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Abstract: Nowadays cosmetics are an important commodity and the market for halal cosmetics is seeing growth. 

Cosmetics that contain porcine-derived ingredients are typically the source of halal problems. Gelatin and 

collagen are porcine derivatives that are extensively used in cosmetics. Hence, verifying the presence of porcine 

derivatives in cosmetics by developing analytical methods is critical. Despite this urgency, determining porcine-

derived components in cosmetics is challenging, since cosmetics are quite complex with variable matrix forms. 

Moreover, to the best of our knowledge, there are only a few papers on developing porcine derivatives analysis 

in cosmetic items. This mini-review objective is to depict the current understanding of determining porcine 

collagen and gelatin in cosmetic matrixes. The findings revealed that the LC-MS/MS method is superior for 

determining gelatin and collagen sources in complex matrixes due to its sensitivity and accuracy. PCR and 

ELISA methods have challenges with the marker degradation problem since the derivatives undergo extensive 

processing conditions, thus lowering the methods’ specificity and sensitivity, especially in complex matrixes. 

The SDS-PAGE method applications are limited and the method is suitable for a relatively simple matrix. This 

review highlights findings that support future advancements in cosmetic analysis for halal authentication. 
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1. INTRODUCTION 

Cosmetics are essential products in modern life due to increasingly high beauty standards [1]. 

They promote well-being, maintain health, improve beauty, and boost self-esteem. The cosmetics 

sector has had substantial growth and is predicted to continue to grow in the years to come. 

According to the cosmetic market analysis, the size of the worldwide cosmetics business was assessed 

at USD 374.18 billion in 2023 and is expected to increase from USD 393.75 billion in 2024 to USD 

758.05 billion by 2032 [2]. Additionally, this notable improvement in the cosmetics industry as a 

whole was followed by the expansion of the global halal cosmetics market, which was estimated to 

be worth USD 42.39 billion in 2023 and is projected to reach USD 47.76 billion and USD 115.03 billion 

in 2024 and 2032, respectively, as the Muslim population has a big market size with about 2.4 billion 

people globally. These increases are driven by Muslims' growing receptivity to more Islamic 

teachings and the general public's growing understanding of the advantages of cosmetics. As a result, 

mailto:marlyn_fa@ugm.ac.id


J.Food Pharm.Sci. 2024, 12(3), 241-265   242 

 

consumers’ desire for transparency regarding the components in cosmetics has increased, 

particularly concerning the halal material authenticity of ingredients used [3], [4], [5], [6]. Moreover, 

halal issues regarding cosmetic products are typically due to the source of animal-derived cosmetic 

ingredients. This issue emerges since some widely used ingredients in cosmetics use non-halal 

animals, such as pigs, as their main sources. For instance, in the gelatin industry, pig skin is the main 

source, accounting for about 46% of global gelatin production. Bovine hides come in second at 29.4%, 

while both pig and cow bones come in third at 23.1% [7].  

Despite the urgency of determining animal-derived sources in cosmetic products, there are a 

number of obstacles. Firstly, cosmetic products are highly complex with variable matrix forms, 

consisting of numerous and diverse substances with their particular properties, making cosmetics a 

challenging matrix to analyze [35],[36]. Furthermore, due to the near compositional similarities across 

various sources, it is highly challenging to confirm the origin of animal protein compounds like 

collagen and gelatine for halal purposes and to identify any adulteration. Moreover, the degradation 

of protein and DNA biomarkers might happen since the production process of gelatine and collagen 

engages high temperatures and pressures. Further cosmetics production process involving complex 

processing conditions couples the matrix factor difficulties [10], [11], [12].  

Therefore, the development of analytical methods performing specific, sensitive, and reliable 

results is highly desirable. Several analytical techniques have been developed to identify components 

generated from porcine in complex matrixes, including cosmetics. These analytical methods are 

liquid chromatography-mass spectrometry tandem mass spectrometry or LC-MS/MS [13], [14], 

polymerase chain reaction [15], [16], enzyme-linked immunosorbent assay (ELISA) [17], [18], [19], 

[20], and SDS-PAGE with or without the combination of nucleic-acid based method for less complex 

matrixes such as gelatine capsule shell [21], [22]. Nonetheless, to the best of our knowledge, there are 

only a limited number of publications that focus on the development of porcine derivatives analysis 

in cosmetic products, differing from highly processed food that is more extensively studied. This 

mini-review discusses the presence of animal-derived ingredients in cosmetics and focuses on the 

analytical methods to determine the presence of porcine-derived ingredients determination in 

cosmetic products, especially gelatin and collagen ingredients. The review also highlights some key 

sample preparation related to the method. This review objective is to depict the method’s ability to 

discriminate animal protein sources from various origins in complex cosmetic matrix samples thus 

facilitating further development toward cosmetic analysis in the context of halal authenticity. 

 

2. MATERIALS AND METHODS 

The literature search was carried out using Scopus, PubMed, ScienceDirect, Google Scholar, and 

Google Search to find English-language publications that mainly discussed different cosmetics 

ingredients or the development of certain analytical techniques in determining the sources of gelatin 

or collagen within various forms of cosmetic matrixes. The methods chosen were the renowned and 

widely used methods that have good specificity, sensitivity, and reliability for animal source 

determination in complex matrices.  

Several reports on the determination of porcine-derived gelatin or collagen using other complex 

matrix samples besides cosmetics were also used, if from the literature search, there are no reports of 

the application in cosmetic matrixes, yet the method is known to be potential. Despite that, these 

reports were already performed using complex matrix samples, for instance highly processed food, 
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and could depict the method’s ability to discriminate animal protein sources from various origins in 

complex cosmetic matrix samples. The discussion also involves advantages, challenges, and 

limitations regarding the respective method. 

 

3. RESULTS AND DISCUSSION 

3.1. Non-halal animal-derived ingredients in cosmetics 

Porcine is one of the restricted animal sources used in cosmetic products. Porcine-derived 

ingredients, such as lard, glycerin, fatty acids, gelatin, and collagen, are commonly used in cosmetic 

products. These ingredients play many roles in the production of cosmetic products. Lard is 

frequently used in lipid-based cosmetic products including creams, lotion, and lipstick, whereas 

glycerin contributes as a humectant, denaturant, skin protectant, and lowering viscosity agent [23], 

[24]. Fatty acids and their derivatives are primarily used as surface active agents in cosmetic cleansers 

and as components of the emulsion stabilization system to lower interfacial surface tension [25]. 

