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ABSTRACT

Lactoferrin is a glycoprotein from the transferrin family and contains N- and C- lobe which
bind Fe3* ion. It is detected in milk of cow, buffalo, camel and other livestock. However
camel milk contains highest amount of lactoferrin. Lactoferrin boosts the immune system by
protecting the host cells against bacterial and viral infections and inflammations. Activation,
proliferation and regulation of the phagocytic action of immune cells are also done by the
lactoferrin. The antiviral actions of lactoferrin are against both DNA and RNA viruses and
inhibit viral adhesion and entry into cells and binds viral particles. The boosting host immune
system by nutritional supplements such as lactoferrin prevents microbial infection into the
host cells. It’s proved that immune-stimulants in fish culture are useful because they can
improve the immune responses and disease resistance through improving the phagocytic cells
function and bactericidal and fungicidal activities. Growth promotion of lymphocytes and the
production of macrophages, granulocytes, neutrophil and leucocytes is regulated by
lactoferrin. Milk lactoferrin can modulate immune responses to infections; and may be a
novel preventative treatment for more infections in human, animal and fish. However, it
needs more researches on dosage to confirm its effects against infections in fish.
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INTRODUCTION

Lactoferrin has the ability to chelate with two Fe®,
reversibly (EI-Agamy et al., 2006). It is found in
high quantity in mature and colostral milk of cow,
camel, sheep and goat (Berlutti et al., 2011). Its
reported that lactoferrin content in bovine milk
ranges from 0.02 to 0.35 mg/mL, however camel

milk lactoferrin is higher than bovine milk (0.7-2.1
mg/mL) (Zhang et al., 2005). Alhaj et al. (2020)
reported that the amount of camel milk lactoferrin
is 10 times higher than cow’s lactoferrin. Iron
withholding ability of lactoferrin lead to inhibiting
of the microbial growth and immuno-modulation
properties (Berlutti et al., 2011). Moreover, without
iron binding ability, lactoferrin interact with
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bacteria and viruses and inhibits their attachment to
the cell receptors. No significant difference was
seen in the anti-microbial activity of iron and non-
iron binding forms of lactoferrin (Valenti and
Antonini, 2005). Moreover, lactoferrin is also
produced in considerable amounts by neutrophils
and mucosal epithelial cells in cows, goats, horses
and humans (Okubo et al, 2016). Some
physiological functions of lactoferrin are including
regulation of iron absorption, protection against
microbial  infections, anti-inflammatory  and
immuno-modulator properties (Gonzalez-Chavez et
al.,, 2009), thus lactoferrin is regarded as a
nutraceutical supplement. Most of the anti-
microbial actions of camel milk are due to
lactoferrin and immunoglobulins (Mohammadabadi
et al., 2018). Lactoferrin has immuno-modulatory
activities by binding to microbial particles or cell
receptors and able to inhibit the infections (Kell et
al., 2020).

Few studies revealed in vitro effects of lactoferrin
on fish macrophages or the effect of the dietary
lactoferrin on suppressing of stress responses and
the enhancement of disease resistance in fish
(Esteban et al., 2005). Lactoferrin enhances
resistance against infections with Ichthyophthirius
multifiliis in goldfish (Kakuta, 1996) and bacterial
infections in rainbow trout (Sakai et al., 1993). In
some other studies, dietary bovine lactoferrin could
not reduce mortality in Atlantic salmon infected
with Aeromonas salmonicida or infectious anaemia
virus (Lygren et al., 1999). Positive effects of
bovine lactoferrin on growth and resistance against
infection with Ichthyophthirius multifiliis (Kakuta,
1996) in goldfish were reported. The aim of this
recent review is exploring anti-microbial and
immune boosting effects of camel milk lactoferrin
against infections in the fish.

