J Biochem Phytomed. 2024; 3(1): 53-58. doi: 10.34172/jbp.2024.11.

Journal of Biochemicals and Phytomedicine

eISSN: 2958-8561

Identification of Animal Species in Meat Products Using

Chemometrics-Based

High-Performance Liquid

Chromatography: A Systematic Review

Sohrab Pirhadi **

, Nabi Shariatifar 2

, Mohadeseh Pirhadi 2

1 Computer Science, Department of Computer Science and Information Technology, Institude of Advanced Studies in Basic

Sciences (IASBS), Zanjan, Iran

2 Food Safety & Hygiene Division, Department of Environmental Health Engineering, School of Public Health, Tehran
University of Medical Sciences, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article Type:
Review

Article History:

Received: 12 Dec 2023
Revised: 12 Mar 2024
Accepted: 15 Mar 2024
Available online: 30 Jun 2024

Keywords:

Adulteration,

Meat products,
Chemometrics,

Liquid chromatography

# Corresponding author:
E-mail: sohrab.pirhadi94@gmail.com

Ensuring accurate meat species identification and animal authentication in meat
products is crucial for promoting fair trade and empowering consumers to make
informed decisions. Concerns about food fraud have grown due to significant
financial and trust-related consequences. Chromatographic techniques combined
with chemometrics are widely used in the food industry to confirm the origin and
authenticity of food products. Liquid chromatography-mass spectrometry (LC-MS)
is highly sensitive and can accurately identify meat metabolites and lipids. This
systematic review focuses on analytical methods for the quantification and
authentication of meat products. Data were collected from authoritative databases
such as Web of Science, Scopus, and PubMed between January 2014 and February
2023. The review examines the use of LC-MS to identify the nature and origin of
food. Studies demonstrate the high efficiency of LC-MS due to advanced techniques
for extraction, concentration, and identification, enabling the separation and
identification of trace amounts with high accuracy and specificity. Identifying
peptide markers is crucial for developing these methods. LC-MS/MS stands out for
its accuracy in detecting food adulteration, relying on the reliability of proteotypic
peptides unique to the animal species used as food. The large amount of data
generated during mass spectrometry necessitates the use of chemometric methods
to analyze LC-Q-TOF data. The combination of LC-Q-TOF and chemometrics has
become a powerful tool for the qualitative and quantitative analysis of food
ingredients. The results indicate that LC-MS/MS proteomics tools effectively
identify and specify species markers in various food types, including meat,
delivering accurate and statistically robust results.
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Introduction

Throughout history, the issue of food consumption
has been a primary concern due to its negative impact
on food quality and its potentially harmful health
consequences, such as diseases and poisoning (Bansal
et al,, 2017). Meat, as a crucial source of protein and
energy, has become a fundamental component of
human diets worldwide. However, balancing the
growing demand for meat with the limitations of its
production poses a significant challenge for many
countries (Hogeveen, Steeneveld, and Wolf, 2019;
Ahmadi et al. 2021; Negahdari et al,, 2021).

In some industrialized countries, per capita meat
consumption is high, reaching approximately 21 kg.
Conversely, in Iran, per capita consumption is only
11 kg, which is insufficient to meet the body's
requirements and may lead to malnutrition
(Arabkhaleghi, Mirshokraei, and Seifi, 2022).
Producing meat products that do not match the
product label is typically considered fraudulent. It is
essential to consider consumers' preferences,
religious beliefs (e.g., pork being forbidden in Islam),
and health concerns (e.g., food allergies) in meat
production (Ballin, 2010).

Fraudulent practices in meat production can include
various factors, such as the origin of the meat (e.g,,
gender, age), substitution of meat (using different
tissues or animal species than those advertised), and
the inclusion of different types of fats and proteins.
This can also involve using expired raw materials
instead of fresh ones, improper cooking methods,
and incorrect quantities of meat in products
(Hajimohammadi et al., 2020). Food adulteration, the
act of intentionally or unintentionally reducing food
quality by adding foreign particles or removing
value-added substitutes from the original food item,
remains a significant concern (Bansal et al., 2017).
According to Bouzembrak and Marvin (2016), the
most common form of food fraud is substituting food
with similar and cheaper alternatives that are
difficult for consumers and conventional analytical
methods to identify. Perpetrators not only reduce
food quality but also pose health risks to consumers
(Esteki, Shahsavari, and Simal-Gandara, 2019). Food
authentication involves analyzing food samples to
ensure they meet label specifications, including
checking geographic origin, production, processing,
and storage conditions. Reliable and efficient
analytical methods are crucial for food
authentication, enabling health authorities to detect
illegal activities and develop better policies and
methods to control food production processes.
Techniques such as liquid chromatography (LC), gas
chromatography (GC), tandem mass spectrometry
(MS), and vibrational spectroscopy (NIR and MIR)
are commonly used for food authentication.
Additional techniques include Raman spectroscopy,
hyperspectral imaging (HSI), nuclear magnetic
resonance spectroscopy (NMR), light and infrared
microscopy, electronic spin resonance spectroscopy
(ESR), polymerase chain reaction (PCR), and

enzyme-linked immunosorbent assay (ELISA)
(Sarlaki and Aboonajmi 2019). Esteki et al
highlighted the precision and sophisticated analysis
required for chromatographic fingerprinting over
other techniques (Esteki, Shahsavari, and Simal-
Gandara, 2019).

