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Abstract 

Immunomodulators are substances that able to regulate or modulate 

immune responses. In order to investigate the lactoferrin effect on 

the immune system of broiler chickens, one hundred twenty (1-day-

old) chicks of both sexes were randomly allocated into 2 dietary 

groups (60 chicks/group), group1 (G1): chicks were offered basal 

diets and kept as control group, group2 (G2): Chicks were offered 

basal diets supplemented with lactoferrin (250mg/kg diet for 6 

weeks). Evaluating the effects of dietary supplementation with 

lactoferrin on growth performance of broiler chicks, humeral 

immunity by measuring antibody titer against Newcastle (ND) and 

Avian influenza (AIV)vaccine, and on innate immunity by 

measuring some functions of peripheral blood monocytes (PBM) as 

phagocytic activity, fungicidal activity, nitric oxide (NO) production 

and reactive oxygen species (ROS) production by tetrazolium 

reduction test. To study antibacterial effect of lactoferrin, challenge 

test was carried out using virulent E. coli strain .The results revealed 

that, lactoferrin improve growth performance and could stimulate the 

humeral immunity by increasing the antibody titer aginst ND and 

AIV vaccine .Also lactoferrin could enhance the innate immunity by 

significant increasing of phagocytic and Fungicidal activities of 

PBM and its production of ROS and NO. Lactoferrin have the ability 

to protect broiler chickens from virulent agents as E. coli. Therefore, 

lactoferrin may be used as immunostimulant, growth promoters and 

antibacterial agent in broiler chickens. 

Key words: Lactoferrin, broiler chickens, E. coli, humera immunity, 
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Introduction 

Microbes like bacteria, fungi, 

viruses, protozoa and multi-cellular 

parasites are prevalent in our 

environment and can cause disease 

if they multiply unchecked. The 

host defense against microbes is 

mediated by the early reactions of 
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innate immunity and the later 

responses of adaptive immunity 

(Abbas and Litchman, 2005). The 

innate immune response is designed 

to rapidly alert the host of the 

presence of an invasive microbial 

pathogen that has breached the 

integument of multi-cellular 

eukaryotes (Opal and Esmon, 

2003). It is able to eradicate 

microbial pathogens by activation 

of specific elements of adaptive 

immune response, i.e. cell mediated 

and humoral immunity via T and B 

cells, respectively. The immune 

system can be overwhelmed by the 

aforementioned factors; hence, the 

need for routine usage of 

immunomodulators (Porchezhian 

and Punniamurthy, 2006).   

Immunomodulatory regimens offer 

an attractive approach as they often 

have fewer side effects than existing 

drugs; including less potential for 

creating resistance in microbial 

diseases (Masihi, 2001).Utilization 

of immuno-stimulants is one 

solution to improve the immunity of 

animals and to decrease their 

susceptibility to infectious disease 

(Lee et al.,2004).  

Lactoferrin is considered to be a 

part of the innate immune system, at 

the same time, lactoferrin also takes 

part in specific immune reactions, 

but in an indirect way (Legrand et 

al., 2005) .Lactoferrin (an iron-

binding glycoprotein), is a cell-

secreted mediator that bridges 

innate and adaptive immune 

function in mammals. It is a 

pleiotropic molecule that directly 

assists in the influence of presenting 

cells for the development of T-

helper cell polarization. These 

findings are critically relevant in the 

development of both prophylactic 

and therapeutic interventions in 

humans. Understanding these 

particular effects of lactoferrin will 

provide a logical framework for 

determining its role in health and 

disease (Adlerova et al., 

2008).Lactoferrin and its 

derivatives have pleiotropic 

functions including broad-spectrum 

anti-microbial activity, regulation of 

cell growth and differentiation, and 

modulation of inflammatory as well 

as humoral and cellular immune 

responses (Vander et al., 2007). 

 This work was planned to 

investigate the effect of dietary 

supplementation of lactoferrin on 

growth performance, humeral 

immune response against ND and 

AI vaccine and innate immune 

response by evaluate some function 

of peripheral blood monocyte cells 

(PBM). As well as evaluate the 

antibacterial effect of lactoferrin by 

challenge test using virulent E. coli. 

