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Abstract: Gelatin, a natural functional material obtained 
from animal connective tissues, has been broadly applied 
in health-related products such as food, pharmacy, and 
cosmetic. But unclear labelling and false information of 
animal origin of gelatin in those products would violate 
religious rules and increase public health risks. Recently, 
animal origin identification of gelatin-based products 
has drawn more and more concerns. Among various 
identification methods, liquid chromatography-mass 
spectrometry (LC-MS) has specifically become a research 
hotspot for animal origin identification and quantitative 
analysis of gelatin-based products due to its superior 
reliability, selectivity, and sensitivity. The main desideratum 
of the current treatise is to review the recent progress on 
this subject with respect to: (1) the identification of animal 
in halal gelatin-based products, (2) the determination of 
the authenticity of gelatinous medicines from animal, 
especially from the highly homologous family species, and 
(3) the quantification of gelatin in gelatin-based products, 
using LC-MS method. We hope that this review could 
provide theoretical guidance and advanced strategies for 
developing animal origin identification  technologies for 
gelatin-based products. 
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1	 Introduction
Collagen, which is a long fibrous protein abundant in 
mammals, makes up 30% of the total protein mass in 
body [1]. So far, 28 types of collagen, called type I to type 
XXVIII based on the chronological order of their disco-
very, have been found and they mainly exist in animal 
connective tissues, such as skin, bone, blood vessel, 
tendon, cartilage, muscle, and ligament [2]. Usually, col-
lagen from the animal raw material was hydrolyzed using 
dilute acid or alkali as the catalyst to the partial cleavage 
of cross-links of collagen and gelatin, as a common deri-
vative of collagen, is formed. According to different cata-
lysts, gelatin could be divided into type A gelatin (dilute 
acid as the catalyst) and type B gelatin (alkali as the cata-
lyst) in the market [3].  The most common used gelatins 
in gelatin-based products are extracted from porcine, 
bovine, and fish [4]. Gelatin has been commonly used in 
the cosmetic, pharmaceutical, food, and photographic 
industries because of its unique structural stability and 
physio-chemical properties [5]. 

Nowadays, gelatin-based products require labelling 
and information about the animal origin which assist con-
sumers to make choice about the products. Porcine gelatin 
(PG) is considered as non-halal materials because Muslims 
and Jews are not allowed to consume any products con-
taining porcine ingredients [6]. On the other hand, there 
have been concerns that bovine gelatin (BG) may have the 
potential to carry certain diseases such as bovine spon-
giform encephalopathy [7]. Moreover, people may have 
allergy problems from exposure to certain animal-derived 
products. The use of inappropriate gelatin from animal 
origin can also induce the body’s immune system respon-
ses, such as allergic reactions [8]. It has been reported that 
bovine gelatin in vaccine, erythropoietin products and 
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suppositories could cause anaphylaxis [9]. Hence, there 
is an urgent requirement to develop a reliable method for 
identifying the animal origin of gelatin in the products.

The animal origin of the raw materials and the 
degree of processing have an effect on the physicoche-
mical properties of the gelatin [10]. Due to the homology 
in the collagen structures of different animal species, the 
determination of gelatin animal origin is particularly chal-
lenging. Various analytical techniques are also developed 
for the determination of gelatin animal origin in gelatin-
based products. The calcium phosphate precipitation was 
used as an identification strategy based on physicochemi-
cal properties to distinguish between bovine bone gelatin 
and porcine skin gelatin [11]. However, this technique has 
not been successful in detecting gelatin animal origin of 
mixtures containing gelatin and other substances.

