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ABSTRACT 

Background: Beef is a vital source of protein, rich in B vitamins (B12, B6, B3, and B2) and minerals such as iron, zinc, 

magnesium, and phosphorus. However, bovine viral leukemia (BLV) in cattle poses a biological and public health concern, 

as it compromises meat quality and safety. Meat from BLV-infected cattle, especially during the hematological stage, 

exhibits significant nutritional degradation and poses potential health risks. 

Objectives: This study assessed the nutritional quality of beef from healthy, BLV-infected (asymptomatic), and clinically 

sick cattle, focusing on caloric content, protein, fat, ash, and moisture. It aimed to evaluate how viral infection affects 

the functional and bioactive value of meat. 

Methods: Laboratory tests were conducted at the National Agrarian University of Armenia. BLV diagnosis was based on 

clinical, serological, and hematological data. Blood analyses were performed using a Micro CC 20 Plus analyzer. 
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Results: Meat from BLV-infected cattle exhibited increased moisture content (up to 2.72%) and reduced protein and fat 

levels, resulting in a lower caloric value. Cold cuts from infected animals contained tryptophan and lysine degradation 

products, including heat-stable, potentially carcinogenic compounds, making the meat unsuitable for human 

consumption. 

Novelty: This study uniquely compares the chemical composition of beef from healthy and BLV-infected cattle, detailing 

specific nutritional losses and identifying persistent toxic metabolites that raise concerns about food safety. 

It was found that the meat obtained from cattle infected with leukemia does not meet the requirements of functional 

food in terms of its chemical and biochemical composition and nutritional value, and therefore cannot be considered a 

complete food in the human diet. 

Conclusion: BLV remains a challenge for livestock. Meat from infected animals exhibits diminished nutritional and 

biological quality, posing safety risks due to heat-resistant, carcinogenic byproducts. 

Keywords: Amino acids, BLV-infected cattle, leukemia, cattle, beef, nutritional value of meat, bioactive compounds, 

functional foods, food safety 

Graphical Abstract: The Effect of Viral Leukemia of Beef on the Quality Characteristics of Meat Introduction 
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INTRODUCTION 

Despite ongoing discussions about the health 

implications of red meat, functional meat products are 

gaining recognition as a key modern food trend [1]. When 

enriched with bioactive components, meat products can 

offer enhanced nutritional profiles tailored to consumer 

needs [2]. 

Beef is a rich source of protein, providing essential 

nutrients critical for muscle function, recovery, and 

metabolism, such as B vitamins (B12, B6, B3, and B2), 

iron, zinc, magnesium, and phosphorus [3-6]. Despite 

concerns over fat and cholesterol, beef also delivers high-

quality protein and unique bioactive compounds (e.g., 

carnosine, taurine, creatine), which are beneficial when 

consumed as part of a balanced diet [7-8]. 

The demand for red meat continues to rise, 

especially in developing regions. Improvements in animal 

breeding and nutrition may enhance the value of red 

meat in addressing global health concerns, supporting 

child development, and promoting healthy aging [9-11]. 

Still, concerns linking red meat to obesity, type 2 

diabetes, and cardiovascular disease continue to drive 

research [12]. 

Functional foods (FF) enriched with bioactive 

ingredients are increasingly valued for their role in 

preventing disease. Both animal- and plant-based FF 

offer potential benefits, supported by clinical studies 

showing reduced risks for cancer, cardiovascular, 

gastrointestinal, and neurological disorders [13]. The 

Functional Food Center (FFC) emphasizes the importance 

of understanding food bioactive compounds to 

substantiate health claims [14]. 

It is well established that a link exists between red 

meat consumption and an increased risk of 

cardiovascular diseases [15-18]. Red meat’s potential 

role in cancer remains a concern [19-21], particularly due 

to compounds like nitrosamines and heterocyclic amines 

[22]. Although less studied, a possible link between red 

meat and leukemia has emerged, prompting further 

investigation into the relationship between red meat and 

leukemia [23-24]. 

BLV is a chronic infectious disease that alters the 

genetics of lymphatic cells and is prevalent in livestock. It 

results in economic losses and trade limitations [25-27]. 

Meat from BLV-infected animals often lacks the quality 

needed for FF classification and may pose health risks, 

reinforcing the importance of strict sanitary inspection 

[28]. 

In Armenia, research on the quality of BLV-infected 

meat is limited. Current available studies indicate lower 

organoleptic quality and higher microbial contamination 

than meat from healthy animals, stressing the need for 

proper veterinary control and quality monitoring in FF 

development. 

MATERIALS AND METHODS 

Study Location and Sampling: Laboratory studies were 

conducted at the Research Center for Veterinary and 

Veterinary Sanitary Examination of the Armenian 

National Agrarian University. Samples were collected 

from slaughterhouses during sanitary slaughter in the 

Republic of Armenia. 

