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Abstract:

Beef, a widely consumed red meat, is a significant source of essential nutrients in the human
diet. This review examines the nutritional composition of beef and its potential role in
promoting overall health when consumed as part of a balanced dietary regimen. The
analysis considers the macronutrient profile, including protein, fat, and micronutrient
content, such as iron, zinc, and vitamins. The review also explores the potential health
benefits and risks associated with beef consumption, addressing factors like saturated fat,
cholesterol, and the growing body of evidence regarding the relationship between red meat
intake and chronic disease risk. Strategies for incorporating beef into a healthy, sustainable
diet are discussed, with a focus on portion control, cooking methods, and the inclusion of
lean cuts. This comprehensive assessment aims to provide a nuanced understanding of the
nutritional value and dietary implications of beef, guiding health professionals and
consumers in making informed choices regarding the role of red meat in a balanced, health-
promoting diet.
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1. Introduction

Protein has nutritional, functional, and biological characteristics and is crucial for
maintaining human health. An comprehensive evaluation of the quality of dietary protein
encompasses the analysis of amino acid content, digestibility, rate of protein digestion, and
the potential for the production of physiologically active peptides, also known as bioactive
peptides (5). Animal protein, when consumed, supplies the human body with all 9 necessary
amino acids. Red meat is notably a rich source of heme iron, which has more bioavailability
than nonheme iron found in plants. It also contains many vitamins, including B vitamins,
and minerals like copper, manganese, zinc, and iron.

Furthermore, recent studies indicate that the type of protein consumed in the diet
(animal-based versus plant-based) and the nutrients it contains can have varying effects on
the gut microbiota. The gut microbiota is known to play a crucial role in connecting food
and the host's body, and it can either promote or protect against chronic and metabolic
diseases such as cancer and cardiovascular disease. The human digestive system has a vast
population of 10 trillion microorganisms, including bacteria, viruses, fungus, and protozoa.
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Among them, the composition of bacteria in the intestines, referred to as the "gut
microbiota," is particularly important due to its involvement in human diseases (14, 15).
Microbiota differentiation, which refers to specific alterations in some bacteria or groups
of microbes, disrupts gut homeostasis. Gut dysbiosis is defined by detrimental disturbances
in the microbial composition (16), leading to heightened systemic inflammation due to the
release of inflammatory chemicals from the gut, such as bacterial LPSs. Inflammation also
exacerbates the likelihood of developing metabolic and chronic disorders, including
obesity, diabetes, and cancer (14, 17).

The human digestive system has five primary bacterial phyla, namely Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, and Verrucomicrobia. The bulk of bacteria,
around 65% of the total, is composed of Firmicutes (Gram-positive) and Bacteroidetes
(Gram-negative) (18). The composition of resident bacteria in the human gut differs across
people due to several variables, such as the method of birth, gender, age, health condition,
body weight, dietary habits, level of physical activity, and medical background, especially
the use of antibiotics (19). Dietary modifications have a swift and significant impact on the
composition of microorganisms in the colon, suggesting that nutrition has a greater effect
on the microbiota than the genetic makeup of the host (20, 21). Multiple published research
have specifically examined the microbiota's reaction to dietary carbohydrates, since these
bacteria play a key role in breaking down starches that cannot be digested. In addition,
human research have also examined how the microbiota responds to the amount and type
of dietary fat consumed (24, 25). However, there is little knowledge on the microbiota's
reaction to and breakdown of protein.

2. The relationship between protein and the microbiota

The colonic bacteria possess significant proteolytic capacity. The metabolic activity of the
gut microbial population is potentially more effective than the enzymatic control of the host
in the small intestine (26, 27). Within the gastrointestinal system, proteins undergo
hydrolysis by peptidases, resulting in the formation of polypeptides. These polypeptides
are then broken down further into sequences of amino acids, including tripeptides,
dipeptides, and individual amino acids. Bacterial proteases have the ability to produce small
peptides and individual amino acids that can undergo fermentation to generate short-chain
fatty acids (SCFAs) such as acetate, propionate, and n-butyrate.