The anti-microbial function and immune
stimulatory of milk lactoferrin: Iron withholding
ability of lactoferrin is effective in inhibition of
biofilm production of pathogens (Berlutti et al.,
2011). The bacteriostatic activity of lactoferrin is
due to binding the Fe3+, as Fe3+ for bacteria
growth at the infection site will be limited and
virulence, motility and biofilm formation of
pathogenic bacteria will be inhibited (Gonzalez-
Chavez et al, 2009) Lactoferrin has direct
interaction with LPS of bacterial surfaces and
damages membrane of Gram-negative bacteria
(Gonzalez-Chavez et al., 2009) and lysozyme
action and antibiotics drugs will be enhanced
(Ellison and Gieh, 1991). Lactoferrin effects
toward Gram-positive bacteria are due to binding to
lipoteichoic acid and hindering the adhesion of
bacteria to the cell surfaces (Serrano, 2006). The
antiviral activity of lactoferrin in particular camel
lactoferrin is against many viruses including
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enveloped and naked viruses (Berlutti et al., 2011).
It inhibits the virus attachment and entry into host
cells, binds virus particles and prevents infections
(Queiroz et al., 2013). Lactoferrin interfere the
viruses in the early phase by preventing of viral
replication in the target cells (Serrano, 2006).
Lactoferrin boosts the immune response and
protects host cells against bacterial and viral
infections (Kell et al., 2020). Also it regulates
production of cytokines, chemokines and reactive
oxygen species (Britigan et al., 2001), modulates
activation, proliferation and motility of immune
cells, induces the lytic activity and phagocytosis
(Legrand, 2012) and strengthens the migration of
neutrophils and leukocytes (Gonzalez-Chavez et
al., 2009) thus control inflammation and immunity
(Embleton et al, 2013).

The action mechanism of milk lactoferrin on
immune system of fish: Immuno-stimulants
enhance the immune response and disease
resistance in fish culture. The most important effect
of immune stimulants is modulating the phagocytic
cells and increase bactericidal and fungicidal
activities in the fishes (Esteban et al., 2005). Milk
lactoferrin as immune regulatory agent control
inflammation and immunomodulation functions
(Brook, 1995) such as promotion of leucocyte
growth, enhancing of hydroxyl radical production
by neutrophils and increasing of phagocytosis
action of monocyte and macrophage (Esteban et al.,
2005).

Intensive fish culture systems cause to highly
stressful environment and suppression of the
immune responses in fish, thus results in increase
of susceptibility to diseases (Kumari et al., 2003).
Lactoferrin receptors detected on activated T and B
cells, monocytes, intestinal cells, platelets cells and
possess immunotropic properties with maturation
of T and B cells (Adamik and Walszczyk, 1996).
Lactoferrin  controls growth of lymphocytes,
production of macrophages, granulocytcs and
neutrophil leucocytes and increase Kkilling of
intracellular parasite by murine macrophages and
human monocytes (Sakai et al., 1993).

Is milk lactoferrin effective in the different
fishes?

Antibiotics cause to the antibiotic resistant strains
and the risks of antibiotic residues in cultured
species for human (Sahu et al., 2007). Prevention
of fish diseases through stimulation of the immune
system is a promising approach in aquaculture
(Ardo et al., 2008). Esteban et al. (2005) reported
although the presence of lactoferrin in fish is still
unknown, but it will have same effects to
mammals. Lactoferrin suppress stress responses
and enhances disease resistance in the fish. Some
other studies reported that dietary bovine
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lactoferrin not able to reduce mortality in Atlantic
salmon infected with Aeromonas salmonicida
(Lygren et al., 1999) and had no any effect on the
specific immunity of vaccinated Asian catfish
(Kumari et al., 2003). Bovine lactoferrin enhances
phagocytes activation (Sakai et al., 1993, 1995) in
rainbow trout and increased mucus production and
leucocytes in red seabream (Kakuta et al., 1996).
Positive effects of oral bovine lactoferrin were
reported on goldfish growth and increased
granulocytes and lymphocytes numbers in blood
(Kakuta et al., 1996). Also disease protective
effects and immuno-stimulatory of bovine
lactoferrin in goldfish, seabream and rainbow trout
have been reported by several researchers (Sakai et
al., 1993, 1995).

Milk lactoferrin effects against bacterial
infections in tilapia: Esteban et al. (2005) reported
oral administration of bovine lactoferrin inhibits
bacterial infection in tilapia and elevates survival
after bacterial infection. Tilapia was fed diets with
10, 50, 100, and 150 mg bovine lactoferrin/Kg feed
for 60days, and then were infected
with Streptococcus agalactiae. Lactoferrin
supplementation leads to higher survival rate and
suppression of bacterial growth at 24-96h in
organs. Peroxidase activity and content of
leukocytes at 24 h was reduced. Moreover, after
supplementing lactoferrin, it was detected in the
small intestines mucosa of tilapia and due to
immunomodulatory properties of lactoferrin, tilapia
mortality reduced.