 

Materials and Methods  

1-Experimental design: 

One hundred twenty (1-day-old) 

chicks (Hubbard breed) of both 

sexes were randomly allocated into 

2 dietary groups (60 chicks/group). 

Group 1(G1): Chicks were offered 

basal diets and kept as control 

group. Group 2(G2): Chicks were 

offered basal diets supplemented 

with lactoferrin (250mg/kg diet) 
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(Robert, 2009) for 6 weeks (the 

experimental period). 

2. Determination of growth 

Performance Parameters: 

Birds were weighed at first day of 

age as one day-old weight and then 

final body weights (gm) were 

recorded at 42 days of age. 

3-Blood sampling: 

Blood samples were collected from 

the 2 groups, and divided into two 

portions; the first one was collected 

in plain tubes, for separation of 

serum and kept frozen at -20ºC tell 

use. The second blood sample was 

collected in heparinized tubes and 

was used for separation of PBM 

according to (Grievink et al., 2016). 

4-Evaluation of humeral immune 

response of chicks: 

Humeral immune response was 

evaluated at 1
st
, 2

nd
 , 3

rd
 and 4

th
 

week by detecting antibody titer 

against ND and AI virus vaccine by 

haemagglutination inhibition test 

according to (Miller, 2013). 
5-Estimation of Innate immune 

response: 

5.1-Determination of phagocytic 

activity:                                                                                    
The phagocytic activity of PBM 

was assessed according to 

Elmowalid (2012), at 1
st
, 2

nd
, 4

th
 

and 6
th

 week of age. The results 

were expressed as phagocytic 

percentage (number of phagocytic 

monocytes /total number of 

monocytes) and phagocytic index 

(the main of engulfed Candida 

albicans blastospores per 

monocyte).  

5.2-Fungicidal activity 

(Intracellular survival assay): 

An intracellular survival assay was 

used to measure the fungicidal 

activity of PBM at 2
nd

, 4
th

 and 6
th

 

week of age, according to (Peck, 

1985). 

5.3-Nitric oxide assay: 

 Nitric oxide production was 

measured in monocytes culture 

media using Griess reagent at 1
st
 , 

2
nd

 , 4
th

  and 6
th

  week as described 

by (Blond et al., 2000). 

5.4-Reactive oxygen species 

production: 

The reactive oxygen species 

production of  monocytes were 

determined using Nitro blue 

tetrazolium reduction test at 2
nd

 ,3
rd

  

and 6
th

  week of age , as described 

by (Anderson and Siwicki, 1995). 

6-Challenge Test: 

Multidrug resistant virulent   E. coli 

strain (obtained from animal health 

institute,Dokki) was used at the end 

of the experiment (42 day of age 

),for challenge test. The clinical 

symptoms were recorded since the 

first day of chicken inoculation for 

calculation of morbidity and 

mortality rate, the survived chickens 

were slaughtered and the internal 

organs were harvested and prepared 

to determine total CFU count in 

each organ of each chicken in each 

experimental group. 

7-Statistical analysis: 

The data were given as means ± 

S.E. The statistical analysis was 

done using the One Way ANOVA. 

The significant (*P) values were 
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taken as   P ≤0.05 (McCredie et al., 

2006). 

 

Results  

1-Effect of dietary 

supplementation with lactoferrin 

on growth performance of broiler 

chickens: 

The results shown in Table (1) 

revealed that chickens fed 

lactoferrin supplemented diet for 42 

days showed a significant increase 

in final body weight and body 

weight gain compared to control 

group. 

2-Effect of dietary 

supplementation with lactoferrin 

on humoral immune responses of 

broiler chickens: 

2.1-Antibody titers against ND 

and AI viruses' vaccine of broiler 

chickens: 

As shown in Table (2) chickens fed 

lactoferrin supplemented diet (G2) 

showed significant increase in 

antibody titer of ND and AI 

vaccines at 2
nd   

and 3
rd 

and 4
th 

week 

compared to the control group. 

3-Effect of dietary 

supplementation of lactoferrin on 

the innate immunity: 

3.1- phagocytic activity of 

peripheral blood monocyte cell:        

The phagocytic activity of PBM of 

chickens fed lactoferrin 

supplemented diet (G2) showed 

significant increase in the 

phagocytic % and index at 4
th 

and
 

6
th 

week compared to the control 

group (G1) as shown in Table (3) 

and photo (1). 