Gelatin and collagen themselves have a variety of purposes in cosmetics, whether as active agents to 

provide skin protection and nutrition or as supporting components to meet specific formulation 

needs such as gelling and viscosity-enhancing agents, that present in various forms of cosmetic 

products [26], [27], [28]. 

Gelatin is made from the source protein collagen. Gelatin is a heterogenous blend of peptides 

that is produced by partially breaking polypeptide connections and eliminating cross-links between 

polypeptide chains. Collagen itself is the most prevalent structural protein in both vertebrates and 

invertebrates and composes about 30% of an animal’s overall proteins [26]. Collagen is present in 

animal skin, tendons, cartilaginous tissues, and mammalian bones such as pigs, cows, donkeys, and 

horses. Furthermore, it is present in fowl including chickens, ducks, wilds, and turkeys as well as 

aquatic animals like tuna, sea cucumber, and jellyfish [29]. Gelatins and collagen found in the market 

are primarily derived from pigs as they are economical and also have superior physical and 

functional properties compared to other sources [30], [31], [32]. 

Different ideas for innovative cosmetics have emerged. The use of oral supplements to improve 

appearance is known as nutricosmetics. They are frequently called "oral cosmetics," "beauty pills," or 

"beauty from within." [33], [34], [35]. In the last few years, a variety of skincare products have used 

gelatin and collagen as excipients or as advantageous ingredients for beauty and appearance. 

Gelatin's special physicochemical properties, such as foaming, stabilizing, thickening, gelling, 

emulsifying, and binding, have led to its widespread application in pharmaceuticals and cosmetics 

[28]. Soft gelatin capsule is the most commonly utilized pharmaceutical form, behind tablets. 

Numerous dietary supplements are frequently encapsulated in gelatin capsules [21], [36]. 

Additionally, a wide range of cosmetic goods, such as bubbles, face creams, body lotions, shampoos, 

hair sprays, sunscreens, and bath salts, use gelatin as a gelling agent [37]. Furthermore, gelatin has 

also been utilized to protect the skin from UV radiation damage. The balanced lipids of the skin are 

maintained by gelatin through its antioxidant properties, which help to correct the damage to the 

skin's structure [27], [38]. The antioxidant enzymes that contribute to building up the body's defenses 

against oxidative stress are diminished when exposed to ultraviolet light. The study claims that 

employing gelatin hydrolysates will greatly boost the antioxidant enzymes' activity [27]. 

Collagen has been identified as a possible treatment for wrinkles and the aging process. One of 

the main indicators of the decline in skin quality with age is a reduction in collagen and elastin fibers, 
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which results in elasticity loss and wrinkle formation [26], [39]. Aging also causes the skin to produce 

less glycosaminoglycan (like hyaluronic acid), which makes the skin dry and loses its integrity since 

hyaluronic acid is the main molecule involved in skin moisture because of its unique capacity to hold 

water molecules [40], [41], [42]. A systematic review and meta-analysis were carried out by Pu et al. 

(2023) [43] to assess the impact of collagen supplements on skin aging. 26 RCTs were examined to 

assess how oral collagen supplements affected skin elasticity and hydration, two characteristics that 

characterize skin aging. Their study found that oral collagen supplements increased the moisture and 

elasticity of the skin, with noticeable improvements after eight weeks or longer of collagen 

supplementation. Another study by Sanz et al. (2016) [44] examining the influence of applied 

topically collagen on the process of aging found that approximately 75% of women treated with an 

applied topical product containing collagen proved anti-wrinkling effects and significant increases 

in the dermal density and elasticity of their skin when compared to those in the control group. In a 

similar vein, the study by Maia Campos et al. (2019) [45] revealed that healthy female participants 

who applied a topical product showed a substantial increase in skin elasticity and moisture. 

Concomitantly with the advancement of technology, animal-derived-containing products have 

been extensively developed and are currently being utilized in the cosmetic and pharmaceutical 

industries. Consequently, the halal status of these products may be questioned. The acceptability of 

cosmetics made with animal-derived components usually depends on the type of animal from which 

the components are produced to meet religious restrictions. Halal itself denotes permissible things 

that are lawful by Islamic law, whereas non-halal or haram refers to those that are forbidden [6]. 

Generally speaking, a product is considered non-halal under Muslim law if it contains elements 

obtained from pigs or other animals that are not slaughtered in accordance with Islamic law [31], [46]. 

Muslims are severely forbidden from using or consuming any products that include non-halal 

components, even in trace amounts because halal products have a zero-tolerance policy [47]. 

Additionally, halal takes into account the entire process, from product manufacturing to distribution, 

rather than just the contents. In general, according to The Indonesia Council of Ulama and Malaysia 

Standard of Halal Pharmaceuticals, halal products need to adhere to a number of key principles, 

which are: 

a. It should not include any animal parts or products that are not halal or that have not been 

killed in accordance with Islamic law. 

b. Absent najs in accordance with Islamic law. 

c. Demonstrate safety and effectiveness for humans with the recommended dosage, quality, 

and hygiene. 

d. In accordance with Islamic law, was not made, processed, or prepared using machinery 

contaminated by najs. Halal requirements and Islamic law should be followed throughout 

the entire production process.  

e. Don't include any human parts or derivatives, as this is prohibited by Islamic law. 

f. Halal products are physically separated from any other products that do not meet the 

requirements listed in items a, b, c, d, e, or any other items that have been declared non-halal 

and najs by Islamic law during all processes, including preparation, processing, handling, 

packaging, storing, and distribution. Any potential cross-contamination must be prevented 

[6], [48], [49].  
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Halal certification can be viewed as an added benefit since the main criteria are the effectiveness, 

safety, and quality of all products [6]. Because of this, halal products are starting to become the new 

norm for safety and quality control, even among non-Muslim customers [24], [50]. The halal 

certification requires a proof document that shows the ingredients used or the final product does not 

contain any non-halal animal-derived ingredients. Thus, the analytical methods to determine this 

target analysis are highly in demand. 

3.2. Analytical method for animal-derived identification in cosmetics 

Various analytical techniques have been developed to identify components derived from 

porcine in complex matrixes, including cosmetics. These methods have different approaches and 

principles in determining the sources of gelatin and collagen with respective benefits and limitations. 