Based on investigating the differences of functional 
groups in gelatins extracted from different animal origins 
using specific peaks, Fourier transform infrared (FTIR) 
spectroscopy could differentiate the animal origins of gela-
tins [12]. FTIR presents difficulties in identifying gelatin 
animal origin of mixtures containing gelatin and other 
substances. Polymerase chain reaction (PCR) serves as a 
powerful tool for tracing the origin of animals by explo-
ring the specific markers of DNA [13]. However, degrada-
tion of DNA under hot water and acidic conditions reduces 
the accuracy of PCR identification of gelatin animal origin 
[14]. Proteins have a more stable primary structure than 
DNA during the preparation process. Enzyme-linked 
immunosorbent assay (ELISA) based on specific protein 
as marker has been used for speciation [15], but does not 
provide a species-specific identification for highly homo-
logous gelatins [16]. At low concentrations of gelatin, 
liquid chromatography (LC) coupled with principle com-
ponent analysis (PCA) provides sensitive analysis for the 
differentiation of gelatins from different animal origins 
[17]. Finally, liquid chromatography-mass spectrometry 
(LC-MS) is utilized to identify the animal origin of gelatin 
on the basis of marker peptides [18]. LC-MS method shows 
higher reliability than ELISA and PCR based techniques in 
tracking gelatin morphology [14].

Over the last few years, mass spectrometry methods, 
especially LC-MS method using marker peptides for 
determining the animal origin of gelatin, has been a hot 
topic.  The LC-MS technology could be widely used in 
molecular weight detection of biomolecules [19], purifica-
tion and analysis of bioactive peptides (antioxidant pep-
tides, etc.) [20], and as a main proteomic analysis method 
[21]. Different LC-MS techniques have been adopted as 
a standard practice for protein analysis. The analysis of 
various gelatin-based products has been increasingly 

relied on proteomic approach using LC-MS method [22].  
A schematic summary of available literature about the 
identification of gelatin animal origins through species-
specific marker peptides is provided in Table 1. LC-MS 
method could simultaneously screen and use multiple 
marker peptides from the same species to differentiate 
between gelatins, thus increasing the selectivity of this 
method [23]. Amino acid sequence information for peptide 
fragments produced by trypsin digestion of gelatin is 
usually obtained by searching tandem mass spectrometry 
(MS/MS) databases. Based on the difference in collagen 
sequence, LC-MS method enables precise identification 
of gelatin animal origin. Moreover, in a recent research, 
quantitative analysis of gelatin could be performed  by 
LC-MS method [24]. To a certain extent, the application of 
this method could ensure the safety, health, and reliabi-
lity of gelatin-based products.

Animal origin identification of gelatin using LC-MS 
method in mixed matrix has become a challenging 
research hotspot in product detection. We mainly review 
the recent advances on this subject with respect to the 
animal origin identification and quantification of the 
gelatin-based products by LC-MS method. In this review, 
we will emphatically present the identification of animal 
components in halal gelatin-based products and the 
determination of the authenticity of gelatinous medicines 
from animal, using current detection techniques based on 
LC-MS method.

2	� Sample preparation for LC-MS 
method

Since the gelatin with high molecular weight could 
not be detected by MS, it could be hydrolyzed by prote-
ase to detect the as-prepared hydrolysates.  Trypsin, as 
a common protease used in LC-MS analysis, has been 
widely used in proteomic analysis due to its advantages of 
high specificity and the rich content of its restriction sites 
(lysine and arginine) in collagen [14,22,24,25]. In the enzy-
matic hydrolysis of gelatin procedure, gelatin solution 
and trypsin solution were mixed at the optimal operating 
pH of about 7.5-8.5 for trypsin. To obtain digestion solu-
tion, the mixture was incubated at the optimal operating 
temperature of trypsin (37°C) for about 10 h [26]. In addi-
tion, formic acid could be added in digestion solution 
to block digestion by creating an acidic environment for 
inactivating trypsin [14]. The insoluble components was 
removed from the digestion solution by centrifugation 
prior to analysis. Gelatin is digested to yield many kinds 
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of peptides, including marker peptides for animal origin 
identification of gelatin.