Additionally, they can also produce derivatives of branched-chain amino acids and
branched-chain fatty acids, including isobutyrate, isovalerate, and 2-methylbutyrate (28,
29). The amino acids Arginine, Aspartic acid, Glycine, Phenylalanine, Proline, Serine,
Threonine, and Tryptophan are more susceptible to bacterial digestion rather than digestion
by the host organism (30). While the process of digesting and absorbing dietary protein is
very effective in healthy individuals, around 10% of it ends up in the large intestine and
may be used for bacterial fermentation (31, 32). The microbiology approaches that relied
on early human fecal culture found Bacteroides and Propionibacterium as the two most
prevalent genera with proteolytic properties (28). Additional significant genera that have
been suggested include Bifidobacterium, Clostridium, and Streptococcus (28, 33).

Several variables may impact the ratio of dietary protein that reaches and undergoes
digestion by bacteria in the large intestine. Nevertheless, protein bioavailability may be
modified by protein alterations during cooking and interactions with other dietary
components (34). Moreover, microbial enzymes use distinct cleavage sites compared to
digestive enzymes, resulting in the production of dissimilar peptides with varying
biological activity (35).

Recent investigations suggest that bacteria in the human digestive system may play a
role in the creation of harmful substances from proteins. For example, microbial
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metabolism may convert l-carnitine into trimethylamine (36, 37). Consequently, the
relationship between the microorganisms in the colon and the protein in our food has
generated considerable attention due to its potential effects on human health. This is
because the composition of the microorganisms is influenced by our diet, and the enzymes
produced by these microorganisms affect the generation of bioactive chemicals derived
from protein.

3. Protein obtained from beef in one's diet

Protein-derived bioactive compounds are typically small peptides with a molecular weight
of less than 5 kDa. These peptides are either produced during the breakdown of proteins or
are specific sequences of amino acids within the protein itself. When isolated, these
compounds have a positive impact on bodily functions and may have potential health
benefits beyond their nutritional value. Bioactive peptides may be created by three distinct
methods: The breakdown of food occurs via three main processes: 1) digestion facilitated
by digestive enzymes, 2) digestion facilitated by microbial enzymes, and 3) food processing
or ripening facilitated by purified or microbial enzymes (38, 39).

Both the location of digestion and the enzyme responsible for it lead to the formation
of different peptides, which in turn affects their bioactivity (35). The generation of peptides
and the constraints and possibilities associated with these processes have been thoroughly
examined (40). While the protein requirements are well established, with the recommended
daily allowance (RDA) for protein being 0.8 grams per kilogram of body weight per day,
and an intake of up to 2.5 grams per kilogram of body weight per day being considered
acceptable, there are no official guidelines for protein-derived bioactive compounds.
Additionally, there is limited information available regarding the specific requirements and
health benefits associated with these compounds.

Peptides generated from proteins possess several bioactive characteristics such as
antihypertensive, mineral-binding, antibacterial, immunomodulating, cell-modulating,
anticarcinogenic, anti-inflammatory, and cholesterol-lowering effects (40, 42, 43). The
significance of biologically active peptides derived from various dietary protein sources,
such as milk, fish, seaweed, and soybeans, in promoting human health has been extensively
researched. However, the impact of bioactive molecules found in protein-rich diets,
especially beef, on human health is not as well understood (44).

The bioactive peptides and amino acids derived from muscle meat include anserine (-
Ala-1-methyl-His), carnosine (-Ala-His), I-carnitine (B-hydroxy-y-trimethylaminobutyric
acid), glutathione (y-Glu-Cys-Gly), and taurine (46,47). The primary dipeptides found in
mammalian skeletal muscle are carnosine (B-Ala-His) and anserine (B-Ala-1-methyl-His),
both of which include histidine (48). There is a scarcity of research on the presence of
amino acids and peptides in beef, and the existing ones provide inadequate information and
conflicting results. A single research on beef (49) has been conducted to analyze the
presence of all amino acids, both proteinogenic and nonproteinogenic, as well as short
peptides. The study found that glutamine is the most prevalent amino acid in beef, followed
by taurine, alanine, glutamate, and f-alanine (50). After death, proteins undergo
breakdown, leading to the formation of pieces called polypeptides. These polypeptides may
be broken down even further by peptidyl peptidases and aminopeptidases, resulting in the
synthesis of smaller peptides and individual amino acids (51). The levels of these
biologically active dipeptides are reduced in cooked beef flesh relative to fresh muscle; yet,
cooked beef remains a significant provider of carnosine and anserine (52).

