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1. INTRODUCTION

Weaning can be regarded as one of the most critical 
periods in the modern-day pork production cycle. In 
addition to mother-young separation, weaning involves 
abrupt and profound modifications of the environment, 
feeding habits and social interactions when litters of 
piglets are mixed. These changes contribute to the post-
weaning (PW) “ growth check ”, intimately associated 
with a range of intestinal and immunological alterations 
(Pluske et al., 1997).

Over the last decades, antibiotic growth promoters 
have been used in weaner diets to reduce the production 
penalty associated to weaning. However, increased 
bacterial resistance to antibiotics led the European 
Union to implement a full ban on in-feed antibiotics 

from January 2006. Efficient alternatives, therefore, 
have to be found to conform to this policy change. One 
possible alternative could be bovine colostrum powder.

Bovine colostrum is a commercially available co-
product of the dairy industry. More than a source of 
nutrients, colostrum also contains several biologically 
active molecules that are essential for specific 
functions (Pakkanen et al., 1997). The most important 
bioactive components in colostrum include growth 
and antimicrobial factors. Growth factors promote 
the growth and development of the newborn, while 
antimicrobial factors provide passive immunity and 
protect against infections during the first weeks of life. 
Growth factors include insulin-like growth factors-I and 
-II (IGF-I and IGF-II), transforming growth factor-β1 
and -β2 (TGF-β1 and TGF-β2) and epidermal growth 
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factor (EGF). Antimicrobial factors include lactoferrin, 
lysozyme, lactoperoxidase, immunoglobulins (Igs) and 
cytokines (IL-1β, IL-6, TNF-α, IFN-γ and IL-1ra).

The aim of this review is to present the potential 
of bovine colostrum as growth promoter in piglet-
weaner diet. The review is divided into three sections. 
A first section describes the consequences of weaning 
on the growth performance, on the gastro-intestinal 
tract and on the metabolic and endocrine systems of 
the piglet. A second section is dedicated to the bovine 
colostrum, with a description of the actions due to its 
main growth promoters and antimicrobial factors. A 
third section presents the reported effects of bovine 
specific components or bovine fractions on the growth 
performance and on the structure and function of the 
gastro-intestinal tract of piglets in the early PW period.

2. PIGLET WEANING 

In natural or semi-natural conditions weaning is a 
progressive process taking place around 12 to 17 weeks 
of age in pig (Stolba et al., 1989; Boe, 1991). In modern 
pig husbandry, weaning occurs abruptly at the age of 3 
to 4 weeks (Mormède et al., 2003), inducing numerous 
stressors to piglets. All these factors contribute to a 
range of intestinal and immunological alterations.

2.1. Consequences of weaning on growth

Behavioural studies reported by Brooks (1999) indicate 
that, although the majority of pigs start to eat solid 
feed within 5 h after weaning, some of them take 
up to 54 h before eating their first meal. Thereafter, 
metabolisable energy (ME) intake gradually increases 
at a rate of 100-120 kJ ME.kg-0,75 per day. Regardless 
of the age of weaning, the level of ME intake attained 
at the end of the 1st PW week ranges between 700 and 
800 kJ.kg-0,75, which accounts for 60-70% of the pre-
weaning milk ME intake. This reduction of ME intake 
is due to the transition from milk to a less digestible 
solid feed, resulting in a critical period of underfeeding 
(Le Dividich et al., 2000). This abrupt reduction in 
voluntary feed intake immediately PW results in the 
so-called “ weaning growth check ” and its severity has 
a major impact on subsequent performance (Tokach 
et al., 1992; Azain, 1993). On the first day PW, piglets 
loose from 100 to 250 g of body weight (BW) (Le 
Dividich et al., 2000). This loss of BW is dependent 
on the age of weaning. Carroll et al. (1998) measured 
a reduction of average daily BW gain (ADG) of 
0.09 kg.d-1 for piglets weaned at 2 weeks of age while 
the reduction of the ADG for piglets weaned at 3 weeks 
was of 0.06 kg.d-1. Growth rate subsequently returned 
to pre-weaning levels within 9 and 6 days for the piglets 
weaned at 2 and 3 weeks of age, respectively.