Animal Grouping and Diagnosis: Animals were divided 

into three groups, each consisting of five animals:  

● First group (control): Meat obtained from healthy

animals. 

● Second group (infected): Meat obtained from

leukemia-infected animals. 

● Third group (sick): Meat obtained from leukemia-

sick animals. 
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In the healthy group, the animals exhibited active 

behavior, demonstrated normal mobility and reflexes, 

and had adequate nutrition. Body temperature, pulse, 

and respiratory movements were within normal limits. 

The live weight ranged from 380 to 470 kg, and the 

slaughter yield was 53.4%. 

The animal groups were formed based on pre-

slaughter clinical examination data as well as results of 

laboratory blood tests and diagnostic screenings. 

In leukemia-infected animals, the live weight 

ranged from 320 to 367 kg, and the slaughter yield was 

43.3%. 

Compared to healthy animals, those with leukemia 

showed a rise in temperature by 0.2–0.8°C, enlarged 

superficial lymph nodes, weakness, indifference to their 

surroundings, and poor appetite. 

Hematological analysis was also conducted using 

the Micro CC 20 analyzer, along with preliminary 

laboratory testing, and the results served as the basis for 

group classification. 

The diagnosis of bovine leukemia was established 

using commonly applied methods, incorporating 

epidemiological data, clinical signs, gross pathological 

changes in organ systems, and serological and 

hematological data. 

Analytical Procedures: Hematological studies on blood 

samples from healthy and diseased animals were 

performed using a Micro CC 20 Plus analyzer. 

Biochemical analysis of meat from leukemia-

infected and sick animals was conducted to determine 

quantitative changes in essential and non-essential 

amino acids. 

Microbiological contamination of beef and internal 

organ samples was assessed by GOST 21375-75. Smears 

were prepared, air-dried, Gram-stained, and examined 

microscopically for microbial analysis. The arithmetic 

mean of detected microorganisms was calculated. 

Veterinary and sanitary examination of meat 

involves veterinary inspection of slaughtered animals, as 

well as subsequent veterinary and hygienic evaluation of 

the meat products. 

Caloric Value Calculation: The caloric value (K) of meat, 

expressed in kcal, was calculated using the following 

formula: 

K=[C−(J+Z)]×4.1+(J×9.3) 

Where: 

● C – Amount of dry matter (g)

● J – Fat content (g)

● Z – Ash content (g)

Statistical Analysis: The data were analyzed using 

Student's t-test in Microsoft Excel (version 2003) 

RESULTS AND DISCUSSION 

A comprehensive hematological analysis of the blood 

from healthy, leukemia-infected, and leukemia-affected 

animals was conducted, with a particular focus on the 

leukemia-infected animals.  

Figure 1 illustrates that leukemia-infected and 

particularly ill animals exhibit significant changes in blood 

composition. An increased leukocyte count reflects 

immune activation, while a reduction in eosinophils and 

basophils may indicate immune suppression. 

Lymphocytes initially rise but later drop sharply due to 

impaired hematopoiesis. Decreased erythrocytes, 

hemoglobin, and hematocrit levels indicate anemia, 

while an elevated erythrocyte sedimentation rate (ESR) 

suggests chronic inflammation. 

https://www.ffhdj.com/index.php/index/index
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Figure 1. Hematological Indicators of Leukemia-Sick Animals (n=5). 

Studies confirm that anemia can develop alongside 

leukemia. Rising ESR, neutrophils, and monocytes 

suggest ongoing inflammation and possible secondary 

complications. A comparative analysis of meat from 

healthy, infected, and sick cattle revealed that 

hematological abnormalities correspond to disease 

severity. 

Early infection exhibits lymphocyte proliferation, 

whereas advanced stages are characterized by a sharp 

decline in lymphocytes, reflecting BLV’s impact on 

hematopoietic function. Significant reductions in red 

blood cells, hemoglobin, and hematocrit reflect anemia 

caused by chronic infection. Increased neutrophils and 

monocytes suggest acute-phase immune responses. 

These changes compromise the nutritional and bioactive 

qualities of meat due to tissue degradation and metabolic 

imbalance. 

While this study sheds light on the effects of BLV on 

blood and meat quality, further research is needed. 

Future studies should track hematological trends over 

time, with a focus on immune cell suppression and bone 

marrow function. Suppressed eosinophils and basophils 

may indicate immune exhaustion and merit deeper 

investigation. Elevated ESR and arginine could be 

biomarkers for subclinical disease or meat unsuitability. 

Including oxidative stress, immune markers, and 

molecular diagnostics would clarify how systemic 

inflammation affects meat quality. Larger sample sizes 

and diverse animal populations are necessary for broader 

relevance to food safety and public health. 

