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                     Abstract 
 Throughout history, from ancient times to the present day in our contemporary and industrialized period, ensuring the 

availability of safe and hygienic food has been a signifi cant challenge for the human population. With the global population 

steadily increasing, there is a growing need for animal-based food items. Consequently, the livestock sectors face mounting 

pressure to enhance productivity and sustainability. Hence, the farmer, manufacturer, producers, and researchers are seeking 

nutritional supplements that might improve the production and performance of animals. Lactoferrin (Lf) a miracle molecule 

is a newly discovered multifunction protein found in milk and other exocrine secretions. LF has demonstrated a wide range 

of biological activities, including antimicrobial, anti-infl ammatory, anti-oxidant, immunomodulatory, hepatoprotective, anti-

osteoporotic and allied pathophysiological conditions. These properties make lactoferrin a promising candidate for improving 

the health and productivity of livestock. LF is used as a dietary supplement in livestock and food animals to enhance growth, 

productivity, and overall health. Additionally, it improves the digestibility and absorption of nutrients in the intestine. Fur-

thermore, LF also reduces the dependency on antibiotics and alleviates the environmental consequences caused by cattle 

husbandry. Although existing data indicates that lactoferrin may be a benefi cial element in sustainable livestock production, 

further research is required to comprehensively comprehend its molecular processes, appropriate doses, and possible negative 

eff ects when used as a dietary supplement. This review aims to provide a comprehensive understanding of the applications 

and research surrounding lactoferrin as a dietary supplement in the livestock industry. 
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      Introduction 

 The global demand for livestock products continues to rise, 

driven by population growth and increasing affl  uence, par-

ticularly in developing countries. However, the traditional 

reliance on antibiotics to promote growth and prevent dis-

ease in livestock production has led to growing concerns 

about antimicrobial resistance, which poses a signifi cant 

threat to both animal and human health (Ahmed et al.  2024 ). 

As a result, there is an urgent need to explore alternative 

strategies that can maintain or even improve livestock pro-

ductivity while reducing the use of antibiotics (Nabi et al. 

 2020a ; Pirzado et al.  2021 ; Saeed et al.  2021 ). One promis-

ing alternative is the use of LF, an iron-binding glycoprotein 

present in milk and other bodily fl uids. LF, has been shown 

to possess a wide range of antimicrobial, anti-infl ammatory, 

and immunomodulatory properties, making it a potentially 
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been implicated in a wide range of health concerns, includ-

ing diabetic complications, neurodegenerative diseases, and 

cardiovascular disorders (Harrison et al.  2003 ; Ozawa and 

Sasaki  2014 ). The underlying mechanisms of these disease 

pathogenesis are complex, numerous studies suggested that 

oxidative stress plays a crucial role in their development 

and progression (Ozawa and Sasaki  2014 ). The potential 

strategy to mitigate the impact of oxidative stress using the 

antioxidant supplements, such as LF, a multifunctional pro-

tein abundantly found in milk and other exocrine secretions 

(Elahi et al.  2009 ; Millar et al.  2017 ). It has been shown that 

LF possess potent antioxidant properties, which may help to 

counteract the deleterious eff ects of reactive oxygen species 

and potentially slow the progression of age-related diseases 

(Shwe et al.  2018 ). 

 Several studies have investigated the infl uence of LF sup-

plementation on oxidative stress, with promising results. For 

instance, researchers have found that LF can protect cultured 

cortical neurons from oxidative damage, potentially through 

the inhibition of specifi c pathways involved in the generation 

of ROS. Furthermore, the antioxidant properties of LF may 

also contribute to its neuroprotective eff ects, as observed in 

studies examining the role of lutein, a plant-derived carot-

enoid, in retinal and cognitive function (Ozawa and Sasaki 

 2014 ; Stringham and Stringham  2015 ). The precise mecha-

nisms by which LF exerts its antioxidant eff ects are not yet 

fully understood, the available evidence suggests that it may 

be a valuable intervention for mitigating the impact of oxida-

tive stress on various aspects of health. 