2.2. Gastro-intestinal modifications induced by 
weaning

Morphological changes. The small intestine and its 
mucosa lose 20-30% of their relative weight during the 
first 2 days PW (Lallès et al., 2004). This reduction is 
associated with a villous atrophy followed by a crypt 
hyperplasia described by a lot of authors (Figure 1) 
(see Pluske et al., 1997 for a review). These changes 
are more conspicuous when weaning occurs earlier 
at 14 days rather than later at 28 days of age. Cera 
et al. (1988) reported additionally to those changes, a 
reduction in the length of microvilli 3 to 7 days after 
weaning. Villous atrophy at weaning is caused by an 
increased rate of cell loss which induces an increase in 
crypt-cell production and, hence, an increase in crypt 
depth. As a result of these changes in villous height and 
crypt depth after weaning, the villous height/crypt depth 
ratio in weaned pig is markedly reduced compared 
to unweaned animals. These structural changes are 
variable along the small intestine. Hampson (1986) 
reported that the change in villous height was greater 
at the proximal small intestine in piglets weaned on 
day 21, but the change in crypt depth was greatest at 
the distal small intestine. Gu et al. (2002) confirmed a 
greater change in duodenum morphology compared to 
the other parts of the small intestine. Associated with 
the reduction in villous height and the increase in crypt 
depth, the morphology of the villi also changes from 
long finger-shaped before weaning to leaf- or tongue-
like structures after weaning (Cera et al., 1988; Wiese 
et al., 2003) (Figure 2).

Digestive and absorptive capacity modifications
– Enzymatic activity: Concomitant to the structural 
 changes, there are marked alterations in intestinal 
 functions following weaning. According to Gu et al. 

Figure 1. Villus height and crypt depth (µm) evolution at 
a site of 25% along the small intestine in pigs weaned at 
21 days (adapted from Hampson, 1986) — Évolution de la 
hauteur des villosités et de la profondeur des cryptes (µm) 
au premier quart de l’intestin grêle chez des porcelets sevrés 
à 21 jours (d’après Hampson, 1986). 
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 (2002), the villous atrophy and the crypt hyperplasia 
 reduce the number of mature enterocytes and lead to 
 a reduction in the activity of the brush-border 
 enzymes, which is related to the limited digestive 
 and absorptive area or specific digestive and 
 absorptive capacity of the small intestine, respectively. 
 Hampson et al. (1986) and Pié et al. (2004) reported 
 rapid reductions in the specific activities of lactase 
 and sucrase during the first 4-5 days after weaning, 
 with a greater loss in lactase than in sucrase activity, 
 probably due to the more apical distribution of 
 lactase activity along the villous (Tsuboi et al., 1981 
 and 1985, cited by Pluske et al., 1997). Miller et al. 
 (1986) reported that the specific activities of sucrase, 
 lactase and isomaltase fell by at least 50% of during 
 the first 5 days after weaning in pigs weaned at 28 
 or 42 days of age. On the other hand, the activities 
 of maltase and glucoamylase doubled from the 
 day 3 to the day 7 PW (Figure 3) (Kelly et al., 
 1991). Increases in these polysaccharidases are 
 likely the result of substrate induction.
– Absorptive activity: In several studies, the decrease 
 in villous height, the increase in crypt depth, and 
 the loss of digestive enzyme activity after weaning, 
 coincided with a reduced ability in intestinal 
 absorption of sugar (D-xylose: Hampson et al., 
 1986), amino acids (alanine: Miller et al., 1986) 
 and glucose and electrolytes (Nabuurs et al., 1994). 
 Nevertheless, some other studies failed to detect a 
 significant reduction in the ability of sugar absorption 
 (Kelly et al., 1991).