Liquid chromatography-mass spectrometry tandem mass spectrometry (LC-MS/MS) using specific 

peptide analysis for identification, polymerase chain reaction (PCR) exploring specific markers of the 

DNA, ELISA is dependent on antigen-antibody interaction, and SDS-PAGE relies on the molecular 

weight of protein. Table 1 compiles the benefits and limitations of respective analytical methods. 

Further respective descriptions of the methods are discussed below. 

Table 1. List of some analytical methods for identifying porcine-derived components in complex matrixes along 

with each method’s advantages and disadvantages 

Methods Advantages Disadvantages References 

LC-

MS/MS 

 Precise mass measurement, superior 

sensitivity, and good resolution 

enable accurate identification 

compared to other techniques 

 Suitable for identifying complex and 

highly processed matrixes 

 More expensive compared to other 

techniques 

 Time-consuming 

 Requiring specialized knowledge 

[51], [54], 

[55] 

PCR 

 Easy to perform and frequently used 

for species identification 

 More affordable than the LC-MS/MS 

method 

 

 Less sensitive and specific than LC-

MS/MS especially in complex and 

highly processed matrices like 

cosmetics.  

 The quality of DNA isolates and 

DNA degradation can have an 

impact on the test result 

 The PCR approach is unable to 

identify the degree of contamination 

in a gelatin sample because DNA 

detection is not directly correlated 

with the amount of protein or 

peptide present in a sample. 

[13], [54], 

[56], [57] 

 

 

 

 

ELISA 

 

 

 

 

 

 Easy to perform 

 Using low-cost reagents, therefore 

more affordable to perform than the 

LC-MS/MS method 

 Offer benefits over methods based 

on nucleic acid as proteins may have 

a primary structure that is more 

stable than DNA 

 

 

 

 Less sensitive and specific than LC-

MS/MS especially in complex and 

highly processed matrices like 

cosmetics 

 Heat processing may alter the 

original structure of the antigen’s 

epitopes, making it more difficult for 

the antigen to be recognized by its 

particular antibody. 

 

[13], [58], 

[59], [60], 

[61], [62] 
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 If certain antibodies are not readily 

available, it could take months to 

produce them 

SDS-

PAGE 

 Easy to perform 

 Inexpensive method 

 Only suitable for relatively simple 

matrix 
[21] 

3.2.1. LC-MS/MS 

 In recent years, the liquid chromatography-mass spectrometry tandem mass spectrometry (LC-

MS/MS) method using specific peptide analysis for identifying the animal sources of gelatin has 

garnered significant attention for development. Due to variations in amino acid sequence, mass 

spectrometry enables the identification of the animal sources of gelatin accurately [51]. As previously 

mentioned, collagen partially hydrolyzes to produce gelatin, with type I collagen being the most 

prevalent collagen in connective tissue among all 28 collagen types [52]. Because hydrolyzed type I 

collagen is the most common type of collagen, gelatins may contain peptides from this type of 

collagen. According to sequence alignment findings, the type I collagens of pig and cow, which are 

two of the most widely available gelatin sources, exhibit high similarity with 99% sequence similarity. 

Nonetheless, a small number of amino acid variations exist, allowing it possible to distinguish 

between the gelatin origin of porcine and bovine based on peptides derived from type I collagen [12], 

[53]. Table 2 tabulated several potential marker peptides for distinguishing between bovine and 

porcine gelatin. 

Table 2. Several potential marker peptides to differentiate between porcine and bovine gelatin 

Potential marker peptides References 

GRPGPPGPAGAR 

[12] 

GEPGPTGVQGPPGPAGEEGK 

GSPGPAGPK 

QGPSGPSGER 

DLEVDTXLK 

GPNGEVGSAGPPGPPGLR 

GFPGSPGNVGPAGK 

GAPGPDGNNGAQGPPGPQGVQGGK 

GIPGEFGLPGPAGPR 

IGPPGPSGISGPPGPPGPAGK 

TGETGASGPPGFAGEK 

GPPGAVGNPGVNGAPGEAGR 

GPPGESGAAGPAGPIGSR 
[63] 

GSPGADGPAGAPGTPGPQGIAGQR 

GEPGPAGSVGPAGAVGPR 
[12], [63] 

 
GPTGPAGVR 

GETGPAGPAGPVGPVGAR 

 

The determination of gelatines from various products through LC-MS/MS is conducted by 

extraction of gelatin from matrix samples, after which the extracted gelatin undergoes digestion with 

proteases like trypsin. The resulting peptides then are separated using liquid chromatography and 

subsequently sequenced through various databases available as part of the instrument to analyze the 

animal source of gelatin [54]. The comprehensive sample preparation procedure for gelatin extraction 

from cosmetic samples is presented in Figure 1. 

continued Table 1.. 
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In the sample preparation protocols for gelatin extraction (Figure 1), hexane is added to the 

sample to separate lipid contaminants which are commonly present in certain types of samples, such 

as cosmetics [13], [64]. Additionally, to examine the gelatin in the capsule shell, the sample is first 

washed with milli-Q water in order to remove the remaining residual contents of the capsule. The 

capsule shell is then dried, cut, and gone through further sample preparation [54], [60]. Unlike 

bottom-up proteomics protocols within meat samples which need reduction and alkylation steps, in 

order to break disulfide bonds and alkylate cysteine groups to prevent them from forming 

undesirable new disulfide bonds, in the gelatin-containing samples analysis, gelatin does not require 

reduction and alkylation steps, since gelatin proteins are already hydrolyzed during the production 

process [64], [65]. Subsequently, the protein digestion stage is performed by using trypsin enzyme in 

an ammonium bicarbonate solution at 37 - 40o C for 12 – 24 h [13], [14], [66], [67]. Various digestion 

methods have been developed to overcome this time-consuming conventional digestion process 

including the employment of ultrasound and microwave digestion methods thus speeding up the 

process from an overnight digestion to just a matter of minutes [68], [69]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sample preparation procedures for gelatin extraction from cosmetic samples using conventional 

digestion method [13] 

 Figure 2 illustrates the novel digestion approach procedures. However, these protocols need 

further optimization as the study demonstrated that compared to microwave and ultrasonic 

digestion, conventional digestion produced a higher detection rate [69]. Chia et al. (2020) [13] 

combined a UHPLC-fast separation with an SRM-based targeted method to develop a testing 

protocol on the utilization of triple quadrupole LC-MS/MS technology for detecting the presence of 

porcine gelatin in cosmetic and food confectionary samples. In order to evaluate the robustness 

sensitivity, and accuracy of the SRM-based LC-MS/MS method for identifying porcine gelatin, a 

number of tests were carried out using standard reference gelatin material as well as actual cosmetic 

and food samples. Firstly, the developed method was used to examine reference gelatin standards 
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derived from bovine and porcine sources. The results showed that no porcine markers were found in 

the bovine gelatin standard, while all 11 porcine peptide markers, that had been discovered in their 

previous study, were successfully identified in the porcine gelatin standard. To determine the 

positive identification of porcine gelatin, all SRM transition peaks must be correctly aligned, retention 

times must be matched, and the correct ion ratio between different ions for the same peptide marker. 