Milk lactoferrin effects on disease resistance in
Asian catfish: Asian catfish were fed diets
containing 50, 100 and 200 mg bovine
lactoferrin/kg feed for 2 weeks. The results showed
that supplementing lactoferrin particularly at 100
mg, significantly enhanced serum lysozyme level,
decreased oxidative radical production and
increased protection against A. hydrophila
challenge. The lactoferrin not influenced specific
immunity but 100 mg lactoferrin for 1 week
efficiently enhanced the non-specific immunity and
disease resistance in catfish. Thus it provides a
useful way for protecting cultured catfish against
infectious diseases. According to this study
lactoferrin is one immuno-stimulant for farmed
catfish and potentially combats infections and
reduces mortality (Kumari et al., 2003).

Milk lactoferrin effects on immuno-modulatory
properties in Atlantic salmon: Atlantic salmon

REFERENCES

were fed commercial diets with 140 mg bovine
lactoferrin /kg feed for 19 days. Then fishes were
challenged with Aeromonas salmonicida ssp.
salmonicida or infectious salmon anaemia virus.
Result indicated lysozyme activity in serum and
head kidney and cumulative mortality were
unaffected by inclusion of lactoferrin. It’s proved
under the condition of this experiment, effects of
lactoferrin ~ supplementing on  non-specific
immunity or disease resistance in Atlantic salmon
for a short period cannot detected (Lygren et al.,
1999).

Milk lactoferrin effects on resistance to bacterial
infection in rainbow trout: Orally administration
of bovine lactoferrin for 3 days prior to challenging
with V. anguillarutn caused to increase survival
rates and enhance resistance against Streptococcits
sp. In lactoferrin-treated fish, significant increase in
phagocytic activities of pronephros cells against V.
anguillarum was observed. However, no in vitro
bactericidal activities against anguillarum or
Streptococcus sp. were observed. Therefore, the
lactoferrin enhanced the resistance of the rainbow
trout against bacterial infection by the activation of
phagocytes (Sakai et al., 1993). Sasaki et al (95)
also reported 100mg/kg bovine lactoferrin (25 %
Fe saturated) in rainbow trout fishes increased
phagocytic activity of kidney cells.

Milk lactoferrin effects on non-specific immune
responses in rainbow trout: In one study, rainbow
trout fishes were fed diets containing 0, 50, 100,
200 and 400 mg bovine lactoferrin/kg diet twice
daily for 8 weeks. Dietary lactoferrin had not
significant effect on growth performance. But
lysozyme activity and antiprotease activity
increased significantly in fishes fed 100, 200, or
400 mg lactoferrin but not serum peroxidase. Thus
feeding of rainbow trout with 100 mg or higher
amounts enhances the non-specific immune
response (Rahmatinegad et al., 2018).

CONCLUSION

Milk lactoferrin with properties of
immunomodulatory, anti-microbial and antiviral
may have unique potential in prevention and
treatment of infections. Immuno-stimulants such as
milk lactoferrin cause to increase the phagocytic
cells function and improve the immune responses
and disease resistance in fish culture. Milk
lactoferrin may be a novel preventative treatment
against infections in fish-farming industry, but it
needs more researches to confirm its efficacy
against infections.

1. Adamik, B., & Walszczyk, A., 1996. Lactoferrin: its role in defence against infection and
immunotropic properties. Postepy Higieny Medycyny Doswiadczalnej. 50, 33-41



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Taherah, World J Pharm Sci 2021; 9(7): 45-48

Alhaj O, Faye B, Agrawal R. Handbook of Research on Health and Environmental Benefits of Camel
Products. 2020.

Ardo L., Yin G., Xu P., Varadi L., Szigeti G., Jeney Z. & Jeney G. 2008. Chinese herbs Astragalus
membranaceus and Lonicera japonica and boron enhance the nonspecific immune response of Nile
tilapia Oreochromis niloticus and resistance against Aeromonas hydrophila. Aquaculture. 275, 26-33.
Berlutti, F., Pantanella, F., Natalizi, T., Frioni, A., Paesano, R., Polimeni, A., & Valenti, P. 2011.
Antiviral properties of lactoferrin a natural immunity molecule. Molecules. 16(8): 6992-7018.

Britigan, B.E. Lewis, T.S. Waldschmidt, M. McCormick, M.L. Krieg, A.M. (2001). Lactoferrin binds
CpG-containing oligonucleotides and inhibits their immunostimulatory effects on human B cells, The
Journal of Immunology, 167: 2921-2928.

Brock J. 1995. Lactoferrin: a multifunctional immunoregulatory protein. Immunol Today.16:417e9.
El-Agamy E, Nawar M, Shamsia S, Awad S. The convenience of camel milk proteins for the nutrition
of cow milk allergic childs. 2006:42.