3.2- Fungicidal activity of 

peripheral blood monocyte cells: 

Fungicidal % of the PBM reveled 

significant increase in 

(G2),chickens fed lactoferrin 

supplemented diet, compared to 

control group at 2
nd

, 4
th

 and 6
th

 

weeks (P<0.05) as shown in Table 

(4) 

3.3- Nitric oxide production 

(NO)(µmol/ml) : 

Nitric oxide concentration in PBM 

culture media of chickens fed 

lactoferrin supplemented diet (G2), 

showed a significant increase in NO 

production at 6
 th

 weeks  compared 

with the control group (P< 0.05)( 

Table 4).  

3.4- Reactive oxygen species 

(ROS) production (OD): 

The nitro blue tetrazolium reduction 

test of PBM of chickens fed 

lactoferrin supplemented diet 

showed a significant increase on 

ROS production at 6
 th

 weeks 

compared to control group (P< 

0.05) (Table 4  and photo. 2). 

4-Effect of lactoferrin on 

susceptibility to infections 

(challenge test): 

Clinical signs of  E.coli infection 

were observed on both challenged  

groups  within 2-3 days post 

infection, including; fever, ruffling 

feather, weight loss, and diarrhea, 

which were more severe in control 

group(G1)than group fed lactoferrin 

supplemented diet(G2), as shown in 

Table (5), morbidity percent 

recorded 80% in control group, 

meanwhile it was (33.3%) in 

lactoferrin  supplemented diet 
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group. Mortality rate was (60%) in 

the control group during the course 

of infection, meanwhile it was 

(13.3%) in lactoferrin supplemented 

diet group .As shown in Table (6) 

there was a significant reduction in 

E. coli count in the spleen, liver and 

intestine of chickens fed lactoferrin 

supplemented diet comparing  with 

the control group. 

 

Table (1): Effect of dietary supplementation of lactoferrin on growth 

performance of broiler chicks: 

 
Group Initial body weight(g) Final body weight (g) body weight gain(g) 

       Control 46.00± 0.67b 1779.40±5.89b 1731.79±5.05b 

Lactoferrin 45.49± 0.43a 2221.8±2.64a 2176.28±2.40a 

*Data are presented as (means ± S.E) *Means with different superscript 

letters in the same column are significantly different at (P ≤ 0.05). 

 

Table (2): Effect of dietary supplementation with lactoferrin on the antibody 

titer (log2 HI titer) against Newcastle and Avian influenza viruses at 

different ages: 

 
   Type  ND antibody AIV antibody 

     Age                  

              

Group 

1st  week 2ndweek 3rd week 4th Week 1st  week 2ndweek 3rdweek 4th week 

Control 
4.26 

± 0.21a 

4.26 

±0.10b 

5.89 

±0.17b 

6.47 

±0.23b 

5.19 

± 0.23a 

2.26 

± 0.07b 

3.77 

± 0.32b 

4.81 

±0.21b 

Lactoferrin 
4.17 

±0.29a 
5.27 

±0.12a 
6.42 

±0.25a 
7.01 

± 0.17a 
5.91 

±0.33a 
2.75 

±0.10a 
4.62 

±0.16a 
6.24 

±0.21a 

*Data are presented as (means ± S.E) *Mean with different superscript 

letters in the same column are significantly different at (P ≤ 0.05).                                      

                                                            

Table (3): Effect of dietary supplementation with lactoferrin on Phagocytic 

% and index of the peripheral blood monocytes of broiler chickens: 

 
                 Type  Phagocytic % Phagocytic index 

Age                                           

     

 

 

                   Group 

1
st w

ee
k

 

2
n

d w
e
e
k

 

4
th w

ee
k

 

6
th w

ee
k

 

1
st  w

ee
k

 

2
n

d  w
ee

k
 

4
th  w

e
e
k

 

6
th  w

e
e
k

 