    Immunomodulatory potential 

 Immunomodulation, is the strategic manipulation of the 

immune system, has emerged as a promising approach in 

the fi eld of biomedical research. Recent advancements have 

highlighted the potential of immunomodulatory strategies in 

combating various diseases, including cancer and infectious 

disorders (Nijnik  2013 ; Yan and Jiang  2020 ). LF has gained 

signifi cant attention in the realm of dietary supplementation 

due to its potential to modulate the immune system (Alaga-

wany et al.  2020 ; Arain et al.  2023 ). Numerous studies have 

explored the biological activities of lactoferrin, revealing its 

antimicrobial, antiviral, and immunostimulatory properties. 

It has been demonstrated that oral administration of bLF 

can augment host protection against infections through its 

antimicrobial action and immunomodulatory eff ects (Tom-

ita et al.  2009 ). In addition to its antimicrobial properties, 

LF has been shown to possess various other bioactivities, 

including regulation of immune function, stimulation of 

intestinal proliferation and diff erentiation, and facilitation 

of iron absorption (Lönnerdal et al.  2011 ). 

    Anti-bacterial potential 

 Lactoferrin, has gained signifi cant attention for its potent 

antibacterial properties. It is a key component of the innate 

immune system, contributing to the body's fi rst line of 

defense against microbial infections. The antibacterial 

activity of LF is multifaceted, involving both direct and 

indirect mechanisms that inhibit bacterial growth and pro-

liferation (Liu and Chen  2023 ). One of the primary mecha-

nisms by which LF exerts its antibacterial eff ect by seques-

tering iron, an essential nutrient for bacterial growth. By 

binding to free iron in the environment, LF eff ectively 

deprives bacteria of this critical resource, inhibiting their 

metabolic functions and subsequent growth (Zarzosa-

Moreno et al.  2020 ). This iron-chelating property is par-

ticularly eff ective against iron-dependent pathogens such 

as  Escherichia coli  and  Staphylococcus aureus  (Kanwar 

et al.  2015 ; Zarzosa-Moreno et al.  2020 ). In addition to 

iron sequestration, lactoferrin exhibits direct bactericidal 

activity. It can bind to bacterial cell walls, destabilizing 

the membrane and increasing its permeability, leading to 

cell lysis and death. This mechanism is especially eff ective 

against Gram-negative bacteria, where LF targets lipopol-

ysaccharides (LPS) in the outer membrane. Moreover, 

lactoferrin-derived peptides, such as lactoferricin, have 

shown enhanced antibacterial properties, further disrupt-

ing bacterial membranes and exhibiting broad-spectrum 

activity (Zarzosa-Moreno et al.  2020 ). 

 Lactoferrin also plays an indirect role in modulating the 

immune response to bacterial infections. It can enhance 

the activity of immune cells such as neutrophils and mac-

rophages, promoting phagocytosis and the production of 

reactive oxygen species (ROS) that kill bacteria (Hong 

et al.  2024 ). Additionally, LF can inhibit the formation of 

biofi lms, complex communities of bacteria that are resist-

ant to antibiotics and the immune system. By preventing 

biofi lm formation, LF enhances the eff ectiveness of anti-

bacterial treatments and helps in eradicating persistent 

infections. Furthermore, LF antibacterial eff ect extends 

to its ability to bind and neutralize bacterial endotoxins, 

reducing infl ammation and tissue damage associated with 

infections. This anti-infl ammatory property is crucial in 

mitigating the harmful eff ects of bacterial infections and 

promoting recovery (Gori et  al.  2024 ). In conclusion, 

lactoferrin is a versatile and powerful antibacterial agent 

with a range of mechanisms that inhibit bacterial growth 

and enhance the immune response. Its ability to sequester 

iron, disrupt bacterial membranes, modulate immune func-

tions, prevent biofi lm formation, and neutralize endotoxins 

underscores its potential as a therapeutic agent in combat-

ing bacterial infections. 
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to regulate intestinal proliferation and diff erentiation, as well 

as enhance the absorption of essential minerals, such as iron 

(Lönnerdal et al.  2011 ). 