Animal flesh is a comprehensive and balanced source of dietary protein, including all
the necessary amino acids. It also provides vital fatty acids, vitamins, and minerals (53).
Moreover, animal protein stimulates feelings of fullness and increases the amount of energy
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used and fat lost in comparison to plant proteins (54). Observational studies have identified
red meat intake as a risk factor for cardiovascular disease and other metabolic illnesses,
including type 2 diabetes mellitus. However, new research suggests that this association
may be limited to the consumption of processed red meat (3). Regardless of the contentious
health results, most of the research included in this review focused on the effects of
consuming excessive amounts of beef within a diet that is rich in fat or sugar. This particular
dietary pattern, commonly referred to as the Western diet or standard American diet, is
linked to a higher risk of chronic noncommunicable diseases (55). It is characterized by a
significant consumption of refined and processed foods, such as processed meats, added
sugars, and fats, while having a low intake of fruits, vegetables, and whole grains.
Moreover, a recent clinical study revealed that ultraprocessed foods contribute to weight
gain regardless of calorie intake, emphasizing the importance of further examining the link
between unprocessed and processed red meat and the risk of chronic diseases (56). This
investigation should particularly focus on understanding the role of gut microbiota and
related metabolites in mediating the effects of lean beef or beef proteins.

When consumed with a diet that is rich in fat or sugar, beef protein may have negative
effects on health, the composition of microbes in the body, and the integrity of the intestinal
barrier. This is in contrast to casein or white meat protein. For instance, beef protein can
lead to an increase in the abundance of Proteobacteria, which is linked to an imbalance in
the microbial ecosystem (dysbiosis). Nevertheless, alterations in the bacterial makeup due
to the use of high-fat + beef and high-sucrose + beef diets are similar to those seen in animal
studies using Westernized diets. These changes include a rise in Desulfovibrionaceae and a
reduction in Lactobacillaceae (57,58). Notably, changes in the abundance of Bacteroidetes,
Firmicutes, and Proteobacteria caused by a high-fat diet are not associated to obesity. This
suggests that the content of the diet, especially the amount of fat, has a role in the response
of the microbial community. In addition, no notable disparities were seen in the serum
markers of well-being or microbial composition when different protein sources (beef,
casein, soy) were ingested with a low-fat diet (59).

Gram-negative bacteria, such as Bacteroidetes, secrete lipopolysaccharide (LPS),
which is an endotoxin. LPS may cause systemic inflammation and metabolic endotoxemia
by increasing the production of proinflammatory cytokines if it enters the bloodstream from
the colon. Several animal investigations have shown a reduction in the relative abundance
of Bacteroidetes when animals were fed a beef diet, as compared to a nonpurified diet (57)
or a casein diet (10, 58). Furthermore, the levels of LPS-binding protein, which serves as a
marker for disruption to the intestinal barrier, were shown to be the greatest in the casein
group compared to the other low-fat groups (60). Thus, it is possible that high-fat diets may
have a more significant negative effect on the microbial composition compared to dietary
protein sources.

Animal studies have shown that eating beef leads to an increase in the relative
abundance of Firmicutes (10, 57, 58), while simultaneously reducing the presence of
Bacteroidetes (10, 57). To put it simply, red meat consumption may lead to an increase in
the Firmicutes/Bacteroidetes ratio, a factor that is often linked to higher BMI in humans
(61). The few human studies we found in our literature search had inconsistent results, with
contradicting changes in the relative abundance of Firmicutes being reported (62, 63).
Moreover, human subjects that were fed a high-beef diet (380 g/d) showed significant
elevations in Bacteroides, which is a species belonging to the Bacteroidetes phylum (64).