The research revealed notable disruptions in the 

chemical composition of meat from cattle infected with 

leukemia and those clinically sick, particularly during the 

hematological stage of the disease. Table 1 shows the 

chemical composition of meat obtained from animals 

with leukemia. Compared to healthy animals, meat from 

infected cattle showed a 1.95% increase in moisture, 

while samples from sick animals demonstrated a 2.72% 

rise. Higher moisture levels negatively affect meat quality 

by reducing flavor, processing efficiency, and shelf life, all 

of which are critical for consumer acceptance and 

qualifying as a functional food. 

https://www.ffhdj.com/index.php/index/index
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Table 1. Chemical composition of meat obtained from animals with leukemia (n=5). 

Indicators 

Animal groups 

Group 1 /tested/  group 2 /infected/ group 3 /sick/ 

Caloric content (kcal) 135.2 ± 1.4 115.3 ± 1.6 

(-12.5%) 

99.6 ± 1.8 

(-27.74%) 

Proteins, (%) 20․5 ± 0.15 20․3 ± 0.05 

(-1.0%) 

20․2 ± 0.08 

(-1.5%) 

Fats,(%) 3.51 ± 0.03 3.48 ± 0.02 

(-0.85%) 

3.46 ± 0.01 

(-1.4%) 

Ash, (%)  1.00 ± 0.01 1.1 ± 0.022 

(+10%) 

1.17 ± 0.015 

(+17%) 

Humidity, (%) 74․92 ± 0.05 76․38 ± 0.2 

(+1.95%) 

76.96 ± 0.09 

(+2.72%) 

In addition to elevated moisture, the study found 

significant reductions in fat and protein content, two 

macronutrients essential to the meat’s nutritional value. 

Consequently, the caloric value dropped by 12.5% in 

infected animals and by a substantial 26.3% in those 

clinically sick, severely limiting the energy provided by 

the meat. An increased ash content of up to 17% in sick 

animals likely reflects disturbances in electrolyte balance 

and mineral distribution, signaling broader metabolic 

dysfunction. 

From a functional food science (FFS) standpoint, 

these compositional changes are highly significant. 

Functional foods must deliver nutritional adequacy, 

metabolic support, and bioactive functionality. Protein 

and fat are core nutrients and vital carriers of essential 

amino acids and fat-soluble vitamins. Their depletion, 

combined with increased moisture and altered mineral 

balance, compromises the meat’s health-supporting 

properties. Furthermore, disease-driven metabolic 

disruptions, such as reduced fat deposition and tissue 

integrity, underscore the impact of animal health on 

meat quality. These findings underscore the importance 

of rigorous veterinary oversight to ensure that meat 

products meet the safety and nutritional standards 

required in the functional food sector. 

In addition, the study assessed the amino acid 

composition of meat samples obtained from healthy, 

leukemia-infected, and clinically sick cattle, as presented 

in Figures 2 and 3. 

 Figure 2. Changes in Amino Acid Content in Biological Samples 

https://www.ffhdj.com/index.php/index/index
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     Figure 3. Changes in Non-Essential Amino Acid Content in Biological Samples. 

Figure 4 illustrates the changes in amino acid 

content among different groups: healthy, infected, and 

leukemia-affected animals. The study revealed significant 

differences in the amino acid composition of meat from 

leukemia-infected and leukemia-affected cattle 

compared to healthy controls, with the most pronounced 

alterations found in clinically sick animals. In leukemia-

infected cattle, amino acid levels declined by an average 

of 5–10%, except for arginine, which increased by 4.9%. 

The most significant reductions among essential amino 

acids were observed in phenylalanine (10.7%), 

methionine (9.2%), tryptophan (7.2%), leucine (5.9%), 

and threonine (5.3%). Non-essential amino acids also 

declined, most notably cystine (8.4%), hydroxyproline 

(7.4%), and aspartic acid (6.2%). 

Figure 4․The changes in the amino acid content in different groups: Healthy, infected, and leukemia sick animals (n=5) 
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In clinically sick animals, the decreases were more 

substantial. Essential amino acids declined by 15–25%, 

with methionine (21%), tryptophan (17.3%), leucine 

(16.9%), and lysine (16.4%) showing the most significant 

reductions. Non-essential amino acids decreased by 10–

20%, particularly tyrosine and proline (both 16.8%), 

aspartic acid (16.0%), and glutamic acid (15.8%). Arginine 

levels again increased, this time by 6.6%, potentially due 

to immune activation associated with disease 

progression. 

Essential amino acids are vital for immune function, 

protein synthesis, tissue repair, and neurological health. 

Their depletion diminishes the nutritional and functional 

value of meat. Tryptophan and methionine, for example, 

are precursors to serotonin and methyl donors, 

respectively—both crucial for cognitive and cellular 

processes. 

Functional foods are expected to provide not only 

basic nutrition but also support health through bioactive 

efficacy. The reduced amino acid profile seen here 

compromises the potential of this meat to meet 

functional food standards. The observed increase in 

arginine may reflect compensatory metabolic activity in 

response to inflammation, but it does not offset the 

broader nutritional losses. 