 Earlier studies, reported that the addition of LF to the diet 

of dairy cattle enhances growth, feed intake, milk produc-

tion, and considerably reduces mortality and morbidity in 

the dairy herd (Ashraf et al.  2024 ; Hussain et al.  2024 ). Mas-

titis is a most important problem faced by the dairy industry, 

particularly in high milk-producing breeds. Antibiotics are 

often used to treat mastitis, but their presence in milk is 

undesirable. Numerous studies indicate that LF is an eff ec-

tive therapeutic option to control the mastitis (Shimazaki 

and Kawai  2017a ,  b ). Similarly, another study reported the 

synergistic eff ect when using LF in combination with antibi-

otics and eff ectively treat the mastitis in dairy cattle (Gomes 

and Henriques  2016 ). 

 Calves are more susceptible to infection compared to 

dairy cattle. It is imperative to provide a balance diet, along 

with appropriate feed supplements to ensure the proper 

growth and development particularly in weaning period. LF 

could be an ideal choice used to stimulate the growth of 

young calves during entire period of weaning. Previously 

it was reported that the addition of LF in the diet of young 

calves, signifi cantly improved the average daily gain (ADG), 

increased dry matter intake, decrease in the weaning age 

and improves health status (Joslin et al.  2002 ). Similarly, 

another study found that dietary LF (1 g/d) combined with 

milk replacer improve FCR, increased average daily gains, 

better fecal scores, and reduced morbidity in pre-weaned 

calves (Robblee et al.  2003a ,  b ; Cowles et al.  2006 ). In addi-

tion, dietary administration of LF, eff ectively increased the 

leukocytes population in peripheral blood and elevate the 

expression level of mRNA of numerous interleukins (IL), 

including IL-1β, IL-8, IL-10, and interferon gamma (IFNγ), 

in calves (Prgomet et al.  2007 ). Furthermore, oral supple-

mentation of LF, stimulated the immune function by elevat-

ing the serum IgG level and increase size of Peyer's patches 

in the ileum to support digestion and absorption of nutrients 

(Mehra et al.  2022 ). In conclusion, the existing research sug-

gests that LF and lactoferricin showed signifi cant positive 

impact on the health and well-being of dairy animals. The 

antimicrobial, immunomodulatory, and intestinal-enhancing 

properties of these compounds make them potential targets 

for further investigation and potential applications in dairy 

animal production and health management (Arshad et al. 

 2018 ; Lönnerdal et al.  2011 ). 

    Benefi cial impact on piggery 

 The pig industry, like other food-producing animals, is 

highly sensitive to dietary factors, making supplementation 

essential for optimizing the production. Bovine lactoferrin 

(bLF) has been found to be a promising supplement in the 

pig industry, with numerous studies demonstrating its ben-

efi cial eff ects on growth performance, antioxidant activity, 

and gut health (Lönnerdal et al.  2011 ; Mehra et al.  2021 ). 

Wang et  al. ( 2007 ), reported that bLF supplementation 

improved growth performance and enhanced antioxidant 

enzyme activity and mRNA levels, while also reducing 

lipid peroxidation in pigs. Similarly, another study found that 

bLF, supplementation in weaning piglets improved growth 

performance, reduced the intensity of diarrhea, enhanced 

immunity, intestinal morphology, barrier function, and intes-

tinal microbiota balance (Chen et al.  2023 ). The biologi-

cal activities of bLF, are diverse and well-documented. LF 

has been shown to have antibacterial and antiviral eff ects, 

regulate immune function, stimulate intestinal proliferation 

and diff erentiation, and facilitate iron absorption (Mehra 

et al.  2021 ). Additionally, bLF has been found to have anti-

infl ammatory, anti-carcinogenic, and antioxidant properties 

(Mehra et al.  2021 ). 