The 2015-2020 Dietary Guidelines for Americans suggest consuming 26 ounces per
week (737 grams per week), or around 3.71 ounces per day (105 grams per day), of protein
sources such as meats, poultry, and eggs. Given that 1 ounce (28.35 grams) of meat contains
approximately 7 grams of protein, this means that consuming this food type would provide
around 26 grams of protein per day. However, protein requirements can differ depending
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on individual needs, so it is possible to consume more protein from this food group to meet
higher protein recommendations based on body weight, such as 2.5 grams per kilogram per
day. The disparity between recommended protein quantities and those employed in human
research highlights the need of assessing the influence of protein quality and quantity on
the human microbiota, particularly in individuals with high protein consumption, such as
athletes (65).

The nutritional, functional, and biological characteristics and digestibility of protein
are influenced by food processing, preparation, and storage. Studies conducted on human
fecal batch cultures in a laboratory setting demonstrate that both the kind of meat and the
way of cooking have an influence on the composition of microorganisms present (66).
Furthermore, consuming excessive amounts of beef can lead to negative effects that are
specifically linked to cooking at high temperatures. This can cause the formation of
polycyclic aromatic hydrocarbons and heterocyclic amines, as well as the production of N-
nitroso compounds by microbes or the presence of the nonhuman sialic acid N-
glycolylneuraminic acid (68).

Furthermore, the precise processes connecting beef consumption with the onset of
chronic noncommunicable illnesses are not well comprehended, although they may be
associated with micronutrients such as iron and zinc, which have been shown to affect
microbial composition (63). Ultimately, excessive consumption of beef, particularly in the
context of a diet that is already heavy in sugar or fat, has detrimental effects on the gut
flora.

4. Conclusion

Human studies show that there are only little changes in the composition of gut bacteria
when people consume beef for a short period of time (1-4 weeks). Further investigation is
required to: 1) clarify the alterations in the microbiota caused by the consumption of beef,
both in recommended quantities and excessive amounts as per dietary guidelines, and in
conjunction with other nutrients; 2) carry out metabolomics studies related to the
microbiome to comprehend the relationship between changes in microbiota and the
physiological state of the host; 3) Explore the function of bioactive chemicals obtained
from beef in relation to different diets; 4) Assess if other nutrients, including complex
carbohydrates, might mitigate some adverse impacts of increasing beef intake within high-
fat and/or high-sucrose diets; 5) Determine changes in short-chain fatty acid (SCFA)
synthesis associated with beef intake; and 6) devise more efficient and suitable methods to
investigate microbial breakdown of dietary protein, including beef.

References

1. Beilken S, Eustace E, Eustace R. Composition of New Meats—Analyses and Nutrient
Composition of Innovative Meat Industries. RIRDC Publication No. 07/036. 2007. (Cited 25
April 2007.) Available from URL: http://www.rirdc.gov.au/ reports/NAP/07-036.pdf

2. Brown M. Meat Expectations 2003. Sydney: Meat & Livestock Australia, 2003.

3. Williams P, Droulez V, Levy G et al. Nutrient composition of Australian red meat 2002. 1. Gross
composition data. Food Aust 2006; 58: 173-81.

4. Williams P, Droulez V, Levy G et al. Composition of Australian red meat 2002. 3. Nutrient
profile. Food Aust 2007; 59: 331-41.

5. Sadler M, Lewis J, Buick D. Composition of trim lamb. Food Aust 45 ;1993(Suppl.): S2—-12.

6. Sinclair A, Mann N, O’Connell S. The Nutrient Composition of Australian Beef and Lamb.
Melbourne: RMIT, 1999.

7. Bhutta Z. Protein: digestibility and availability. In: Sadler M, Strain J, Caballero B, eds.
Encyclopedia of Human Nutrition. San Diego, CA: Academic Press, 1999; 1646-56.

8. Schaafsma G. The protein digestibility-corrected amino acid score. J Nutr 2000; 130: 1865S—
678S.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Abdullah Omar A Alshuqair et al. 1309

Cobiac L, Droulez V, Leppard P et al. Use of external fat width to describe beef and lamb cuts
in food composition tables. J Food Compost Anal 2003; 16: 133-45.