To further understand the health implications, 

microbiological studies were also performed on meat, 

offal, and lymph node samples from animals at various 

stages of the disease. 

       Table 2. Bacterial contamination of the meat and offal of animals with leukemia (n=5). 

Detected microorganisms Animal groups 

Group 1 (healthy) Group 2 (infected) Group 3 (sick) 

E. coli 0 25.1 ± 0.2 42.8 ± 3.3 

Salmonella spp. 0 7.5 ± 0.08 15.6 ±1.02 

Proteus spp. 0 3․5 ± 0․05 11․2 ± 0․9 

Staphylococcus 1.3 ± 0.07 5.4 ± 0.06 22.3 ± 1.3 

Microbial contamination was significantly higher in 

meat from cattle infected with leukemia, especially in 

clinically sick animals, compared to healthy controls. 

Smears from healthy animals showed only Staphylococci, 

while those from sick animals revealed intestinal bacilli, 

such as E. coli, Salmonella, and Proteus species, in 

addition to Staphylococci, with bacterial counts 2–4 

times higher than in healthy animals. This indicates a 

substantial rise in tissue contamination in diseased cattle. 

The study compared meat from healthy, leukemia-

infected, and sick animals to assess quality under 

functional food standards. Infected cattle showed 

moderate declines in nutritional and microbiological 

quality, suggesting limited industrial use. Meat from sick 

animals exhibited severe degradation, characterized by 

reduced essential amino acids and high microbial loads, 

rendering it unfit for human consumption. 

Additionally, meat from both infected and sick 

animals contained heat-resistant carcinogenic 

metabolites from amino acids such as tryptophan and 

lysine. These findings confirm that meat from BLV-

affected cattle is unsafe and unsuitable for human 

dietary use [29]. 

Phytogenic feed additives (PFAs): Among the three types 

of meat evaluated in this study, sourced from healthy, 

leukemia-infected, and clinically sick cattle, only the meat 

from healthy animals meets the criteria for potential use 

in functional food development. This meat maintained 

higher nutritional integrity and was particularly rich in 

bioactive compounds, including essential amino acids 
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such as leucine, lysine, and methionine, which play key 

roles in immune function, tissue regeneration, and 

metabolic balance. In contrast, meat from infected and 

sick animals exhibited substantial losses in amino acid 

content and overall nutritional value, rendering it 

unsuitable for classification as functional food. 

To address such nutritional degradation, current 

strategies in animal nutrition are increasingly focusing on 

PFAs, as well as plant-derived substances, including 

herbs, spices, essential oils, and botanical extracts. 

Common examples include oregano, thyme, rosemary, 

ginger, turmeric, aloe vera, and green tea polyphenols. 

These compounds offer notable antimicrobial, 

antioxidant, and digestive benefits [30]. 

Poultry and livestock systems often use PFAs as 

natural alternatives to antibiotic growth promoters, 

particularly in regions where restrictions on synthetic 

additives are enforced. Research indicates that PFAs 

improve growth performance and feed efficiency, 

enhancing blood profiles and carcass characteristics [31], 

ultimately leading to improved nutritional and functional 

properties. 

Integrating PFAs in beef cattle diets could offer a 

promising approach to improve meat quality, particularly 

in mitigating the biochemical deficits observed in animals 

affected by viral infections. Future research should 

investigate the potential of phytogenic supplementation 

to enhance the amino acid profiles, antioxidant capacity, 

and overall bioactive content of beef, thereby supporting 

the broader goal of producing safe, nutrient-dense, and 

health-promoting meat products. 

FFC’s Evaluation of Beef from Healthy, Leukemia-

Infected, and Clinically Sick Cattle: The FFC has 

established a science-based framework for evaluating 

functional foods, emphasizing standardized criteria, 

clinical relevance, and health benefits [32]. Led by Dr. 

Martirosyan, the FFC introduced a comprehensive 

definition and development model for functional foods 

[33]. According to the FFC, functional foods are “natural 

or processed foods containing biologically active 

compounds that, in defined, effective, and non-toxic 

amounts, provide a clinically proven health benefit using 

specific biomarkers to promote optimal health and 

reduce the risk of chronic and viral diseases” [34]. 

This definition underpins the FFC’s evaluation 

process, which reviews bioactive content, safety, 

mechanisms of action, and clinical efficacy. Within this 

model, beef from BLV-infected cattle raises serious 

concerns and does not qualify as a functional food 

source. The FFC requires rigorous preclinical and clinical 

testing to confirm safety, dosage, and efficacy [35]. Due 

to poor nutritional quality, microbial contamination, and 

the presence of harmful metabolites, meat from infected 

or sick cattle fails to meet FFC standards. 