 Previously, it was demonstrated that pig fed diet con-

taining recombinant human lactoferrin (rhLF) or human 

lysozyme (hLZ), diminished intestinal inflammation. 

(Cooper et al.  2014 ). Similarly, the LF supplementation 

improves the growth of lymphocytes in the peripheral blood 

and spleen, upregulated the levels of immunoglobulins (IgG, 

IgA, IgM), interleukin-2 (IL-2), and serum iron, and stimu-

late the immunological activities in young piglets in weaning 

stage (Shan et al.  2018 ). Additionally, dietary LF fed during 

pregnancy and lactation in gilts had a substantial positive 

eff ect on milk production and elevated the levels of serum 

IgA in both the gilts and lactating piglets (Jahan et al.  2017 ). 

Conclusively it was suggested that LF supplementation had 

positive eff ect on the pig health and performance. 

    Benefi cial impact of aquaculture 

 The aquaculture sector is now facing diffi  culties in control-

ling diseases and achieving sustainable output. However, 

the use of bioactive substances such as LF shows poten-

tial in enhancing the health and productivity of farmed fi sh 

(Chakraborty et al.  2014 ). LF, a multifunctional glycoprotein 

found in milk, has garnered signifi cant attention in the fi eld 

of aquaculture due to its potential to improve the health and 

productivity of farmed fi sh (Wakabayashi et al.  2006 ). Fur-

thermore, studies have demonstrated that oral administration 

of bLF signifi cantly enhanced host protection against infec-

tions and promoted productive performance of a wide range 

of aquatic animals. The use of LF in aquaculture has the 

potential to off er numerous benefi ts, particularly in the con-

text of disease management and enhancing the overall health 

and well-being of farmed fi sh. The antimicrobial activity 

of LF, further promoted to use as an eff ective substitute to 
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traditional antibiotics, potentially reducing the risk of antibi-

otic resistance in aquaculture environments (Lönnerdal et al. 

 2011 ). Additionally, its immunomodulatory eff ects may 

strengthen the fi sh's innate immune response, improving 

their ability to fi ght against pathogens and promote overall 

health (Lönnerdal et al.  2011 ). However, the effi  cacy of LF 

supplementation in fi sh and aquaculture remains an active 

area of research, with the need for further elucidation of 

the underlying mechanisms and optimal dosage regimens 

(Tomita et al.  2002 ). The potential use of LF and other 

phytochemicals as feed additives has been considered as a 

practical method to regulate the innate and adaptive immune 

systems of farmed fi nfi sh and shellfi sh (Harikrishnan et al. 

 2011 ). Furthermore, the advancement of LF-based treat-

ments and the investigation of their modes of operation 

might have signifi cant consequences for the future of envi-

ronmentally-friendly fi sh farming. 

    Conclusion and future prospects 

 Lactoferrin showed the promising potential to enhance 

the nutritional and health profi les of food-producing ani-

mal. These benefi ts translate into improved animal health, 

reduced reliance on antibiotics, and enhanced food safety, 

addressing critical concerns in modern animal husbandry. 

Incorporating LF into animal diets not only promotes growth 

and productivity but also contributes to the overall well-

being of livestock. The use of LF as a natural bioactive 

component aligns with consumer demand for more sustain-

able and health-conscious food production practices. This 

approach supports the development of functional foods and 

nutraceuticals, off ering a strategic avenue to fortify animal-

derived products with additional health benefi ts for humans. 

Despite the promising results, further research is necessary 

to optimize LF application methods, dosages, and delivery 

systems to maximize its benefi ts. Investigating species-spe-

cifi c responses and long-term eff ects will be crucial in solidi-

fying LF's role in animal nutrition and health. Ultimately, LF 

stands as a valuable addition for improving the sustainability 

and safety of food producing animals. 
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