Greenfield H, Kuo Y, Hutchison G et al. Composition of Australian foods. 33. Lamb. Food Aust
1987;39: 202-7.

Greenfield H, Kuo Y, Hutchison G et al. Composition of Australian foods. 34. Beef and veal.
Food Aust 1987; 39: 208.227 ,15—

Higgs J. The changing nature of red meat: 20 years of improving nutritional quality. Trends
Food Sci Technol 2000; 11: 85-95.

Droulez V, Williams P, Levy G et al. Nutrient composition of Australian red meat 2002. 2. Fatty
acid profile. Food Aust 2006; .41-335 :58

Sinclair A, O’Dea K. The lipid levels and fatty acid compositions of the lean portions of
Australian beef and lamb. Food Technol Aust 1987; 39: 228-31.

Marmer W, Maxwell R, Williams J. Effects of dietary regimen and tissue site on bovine fatty
acid profiles. J Anim Sci 1984; 59: 109-21.

Howe P, Meyer B, Record S et al. Dietary intakes of long-chain omega-3 polyunsaturated fatty
acids: contribution of meat sources. Nutr 2006; 22: 47-53.

Zeisel S, Niculescu M. Choline and phosphatidylcholine. In: Shils M, Shike M, Ross AC et al.,
eds. Modern Nutrition in Health and Disease. Philadelphia, PA: Lippincott Williams & Wilkins,
2006; 525-36.

Purchas R, Zou M, Pearce P et al. Concentrations of vitamin D3 and 2-hydroxyvitamin D3 in
raw and cooked New Zealand beef and lamb. J Food Compost Anal 2007; 20: 90-98.

Chan W, Brown J, Lee S et al. Meat, Poultry and Game. Fifth Supplement to Mccance &
Widdowson’s the Composition of Foods. London: The Royal Society of Chemistry and the
Ministry of Agriculture Fisheries and Food, 1995.

Arihara K. Strategies for designing novel functional meat prod- ucts. Meat Sci 2006; 74: 219—
29.

Purchas R, Rutherfurd S, Pearce P et al. Concentrations in beef and lamb of taurine, carnosine,
coenzyme Q10, and creatine. Meat Sci 2004; 66: 629-37.

Redmond H, Stapleton P, Neary P et al. Immunonutrition: the role of taurine. Nutr Cancer 1998;
14: 599-608.

Bouckenooghe T, Remacle C, Reusens B. Is taurine a functional nutrient? Curr Opin Clin Nutr
Metab Care 2006; 9: 728-33.

Tanpaichitr V, Leelahagul P. Carnitine metabolism and human carnitine metabolism. Nutr 1993;
9: 246-54.

Mitchell M. Carnitine metabolism in human subjects 1. Normal metabolism. Am J Clin Nutr
1978; 31: 293-306.

Shimada L, Sakuma Y, Wakamatsu J et al. Species and muscle differences in 1-carnitine in
skeletal muscles based on a new simple assay. Meat Sci 2004; 68: 357—62.

Azain M. Conjugated linoleic acid and its effects on animal products and health in single-
stomached animals. Proc Nutr Soc 2003; 62: 319-28.

Dhiman T, Nam S, Ure A. Factors affecting conjugated linoleic acid content in milk and meat.
Crit Rev Food Sci Nutr 2005; 45: 463-82.

Decker E, Livisay S, Zhou S. Mechanisms of endogenous skeletal muscle antioxidants:
chemical and physical aspects. In: Decker E, Faustman C, Lopez-Bote C, eds. Antioxidants in
Muscle Foods. New York: Wiley-Interscience, 2000; 25-60.

Purchas R, Busboom J. The effect of production system and age on levels of iron, taurine,
carnosine, coenzyme Q10, and creatine in beef muscles and liver. Meat Sci 2005; 70: 589-96.
Decker E, Ivanov V, Zhu B et al. Inhibition of low density lipoprotein oxidation by carnosine
and histidine. J Agric Food Chem 2001; 49: 511-16.