Of the three beef categories analyzed—healthy, 

BLV-infected, and clinically sick—only meat from healthy 

animals qualifies as a potential candidate for functional 

food development. Even then, nutritional value may be 

improved through targeted dietary interventions, such as 

phytogenic feed additives. 

Connection to Functional Food Safety: The integrity of 

functional food safety—especially animal-derived 

products such as meat—is closely tied to the health 

status of livestock. For instance, BLV proviral DNA has 

been detected in fresh milk and raw beef for human 

consumption, raising concerns about nutritional 

degradation and potential carcinogenic risks from 

consuming infected meat [36]. Ensuring the safety of 

value-added or functional meat products requires 

rigorous oversight of animal health, processing methods, 

and contaminant testing to protect consumers [37]. This 

aligns with broader challenges in meat safety—ranging 

from microbial pathogens to chemical hazards—

underscoring the importance of strong regulatory 

frameworks and scientific validation to safeguard the 

food supply [38]. 

https://www.ffhdj.com/index.php/index/index
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Future Directions: This study reveals a significant decline 

in the nutritional and functional quality of meat from 

cattle infected with leukemia. Future research should aim 

to enhance meat quality through innovative dietary 

strategies and scientific validation. Advancing functional 

food science in animal-derived products requires a 

multidisciplinary approach, outlined below: 

1. Feed-Based Nutritional Enhancement: Improving

meat quality via dietary interventions is a

promising area. PFAs—including herbs and plant

extracts like oregano, thyme, turmeric, and aloe

vera—have shown benefits in poultry and swine

by enhancing antioxidant status and gut health.

Future studies should assess their role in cattle

nutrition, particularly during early stages of

infection, to preserve amino acids, improve lipid

profiles, and reduce harmful metabolites. Such

approaches align with consumer demand for

cleaner, bioactive-rich meat with health-

promoting properties.

2. Functional Meat for Targeted Health

Applications: Meat enriched with bioactive

compounds offers potential for clinical and

therapeutic nutrition. Research should evaluate

whether diets enhanced with PFAs improve

muscle function, immunity, or metabolic

resilience. A special focus should be on amino

acids like leucine and methionine, given their

crucial roles in protein synthesis and cellular

repair. Future studies should investigate the

interaction of functional meat with human

metabolism, inflammation, and gut microbiota,

thereby supporting its role in personalized

nutrition for elderly and chronically ill

populations.

3. Strengthening Scientific Rigor: Larger, well-

designed trials are needed to validate functional

claims and support regulatory approval. The

current study's limited sample size (n = 5 per

group) necessitates randomized trials with

defined protocols. Future research should utilize

omics technologies (e.g., metabolomics,

proteomics) to track changes in bioactive

compounds and assess their bioavailability

through in vivo models or human trials.

Standardized methods for sensory analysis, shelf-

life, consumer acceptance, and labeling

compliance are also essential.

Integrating animal science, functional food 

development, and clinical nutrition will enhance meat 

quality and link these advancements to tangible health 

benefits. The ultimate goal is to position animal-derived 

foods as scientifically validated contributors to public 

health and well-being. 

Scientific Innovation: This study presents an integrated 

diagnostic approach, combining clinical, epidemiological, 

and hematological evaluations with precise laboratory 

analysis to assess meat quality in cattle infected with 

leukemia. The Micro CC 20 Plus analyzer links 

hematological disease stages with measurable declines in 

meat composition. It is among the first to directly 

correlate blood health markers with biochemical meat 

degradation. 

Practical Implications: The findings underscore the need 

for enhanced veterinary oversight, particularly in regions 

where bovine leukemia is prevalent. Meat from infected 

cattle, especially those in advanced stages of infection, 

exhibits reduced nutritional quality and contains harmful 

metabolites, rendering it unsafe for consumption. These 

results support stricter slaughterhouse screening and 
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emphasize the importance of safe sourcing to protect 

public health. 

CONCLUSION 

Bovine leukemia causes muscle degradation, resulting in 

lowered protein synthesis, energy levels, and antioxidant 

capacity. This results in significant losses of amino acids, 

including methionine, leucine, and glutamic acid. 

Elevated arginine may aid in disease staging. 

Decreased caloric, protein, and fat content, along 

with increased moisture, ash, and microbial load, reflect 

tissue damage and immune suppression. Despite control 

efforts, bovine leukemia remains a major threat. The 

study supports the development of better diagnostics 

and control measures, confirming that meat from 

infected animals is unfit for human consumption and 

poses significant public health risks. 

Abbreviations: FF: Functional foods; BLV: Bovine 

Leukemia Virus; PFAs: phytogenic feed additives; FFS: 

functional food science; ESR: erythrocyte sedimentation 

rate  

Authors' Contributions: LG is the principal author and 

conductor of the research. VG, MS, ZhM, RG, and SY 

conducted laboratory tests. VA and NH contributed to 

statistical processing.  DM contributed to the writing and 

editing of the manuscript and summarized the research's 

scientific innovations and practical implications. HW 

edited, organized the literature review, and proofread 

the final version.  