 Control 
55.00±  

2.85a 
53.00± 

 2.66a 
57.00±  

2.19b 

56.00± 

1.54b 

3.10±  

0.17a 
3.40±  

0.17a 
2.90±  

0.10b 
2.80±  

0.09b 

Lactoferrin       
56.00 

±3.56a 

57.00 

±3.00a 

61.00 

±2.81a 

63.00 

±1.91a 

3.30 

±0.16a 

3.20 

±0.17a 

4.30 

±0.17a 

4.70 

±0.29a 

*Data are presented as (means ± S.E) *Means with different superscript 

letters in the same column are significantly different at (P ≤ 0.05). 
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Table (4): Effect of dietary supplementation with lactoferrin on Fungicidal 

activity, Nitric oxide production and reactive oxygen species (ROS) 

production: 

 
Test Fungicidal % NO(µmol/ml) ROS(OD) 

Age                      

         Group 

2nd 

week 

4th 

week 

6th 

week 
2ndweek 4thweek 6thweek 

2nd 

week 

4th 

week 
6thweek 

Control 
43.00 

±2.48b 

53.00 

±2.24b 

52.00 

±1.54b 

23.90 

±0.34a 

32.10 

±1.36 a 

29.50 

±1.28b 

0.034 

±0.003 

a 

0.038 

±0.002 

a 

0.037 

±0.002b 

 

Lactoferrin 

78.00 

±1.83a 

79.00 

±1.54a 

87.00 

±2.57a 

21.60 

±0.31a 

33.50 

±1.48 a 

34.90 

±1.56a 

0.033 
±0.001 

a 

0.042 
±0.003 

a 

0.057 

±0.001a 

*Data are presented as (means ± S.E) *Mean with different superscript 

letters in the same column are significantly different at (P ≤ 0.05). 

 

Table (5): Effect of dietary supplementation with lactoferrin on mortality 

and morbidity rate of broiler chickens after challenge with E.coli: 

 

Group Parameter 
Control 

 
Lactoferrin 

Total No 15 15 

Morbidity( 

number) 
12 (80%) 5 (33.3%) 

Mortality( number) 9 (60%) 2 (13.3%) 

 

Table (6): Effect of dietary supplementation of lactoferrin on CFU/ml of 

E.coli in involved organs of broiler chickens: 

 
Organ 

Group 

Spleen 

 

Liver 

 

Intestine 

 

Control 14× 10
6
±577530

a 
21× 10±11574

a 16×10
6
±1154700

a
 

 

Lactoferrin 4× 10
6
±288675

b
 4× 10

3
±288.67

b 7 ×10
3
±288.68

b 

 

*Data are presented as (means ± S.E) *Mean with different superscript 

letters in the same column is significantly different at (P ≤ 0.05).  
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Photo (1) Peripheral blood monocytes cells of broiler chickens fed 

lactoferrin supplemented diet, engulfed Candida  albicans (Giemsa stain X 

100). 

 

 

 

 

 

 

 

 

 

 

 

Photo (2): Peripheral blood monocytes cells of broiler chickens fed 

lactoferrin supplemented diet have blue formazne deposit granules 

(Leishman’s stain 100x). 

 

Discussion  

In the present work, lactoferrin 

provided a significant improvement 

in the final body weight and body 

weight gain as shown in Table (1), 

these results are in agreement with 

the findings of (Humphrey et al., 

2002).  It was recorded that, oral 

administration of lactoferrin has 

been used to stimulate growth 

performance of the treated animal 

(Shan et al., 2007). 

In order to evaluate the effect of 

dietary supplementation of 

lactoferrin on humoral immune 

response of broiler chickens, 

antibody titers against ND and AIV-

vaccines were determined. In the 

present work, broiler chicks fed 

supplemented diet with lactoferrin 

showed significant increase in 

antibody titer against ND and AIV 

(Table 2). These findings are in 

accordance with Kumari and 

Sahoo ( 2006). 



142                                                                           Enany et al. 

 

Regarding to phagocytic activity of 

PBM (Table 3 and Fig.1), there is a 

marked increase in the phagocytic 

% and index in lactoferrin group 

compared to the control group. 

These results are in agreement with 

those obtained by (Arnaud and 

Evan, 2003; Jenssen and Hancock, 

2008). Lactoferrin is promoting the 

function of phagocytic cells by 

enhancing phagocytic activity and 

modifying production of reactive 

oxygen species (Ward et al., 2008) 

and activating macrophages through 

increasing cytokine and NO 

production and limiting intracellular 

pathogen proliferation (Puddu et 

al.,2007).  

