods and supplements with added nutri-
tive value by adding raw ingredients that contain better
nutrients. This has increased the need to disclose product infor-
mation that would comply with both the religious and safety
standards of various countries, continents, religions, and cul-
tures. A high content of essential amino acids and attractive
physiochemical properties have made gelatin an attractive can-
didate to use in food, pharmaceuticals, and personal care prod-
ucts to improve the quality, texture, and appearance of the final
product (Liu et al., 2015). The outcomes include the recent
explosion of interest in the development of analytical techni-
ques for gelatin source authentication, giving rise to widespread
speculation about the future availability of less expensive, faster,
and more accurate means for the quantitative determination of
source materials in raw and finished gelatin products. A myriad
of methods along with their key features are listed in Table 1;
these are just a sample of the endeavors made in this area.

As stated earlier, protein-based verification tools involve
inaccuracies, high costs, and inconveniences that make them
cumbersome for performing gelatin source authentication
(Ali et al., 2014). However, the universal abundance of DNA in
all cells and tissues, codon degeneracy, polymorphic, and dupli-
cative features, as well as the greater stability under the state of
decomposition of the carefully designed DNA biomarkers have
made DNA-based methods a superior fit for future technolo-
gies (Sahilah et al., 2012; Ali et al., 2014). Because the first
report on the authentication of gelatin from three different spe-
cies by Tasara et al. (2005) using both the conventional and
real-time PCR assays, many other studies have used singleplex
PCR techniques for the authentication of gelatin (Ali et al.,
2012; Sahilah et al., 2012; Mohamad et al., 2015; Rahman et al.,
2016). Thus, the singleplex PCR method is a mature technology
for gelatin identification, but it is a costlier approach in terms of
analytical time and absolute cost, indicating the need for inno-
vative multiplex platforms that are capable of identifying

multiple target species in a single assay format, saving both cost
and time. Although several multiplex PCR assays have docu-
mented the analysis of animal, plant and microbial species in
food and feed products (Ali et al., 2014), none of them have
been applied to gelatin source identification. We believe several
sets of primers could be designed targeting bovine, porcine and
fish species and could be optimized, along with an internal uni-
versal control for plants and animals, for the devolvement of a
multiplex PCR system for the discriminatory detection of
bovine, porcine and fish gelatin in a single assay platform. Both
the conventional and real-time multiplex PCR assays could be
used for gelatin source authentication, and an outline of the
assay development schemes could be extracted from our
recently published papers (Aida et al., 2007; Ali et al., 2014; Ali
et al., 2015; Hossain et al., 2016). The major challenges of this
multiplex scheme are not limited but include critical steps in
the optimization and design of the primer sets, wherein all pri-
mers must have the same or a very closely spaced melting tem-
perature (Tm) so that all of them can anneal to their respective
targets at the same temperature, which is challenging when
multiple species are involved under complex matrices. A sec-
ond challenge may be the difficulties in maintaining all the
amplicon-lengths within 200 bp or less since longer targets are
broken down under extreme food processing treatments (Ali
et al., 2014). A third problem may be the availability of appro-
priate dyes and detectors when real-time PCR is involved. Cur-
rently, available PCR machines can detect a maximum of
0.001 ng/mL targets in a multiplex platform (Safdar et al.,
2014). Finally, the LOD of different targets might be different
in the same multiplex PCR (Ali et al., 2015; Razzak et al., 2015).

Recently, Hossain et al. (2016) developed a new method for
detecting animal species using double gene targeted multiplex
PCR-RFLP analysis. This novel multiplex PCR-RFLP approach
designed biomarkers with a very short length (73, 90, 106, 120,
138, and 146 bp) by targeting two different sites of mitochon-
drial conserved regions (cytochrome b and ND5 genes). All of
the biomarkers were stable under high heat and autoclaving
treatments. To perform PCR-RFLP analysis, they digested the
PCR products with AluI, EciI, FatI, and CviKI-1 restriction
enzymes. Finally, they evaluated their developed assay with
commercial frankfurter foods and found that most of the frank-
furters labeled as beef showed positive results for buffalo, but all
frankfurters were negative for pork. Thus, this new idea of tar-
geting double genes instead of one can be a new pathway for
detecting animal and gelatin sources in commercially available
food products.