Competing interest: The authors declared that there is 

no competing interest. 

Acknowledgement: The Higher Education and Science 

Committee of RA supported the work by providing basic 

financial support for infrastructure. 

REFERENCES 

1. D'Addario A, Nuzzi A. Strategies for Healthier Meat Foods:

An Overview. PMC. 2024;10987382.

DOI: https://pmc.ncbi.nlm.nih.gov/articles/PMC10987382/

2. Espinales C, Baldeón M, Bravo C, Toledo H, Carballo J,

Romero-Peña M, Cáceres PJ. Strategies for Healthier Meat

Foods: An Overview. Prev Nutr Food Sci. 2024 Mar

31;29(1):18-30. 

DOI: https://doi.org/10.3746/pnf.2024.29.1.18. 

3. Stadnik J. Nutritional Value of Meat and Meat Products and

Their Role in Human Health. Nutrients. 2024;16(10):1446. 

DOI: https://doi.org/10.3390/nu16101446 

4. Kęska P, Stadnik J, Łupawka A, Michalska A. Novel α-

Glucosidase Inhibitory Peptides Identified In Silico from Dry-

Cured Pork Loins with Probiotics through Peptidomic and

Molecular Docking Analysis. Nutrients. 2023;15(16):3539. 

DOI: https://doi.org/10.3390/nu15163539 

5. Turnes A, Pereira P, Cid H, Valente A. Meat Consumption and 

Availability for Its Reduction by Health and Environmental 

Concerns: A Pilot Study. Nutrients. 2023; 15:3080. 

DOI: https://doi.org/10.3390/nu15143080 

6. Lau CS, Fulgoni VL III, Van Elswyk ME, McNeill SH. Trends in 

Beef Intake in the United States: Analysis of the National

Health and Nutrition Examination Survey, 2001-2018. 

Nutrients. 2023; 15:2475. 

DOI: https://doi.org/10.3390/nu15112475 

7. Dydykin AS, Aslanova MA, Derevitskaya OK, Zubarev YN,

Logunova EI. Meat - a unique resource for creating

functional food products. Vsyo o myase. 2022;(3):34-39. 

DOI: https://doi.org/10.21323/2071-2499-2022-3-34-39 

8. Ravani A, Sharma HP. Meat Based Functional Foods. In:

Functional Foods. Scrivener Publishing LLC; 2022. p. 235-

287. DOI: https://doi.org/10.1002/9781119776345.ch7 

9. Majwwd T, Maqbool N, Sajad A, Aijaz T, Showkat Z Khan. 

Meat as a Functional Food for Health. In: Functional Foods. 

2023. p. 29. eBook 

https://www.taylorfrancis.com/chapters/edit/10.1201/978

1003315100-8/ 

10. Giromini C, Givens DI. Benefits and Risks Associated with

Meat Consumption during Key Life Processes and in Relation

to the Risk of Chronic Diseases. Foods. 2022; 11:2063. 

DOI: https://doi.org/10.3390/foods11142063 

11. Juárez M, Lam S, Bohrer BM, Dugan MER, Vahmani P, Aalhus 

J, Juárez A, López-Campos O, Prieto N, Segura J. Enhancing 

the Nutritional Value of Red Meat through Genetic and

Feeding Strategies. Foods. 2021; 10:872.

DOI https://www.mdpi.com/2304-8158/10/4/872 

https://www.ffhdj.com/index.php/index/index
https://pmc.ncbi.nlm.nih.gov/articles/PMC10987382/
https://doi.org/10.3746/pnf.2024.29.1.18
https://doi.org/10.3390/nu16101446
https://doi.org/10.3390/nu15163539
https://doi.org/10.3390/nu15143080
https://doi.org/10.3390/nu15112475
https://doi.org/10.21323/2071-2499-2022-3-34-39
https://doi.org/10.1002/9781119776345.ch7
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003315100-8/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003315100-8/
https://doi.org/10.3390/foods11142063
https://www.mdpi.com/2304-8158/10/4/872


Functional Food Science 2025; 8(7): 230 – 242. FFS Page 241 of 242 

12. Wu G. Beef as a Functional Food for Improving Human 

Nutrition and Health. J Anim Sci. 2021 Oct 8;99(Suppl 3):70-

1. DOI: https://doi.org/10.1093/jas/skab235.128. PMCID: 

PMC8524464. https://pmc.ncbi.nlm.nih.gov/articles/PMC8

524464/ 

13. Essa MM, Bishir M, Bhat A, Chidambaram SB, Al-Balushi B,

Hamdan H, Govindarajan N, Freidland RP, Qoronfleh MW. 

Functional foods and their impact on health. J Food Sci

Technol. 2023 Mar;60(3):820-834. 