This application of the three levels of identification criteria guarantees reliable and accurate results, 

even at low detection limits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Microwave and ultrasound digestion protocols [69], [70], [71] 

The method’s performance under different matrix conditions was assessed by spiking porcine 

gelatin standard in hair moisturizer cream and facial gel samples to mimic different contamination 

levels (spiked solution concentrations of 0.01 %, 0.05 %, 0.1 %, 0.5 %, 1.0 %, and 5.0 %). As a result, 

even at the lowest concentration of 0.01% in the spiked sample, all 11 porcine peptide markers were 

detected. The method achieved a remarkable linear calibration curve, with an r2 value exceeding 0.99 

and the inter-day analysis of the samples demonstrated good reproducibility. Furthermore, a 

comparative study between the SRM-based LC-MS/MS method and the ELISA method was 

conducted on 27 different commercially available food and cosmetic products containing gelatin with 

the goal of examining the developed method’s accuracy. For the majority of samples containing 

gelatin, the results indicated a positive correlation between the LC-MS/MS and ELISA methods. 

However, two cosmetic samples showed inconsistent results using the ELISA method and were 

confirmed to be negative for porcine peptides using the LC-MS/MS method. The LC-MS/MS 

method’s feasibility for analyzing porcine gelatin in such challenging various cosmetic and food 

matrixes was confirmed by the experiment. According to the experiment’s findings, LC-MS/MS 

demonstrated a sensitive, robust, and reliable method for identifying porcine derivatives in cosmetic 

and food products [13].     

The presence of Hyp may influence the judgment findings of amino acid sequence, potentially 

resulting in inaccurate animal origin identification [54]. For instance, in bovine COL1A2 with the 

Gelatin extraction 

Addition of trypsin enzyme 

Vortex and centrifuge 

Digestion 

Microwave digestion 

incubate using a conventional microwave oven 

at 400 W for 1 minute 

Ultrasound digestion 

Incubate using an ultrasound instrument for 20 

minutes at 290 W 

Vortex and centrifuge at 12,000 rpm for 5 min 

Take the supernatant and inject to the LC-MS/MS instrument 
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marker peptide sequence G308AAGLP313GVAGAPGLPGPR325, whereas the sequence 

G310AACLL315GVAGAPGLPGPR327 is present in porcine COL1A2. In the process of determining the 

peptide sequence, if Pro313 hydroxylation (+16 mass) occurred, it could be mistaken with a similar 

mass of amino acids, such as Leu and Ile [51], [53]. Therefore, Jumhawan et al. (2019) [14] developed 

an LC-MS/MS method using the multiple reaction monitoring (MRM) method for the identification 

of porcine and bovine gelatins in pharmaceutical, cosmetic, and food products. With MRM, which is 

a modified form of SRM, several SRM transitions for the same or distinct analytes can be tracked in 

a single mass spectrometry run. MRM can recognize post-translational modifications (PTMs) and 

differentiate between very similar protein forms by monitoring several transitions in a single run. For 

protein identification in complex matrixes, MRM is therefore preferred [72]. Jumhawan et al. (2019) 

[14] study performed in silico MRM transitions prediction of bovine and porcine peptides using 

Skyline software. Skyline software can be used to identify the location and amount of proline 

hydroxylation in order to obtain all MRM transitions and to identify the variations in peptides caused 

by the hydroxylation of proline [54]. Table 3 shows the prediction of bovine and porcine marker 

peptides performed in the study. The prediction test indicates that the precursor and product ion 

mass-to-charge ratios (m/z) of porcine and bovine peptides are identical. Peptide sequences from 

porcine (GPPGSAGAPGK) and bovine (GPPGSAGSPGK) gelatins exhibit slight discrepancies, differ 

only by a single amino acid (the 8th amino acid), and unpredicted proline hydroxylation to gelatin 

occurrence may result in peptides with the same mass and identical MRM transitions for both species. 

Table 3. In silico MRM transitions prediction of bovine and porcine marker peptides using Skyline software. 

Bold, underlined proline (P) signifies proline hydroxylation [14] 

Peptide Marker Sequence Precursor (m/z) Product (m/z) 

Bovine Specific Marker GPPGSAGSPGK 456.2327++ 

y10 854.4367+ 

y9 757.3839+ 

y3 301.1870+ 

Porcine Specific Marker GPPGSAGAPGK 456.2327++ 

y10 854.4367+ 

y9 741.3890+ 

y3 301.1870+ 

Moreover, Jumhawan et al. (2019) [14] study performed a method validation. Following 

sequence verification, 8 and 9 peptides were discovered to be specific for porcine and bovine gelatine, 

respectively. Every peptide marker performed good repeatability (RSD < 15%). The developed 

method can successfully identify adulteration levels in spiked bovine and porcine gelatin matrixes as 

low as 0.1%. Additionally, the method has shown success in determining porcine and bovine gelatin 

in the test of commercial goods (encompassing pharmaceutical capsules, personal care, and food 

products). In conclusion, the developed method provides a reliable strategy to identify and specify 

animal-based gelatins that enforce halal testing [14]. Overall, the LC-MS/MS method offers excellent 

resolution, high sensitivity in complex matrixes, and accurate mass measurement. Despite that, this 

method has several drawbacks such as not being widely available in laboratories, being time-

consuming, high cost, and need for expertise [51], [54], [55].  