3	� The animal origin identification 
and quantification of the gelatin-
based products by LC-MS method

3.1	� Animal origin identification of gelatin-
based products

Sequence analysis of collagens obtained from various 
animals indicates that some partial sequences are rela-
tively specific, which could be used as marker peptides 
for gelatin differentiation [18]. Therefore, after gelatin was 
hydrolyzed by specific enzyme, some specific marker pep-
tides have been obtained for identifying the animal origin 
of gelatin by LC-MS method. Scheme 1 shows the strategy 
of animal origin identification of gelatin-based products 
by LC-MS method.

The gelatin to be detected can usually be digested by 
proteases such as trypsin [27]. The animal origins of gela-
tins are then identified through analysis of specific marker 
peptides in the enzymatic solution using LC-MS method. 
Table1 lists some animal origins of gelatins detected by 

LC-MS method in literature. The identification of marker 
peptides is generally carried out by sequence alignment 
and selection of marker ions obtained from MS spectrum. 
Sequence alignment can compare the protein sequences 
from different animal origins in the database for direct 
peptide sequence analysis [23]. The peptide sequence 
obtained by this method is relatively comprehensive, but 
the results of this method are greatly affected by hydro-
xylation modification, such as hydroxyproline (Hyp) 
and hydroxylysine which  show as proline and lysine in 
the protein sequence. In addition, the inability to deter-
mine the signal strength of peptides also limits the use 
of sequence alignment methods. The information of ions 
obtained from MS is rich and comprehensive. Therefore, 
it is necessary to conduct ion screening to obtain marker 
ions. Compared to sequence alignment, this method for 
obtaining marker peptide sequence is not disturbed by 
protein modification. However, inevitable and unconque-
rable errors from data processing tools, unstable signal 
and low repeatability will also affect the selection of 
marker peptides and analysis of peptide sequences [28]. 
The validation of candidate marker peptides selected is 
performed via basic local alignment search tool (BLAST) 
search, peptide synthesis and sample analysis for peptide.

Remarkably, the same mass difference among 
leucine (Leu), isoleucine (Ile), and Hyp are present in 
different peptides, which cannot be distinguished by low 

Scheme 1: Strategy of animal origin identification of gelatin-based products by LC-MS methods.
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resolution mass spectrometry (Triple Quadrupole or Triple 
Quadrupole Ion Trap). High resolution mass spectrome-
try with the high mass accuracy can distinguish between 
Hyp and Leu (or Ile), but it is hard to distinguish between 
Leu and Ile. Therefore, attention should be paid to the 
presence of Leu and Ile in the screening and determina-
tion of marker peptides. MS/MS analysis was well used to 
solve the problem of determining the modified site of each 
marker peptide. Collision induced dissociation (CID) is a 
common parent ion fragmentation mechanism in MS/MS 
analysis. Different locations of the fractures produce diffe-
rent ion pairs (a-x, b-y, and c-z ions pairs). Figure 1 shows 
the fracture locations of the different ion pairs (a-x, b-y, 
and c-z ions pairs) produced by collision induced dissoci-
ation (CID). Compared to other ion pairs, b-y ion pairs are 
more easily detected due to their easier electrical charge. 
Therefore, accurate identification of b-y ion pairs obtai-
ned by MS/MS is the key to identify the sequence of the 
marker peptides [23,29].

3.1.1 �Identification of the animal origin of gelatin in 
halal products

A common non halal substances found in gelatin-based 
products is PG. In terms of law and religious beliefs, the 
presence of PG is prohibited in all halal products. Accu-
rately distinguishing PG from other gelatins that meet 
halal requirements is the key to ensuring the authenticity 
of halal gelatin-based products. BG was frequently used 
as a halal gelatin. Muslims also accepted other alter-
native animal origin gelatins (chicken gelatin and fish 
gelatin) as halal gelatin-based products besides BG [30]. 

It is necessary to ensure that PG is not exist in these other 
alternative animal origin gelatins with the purpose of res-
pecting people religious beliefs and dietary habits.