DOI: https://doi.org/10.1007/s13197-021-05193-3 

14. Martirosyan D, Lampert T, Ekblad M. Classification and

regulation of functional food proposed by the Functional

Food Center. Functional Food Science. 2022;2(2):25-46. 

DOI: https://doi.org/10.31989/ffs.v2i2.890 

15. Soleimani Y, Sadeghi P, Talebi Taheri A, Asadipour F, Azizi F, 

Khavari T, Karimiyan M, Halimi A, Mosavi Jarrahi A. Red Meat

Intake and Risk of Leukemia: A Protocol of Systematic

Review and Meta-Analysis. Asian Pac J Cancer Biol. 

2023;8(3):243-248. DOI:10.31557/apjcb.2023.8.3.243-248.

16. Nutritional characteristics and consumer acceptability of

sausages with different combinations of goat and beef

meats. Malekian F, Khachaturyan M, Gebrelul S, and Henson 

JF. Functional Foods in Health and Disease 2016; 6(1):42-58. 

DOI: https://doi.org/10.31989/ffhd.v6i1.224 

17. Kaufman-Shiriqui V., Navarro D.A., Salem H., Boaz M. 

Mediterranean diet and health –A narrative review.

Functional Foods in Health and Disease. 2022; 12(9): 479-

487. DOI: https://doi.org/10.31989/ffhd.v12i8.9

18. Shaboyan G., Matevosyan L., Sarikyan K., Martirosyan G. 

Biochemical analyses in the ICARDA collection of unique

dried materials of lentils. Bioactive Compounds in Health 

and Disease 2024; 7(2):131-140.

DOI: https://doi.org/10.31989/bchd.v7i2.1291 

19. Christodoulou CC, Pitsillides M, Hadjisavvas A, Zamba-

Papanicolaou E. Dietary Intake, Mediterranean and Nordic

Diet Adherence in Alzheimer's Disease and Dementia: A

Systematic Review. Nutrients. 2025;17(2):336.

DOI: https://doi.org/10.3390/nu17020336 

20. Rizzolo-Brime, L., Lujan-Barroso, L., Farran-Codina, A., Bou, 

R., Lasheras, C., Amiano, P., et al. Nitrosyl-heme and Heme 

Iron Intake from Processed Meats and Risk of Colorectal

Cancer in the EPIC-Spain Cohort. Cancer Epidemiol

Biomarkers Prev. 2024;33(6):854-856. 

DOI: https://doi.org/10.1158/1055-9965.EPI-24-0211 

21. Bulanda S, Janoszka B. Consumption of Thermally Processed

Meat Containing Carcinogenic Compounds (Polycyclic

Aromatic Hydrocarbons and Heterocyclic Aromatic Amines) 

versus a Risk of Some Cancers in Humans and the Possibility 

of Reducing Their Formation by Natural Food Additives-A 

Literature Review. Int J Environ Res Public Health. 

2022;19(8). DOI: https://doi.org/10.3390/ijerph19084781 

22. Sasso A, Latella G. Dietary components that counteract the

increased risk of colorectal cancer related to red meat 

consumption. Int J Food Sci Nutr. 2018;69(5).

DOI: https://doi.org/10.1080/09637486.2017.1393503 

23. Aveta A, Cacciapuoti C, Barone B, Di Zazzo E, Del Giudice F,

Maggi M, Ferro M, et al. The Impact of Meat Intake on

Bladder Cancer Incidence: Is It Really a Relevant

Risk? Cancers. 2022;14(19).

DOI: https://doi.org/10.3390/cancers14194775 

24. [Inferred missing reference:] Zhang X, Liang S, Chen X, Yang 

J, Zhou Y, Du L, Li K. Red/processed meat consumption and 

non-cancer-related outcomes in humans: umbrella 

review. Br J Nutr. 2023;130(3).

DOI: https://doi.org/10.1017/S0007114522003415 

25. LE DT, Nguyen SV, LE TAN, Nguyen VH, LE PD, Dinh DV, 

Duong HT, Vu HV, Fujimoto Y, Kunieda T, Haga T. Detection

of bovine leukemia virus in beef cattle kept in the Central

Coast Regions of Vietnam. J Vet Med Sci. 2023 Jan 

20;85(1):111-116. 

DOI: https://doi.org10.1292/jvms.22-0240. 

26. Benitez OJ, Norby B, Bartlett PC, Maeroff JE, Grooms DL. 

Impact of bovine leukemia virus infection on beef cow

longevity. Prev Vet Med. 2020 Aug; 181:105055. 

DOI: https://doi.org/10.1016/j.prevetmed.2020.105055. 

27. Jan MH, Elazab ST, Ebeid TA, Xia Y, Liu H. Modulation of

swine gut microbiota by phytogenic blends and high-

performance liquid chromatography. Animals. 

2023;13(23):3695. 