Overvad K, Diamant B, Holm L et al. Coenzyme Q10 in health and disease. Eur J Clin Nutr
1999; 53: 764-70.

Jones D, Coates R, Flagg E et al. Glutathione in foods listed in the National Cancer Institute’s
health habits and history food frequency questionnaire. Nutr Cancer 1992; 17: 57-75.

Kreider R, Ferreira M, Wilson M et al. Effects of creatine supple- mentation on body
composition, strength, and sprint perfor- mance. Med Sci Sports Exerc 1998; 30: 73—82.
Harris R, Nevill M, Harris D et al. Absorption of creatine sup- plied as a drink, in meat or in
solid form. J Sports Sci 2002; 20: 147-51.

US Department of Agriculture. USDA National Nutrient Database for Standard Reference,
Release 19. Washington, DC: USDA, 2007.

Migration Letters



1310 The Nutritional Profile Of Beef And Its Implications For Dietary Health

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

Better Health Victoria.Pregnancy and Diet, 2007. (Cited 7 June 2007.) Available from URL:
http://www.betterhealth.vic.gov.au/ bhcv2/bhcearticles.nsf/pages/Pregnancy and_diet?open
Smith A, Kellett E, Schmerlaib Y. The Australian Guide to Healthy Eating. Background
Information for Nutrition Educators. Canberra: Commonwealth Department of Health, 1998.
Chakrabarti S, Guha S, Majumder K Food-derived bioactive peptides in human health:
challenges and opportunities Nutrients, 10 (11) (2018), p. 1738

Dietary Reference Intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein,
and amino acids (macronutrients) National Academies Press, Washington (DC) (2005)

Moller NP, Scholz-Ahrens KE, Roos N, Schrezenmeir J Bioactive peptides and proteins from
foods: indication for health effects Eur J Nutr, 47 (4) (2008), pp. 171-182

Admassu H, Gasmalla MAA, Yang R, Zhao W Bioactive peptides derived from seaweed
protein and their health benefits: antihypertensive, antioxidant, and antidiabetic properties J
Food Sci, 83 (1) (2018), pp. 6-16

Chakrabarti S, Jahandideh F, Wu J Food-derived bioactive peptides on inflammation and
oxidative stress Biomed Res Int, 2014 (2014), p. 1

Rutherfurd-Markwick KJ Food proteins as a source of bioactive peptides with diverse functions
Br J Nutr, 108 (Suppl 2) (2012), pp. S149-S157

Giromini C, Cheli F, Rebucci R, Baldi A Invited review: dairy proteins and bioactive peptides:
modeling digestion and the intestinal barrier J Dairy Sci, 102 (2) (2019), pp. 929-942

Halim NRA, Yusof HM, Sarbon NM Functional and bioactive properties of fish protein
hydrolysates and peptides: a comprehensive review Trends Food Sci Tech, 51 (2016), pp. 24-
33

Agyei D Bioactive proteins and peptides from soybeans Recent Pat Food Nutr Agric, 7 (2)
(2015), pp. 100-107

Boldyrev AA, Severin SE The histidine-containing dipeptides, carnosine and anserine:
distribution, properties and biological significance Adv Enzyme Regul, 30 (1990), pp. 175-194
Bouckenooghe T, Remacle C, Reusens B Is taurine a functional nutrient? Curr Opin Clin Nutr
Metab Care, 9 (6) (2006), pp. 728-733

Rakowska R, Sadowska A, Waszkiewicz-Robak B Influence of pre- and post-slaughter factors
on the reduced glutathione content of beef muscles Meat Sci, 124 (2017), pp. 48-53

Wu G, Cross HR, Gehring KB, Savell JW, Arnold AN, McNeill SH Composition of free and
peptide-bound amino acids in beef chuck, loin, and round cuts J Anim Sci, 94 (6) (2016), pp.
2603-2613

Etherington DJ Enzymes in food processing Blackie, London (1991)

Purchas RW, Rutherfurd SM, Pearce PD, Vather R, Wilkinson BH Cooking temperature effects
on the forms of iron and levels of several other compounds in beef semitendinosus muscle Meat
Sci, 68 (2) (2004), pp. 201-207