Ellison R, 3rd, Giehl TJ. Killing of gram-negative bacteria by lactoferrin and lysozyme. The Journal of
clinical investigation. 1991;88(4):1080-1091.

Embleton, N, D., Berrington, J. E., Chris, W.M., & Cummings, S. S. (2013). Lactoferrin: Antimicrobial
activity and therapeutic potential. Seminars in Fetal & Neonatal Medicine, 18: 143-149.

Esteban M.A., Rodri’guez A., Cuesta A. & Meseguer J. 2005. Effects of lactoferrin on non-specific
immune responses of gilthead seabream Sparus aurata. Fish and Shellfish Immunology. 18, 109-124.
Gonzalez-Chavez, S.A., Arevalo-Gallegos, S., & Quintin Rascon-Cruz. (2009). Lactoferrin: structure,
function and applications. International Journal of Antimicrobial Agents, 33, 301-308.

Kakuta, 1., 1996. Positive effects of orally administered bovine lactoferrin against experimental
infection of goldfish Carassius auratus with Ichthyophthirius multifiliis. Suisanzoshoku. 44, 427-432.
Kakuta, 1., 1997. Suppression of stress reactions of rainbow trout, Oncorhynchus mykiss, reared at high
density by oral administration of bovine lactoferrin. Suisanzoshoku. 45, 345-350.

Kell, D. B., Heyden, E. L., & Pretorius, E. (2020). The Biology of Lactoferrin, an iron-binding protein
that can help defend Against viruses and bacteria. Frontiers in Immunology, 11: 1221.

Kumari J, Swain T, & Sahoo PK. 2003. Dietary bovine lactoferrin induces changes in immunity level
and disease resistance in Asian catfish Clarias batrachus. Vet Immunol Immunopathol. 94:1-9.
Legrand, D. 2012. Lactoferrin, a key molecule in immune and inflammatory processes. Biochemistry
and Cell Biology, 90: 252—-268.

Lygren, B., Sveier, H., Hjeltnes, B., & Waagbo, R., 1999. Examination of immunomodulatory
properties and the effect on disease resistance of dietary bovine lactoferrin and vitamin C fed to
Atlantic salmon (Salmo salar) for a short-term period. Fish Shellfish Immunol. 9, 95-107.
Mohammadabadi T, Gheibi, M. & Nikzad Z. 2018. Bioactive components in the milk of domestic
animals. First ed: Haghshenass Publication.

Okubo, K., Kamiya, M., Urano, Y., Nishi, H., Herter, J. M., Mayadas, T., & Kurosawa, M. 2016.
Lactoferrin suppresses neutrophil extracellular traps release in inflammation. E BioMedicine. 10, 204-
215.

Queiroz, V.A.O., Assis, A.M.O. & Janior, H.C.R. (2013). Protective effect of human lactoferrin in the
gastrointestinal tract. Revista Paulista de Pediatria, 31(1): 90-5.

Rahimnejad, S. Naser A, Mohammad Reza Kalbassi, M. R. &Khosravi, S. 2012. Effect of dietary
bovine lactoferrin on growth, haematology and non-specific immune response in rainbow trout
(Oncorhynchus mykiss). Aquaculture Research, 43, 1451-1459

Sahu S., Das B.K., Mishra B.K., Pradhan J. & Sarangi N. 2007. Effect of Allium sativum on the
immunity and survival of Labeo rohita infected with Aeromonas hydrophila. Journal of Applied
Ichthyology 23, 80-86.

Sakai, M., Kobayashi, M., Yoshida, T., 1995. Activation of rainbow trout, Oncorhynchus mykiss,
phagocytic cells by administration of bovine lactoferrin. Comp. Biochem. Phys.110B, 755-759.

Sakai, M., Otubo, T., Atsuta, S., Kobayashi, M., 1993. Enhancement of resistance to bacterial infection
in rainbow trout Oncorhynchus mykiss (Walbaum), by oral administration of bovine lactoferrin. J. Fish
Dis. 16, 239-247.

Serrano MED. 2006. Actividades antibacterianas de lactoferrina. Enfermedades infecciosas vy
Microbiologia.26(2):58-63.

Valenti, P., & Antonini, G. (2005). Lactoferrin: an important host defence against microbial and viral
attack. Cellular and Molecular Life Sciences, 62, 2576-87.

Zhang H, Yao J, Zhao D, Liu H, Li J, & Guo M. 2005. Changes in chemical composition of Alxa
Bactrian camel milk during lactation. Journal of Dairy Science. 88(10):3402-3410.

48