Methods

Search strategy

In this study, we reviewed articles published
between 2014 and 2022 with a focus on keywords
such as "adulteration,” "meat products,”
"chemometrics,” and "liquid chromatography"
included in their title. We searched for these articles
using the Google Scholar, Scopus, and PubMed
databases.

Study assortment

The flowchart of the study design has been indicated
in figure 1. Records identified through database
searching by a combination of keywords.

Adulteration, meat
products, chemometrics
and liquid
chromatography

Google Scholar,
Scopus, and PubMed

350 Articles selected
for initial screening

Excluded
(n=315)

Final articles included
(n=35)

Figure 1. Flowchart of the study

Results and Discussion

Authentication of Meat Products

Authentication of meat products involves the
intentional substitution or addition of ingredients
that result in a lower nutritional value than the
original food. This practice can also include
providing false or incorrect information about the
food, its ingredients, or its packaging, all aimed at
generating greater economic profit (Jurica et al,
2021). Food adulteration is the practice of
intentionally or unintentionally adding foreign
substances or removing valuable components from
food, resulting in decreased quality. Over the past
few decades, the demand for meat and meat
products has risen significantly, leading to an
imbalance between production and consumption
stages. Industrial processes can modify the primary
raw materials and involve several steps in creating
the final product.
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Types of Fraud in Meat Products

The primary areas of fraud in the meat industry
include the following (Candogan, Altuntas, and Igci
2021; Nesi¢, Stojanovi¢, and Balti¢ 2017):

1. Origin of Meat and Nutritional Diet of Animals:
Misrepresentation of the source and dietary regimen

of the animals.

2. Replacing Meat Ingredients: Substitution with
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melamine.

3. Manipulating Processing Methods:
cooking at higher than permissible temperatures to
reduce preparation time.
4. Adding Non-Meat Ingredients: Incorporation of
substances such as water or additives, including

Including

Many studies have examined meat adulteration;

tissues, fat, protein, and other non-meat ingredients.

some are discussed in Table 1.