During the identification of gelatin animal origin, 
the same mass amino acid such as Hyp, Leu and Ile may 
affect the judgment results of amino acid sequence, 
leading to misidentification of the animal origin [31]. For 
example, the marker peptide with the sequence G308AAG-
LP313GVAGAPGLPGPR325 is found in bovine COL1A2, and 
the marker peptide sequence G310AACLL315GVAGAPGL-
PGPR327 is also found in porcine COL1A2. Once Pro313 is 
hydroxylated, it might be confused with amino acids 
of the same mass, such as Leu and Ile, when deducing 
peptide sequence. The high resolution mass spectrome-
try improved mass accuracy of peptide analysis to the 
extent that Hyp, Leu, and Ile could be distinguished, 
which was not possible with conventional low resolu-
tion mass spectrometry. Therefore, high resolution mass 
spectrometry could be the preferred choice to analyze 
the primary structure of marker peptide, even with lower 
abundant. For example, nano-ultra-performance liquid 
chromatography and electrospray ionization quadrupole 
time-of-flight mass spectrometry (nano-UPLC-ESI-q-TOF-
MS) was successfully used to identify PG from different 
animal origins of dairy products (cheese, yoghurt, and 
ice cream) by detecting marker peptides of PG [32]. The 
percent of peptides identified from the gelatin extracted 
from dairy products was lower than that from the gelatin 
samples, but unique marker peptides could still be analy-
zed to identify PG. The utilization of high resolution mass 
spectrometry achieved the detection of a unique porcine 
peptide (the sequence GFpGSpGNVGPAGK) with two hyd-
roxylations (p: hydroxyproline). It might be possible to 

Figure 1: The fracture locations of the different ion pairs, a-x, b-y and c-z ions pairs produced by collision induced dissociation (CID).
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detect low contamination PG in BG, because they identi-
fied PG in the test sample prepared by mixing BG and PG 
in the weight ratio of 9:1. In order to improve the effici-
ency of identification, a rapid and simple UPLC-MS/MS 
multiple reaction monitoring (MRM) method with highly 
sensitivity has managed to identify PG in mixture of gela-
tins from different animal origins (cattle, horse, fish, and 
sheep) [33]. Important marker peptides with the sequence 
414AGVMGPpGSR423 of PG that were utilized to identify PG 
in the mixture could be easily detected at an amount over 
1% of the total weight. 

The high resolution mass spectrometry used in pre-
vious studies is not as widely available in control and 
regulatory laboratories as low resolution mass spectro-
metry due to some reasons, such as higher purchase and 
maintenance costs. Compared to using LC-MS (high reso-
lution mass spectrometry) alone, LC-MS (low resolution 
mass spectrometry) combined with chemometrics classi-
fication methods provide a simple way to reduce the wor-
kload on screening marker peptides from LC-MS data and 
the cost of tracing the animal origin of gelatin. 

Principal component analysis (PCA) and partial 
least square discriminant analysis (PLS-DA) are the two 
most representative modeling methods in chemometrics. 
LC-MS techniques combined with PCA and PLS-DA were 
used to distinguish PG from separate origins, namely BG 
and fish gelatin (FG) [34]. Gelatin samples were analy-
zed by HPLC-ESI-QTRAP to generate a series of LC-MS 
data sets for providing PCA and PLS-DA objects. PCA as 
a descriptive method intuitively described the differen-
ces of PG, BG, and FG through the analysis of the first 
three principal components (species type, the process 
of gelatin preparation and geographical conditions) in 
gelatin sample. PCA was adjusted to get knowledge for 
setting the PLS-DA parameters. PLS-DA was applied 
to establish a suitable identification model using the 
control samples (gelatin samples derived from different 
animal origins) to determine the origin of the tested 
gelatin. The proposed methods are successful in the 
identification of PG in commercial pure gelatin and also 
food and drug products. After cross-evaluation of LC-MS 
gelatin animal origin analysis results and real-time PCR, 
the consistent results of both methods indicated that this 
established LC-MS method could be used for halal cer-
tification analysis of PG-based products. However, it is 
necessary to further analyze to obtain the sequence of 
marker peptide.