DOI: https://doi.org/10.3390/ani13233695 

28. Murugesan GR, Syed B, Haldar S, Pender C. Phytogenic feed 

additives as an alternative to antibiotic growth promoters in

broiler chickens. Front Vet Sci. 2015;2:21. 

DOI: https://doi.org/10.3389/fvets.2015.00021 

29. Amad AA, Wendler KR, Zentek J. Effects of a phytogenic feed

additive on growth performance, selected blood criteria and

jejunal morphology in broiler chickens. Emir J Food Agric. 

2013;25(7):549-554.

DOI: https://doi.org/10.9755/ejfa.v25i7.12364 

30. Marecek S, Martirosyan D. An assessment of clinical trials

used in functional food science. Functional Foods in Health

and Disease. 2023;13(2):22-35. 

DOI: https://doi.org/10.31989/ffhd.v13i2.1077 

https://www.ffhdj.com/index.php/index/index
https://doi.org/10.1093/jas/skab235.128
https://pmc.ncbi.nlm.nih.gov/articles/PMC8524464/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8524464/
https://doi.org/10.1007/s13197-021-05193-3
https://doi.org/10.31989/ffs.v2i2.890
https://doi.org/10.31989/ffhd.v6i1.224
https://doi.org/10.31989/bchd.v7i2.1291
https://doi.org/10.3390/ijerph19084781
https://doi.org/10.1080/09637486.2017.1393503
https://doi.org/10.3390/cancers14194775
https://doi.org/10.1017/S0007114522003415
https://doi.org10.1292/jvms.22-0240
https://doi.org/10.1016/j.prevetmed.2020.105055
https://doi.org/10.3390/ani13233695
https://doi.org/10.3389/fvets.2015.00021
https://doi.org/10.9755/ejfa.v25i7.12364
https://doi.org/10.31989/ffhd.v13i2.1077


Functional Food Science 2025; 8(7): 230 – 242. FFS Page 242 of 242 

31. Martirosyan DM, Sanchez SS. Quantum Theory of Functional 

Food Science: Establishment of dosage of bioactive

compounds in functional food products. Functional Food

Science; 2022;3(2):79-93. 

DOI: https://doi.org/10.31989/ffs.v2i3.915 

32. Beglaryan I, Gasparyan G, Khachatryan S, Yeritsyan S, Eloyan 

A, Jhangiryan T. The change in functional components in

mulberry fruits (Morus alba L.) through the development of

an optimal land transformation scheme for different land

types. Bioactive Compounds in Health and Disease

2025;8(3):113-129.

DOI: https://doi.org/10.31989/bchd.8i3.1583 

33. Martirosyan DM, Stratton S. Quantum and Tempus theories

of functional food science in practice. Functional Food

Science; 2023;3(5):55-62. 

DOI: https://doi.org/10.31989/ffs.v3i5.1122 

34. Kucharska, A., Sińska, B. I., Panczyk, M., Samel-Kowalik, P., 

Szostak-Węgierek, D., Raciborski, F., et al. Adherence to

Dietary Recommendations for Red and Processed Meat in

Poland: Insights from the 2017-2020 National Nutrition

Survey. Nutrients, 2025; 17(5), 790. 

DOI: https://doi.org/10.3390/nu17050790 

35. Chávez-Alfaro L, Tenorio Jiménez C, Silveira-Sanguino V, 

Noguera Gómez, M. J., Fernández-Moreno, C., Rodríguez 

Cuesta, A. M., et al. Intervention design and adherence to

Mediterranean diet in the Cardiovascular Risk Prevention

with a Mediterranean Dietary Pattern Reduced in Saturated 

Fat (CADIMED) randomized trial. Nutr Res. 2025; 136:120-

132. DOI: https://doi.org/10.1016/j.nutres.2025.03.001 

36. Buehring GC, Shen HM, Jensen HM, Choi KY, Sun D, Nuovo 

G. Bovine leukemia virus DNA in fresh milk and raw beef for

human consumption. Epidemiol Infect. 2017;145(15):3125–

3130. DOI: https://doi.org/10.1017/S0950268817002229 

37. Rebezov M, Khayrullin M, Assenova B, Okuskhanova E, 

Shariati MA, Semenova A. Improving meat quality and

safety: innovative strategies. Potravinarstvo Slovak J Food

Sci. 2024;18:523–534. DOI: https://doi.org/10.5219/1972 

38. Chatterjee S, Engstler M, Ahmad R, Kim J, Silva JL, Wang Y. 

Challenges and strategies to enhance meat product quality

and safety. Foods. 2024;12(12):1883. 

DOI: https://doi.org/10.3390/foods9121883 

https://www.ffhdj.com/index.php/index/index
https://doi.org/10.31989/ffs.v2i3.915
https://doi.org/10.31989/bchd.8i3.1583
https://doi.org/10.31989/ffs.v3i5.1122
https://doi.org/10.3390/nu17050790
https://doi.org/10.1016/j.nutres.2025.03.001