Microflora modifications. Whilst the piglet is suckling, 
the dominant bacteria within the stomach and small 
intestine tend to be Lactobacilli and Streptococci, which 
are well adapted to utilise substrate from the milk diet. 
Following weaning, the period of starvation and then 

the consumption of the new solid diet result in altered 
availability of specific microbial substrate all along the 
digestive tract. The intestinal structural and functional 
changes may also be responsible for modifications 
to the mass, composition and complexity of the 
intestinal microflora, leaving the pig more susceptible 
to overgrowth with potentially disease-causing 
pathogenic bacteria (Hopwood et al., 2003). But these 
modifications may also be responsible for structural and 
functional changes. For example, Mroz et al. (2003) 
showed that enteric infections after weaning further 
depress intestinal enzyme activities.

Jensen (1998) quantified changes in bacterial 
populations that occur in the small and large intestine 
of piglets weaned at 28 d of age. In the small intestine, 
the previously predominant Lactobacilli decreased in 
number during the first week after weaning, whilst the 
total number of bacteria and the proportion of coliforms, 
Escherichia coli in particular, increased. Following 
this period of perturbation of the intestinal microflora, 
it subsequently re-stabilises. Franklin et al. (2002) 
observed also an effect of the age of weaning of the 
piglets on the microflora modifications, younger piglets 
having a higher variation of their microflora than older 
(17 d vs. 24 d of age). 

Immunological modifications. The intestinal 
epithelium provides an extensive and complex 
interface between the piglet’s immune system and its 
environment, which must function simultaneously to 
absorb digested nutrients and provide a barrier against a 
vast array of ingested antigens. In addition to its barrier 
function, the epithelium also functions in surveillance. 
It can signal the onset of the host innate and acquired 
immune response through the production of cytokines 

Figure 2. Duodenal villi morphology in pigs: finger-shaped 
(f), tongue-shaped (t) and leaf-like (l) villi (adapted from 
Wiese et al., 2003) — Morphologie duodénale des villosités 
chez le porc : en forme de doigt (f), de langue (t) et de feuille 
(l) (d’après Wiese et al., 2003).

Figure 3. Evolution of lactase, sucrase, maltase and 
glucoamylase activities (µmol.min-1.g of mucosa-1) of piglets 
after weaning (% of activity measured the day of weaning) 
(adapted from Kelly et al., 1991) — Évolution de l’activité 
des lactases, des sucrases, des maltases et des glucoamylases 
(µmol.min-1.g de muqueuses-1) de porcelets après sevrage 
(% de l’activité mesurée le jour du sevrage) (d’après Kelly 
et al., 1991).
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and chemokines that are crucial for the recruitment and 
activation of neutrophils, macrophages, T and B cells, 
and dendritic cells (King et al., 2003; Pié et al., 2004).
– Immune cells: McCracken et al. (1999) observed that 
 piglets weaned at 21 days of age had an increase in 
 jejunal lamina propria CD4+ and CD8+ T lymphocytes 
 within 2 and 7 days, respectively, after weaning. 
 They reported also an increased expression of the 
 active form of the matrix metalloproteinase 
 stromelysin in jejunal explants during the initial 
 7 days after weaning and a decrease in jejunal 
 expression of MHC class I and II mRNA. 
 Vega-Lopez et al. (1995) measured, 4 days after 
 weaning at 21 days of age, an increase in the CD2+ 
 and macrophage cells population in proximal small 
 intestinal villi and only in the CD2+ cells population 
 in crypts, but no changes were observed in cells 
 populating the distal small intestine. Similar results 
 were reported by Solano-Aguilar et al. (2001) who 
 observed gradual changes in CD4+ and CD8+ T 
 cells, monocytes, granulocytes and macrophages in 
 the month after weaning.
– Cytokines: The first observations on cytokine 
 responses to weaning were reported by McCracken 
 et al. (1995). They observed a transient increase of 
 plasma IL-1 during the first 2 days PW. 
 More recently, with the development of the RT-PCR 
 analysis, it was demonstrated that weaning in piglets 
 is associated with an early regulation of inflammatory 
 cytokines in the gut. Pié et al. (2004) reported 
 an intestinal up-regulation of the pro-inflammatory 
 cytokines IL-1β, IL-6 and TNF-α during the first 
 2 days after weaning. While between day 2 and 
 day 8 PW, gene expression returned to pre-weaning 
 levels, except for TNF-α in the colon. This early gene 
 up-regulation of pro-inflammatory cytokines 
 probably contributes to early functional disorders 
 favouring diarrhoea (Lallès et al., 2004).