The fungicidal % of PBM showed a 

significant increase in lactoferrin 

treated group compared to control 

group (Table 4). These results are 

supported with those obtained by 

Cirioni et al. (2000) and Lupetti et 

al. (2008) who reported that 

lactoferrin has a significant 

antifungal activity. 

In the current study, the nitro blue 

tetrazolium test (NBT) was used to 

investigate the effect of lactoferrin 

on production of reactive oxygen 

species by PBM, there is a marked 

increase in ROS at 6
th

 week 

compared to control group. These 

findings agree with those obtained 

by Anand et al. (2015) who 

revealed that there was a significant 

increase in production of reactive 

oxygen species, phagocytic activity, 

and Toll-like receptor expression in 

host cells incubated with iron-

saturated lactoferrin when 

compared with control group. 

The chickens fed supplemented diet 

with Lactoferrin(G2) showed 

significant elevation in NO at 6
th

 

week of age , This result  agree with 

those obtained by Sorimachi et 

al.(1997) who reported that 

lactoferrin, activates macrophages 

and induces IL-8, TNF-α and NO 

production. Lactoferrin activate 

macrophages through increasing 

cytokine and NO production and 

limiting intracellular pathogen 

proliferation (Longhi et al., 2004 

and Puddu et al., 2007). 

In the present work, the effect of 

dietary supplementation of 

lactoferrin on susceptibility to 

infections was investigated by 

challenge test as shown in Tables (5 

and 6); the morbidity rate was 

(80.3%) in control group, while it 

was (46.4%) in lactoferrin 

supplemented group. The mortality 

rate was (60%) in the control, while 

it was (26.7%) chickens died in the 

lactoferrin dietary supplemented 

group. The results revealed that 

there was a significant reduction in 

E. coli count in the spleen, liver and 

intestine of chickens fed on 

supplemented ration with lactoferrin 

when compared with the control 

group. These findings are in 

accordance with that reported by 

Ochoa et al. (2008). Lactoferrin 

was found to degrade and impair 

the function of the surface 

expressed virulence factors of E. 

coli, thereby decreasing their ability 

to adhere to or invade host cells. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Anand%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26251568
http://link.springer.com/article/10.1007/s10534-011-9423-8#CR50
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Furthermore, LF has been found to 

prevent biofilm formation at sub-

inhibitory concentrations by 

stimulating bacterial motility, which 

causes the bacteria to wander across 

the surface instead of forming cell 

clusters (Singh et al., 2002)  . 

Moreover,  lactoferrin has 

antimicrobial activity and capability 

of binding components of bacterial 

cell walls (LPS) or their receptors, 

lactoferrin is also bacteriostatic 

because it sequesters environmental 

iron, an essential growth factor of 

bacteria (Legrand et al., 2005).  

In conclusion, The current study 

demonstrated the beneficial effect 

of the dietary supplementation of 

lactoferrin as it could stimulate 

humeral immunity against ND and 

AI vaccine, as well as enhance the 

innate immunity by stimulating the 

PBM function as phagocytic 

activity, Fungicidal activity and 

ROS & NO production .Also 

lactoferrin favored the reduction of  

E. coli lesions, morbidity, mortality, 

and number of E. coli in the spleen, 

liver and intestine of broiler 

chickens.  
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دجاج فى  الاستجابة المىاعيةتقييم تاثير مستخلص اللاكتوفيريه كمعذل مىاعي علي 

      التسميه

محمد السيذ عىاوي 
1
عبذالعظيم محمد الجمال ,

1
رفيق توفيق سليمان , 

2
, أشجان فهمي السيسى

3
سماء أ ,

عبذالله حبيشي
3 

لغُ ا١ٌّىشٚت١ٌٛٛجٟ 2 جاِعح لٕاٖ اٌغ٠ٛظ –و١ٍح اٌطة اٌث١طشٜ  -لغُ ا١ٌّىشٚت١ٌٛٛجٟ ٚاٌفطش٠اخ ٚإٌّاع1ٗ