The development of these LC-MS analysis method 
can provide support for the halal gelatin-based product 
industries, such as halal foods (gummy, chewable, 
marshmallow) and pharmaceuticals (capsule shell). In 

this way, the authenticity of gelatin species will be deter-
mined and the increasing demand for animal origin con-
stituent consistent with the label in halal gelatin-based 
products will be met.

3.1.2 �Identification of the animal origin of gelatin in 
gelatin-based products for health

Detecting species origin is also important from health 
and commercial perspectives. Gelatin might be conside-
red a potential risk for certain infectious diseases, such as 
bovine spongiform encephalopathy, avian leukosis virus, 
and Newcastle disease virus, etc., associated with animal 
origin. The establishment of LC-MS method has helped 
to eliminate the concerns of consumers about the exis-
tence of BG. For example, electrospray ionisation-liquid 
chromatography mass spectrometry (ESI-LC-MS/MS)  
was used to determine the animal origins of the commer-
cial solid gelatins [14]. In commercial sample testing, 
undeclared bovine gelatin-based additives were disco-
vered in commercial injection matrices labelled as con-
taining chicken only. 

In terms of health, certain diseases, such as bovine 
spongiform encephalopathy, carry a much higher risk of 
transmission in bovine bone gelatin than gelatin extrac-
ted from skins [35]. Thus, the detection of tissue origin 
is as important as the detection of the animal origin. 
The majority of the animal tissue origins of collagen and 
gelatin on the market are skin and bone. Skin gelatin 
and bone gelatin from the same animal origin have the 
higher degree of similarity. However, small but signifi-
cant differences exist in the composition of amino acid. 
On the basis of the slight differences between skin gelatin 
and bone gelatin, Ghorbani et al. [36] by establishing the 
PCA and PLS-DA optimal model using HPLC-MS/MS data 
sets, conducted a study to distinguish the gelatins ext-
racted from bovine bone and bovine skin. The successful 
differentiation of skin gelatin and bone gelatin has pro-
moted the further development of the LC-MS method in 
animal tissue traceability. A database search of the selec-
ted peptide was performed to determine type of collagen 
which the peptide belonged to, so as to make a preliminary 
judgment on the origin of tissues. Three similar marker 
peptides extracted from bovine skin and bone, namely 
GETGPAGPSGApGPAGSR (COL3A1), GETGPAGPAGPIGPV-
GAR (COL1A1), and GEpGPAGAVGPAGAVGPR (COL1A2) 
were acquired by UPLC-MS/MS method [37]. These marker 
peptides have similar composition and arrangement of 
the amino acid. It was reported that the most prominent 
difference found in both bovine skin gelatin and bovine 



Animal origin identification of gelatin using LC-MS methods    267

bone gelatin samples is that the marker peptide from 
bovine skin gelatin, GETGPAGPSGApGPAGSR (COL3A), 
almost undetectable in bovine bone gelatin. The reasons 
for this difference is due to the fact that the main protein 
in bone is type I collagen, while that in skin is type I and 
Type III collagen [38].