2.3. Metabolic changes around weaning

Due to the weaning stressors and the low feed intake, 
newly weaned piglets are often in negative energy 
balance until 3 to 5 days PW (Le Dividich et al., 
2000). However, the nitrogen balance remains positive 
(Bruininx et al., 2002). It follows that the energy 
required for maintenance, physical activity and protein 
deposition implies necessary a loss of body fat. The 
body fat catabolism conduces to a transient increase 
in plasma free fatty acids concentrations, whereas 
lipogenesis is marginal (Fenton et al., 1985). This 
catabolism continues until an ADG of 200g.d-1 is 
reached and it takes 3 to 6 weeks until the initial body 
fat content is recovered, depending on body weight and 
age at weaning. This decrease in body fat induces a 
reduced body thermal insulation which, associated to 

low feed intake, results in a transient increase in the 
lower critical temperature of the piglets from 22-23°C 
at weaning to 26-28°C during the first week PW (Le 
Dividich et al., 1994).

2.4. Effects of weaning on the hormonal status

The onset of weaning results in some quite profound 
hormonal changes, although it is difficult to separate 
causes and effects. Many of the changes are in 
response to the social and nutritional stress associated 
to weaning, but there are also overlying developmental 
changes that likely occur independently of the weaning 
process (Dunshea, 2003).

Somatotropic hormones. Weaning results in an 
increase in the level of blood GH and a decrease of 
blood IGF-I concentrations (White et al., 1991; Carroll 
et al., 1998; Matteri et al., 2000). These observations 
may be related to the transient underfeeding period 
at weaning as fasting for 36 h resulted in the same 
response of the somatotropic axis (Kasser et al., 1981). 
Moreover, Carroll et al. (1998) showed that circulating 
IGF-I did not recover to pre-weaning value until 7 to 
10 days PW, a period roughly corresponding with the 
time required by the piglets to attain their pre-weaning 
ME intake.

Hypothalamic-pituitary axis hormones. Regardless 
of the age of weaning, a transient increase in plasma 
cortical concentration and in urinary cortisol excretion 
is observed during the 2 first days PW (Carroll et al., 
1998; Colson et al., 2006). This increased cortisol 
secretion could reflect both the weaning stress and 
stimulation of gluconeogenesis associated with the low 
PW feed intake (Le Dividich et al., 2000).

The actual role of the catecholamine system in the 
regulation of the weaned pig metabolism is still unclear. 
Colson et al. (2006) and Hay et al. (2001) studied 
the effect of weaning on catecholamine production 
and observed decreased levels of urinary adrenaline 
and noradrenaline. Hay et al. (2001) interpreted this 
as a consequence of food intake deficit. However, 
according to Dunshea (2003), underfeeding would lead 
to an increase in circulating catecholamine to favour 
the mobilisation of energy stores during the early PW 
period.