 ِعٙذ تحٛث اٌصحٗ اٌح١ٛا١ٔٗ تاٌذلٝ 3 جاِعح اٌما٘شٖ –و١ٍح اٌطة اٌث١طشٜ  -ٚإٌّاعٗٚاٌفطش٠اخ 

تم١١ُ تاث١ش  ِٓ اجً ِعذلاخ إٌّاعح  ٟ٘ ِٛاد ٌٙا اٌمذسج عٍٝ تٕظ١ُ ٚتعذ٠ً الاعتجاتح إٌّاع١ح, 

 تُ اعتخذاَ ,  دجاج اٌتغ١ّٓ فٝ  حِغتخٍص اٌلاوتٛف١ش٠ٓ وّعذي ِٕاعٟ عٍٟ جٙاص إٌّاع

ٚرٌه ٌم١اط تاث١ش ِغتخٍص اٌلاوتٛف١ش٠ٓ عٍٟ  ( اعات١ع 6 ح )اٌتجشت جوتىٛخ عّش ٠َٛ خلاي ِذ121

ِجّٛعٗ ) اٌّجّٛعٗ الاٌٟٚ  :اٌجٙاص إٌّاعٟ فٟ اٌذجاج ٚتُ تمغ١ُ ٘زٖ اٌط١ٛس اٌٟ ِجّٛعتاْ

ٛف١ش٠ٓ اٌٟ اٌثا١ٔٗ تُ اضافٗ ِغتخٍص اٌلاوت ح, اٌّجّٛع فمظ حتتغزٞ عٍٟ اٌع١ٍمٗ الاعاع١ ح( اٌّشالث

ٌٍطائش  حٚ تُ ل١اط إٌّاعٗ اٌّىتغث حاٌتجشت حّٔٛ اٌط١ٛس فٟ ٔٙا٠ . ثُ تعذ رٌه تُ تم١١ُ ِعذي حاٌع١ٍم

 حتعذ رٌه تُ ل١اط ِٕاع.تعذ اٌتحص١ٓ تٍماح ا١ٌٕٛواعً ٚالأفٍٛٔضا  حالاجغاَ إٌّاع١ تشو١ضتم١اط 

ثُ دساعٗ تاث١ش اٌلاوتٛف١ش٠ٓ عٍٟ  جإٌٛا ا اٌذَ اٌث١ضاء ٚح١ذ٠ٌٍٖطائش ٚرٌه تفصً خلا حاٌجغُ اٌطث١ع١

اٌخلا٠ا عٍٟ أتاج اٌّشوثاخ الاوغج١ٕٗ ٚاوغ١ذ  جٌٙا ضذ فطش اٌىأذ٠ذا ٚل١اط لذس حاٌمذسٖ الاٌتٙا١ِ

عًّ  ا١ٌٕتش٠ه اٌّغتخذَ فٟ لتً ا١ٌّىشٚتاخ .فٝ ٔٙا٠ٗ اٌتجشتٗ تُ عًّ اختثاس اٌتحذٜ عٓ طش٠ك

تم١١ُ ِعذي تُ  ٚ  اٌط١ٛس عٍٟ ِماِٚٗ ا١ٌّىشٚب  جِمذس ٌتم١١ُ تالا٠شش٠ش١اوٛلاٞ ِع١ٍّحعذٚٞ 

إٌفٛق ٚالاعتلاي ت١ٓ اٌّجا١ِع. تعذ أتٙاء اٌتجشتٗ ٚجذ اْ ِغتخٍص اٌلاوتٛف١ش٠ٓ عًّ عٍٟ تحغ١ٓ 

 ح ٚتعذ عًّ اختثاس اٌتحذٜٚاٌّىتغث حاٌط١ٛس اٌطث١ع١ حِعذي ّٔٛ اٌط١ٛس وّا عًّ عٍٟ سفع ِٕاع

اٌتٟ تغزخ عٍٝ ع١ٍمح تحتٛٞ عٍٝ   ض ٚٔمٛق اٌط١ٛس فٟ ٘زٖ ٔمص فٟ ِعذي ِش اْ ٕ٘ان ٚجذ

 .اٌلاوتٛف١ش٠ٓ

 

 

 

 