In addition, medicinal gelatins such as donkey-
hide gelatin are the important animal-derived gelatinous 
medicines, which are very popular in Asian countries, 
especially in China. Generally, animal origin can asso-
ciate with the efficacy of medicinal gelatins. Gelatin 
derived from unknown animal origin may pose certain 
risks to people. Hence, identification of the animal origin 
of the gelatin ensures the efficacy and authenticity of 
gelatin-based products. Some smart strategies were 
satisfactorily  applied for identifying marker peptide in 
highly processed gelatinous medicines. A sample profi-
ling method using ultra performance liquid chromatogra-
phy/time-of-flight mass spectrometry (UPLC/Q-TOF-MS) 
coupled with PCA has been successfully utilized to dis-
tinguished donkey-hide gelatin, bovine-hide gelatin, pig-
hide gelatin, deer-horn gelatin and tortoise shell glue 
[39]. At low concentration levels, tryptic peptides of gela-
tins were analyzed to measured important markers of dif-
ferences. Some unique novel peptides were detected in 
these five gelatins such as GEAGPAGPAGPIGPVGAR with 
m/z 765.8556 for donkey-hide gelatin, unknown sequence 
with m/z 758.3530 for glue of tortoise shell and unknown 
sequence with m/z 732.8282 for deer-horn gelatin. These 
peptide markers could be successfully used for identi-
fication and differentiation of gelatins in mixtures. To 
further ensure the uniqueness of marker peptide, Liu 
et al. [40] proposed a simple strategy for identifying 
marker peptides of deer-hide gelatin using untargeted 
mass spectrometry (MS) and targeted MS. The resulting 
Nano-LC–MS/MS data were processed by mathematical 
set theory to ascertain peptides in the intersection sets 
of target species and other species, and the uniqueness 
of the peptides selected is verified using BLAST. The two 
peptides, including SGETGASGPpGFAGEK (at m/z 732.84) 
and GNAGPVGTAGApGPQGPVGPTGK (at m/z 1147.56) 
were recognized as the markers in deer-hide gelatin. As 
for the targeted MS, the two peptides were validated by 
the LC–MS/MS MRM analysis mentioned above to verify 
their species specificity. 

Homologous degree of repetitive amino acids 
sequence among different species reveals their evolu-
tionary relationship in a certain degree. The degree of 
homology is very high for gelatins from the homologous 
family species, which greatly increases the difficulty for 
their differentiation. In the case of high homology, the 

use of marker peptides from a single animal species to 
trace the origin of gelatin could make a definite impact 
on the accuracy of identification results. The combina-
tion of gelatin marker peptides from multiple animals 
can increase the accuracy of gelatin differentiation in 
animals of the same family. Currently, animal origin iden-
tification of gelatin obtained from the highly homologous 
species such as donkey, horse, and their hybrids (hinny 
and mule) continues to be a major challenge.  Figure  2 
shows the different strategies for the identification of 
donkey-derived gelatin from different animal origins 
with different homology degree. Marker peptides from a 
single animal species have been used to identify gelatin 
of different animal origins with low homology. A pepti-
des combination method with highly sensitive and rapid 
detection was proposed for the animal origin identifi-
cation of products containing donkey-hide gelatin [26]. 
Three peptides were selected from equine family species 
gelatin as a combination marker by high performance 
liquid chromatography coupled with linear ion trap-
orbitrap mass spectrometry (HPLC-LTQ-Orbitrap). One of 
the marker peptides (SGQPGTVGPAGVR) could distingu-
ish Equidae gelatin from other animals (BG and PG). Two 
other marker peptides (GASGPAGVR and GATGPAGVR) 
could also be utilized to differentiate donkey gelatin from 
horse gelatin and the hybrids gelatin. The LC-MS method 
can accurately accomplish the recognition of donkey, 
horse, and their hybrids in gelatin-based products accor-
ding to the combination of the three peptides. The marker 
peptides combination method is helpful for identifying 
the animal origin of gelatin-based products from highly 
homologous family species.

Depending on these studies mentioned above, 
LC-MS method has been verified to be particularly helpful 
in quality control of gelatin-based products.