Table 1. Studies by infrared spectroscopy for detecting food adulteration

Meat type Purpose of analysis Analytical Ref
method
Meat Hydrophilic interactions in ovine meat's color stability analyzed by HPLC (Subbaraj et al.,
HILIC-MS-based metabolomics 2016)
Pig, cattle, sheep, deer, Identification of seven animal species in meat products by LC- (Zhang et al., 2022)
chicken, and duck MS/MS LC-MS/MS
Beef, pork, chicken Find distinguishing markers for four main types of meat by LC- LC-MS/MS (Kim et al., 2017)
and duck MS/MS
Duck, goose and LC-MS methods for monitoring three poultry species in processed LC-MS (Fornal and
chicken meat products using species-specific peptide-based feasibility Montowska, 2019)
Beef burgers Detecting particular non-meat proteins and peptides present in beef | LC-Q-TOF- (Mikotajczak,
burgers MS/MS Fornal, and
Montowska, 2018)
Chicken, way to measure the amount of beef and pork used in Bolognese UHPLC (Prandi et al., 2017)
Rabbit, duck, sauce
Sheep, horse,
Deer, buffalo
Pork The method of HPLC-MS/MS was optimized to detect markers of HPLC (Nalazek-Rudnicka
pork protein in meat products. etal., 2019)
Chicken, pork, LC-Q-TOF-MS/MS identification of allergenic protein peptide LC-Q-TOF- (Montowska and
Sheep, duck, markers in poultry products containing soy, milk, and egg whites MS/MS Fornal, 2018)
Goose
Chicken, Searching for heat-stable peptide biomarkers in cooked meats from | LC-Q-TOF- | (Wang etal., 2018)
Pork, sheep, five different animal species MS/MS
Duck, beef
Chicken, Discovering novel peptides to identify horse meat in heavily LC-Q-TOF- (Claydon et al.,
Pork, processed foods MS/MS 2015)
Horse, beef
Horses and donkeys A new peptide marker using the enzyme chymotrypsin can LC- (Paladugu et al.
differentiate horses from donkeys with reliability in ZooMS MALDI- 2023)
TOF-
MS/MS
Beef, pork, horse, and Rapid detection of peptide markers for meat authentication using LESA- (Montowska et al.,
chicken surface analysis mass spectrometry with ambient liquid extraction MS/MS 2014)
in both raw and cooked meat
Pork, beef and chicken | Development of potential non-solvent pork peptide markers among LC-MS (Yuswan et al.,
solvent beef and chicken using chemometrics 2018)
Rabbit, chicken and An evaluation of rabbit-specific peptide markers was conducted LC-QTOF- (Stachniuk et al.,
pork using LC-QTOF-MS for the purpose of meat quantification MS 2014)
Chicken, duck, goose, | The method used to identify different poultry species involves high- (Hafner, Kalkhof,
guinea fowl, ostrich, performance liquid chromatography-tandem mass spectrometry for HPLC- and Jira, 2021)
pheasant, pigeon, and nine types MS/MS
quail
Pork Detection of pork adulteration in the meat of Pangasius LC-HRMS (Windarsih,
hypoptalmus using liquid chromatography-mass spectrometry Warmiko, et al.,
2022)
Pork and beef Using LC-HRMS based chemometric, pork detection in beef LC-HRMS (Windarsih,
meatballs meatballs can be identified Riswanto, et al.,
2022)
Pork, beef Investigation of an integrated metabolite and lipidomics method to | UHPLC-MS (Trivedi et al.,
detect adulteration of beef with pork 2016)
Pork Characterization and discrimination of selected Chinese domestic LC-MS (Mietal., 2019)
pork using an LC-MS-based lipidomic approach
Lamb Authentication of lamb meat by liquid chromatography time-of- UHPLC- (Wang et al., 2021)
flight mass spectrometry QTOF
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Fornal and Montowska suggested that LC-MS methods
can authenticate food, monitor compliance with label
claims, and detect adulteration in poultry-containing
food products (Fornal and Montowska, 2019).
Mikotajczak et al. reported that it is possible to
identify and verify specific non-meat proteins and
peptides in beef hamburgers using the LC-Q-TOF-
MS/MS device (Mikotajczak, Fornal, and Montowska,
2018). Parandi et al. demonstrated that the quantity
of beef and pork in Bolognese sauce can be
determined using a UHPLC device (Prandi et al,
2017). Nalazek-Rudnicka et al. detected pork protein
markers in meat products using HPLC-MS/MS
(Nalazek-Rudnicka et al., 2019). Wang et al. indicated
that eighteen heat-stable peptide biomarkers were
found in cooked meats of five animal species using the
LC-Q-TOF-MS/MS method (Wang et al, 2018).
Claydon et al. discovered thermostable horse-specific
peptides capable of detecting low levels of horsemeat
in mixed species (Claydon et al. 2015). Montowska et
al. found that LESA-MS is specific for peptide digest
analysis and is simpler and faster than other meat
speciation methods (Montowska et al., 2014).

Liquid Chromatography and Chemometrics in
Food Authentication

Nowadays, liquid chromatography methods are highly
efficient due to the use of advanced extraction,
concentration, and identification techniques, enabling
the separation and accurate identification of trace
amounts with high specificity (Zarean Baniasadi et al,,
2019). Liquid chromatography (LC), when combined
with various mass spectrometry (MS) detectors, has
led to significant advancements and new applications
in proteomics. The food industry increasingly uses LC-
MS methods to identify protein-derived peptides
resistant to heat treatment, which are essential for
food authentication purposes. The accuracy of
identifying food adulteration depends on the
reliability of proteotypic peptides unique to the
animal species used as food, making peptide marker
identification a critical step in developing new LC-
MS/MS methods. Various types of meat have been
subjected to LC-MS/MS proteomics tools, successfully
identifying and characterizing species markers
(Kotecka-Majchrzak et al, 2021). Table 1 presents
some studies conducted in this field.

Yuswan et al. reported consistent results for
identifying peptide markers using LC-MS methods and
chemometric analysis (Yuswan et al, 2018).
Windarsih et al. concluded that combining non-
targeted metabolomics with LC-HRMS and
chemometrics is a promising standard method for
authenticating  solvents in  processed meat
(Windarsih, Riswanto, et al., 2022).

Conclusions

Food has always been a crucial and sensitive factor
in human life. Throughout history, wars and
migrations have often been driven by the need to
access areas with more abundant food supplies.

Unfortunately, recent years have seen an increase in
the adulteration of animal-derived food products. To
prevent food fraud, product characteristics must be
well-defined and based on evidence. Food fraud
scandals can erode consumer confidence and cause
significant economic and public health damage.
There are various scientific methods available to
ensure food safety and prevent fraud in the supply
chain. This review article discusses several liquid
chromatography techniques utilized for this
purpose. A metabolomic approach that employs LC-
MS/MS and chemometrics can effectively
authenticate meat product solvents, providing a
robust means to combat food fraud.
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