Recently, nanotechnology-aided biosensor and microarray
approaches for DNA detection have received enormous sup-
port from various sources, including funding agencies,
researchers, and industries. Nanostructured materials with
unique optical and electrochemical properties greatly facilitate
biorecognition of specific DNA targets that often act as a fin-
gerprint marker for a particular disease or species and thus
contribute significantly to point-of-care biodiagnostics. A
higher stability, polymorphic flexibility, and stringently pro-
tected regions of DNA molecules are amazing for identifying
specific target sequences for disease diagnostics, paternity test-
ing, and other forensic and biotechnological applications. Vari-
ous tailor-made engineered nanomaterials with cutting-edge
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useful and attractive features have made it possible to develop
nano platforms with in-built DNA recognition sites that could
be detected using spectroscopic, electrochemistry, magnetic,
and other analytical tools upon target hybridization. In nano-
scale sensing, the synergistic effects of functionalized nanoma-
terials and immobilized DNA probes provide effective
recognition of specific DNA targets. The fusion of nanomateri-
als with specific probe DNA or single-stranded DNA (ssDNA)
is key for the development of DNA biosensors. The DNA
hybridization detection depends on the physio-chemical prop-
erties of the material or their hybrids and on base pairing with
the complimentary single-stranded DNA to form a double
helix. Nucleic acids are linear and directional polyanions that
exhibit molecular recognition and self-assembly. Single-
stranded DNA shows exquisite affinity and specificity for its
complementary strand, and double-stranded (ds) DNA can be
designed to self-assemble into topologically diverse three
dimensional structures. The phenomenon of complimentary
DNA sequence binding allows researchers to develop probes of
known DNA sequences with identification footprints. It has
made possible the recognition of unknown samples of specific
DNA targets either for species authentication or for mutant
gene analysis for disease diagnosis or gene therapy treatment.
At nanoscale, materials exhibit unique properties that greatly
facilitate the fabrication of sensors with high sensitivity and
analyte detection. A wide range of nanomaterials has been used
as an entrapped bioreceptor probe that is specific to an analyte
of interest. Among the diverse range of nanomaterials, nano-
gold, silica, metal oxides, quantum dots, nanowires, den-
drimers, graphenes, and carbon nanotubes have shown great
potential in nucleic acid sensing. Sensing involves probe DNA
immobilization on the sensor platforms. An exciting outline of
the fusion or integration patterns of a variety of nanomaterials
and DNA molecules along with the different analytical plat-
forms, such as optical and electrochemical approaches for the
detection of target nucleic acid sequences, are thoroughly dis-
cussed in our recently published book chapter (Ali et al., 2016).

The biosensor applications of nanomaterials are very wide,
ranging from nanometric devices in computer chips to the
coatings of giant industrial components. Both the synthetic oli-
gos and real DNA targets for porcine (Ali et al., 2011) and
microbial species (Brand~ao et al., 2015) have been detected
both in single (Ali et al., 2011) and multiplex platforms
(Brand~ao et al., 2015), but no attempts have been made for gel-
atin authentication.

There are several major challenges in identifying DNA using
sensor devices. First, these devices are in the development stage;
therefore, most of these sensors are still at the laboratory scale
and are being tested with purified DNA, which must be
extracted from a biological specimen. Thus, the most significant
challenge is the on-site delivery of results, which must be
addressed in future research. Second, the devices use surface-
tethered probe DNA that greatly limits the flexibility in surface
reaction in target hybridization. The substrate, conjugation
chemistry, and grafting density seriously affect the nucleic acid
conformation and freedom of movement on the surfaces.
Moreover, DNA attached to the surfaces by electrostatic or
hydrophobic interactions tends to adopt a flat conformation,
allowing the phosphate backbone or the hydrophobic bases to

interact strongly with the substrate surface, limiting the
base-to-base interaction that performs the specific recognition
of the incoming targets. However, covalent attachment by end
grafting or affinity coupling allows greater control over the ori-
entation, but the nucleic acid chains tend to adopt an extended
conformation. To overcome these limitations, diamond quan-
tum dots have recently been developed to detect DNA targets
in a solution-like environment (�Svorc et al., 2015). The third
challenge might be the crowding or steric hindrance that is
frequently encountered in probe target interactions onto the
surface-tethered immobilized probes. Using a suitable linker in
the immobilized probe might overcome this limitation. Fourth,
nonspecific interactions frequently occur due to the cross-
hybridization of the probe with the target, as well as nonspecific
adsorption of the target onto the surface. The use of suitable
blockers, a specifically designed probe, optimization of the salt
concentration and hybridization definitely ameliorate nonspe-
cific interactions.
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