3.2	� LC-MS quantitative analysis method for 
gelatin from different animal origin

Gelatin-based products such as gelatin films, capsule 
shells, thickeners for frozen, premium fudge, ice cream, 
yogurt, and clarifier for fruit wine are widely used. 
Product frauds are a critical issue in the field of product 
safety and quality. Quantification of the gelatin from an 
animal in gelatin-based products is required for health 
safety concerns. Gelatin-based products from the single 
animal need to be tested and labelled to ensure animal 
constituent unicity and prevent illegal addition of 
other animal origins gelatins. It is necessary to measure 
whether the actual gelatin content of the gelatin-based 
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products conforms to the content shown on the ingredient 
list. Considering the cost and practical application, triple 
quadrupole MS, which belong to low resolution mass 
spectrometry, is the preferred method for quantifying 
animal composition in gelatin. Some LC-MS methods have 
been validated on commercial products, using specially 
defined calibration lines to quantify the gelatin from dif-
ferent animal species [22,24]. Various indexes including 
linear correlation coefficient (R2), the limit of detection 
(LOD), the limit of quantification (LOQ) and reproducibi-
lity are used to evaluate these quantitative methods [41].

Some marker peptides with relatively poor and 
unstable response value are inappropriate for the 
identification and quantification of gelatin. In addi-
tion to experimental considerations such as sensitivity 
and peak shape, Kleinnijenhuis et al. [22] proposed a 
range of theoretical peptide selection criteria to screen 
out efficient quantitative marker peptides for gelatin: 

(1) peptide length between 6 and 20-25 amino acids 
(suitable length for MS detection), (2) no methionine, 
cysteine, asparagine, glutamine, (3) no post-trans-
lational modification (PTM) site except Hyp, and (4) 
uniqueness for target animal species. In particular, 
Hyp, which is very abundant in gelatin, could lead 
to an increase in gel strength and tensile strength 
[42]. Therefore, the identification of the proline hyd-
roxylation-modified marker peptide is an important 
step before quantification of gelatin. Furthermore, a 
LC-MS method has been developed for determining 
the presence of porcine gelatin in bovine gelatin and 
vice versa by screening the marker peptides under 
the influence of different factors such as production 
process, animal origin, animal tissue, factory origin, 
and region [22].

Stable isotope labeled internal standard peptides 
was applied in the UPLC-MS/MS method, which was 

Figure 2: The strategies for identification of donkey-derived gelatin from animal origins with different homology degree. (a) Identification of 
donkey-derived gelatin from PG and BG with lower homology degree using signal marker peptide (Copyright 2018, Elsevier, License Number 
4936280137359) [44]. (b) Identification of donkey-derived gelatin from horse-hide gelatin and hinny-hide gelatin with higher homology 
degree using marker peptide combination (Copyright 2020, Elsevier, License Number 4936370542390) [26].
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demonstrated to own acceptable and reliable supe-
riority on the single sample level [22]. This validated 
method was adequately suited to detect PG traces in 
BG and vice versa, given the large variation in commer-
cial gelatin due to different ingredients and processing 
methods. The lower limit of quantification for the detec-
tion of PG in the BG by this validated method was 0.05% 
and vice versa. 

However, isotopic labeling methods suffered from 
disadvantages that limit their application in gelatin tra-
ceability research. For example, label-based methods, 
such as isotope labeling, may experience the risk of tag 
shedding over time [43]. The label-free method for quanti-
tative BG and its film developed using HPLC-LTQ-Orbitrap 
with selected ion monitoring (SIM) mode has been repor-
ted to show excellent performance [24]. To ensure the 
effectiveness of the scheme, stable marker peptides that 
were detectable under the concentration of 1.00 μg/mL 
were used to quantify BG. The calibration equation with 
a high R2  value established by the relationship between 
the marker peptide and the gelatin content could be used 
to measure the unknown concentration of gelatin-based 
products in food system. What is most remarkable is that 
the effects of food matrices must be assessed at  length 
before quantifying the target gelatin in gelatin-based pro-
ducts using this method. In other modes of MS, selected 
reaction monitoring (SRM) experiments using LC coupled 
with triple quadrupole tandem mass spectrometry have 
been extensively used in targeted quantitative proteomics. 
The relationship between SRM peak area and the content 
of marker peptide added was utilized to draw calibration 
curves with good linearity and all R2 greater than 0.997 
[26]. Among these gelatin mixtures with the quantitative 
method, the good truth value of donkey-hide gelatin was 
found to be in the range of 90-110% after repetition of ana-
lysis. In gelatin-based products, horse-hide gelatin and 
hybrid-hide hide gelatin could be detected at 0.05% and 
0.10%, respectively. This SRM method has high sensitivity 
to the quantification of Equidae origin gelatins (donkey, 
horse, and their hybrid). Moreover, multiple transitions 
can be monitored simultaneously in MRM experiments 
carried out on a triple quadrupole tandem mass spectro-
metry. Quantifying a peptide in complex gelatin samples 
generally requires multiple transitions, but the most 
abundant single transition may be sufficient to monitor 
peptides of specific proteins with high abundance in 
order to simplify the method. An accurate and sensitive 
quantitative analysis method for PG was established by 
UPLC-MS/MS in MRM mode involved in screening and 
synthesizing one unique PG marker peptide [33]. A stan-
dard curve with good linearity (R2 > 0.999) was plotted to 