Thyroid hormones. Plasma concentration of thyroid 
hormones (3.5.3’-triiodothyronine, T

3
 and thyroxine, 

T
4
) are reported to respond to feeding level, decreasing 

with the reduction in feed intake or with malnourishment 
(Le Dividich et al., 2000). Carroll et al. (1998) 
observed unaltered levels of T

3
 and T

4 
after weaning, 

but measured a decline of those two hormones after a 
change in the diets.
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3. BOVINE COLOSTRUM

3.1. Definition and composition

Colostrum is the lacteal secretion directly after 
parturition common to all mammals and essential for 
development and immune status for newborn (Scammell, 
2001). More than a source of nutrients such as proteins, 
carbohydrates, fat, vitamins and minerals, colostrum 
also contains several biologically active molecules that 
are essential for specific functions (Pakkanen et al., 
1997). The most important bioactive components in 
colostrum include growth factors and antimicrobial 
factors. Some of these factors are also present in regular 
milk, but in much lower concentrations (e.g., typically 
1:100 to 1:1000 of what is found in colostrum) (Maher, 
2000). Table 1 compares the concentrations of the main 
components of bovine colostrum and regular milk.

3.2. Growth promoters

IGF-I and -II and their binding proteins (BP). The 
most abundant growth factors of bovine colostrum 
are IGF-I and -II. Both IGF-I and -II are single chain 
polypeptides with 70 and 67 amino acid residues 
and molecular weights of about 7.6 and 7.5 kDa, 
respectively. 

The primary structures of IGF-I and -II are highly 
conserved across species and have identical sequences 
in pigs, humans and cattle (Xu et al., 2000). They 
stimulate cell growth and differentiation and are 
proposed to act both as endocrine hormones through the 
blood and, locally, as paracrine and autocrine growth 
factors. IGF-I is biologically more potent than IGF-II 
(Jones et al., 1995).

Six IGFBP have been identified and cloned. 
The detectable level and rank of specific IGFBP in 
bovine mammary secretions are IGFBP-3 > IGFBP-2 
≈ IGFBP-4 > IGFBP-5 (Blum et al., 2002). Those 
binding proteins are involved in the regulation and the 
coordination of biological activities of the IGF-I and -II 
(Hwa et al., 1999).

In biological fluids, IGF-I is usually bound to its 
binding proteins (IGFBP), which have also been detected 
in bovine milk. IGF-I appears in mature milk mainly 
in the bound form (85-90%), but in the first milkings 
postpartum the free form of IGF-I predominates (73%). 
The slightly acidic pH (6.3) of the colostral secretion 
is correlated with an increased proportion of the free 
IGF-I (Einspanier et al., 1991).

Epidermal Growth Factor (EGF) receptor ligand 
family. The polypeptides of this family have the 
common property of binding to the EGF receptor (a 

Table 1. Main components of bovine colostrum and bovine milk — Principaux constituants du colostrum et du lait bovin.

Component Bovine colostrum (per litre) Bovine milk (per litre)  Reference

DM 153-245 g 122 g Blum et al., 2000 
Crude protein 41-140 g 34 g Gopal et al., 2000
Lactose  27-46 g 46 g Gopal et al., 2000
Crude fat 39-44 g 37 g Gopal et al., 2000
Crude ash 5-20 g 7 g Gopal et al., 2000
IgG1 50-90 g 0.30-0.40 g Elfstrand et al., 2002
IgG2 1.5-2 g 0.03-0.08 g Elfstrand et al., 2002
IgA 3.0-6.5 g 0.04-0.06 g Elfstrand et al., 2002
IgM 3.8-6 g 0.03-0.06 g Elfstrand et al., 2002
Lactoferrin 1.5-5 g 0.1-0.3 g Korhonen, 1977
Lactoperoxydase 30 mg 20 mg Korhonen, 1977
Lysozyme 0.14-0.7 mg 0.07-0.6 mg Korhonen, 1977
IL-1β 840 µg 3 µg Hagiwara et al., 2000
IL-1ra 5.2 mg 27 µg Hagiwara et al., 2000
IL-6 77 µg 0.15 µg Hagiwara et al., 2000
TNF-α 926 µg 3.3 µg Hagiwara et al., 2000
IFN-γ 260 µg 0.21 µg Hagiwara et al., 2000
IGF-1 100-2000 µg <25 µg Elfstrand et al., 2002
IGF-2 200-600 µg <10 µg Pakkanen et al., 1997
GH <1 µg <0.03 µg Scammell, 2001
EGF 4-8 mg 2 µg Scammell, 2001
TGF-β2 100-300 µg 1-2 µg Elfstrand et al., 2002