3.2.2. Polymerase Chain Reaction 

 Because of its sensitivity and selectivity, the polymerase chain reaction (PCR) method is 

frequently used to identify species by identifying animal DNA present in the sample [54]. Since DNA 
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is unique and species-specific, enabling accurate identification of porcine-derived content, thus PCR 

is one of the established methods for identifying porcine-derived in different products. The use of 

PCR to identify the source of gelatin in powder and capsule shells has been the subject of numerous 

studies, whereas the use of PCR to determine gelatin and collagen in more complex cosmetic matrix 

samples has not yet been extensively performed. Table 4 compiled the use of PCR methods along 

with reported porcine primers for the analysis of gelatin in capsule shells. 

Table 4. Several applications of PCR methods and primers for gelatin analysis in capsule shell samples 

PCR Method Applications Porcine Primers References 

Conventional 

PCR 

Identification of bovine 

and porcine gelatin in 

gelatin powders and 

gelatin capsule shells 

Target gene: Cyt b 

5’-GCCTAAATCTCCCCTCAATGGTA-3’ 

5’-ATGAAAGAGGCAAATAGATTTTCG-3’ 

[70] 

Real-time PCR 

The identification of 

gelatin powders and 

capsule shells of bovine 

and porcine origin 

Target gene: Cyt b 

5’-CAACCTTGACTAGAGAGTAAAACC-3’ 

5’-GGTATTGGGCTAGGAGTTGTT-3’ 

[71] 

Multiplex 

PCR-RLFP 

Differentiation of the 

gelatin sources of bovine, 

porcine, and fish in 

capsules 

Target gene: Cyt b 

5’-GGTAGTGACGAAAAATAACAATACAGGAC-3’ 

5’-ATACGCTATTGGAGCTGGAATTACC-3’ 

[72] 

Duplex PCR 

Identification of bovine 

and porcine DNA in 

gelatin capsules 

Target gene Cyt b 
5’-ATGAAACATTGGAGTAGTCCTACTATTTACC-3’ 

5’-CTACGAGGTCTGTTCCGATATAAGG-3’ 

 

Target gene: Cyt b 

5’-GCCTAAATCTCCCCTCAATGGTA-3’ 

5’-ATGAAAGAGGCAAATAGATTTTCG-3’ 

[73] 

 

 Zabidi et al. (2020) [16] developed methods for detecting porcine DNA in collagen cream 

cosmetic products by using conventional PCR with species-specific primer and electrophoresis gel. 

The study used a set of porcine-specific primers of 12SFW (5’-

CCACCTAGAGGAGCCTGTTCT(AG)TAAT-3’) and 12SP (5’-GTTACGACTTGTCTCTTCGTGCA-

3’) with the amplicon length of 387 bp. The study performed an optimization of primer annealing 

temperature by gradient the annealing step at 40 – 70o C. Subsequently, PCR products were analyzed 

using electrophoresis gel in 1.0% (w/v) agarose gel. According to electrophoresis analysis, the 

annealing temperature of 44.4o C exhibited the highest band intensity. Therefore, 44.4o C was 

determined as the optimum annealing temperature and will be used for subsequent PCR assays. The 

analysis in cream sample products showed the presence of PCR amplicon, around 387 bp, in raw 

pork (positive control), piggy collagen cream, and hand cream which contains collagen from an 

unknown source. The study demonstrated that even though the cosmetic samples generally 

contained very small amounts of highly degraded porcine DNA, the developed method can detect 

and amplify the DNA. 

Even though PCR is considered to be a selective and specific technique, the quality of the DNA 

used can affect the results [56]. Several components that may be found in cosmetic products including 

alcohol, metal ions, fats, pectin, detergents, and polysaccharides may interfere with PCR [73], [74], 

[75]. As a result, the DNA extraction method that is used should minimize these PCR inhibitors that 
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might be present in the samples [76]. There is a limited number of studies that have studied the 

efficiency of DNA extraction kits used in cosmetic sample preparation. Kim et al. (2018) [15] designed 

a real-time PCR method to identify porcine DNA in halal cosmetics and measured the real-time PCR 

detection limit to compare the effectiveness of different DNA extraction techniques. Figure 3 

illustrates the workflows of RT-PCR to identify the presence of porcine DNA in cosmetics containing 

gelatin. A set of primers Sus NDH5 was developed in order to identify pig DNA in cosmetics (F: GCC 

TCA CTC ACA TTA ACC ACA CT and R: AGG GGA CTA GGC TGA GAG TGA A) with the 

amplicon size of 139 bp. Taqman probe (GGC GTA GGA TAY CCT CGT TTT TAC GT) was used in 

this experiment, labeled at the 5' and 3' ends with 6-carboxyfluorescein and black hole quencher 1, 

respectively. The specificity of the NDH5 primer was investigated by testing it with four bacterial 

strains nine vegetables, and eight different kinds of meat. The specificity result showed that, with the 

exception of the pig, no florescent signal was observed in non-target samples even after 40 cycles, 

proving the developed method is specific and facilitates the detection of porcine components in 

cosmetics. Additionally, tests conducted on 15 beauty goods revealed that none of the 15 samples 

examined using the developed rt-PCR contained any traces of pig DNA. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. RT-PCR workflows of the source identification of gelatin in cosmetic matrices sample 

 Kim et al. (2018) [15] also conducted a test to examine how DNA extraction techniques affected 

real-time PCR amplification. Initially, cosmetic samples that will be spiked were confirmed with the 

developed method to detect the absence of porcine DNA. The confirmed cosmetic samples were then 

purposefully spiked with serially diluted porcine template DNA, then the DNA was extracted 

employing six distinct DNA extraction procedures (CTAB; Power PrepTM DNA extraction kit; 

QIAamp DNA stool mini kit; Wizard genomic DNA purification kit; TIANamp genomic DNA Kit; 

Nucleo spin food kit). Porcine DNA taken from the modified cosmetic samples was subjected to real-

time PCR in order to investigate the trial's limit of detection. This LOD is then utilized to depict the 

performance of respective DNA extraction techniques. According to the findings, the rt-PCR method 

could identify the template DNA as low as 2.28 x 100 copies for the liquid-type mask pack using the 

Power PrepTM DNA extraction kit (Ct value of 38.51) and TIANamp Genomic DNA kit (Ct value of 

38.71), which provide rt-PCR sensitivity 10–100 times higher than alternative extraction techniques. 