Bauchart C, Rémond D, Chambon C, Patureau Mirand P, Savary-Auzeloux I, Reynés C, Morzel
M Small peptides (<5kDa) found in ready-to-eat beef meat Meat Sci, 74 (4) (2006), pp. 658-
666

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation BMJ, 349 (2015), p. g7647

Zhang Z, Li D, Tang R Changes in mouse gut microbial community in response to the different
types of commonly consumed meat Microorganisms, 7 (3) (2019), p. 76

Zhu 'Y, Lin X, Li H, Li Y, Shi X, Zhao F, Xu X, Li C, Zhou G Intake of meat proteins
substantially increased the relative abundance of genus Lactobacillus in rat feces PLoS One, 11
(4) (2016), p. e0152678

Schutkowski A, Konig B, Kluge H, Hirche F, Henze A, Schwerdtle T, Lorkowski S, Dawczynski
C, Gabel A, Grofle I, et al. Metabolic footprint and intestinal microbial changes in response to
dietary proteins in a pig model J Nutr Biochem, 67 (2019), pp. 149-160

Bedani R, Pauly-Silveira ND, Roselino MN, de Valdez GF, Rossi EA Effect of fermented soy
product on the fecal microbiota of rats fed on a beef-based animal diet] Sci Food
Agric, 90 (2) (2010), pp. 233-238

ljaz MU, Ahmed MI, Zou X, Hussain M, Zhang M, Zhao F, Xu X, Zhou G, Li C Beef, casein,
and soy proteins differentially affect lipid metabolism, triglycerides accumulation and gut
microbiota of high-fat diet-fed C57BL/6J mice Front Microbiol, 9 (2018), p. 2200

Le Leu RK, Young GP, Hu Y, Winter J, Conlon MA Dietary red meat aggravates dextran
sulfate sodium-induced colitis in mice whereas resistant starch attenuates inflammation Dig Dis
Sci, 58 (12) (2013), pp. 3475-3482



62.

63.

64.

65.

66.

67.

68.

Abdullah Omar A Alshuqair et al. 1311

Krebs NF, Sherlock LG, Westcott J, Culbertson D, Hambidge KM, Feazel LM, Robertson CE,
Frank DN Effects of different complementary feeding regimens on iron status and enteric
microbiota in breastfed infants J Pediatr, 163 (2) (2013), pp. 416-423

Moreno-Perez D, Bressa C, Bailen M, Hamed-

Bousdar S, Naclerio F, Carmona M, Perez M, Gonzalez-Soltero R, Montalvo-

Lominchar MG, Carabana C, et al. Effect of a protein supplement on the gut microbiota of
endurance athletes: a randomized, controlled, double-blind pilot study Nutrients, 10 (3) (2018),
p. 337

Hentges DJ, Maier BR, Burton GC, Flynn MA, Tsutakawa RK Effect of a high-beef diet on the
fecal bacterial flora of humans Cancer Res, 37 (2) (1977), pp. 568-571

Le Leu RK, Winter JM, Christophersen CT, Young GP, Humphreys KJ, Hu Y, Gratz SW, Mil
ler RB, Topping DL, Bird AR, et al. Butyrylated starch intake can prevent red meat-induced
06-methyl-2-deoxyguanosine adducts in human rectal tissue: a randomised clinical trial Br J
Nutr, 114 (2) (2015), pp. 220-230

Lunn JC, Kuhnle G, Mai V, Frankenfeld C, Shuker DE, Glen RC, Goodman JM, Pollock JR,
Bingham SA The effect of haem in red and processed meat on the endogenous formation of N-
nitroso compounds in the upper gastrointestinal tract Carcinogenesis, 28 (3) (2007), pp. 685-
690

US Department of Health and Human Services and US Department of Agriculture 2015-2020
dietary guidelines for Americans 8th ed 2019 [Internet] Retrieved 2020 Feb 1 from:

Pereira PM, Vicente AF Meat nutritional composition and nutritive role in the human diet Meat
Sci, 93 (3) (2013), pp. 586-592

Migration Letters