explore the relationship between the injected solutions of 
peptide with various concentrations and the MRM peak 
area. Based on the capability of this quantitation method, 
PG could be detected when the content was above 0.04%. 
It indicated that the LC-MS quantitative methods possess 
good application and potential for the quantitative detec-
tion of gelatin-based products.

4	 Conclusion
Gelatin, derived from animal species such as cattle, pig, 
fish, horse, and donkey, is widely used in many phar-
maceutical, food, and cosmetic products. Porcine gelatin 
is banned to be consumed by Muslims and Jews, and 
bovine gelatin might be involved in certain diseases from 
cattle. In addition, product frauds such as unclear labe-
ling and information distortion are a critical issue in the 
field of product safety and quality. It is crucially important 
to develop reliable methods for identifying gelatin animal 
origins and content in gelatin-based products.

The purpose of this mini review is to summarize a 
strategy for the identification of gelatin animal origin 
and the quantification of animal composition in gelatin 
using LC-MS methods. The efficiency of the identification 
of gelatin animal origin and the quantification of animal 
composition in gelatin depends on the analysis speed of 
MS. During the identification of gelatin animal origin, 
high resolution mass spectrometry with higher sensiti-
vity is the first choice to detect the primary structure of 
peptide with high signal intensity. Considering the cost 
and practical application, triple quadrupole MS, which 
belong to low resolution mass spectrometry, is the pre-
ferred method for quantifying animal composition in 
gelatin. Compared with the LC-MS method used for the 
identification of gelatin animal origin, the LC-MS method 
used for quantification could shorten the analysis time 
and improve the detection efficiency by optimizing the 
elution gradient to the optimal state. 

We have tried to outline the up-to-date outcomes of 
the identification and detection of gelatin-based products 
using LC-MS method. Most of the studies have revealed 
that LC-MS occupies a reliable position in proteomics. 
LC-MS method plays an important role in the animal origin 
identification and quantitative analysis of gelatin due to 
its superior selectivity and sensitivity. The LC-MS method 
developed for the identification of the composition of PG 
in halal gelatin-based products and the differentiation 
of the gelatin animal origins of gelatinous medicines are 
successful examples of such approaches. At the tissue 
level, the tissue origin of the gelatin from the same animal 
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can be identified by LC-MS method. Additionally, the iso-
topic labeling methods and label-free methods developed 
by LC-MS method realized the quantification of gelatin 
by establishing mathematical models in different modes 
of MS. The purity of gelatin animal constituent in the 
gelatin-based products can be detected to ensure animal 
constituent unicity and prevent illegal addition of other 
animal origin gelatins. Therefore, LC-MS is one of the 
important tools to ensure the safety and authenticity of 
gelatin-based products. With the development of science 
and technology, LC-MS technology is also improving, and 
it still has great application potential in the animal origin 
identification of gelatin-based products.
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