The rt-PCR limit of detection for the powder-type mask is 2.28 x 101 copies using the QIAamp DNA 

stool mini kit (Ct value of 37.63) and Power PrepTM DNA extraction kit (Ct value of 39.07). For both 

DNA extraction from cosmetic matrices 

Use the obtained DNA isolates as a template DNA in the PCR reaction mix, 

along with porcine-specific primers and other reagents 

Run the PCR mix in the RT-PCR instrument 

Analyze the generated curve to determine the presence of porcine DNA in 

the cosmetic samples  
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kits, the rt-PCR limit of detection is 10–100 times greater than that of the alternative extraction 

techniques. Moreover, rt-PCR showed a limit of detection of 2.28 x 100 copies (Ct value of 39.07) when 

using the Power PrepTM DNA extraction kit on cream samples. This was 100–1000 times higher than 

the other extraction kits. Essential to note that hexane or chloroform treatment during the DNA 

extraction process results in fewer PCR inhibitors in cosmetic samples with high lipid content [77]. 

Hence, the Power PrepTM DNA extraction kit, which employs chloroform to extract DNA, may 

perform better yield in rt-PCR analysis. Therefore, this type of extraction kit can become a preferable 

option for isolating DNA within the gelatin component in cosmetic matrix samples. Additionally, 

Gina et al. (2024) [78] evaluated the effectiveness of two commercial DNA extraction kits to isolate 

DNA from gelatin powder, namely the DNeasy Mericon Food Kit (DM kit) and the Processed Food 

DNA Extraction (PF kit). DM kit was selected because it has been utilized to extract DNA from gelatin 

powder matrixes and drug capsules in several studies, whereas PF kit even though was developed 

for processed food products and has not been specifically reported for gelatin extraction, it may show 

effective in isolating DNA from gelatin matrixes. Nevertheless, the result showed that the PF kit 

produced a much higher DNA concentration than the DM kit, with 34.03 µL and 4.25 ng/µL, 

respectively. PF kit also gave better DNA purity levels in A260/280 and A260/230 ratios. 

Unfortunately, because the experiment was conducted on cosmetic samples that had been 

spiked with serially diluted porcine DNA from meat samples, Kim et al. (2018) [15] experiment did 

not capture the comparison of the various extraction methods in terms of their performance to extract 

DNA from actual gelatin contained in cosmetics. Moreover, Gina et al.'s (2024) [78] experiment 

compared DNA extraction kits using gelatin powder rather than more complex cosmetic matrixes. 

Nonetheless, since the performance comparison of extraction methods on gelatin matrixes and 

cosmetics was limited to a small number of experiments, both studies provide an essential overview 

of DNA extraction methods’ performance in highly complex samples and gelatin matrixes as well as 

depict the methods’ potential ability to isolate DNA from gelatin contained in cosmetics. 

Additionally, both papers provide extraction kit choices that give favorable DNA isolate compared 

to other kits. Further experiment is needed to explore and compare how efficiently DNA extraction 

methods extract DNA from actual gelatin contained in cosmetics. 

PCR method has several challenges as employing PCR to identify the origin of gelatin species 

has been proven to be quite challenging [13], [57]. DNA degradation is thought to be the primary 

factor influencing PCR success. This is a result of the high temperature and pressure involved during 

the processing of collagen into gelatin, leading to the almost complete destruction of any DNA 

present or DNA degradation into small fragments [10], [11], [13]. Furthermore, as the amount of 

protein or peptide in a sample is not directly correlated with the presence of DNA, the PCR method 

cannot be used to assess the degree of contamination in a gelatin sample [13]. 

3.3. ELISA 

 The other widely used technique is based on proteins and is known as ELISA (enzyme-linked 

immunosorbent assay). The basis of the ELISA analysis is the identification of specific antigens to 

proteins of the targeted species which is enabled by antigen-antibody interaction [13], [54]. Due to its 

sensitivity, specificity, and accuracy in identifying antigenic proteins, the ELISA method has been 

employed as a means of authenticity verification [58], [59]. The primary structure of proteins may be 

more stable than that of DNA, which can degrade under complicated processing circumstances and 

affect the identification result of the DNA-based gelatin authentication method [62]. Additionally, 
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the ELISA approach is a good alternative to other methods since it is simple to use, inexpensive 

reagents are available, and it can screen or quantify plenty of samples for the presence of target 

analytes [61]. Several studies have employed the ELISA method to detect gelatin in both raw and 

processed samples. Compared to several other formats of ELISA, indirect ELISA has been widely 

used for the determination of gelatin sources [18], [19], [20]. Figure 4 illustrates the indirect ELISA 

workflows for gelatin source differentiation. In indirect ELISA, a primary antibody that binds to the 

target protein is combined with a secondary antibody that is specific to the primary antibody. Before 

adding a primary antibody that will bind to the samples, the gelatin samples (antigen) on the 

microplate surface should be immobilized. Secondary antibodies that have been conjugate-labeled 

are then added to the primary antibodies in order to bind to them [79], [80]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Indirect ELISA workflows for gelatin source differentiation 

Using polyclonal anti-peptide antibodies, Venien & Levieux (2005) [20] created indirect ELISA 

formats to distinguish between raw bovine and porcine gelatines which can illustrate the ELISA 

method’s ability to characterize the species origin of the gelatin. The two suggested sequences of 

bovine collagen, Peptide 1 (Glu-Phe-Asp-Ala-Lys-Gly-Gly-Gly-Pro-Gly) and Peptide 2 (Gly-Pro-Ala-

Gly-Ala-Pro-Gly-Pro-Pro-Gly), were synthesized and used as the immunogens. Additionally, 

gelatins were also immunized to the rabbit, but because gelatin has very little immunogenicity, the 

molecule should undergo chemical alteration in order to produce antibodies in rabbits. Thus, 

tyrosylation was applied to the gelatins [81]. Then, at monthly intervals, rabbits (four rabbits for each 

antigen) received threefold immunization. Following each booster injection, the animals were bled 

seven to nine days later, and the sera were examined using indirect and competitive indirect ELISA 

to determine the antibody activity and specificity. The results showed that when used as coating 

antigens, the indirect ELISA performed using anti-peptide 2 antiserum enabled unambiguous 

discrimination among all of the bovine and porcine gelatines. On the other hand, when tested against 

collagen and gelatin, the anti-peptide 1 antibodies showed a low degree of reactivity. Furthermore, 

there was no discernible difference in the reactivity of bovine and porcine gelatins when utilizing a 

rabbit antiserum against bovine tyrosylated gelatins. This indirect ELISA could be used as a simple 

and rapid identification essay. Nevertheless, this format assay is unsuitable for identifying small 

quantities of bovine gelatin within porcine gelatin, as the results obtained from testing mixtures of 

bovine and porcine gelatin were relatively unsatisfactory. In contrast, the indirect competitive ELISA 

format that was designed exhibited a high sensitivity of 2 to 4 parts per 1000 for detecting bovine 

gelatines in pig gelatines that were bought from suppliers of laboratory chemicals. Additionally, 
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when industrial batches were examined, the sensitivity was 8 parts per 100 bovine gelatines in 

porcine gelatines. 

Even though ELISA has several advantages, there are a number of obstacles to overcome. For 

instance, heat processing that denatures a target antigen may alter the original structure of its 

epitopes, making it more difficult for the antigen to be recognized by its particular antibody. 

According to a study by Doi et al. (2009), which used pAbs from rabbits (pAb1 and pAb2) and goats 

(pAb3) that were previously immunized using bovine gelatin as immunogen, the developed 

sandwich ELISAs reacted with porcine gelatin with a same or higher degree than that with bovine 

gelatin because the structures of the two gelatins are thought to be similar or their epitope areas are 

very similar. The developed method also has a limited specificity as it showed a low cross-reactivity 

to raw pork and cross-reacted with heated pork meat, goat, venison, boar, and rabbit meats. The high 

cross-reactivity with heated foods was most likely caused by the denatured collagen in meats and 

subsequently recognized by the antibodies used in this study. 

Several approaches have been put out to get around the limitations. Among these is the discovery 

of thermostable proteins coupled with the production of particular antibodies directed against them. 

Since these thermostable proteins are present in both raw and highly processed samples, they can be 

utilized as target antigens for antibodies in the ELISA [82], [83], [84]. Additionally, the use of 

polyclonal antibodies is recommended over monoclonal antibodies for the identification of 

denatured proteins, especially in processed samples, due to their wider recognition of various 

epitopes and increased tolerance to minute changes [85]. For example, some processing methods may 

change or affect the accessibility of crucial epitopes, which could impair the immunoassay's capacity 

to identify antibodies [86], [87].  

As far as we know, not much study has been performed to date examining the ability of ELISA to 

verify the origins of porcine gelatin in complex cosmetic samples. However, the ELISA approach has 

been performed for the detection and quantification of gelatines in relatively simple cosmetic 

matrixes, such as capsule shells, and various food matrix samples. Table 5 compiles several ELISA 

formats for the identification of gelatin in various matrixes. Therefore, these studies could have 

depicted the ability of the ELISA method to differentiate gelatin sources from various origins in 

complex cosmetic matrix samples. Overall, the use of the ELISA method for gelatin source 

identification is achievable although it is quite challenging. 

Table 5. Some ELISA methods applied for the identification of gelatines in various matrix samples 

ELISA 

Formats 
Application Remarks and Comments References 

 

 

 

 

Indirect 

Competitive 

ELISA 

 

 

 

 

Determination 

of mammalian 

gelatin in 

capsules 

All of the developed pAbs (pAb1 & pAb2), using porcine 

collagen sequences as the immunogens, showed cross-

reactivity with more than 58% and 76% towards bovine 

gelatin from skin and bone, respectively. pAb1 showed 

cross-reactivity for more than 64% and 20% towards fish 

and chicken gelatins, respectively, while pAb2 exhibited 

<1% of cross-reactivity to both fish and chicken gelatin. 

Unfortunately, the study has limitations in the context of 

differentiating gelatin sources from porcine and bovine 

since all of the developed pAbs have cross-reactivity 

toward bovine, although pAb2 can discriminate 

mammalian from fish and chicken sources.   

[88] 
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continued Table 5… 

 
  

Competitive 

Indirect 

ELISA 

Determination 

of porcine 

gelatin in 

edible bird's 

nest 

Polyclonal antibodies (pAbs) from rabbits immunized with 

collagen amino acid sequences specific to pig species 

(pAb1, pAb2, and pAb3) were used to develop ELISA 

techniques. The results showed that pAb3 has superior 

selectivity among all of the developed pAbs. Moreover, 

pAb3 is sufficient for EBNs authentication from gelatin 

adulterants as pAb3 could identify porcine, bovine, and 

fish gelatines in EBN matrixes.  

However, the developed methods were not appropriate for 

detecting porcine gelatin for halal authentication since each 

pAb exhibited cross-reactivity with fish and bovine 

gelatines.  

[18]. 

Competitive 

indirect 

ELISA 

Determination 

of gelatin in 

confectionery 

products 

The ELISA method is developed using porcine collagen 

immunogen to produce polyclonal antibodies. ELISA 

method performed low-cross reaction to fish and chicken 

gelatins but cross-reaction with bovine gelatin.  

The developed method is not appropriate for the 

identification of the presence of porcine gelatin as the 

developed pAbs showed cross-reactivity with bovine 

gelatin. 

[19] 

Sandwich 

ELISA 

Determination 

of bovine and 

porcine 

gelatin in 

processed 

food 

Novel sandwich ELISA methods were developed by using 

pAbs from rabbits (pAb1 and pAb2) and goats (pAb3) 

against bovine gelatin as an immunogen. Two sandwich 

ELISAs were performed by using pAb1-pAb2 and pAb3-

pAb3. The cross-reactivity profiles of the two ELISAs were 

different. Both ELISAs showed positive responses toward 

boiled meat samples, although pAb3-pAb3 ELISA did not 

produce a positive response with boiled chicken. 

Furthermore, pAb3-pAb3 ELISA performed less cross-

reactivity with boiled squid and various seafood and also 

produced weaker cross-reactivity with cooked meat. No 

negative nor false positives (except for gelatinized heated 

meat) were produced by the pAb3-pAb3 ELISA method.  

However, these developed methods mainly explored the 

ELISA’s potency to differentiate bovine and porcine gelatin 

from fish gelatin in processed samples, as the results 

showed that both developed ELISA methods reacted with 

bovine and porcine gelatin. Therefore, the method has its 

limitations in the facet of halal authentication application. 

[17] 

  

3.3.1. Polypeptide Molecular Weight  

 Analytical techniques for the identification of the animal origin of gelatin are complex and 

expensive. Therefore, the development of simpler and less expensive methods to differentiate bovine 

and porcine gelatins is needed, especially in samples that do not have numerous and various 

components such as gelatin capsule shells in nutricosmetic or “oral cosmetic” products. 

Polyacrylamide gel electrophoresis (PAGE) is the most widely utilized technique for separating and 

assessing the molecular weight of proteins and peptides since it is simple to use and efficient [21]. 

Yap & Gam (2019) [22] developed a simple gel electrophoresis method to differentiate between 

gelatin capsules from cows and pigs using ammonium sulfate precipitation. In gelatin capsule 

identification, the sample preparation steps are relatively simple. Firstly, the content of the capsule is 

removed, then the capsule is cut and cleaned using blotter paper. Subsequently, the cut gelatin 
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capsule is weighed and dissolved. The result of the gel electrophoresis experiment showed the 

respective bands characteristic of porcine and bovine gelatins. Porcine gelatin has two bands at 110 

kDa and 125 kDa, while bovine gelatin has two bands at greater molecular weights (125 kDa and 140 

kDa). Through this band profile differences, bovine and porcine gelatin could be easily differentiated. 

A blind evaluation of the developed approach was also conducted by an authorized pharmaceutical 

organization, which used the developed gel electrophoresis method to examine 13 samples in total 

(8 capsule shells and 5 over-the-counter final products). The findings of the blind test demonstrated 

that the developed method could verify the source of gelatin as stated by the manufacturer for each 

sample. 

 The origin of gelatin can be identified by combining protein-based methods with nucleic acid-

based methods. Malik et al. (2016) [21] demonstrated the use of these two approaches complement 

one another and aid in determining the origin of gelatin. They used polymerase chain reaction and 

electrophoresis to simultaneously identify and confirm the type of gelatin present in capsule shells. 

The results showed that pig gelatin had a broader molecular weight variation than bovine gelatin 

because, at optimal SDS-PAGE conditions, more bands were observed in porcine gelatin. 

Additionally, the results of the densitometry revealed that the densitometry profile of pig gelatin had 

12 peaks, but the profile of bovine gelatin had just 4 major peaks. The densitometry profile analysis 

revealed that the porcine profile had peaks at < 100 kDa, whereas the bovine profile did not. 

Consequently, it is possible to distinguish between bovine and porcine gelatin using these peaks. 

Another specific difference was observed at the peak of 115 kDa of the porcine gelatin, whereas 

bovine gelatin does not have this peak. 

 Moreover, Malik et al. (2016) [21] employed principal component analysis (PCA) in conjunction 

with SDS-PAGE-densitometry to detect and confirm four gelatin capsule samples. PCA is a 

multivariate analysis that can find the connections between the samples and variables, capable of 

identifying patterns, grouping, similarities, and differences within the input data [89]. The result 

revealed that sample 1, was near the porcine gelatin reference and can be confirmed to contain 

porcine gelatin as labeled by producer. In contrast, samples 2 & 3, which are capsules containing 

gelatin from unidentified origins, were closer to the reference cow and were therefore likely to 

include bovine gelatin. Sample 4 exhibited a poor band pattern, and thus was unable to identify by 

SDS-PAGE-densitometry. Then, using universal oligonucleotide primers [forward (cyt b1): 5'-CCA 

TCC AAC ATC TCA GCA TGA AA-3' and reverse (cyt b2): 5'-GCC CCT CAG AAT GAT ATT TGT 

CCT CA-3'] and BsaJI as a restriction enzyme, a nucleic acid-based analysis (PCR-RLFP) was carried 

out to amplify the genomic DNAs of porcine and bovine. BsaJI cut the 360 bp of target amplicon into 

two fragments of 228 and 131 bp for Sus scrofa and 316 and 44 bp fragments for Bos taurus. Using the 

nucleic acid-based method, it can be concluded that sample 1 was verified to contain porcine gelatin 

as labeled by the manufacturer as well as by the SDS-PAGE-densitometry coupled PCA result. 

Furthermore, the presence of bovine gelatin in samples 2 and 3—the same as in the protein-based 

method—was confirmed. After all, even while simultaneous approaches seem like a useful 

complement, it's crucial to maintain the simultaneous techniques at a low cost and have simple 

protocols.  
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4. CONCLUSION 

In recent years, there has been a rise in the demand for cosmetics. Modern life has driven people 

to enhance their appearance. Along with such a phenomenon, customers are becoming more aware 

of embracing religious teaching, such as using halal products since the use of halal goods is highly 

advocated in Islam. Prohibited sources of animal-derived ingredients, such as porcine species mainly 

cause halal issues toward cosmetic products. Porcine-derived ingredients, such as gelatin and 

collagen, are extensively used in various forms of cosmetic products, whether as excipients or as 

beneficial components towards beauty and appearance since these ingredients offer economic 

advantages and superior properties among other animal protein sources. These advantages may 

result in the potency of adulteration practices and become a problem for the Muslim population since 

halal products have a zero-tolerance policy, meaning that haram ingredients are prohibited even in 

minuscule quantities. Therefore, the development of analytical methods performing specific, 

sensitive, and reliable results is highly desirable in order to support halal authentication regulations.  

Various techniques have been performed for gelatin and collagen analysis in highly complex 

matrixes including liquid chromatography-tandem mass spectrometry (LC-MS/MS), polymerase 

chain reaction (PCR), enzyme-linked immunosorbent assay (ELISA), and polypeptide molecular 

weight such as SDS-PAGE. These methods have different approaches and principles in determining 

the sources of gelatin and collagen, with respective benefits and limitations. Various forms of 

cosmetic products are present nowadays and only a limited number of experiments were conducted 

in examining porcine protein in cosmetic matrix samples. Therefore, further exploration, 

development, and optimization of the established method are needed. Further optimization in LC-

MS/MS workflows such as the optimization of non-conventional digestion methods is needed to 

overcome the lengthy preparation problem in the LC-MS/MS method. The exploration of the DNA 

extraction method to isolate the DNA within actual gelatin contained in the cosmetic sample is also 

critical, to demonstrate the performance of the method in real-life samples in favor of establishing 

simple protocols and reducing time-consuming analysis. Further research on the ELISA capability to 

determine gelatin source identification in cosmetic matrix samples is also needed to give further 

understanding of the method’s capability as an alternative technique for the expensive LC/MS-MS 

method since as far as we know there is no publication specifically examining gelatin sources from 

the cosmetic matrix samples using ELISA.   
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