DM = dry matter — matière sèche; Ig = immunoglobulin — immunoglobuline; IL = interleukin — interleukine; TNF = tumor necrosis 
factor — facteur nécrosant les tumeurs; INF = interferon — interféron; IGF = insulin-like growth factor — facteur de croissance de type 
insuline; GH = growth hormone — hormone de croissance; EGF = epidermal growth factor — facteur de croissance épidermique; TGF = 
transforming growth factor — facteur de croissance et de transformation.
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175 kDa cell surface glycoprotein with tyrosine kinase 
activity). The most important members of this family 
are EGF itself and TGF-α (Barnard et al., 1995).

EGF is a 6 kDa peptide, composed of 53 amino 
acids. The peptide is highly homologous among species 
and elicits similar effects across species (Odle et al., 
1996). Colostral EGF may play a role:
– in the prevention of bacterial translocation,
– in the stimulation of gut growth in suckling neonates 
 by playing an important role in cell differentiation 
 rather than cell proliferation and in stimulating 
 mucus secretion (Schweiger et al., 2003).

TGF-α is a 6 kDa peptide, composed of 50 amino 
acids and shares about 30% sequence identity with 
EGF. It may play a complementary role to that of 
TGF-β (see below) in controlling the balance between 
cell proliferation and differentiation in the intestinal 
epithelium (Playford et al., 2000).

Transforming growth factor βeta (TGF-β). Three 
isoforms of TGF-β (TGF-β1, β2 and β3) are known. 
Those forma are homodimeric proteins with a 
molecular weight of approximately 25 kDa (Jin et al., 
1991). TGF-β1 and β2 have been isolated from bovine 
colostrum, with a predominance of the β2 form (85-
95%) (Elfstrand et al., 2002).

TGF-β is a highly pleiotropic growth factor with 
several different types of function. It stimulates 
proliferation of some cells, especially in connective 
tissue, whereas it acts as a growth inhibitor of some 
other cells, such as lymphocytes and epithelial cells. 
TGF-β plays an important role in embryogenesis, tissue 
repair, formation of bone cartilage, and in the control of 
the immune system (Tripathi et al., 2006). During injury 
or disease, it acts in concert with EGF to stimulate cell 
proliferation (Border et al., 1995).

3.3. Antimicrobial factors 

The colostral antimicrobial factors contribute to the 
protection of the neonate against infectious diseases, 
which is crucial for its survival. These factors may be 
classified in three groups according to their action:
– specific antimicrobial factors (immunoglobulins),
– non-specific antimicrobial factors (lactoferrin, 
 lactoperoxidase and lysozyme),
– factors which have both specific and non-specific 
 activities (cytokines).

Lactoferrin. Lactoferrin is an 80 kDa iron-binding 
glycoprotein present in colostrum, milk, and to a lesser 
extent in other exocrine fluids such as tears. It is a 
member of the transferring family of non-heme iron-
binding protein, characterised by their unique anion 
requirement for binding of iron (Viljoen, 1995).

Lactoferrin has been shown to inhibit the growth 
of several microbes, including Escherichia coli, 
Salmonella typhimurium, Shigella dysenteria, Listeria 
monocytogenes, Streptococcus mutans, Bacillus subtilis 
(Pakkanen et al., 1997). In fact, lactoferrin exhibits both 
bacteriostatic and bactericidal activity against a range of 
microorganisms. The bacteriostatic activity is related to 
the high iron binding affinity of the protein that deprives 
iron-requiring bacteria of this essential growth nutrient. 
The bactericidal mechanism is related to its ability to 
cause release of lipopolysaccharide (LPS) molecules 
from the outer membrane of the Gram-negative bacteria. 
Recent results suggest that a cationic domain at the N-
terminus of lactoferrin is responsible for its bactericidal 
properties. This domain is distinct from the amino acids 
involved in iron binding, indicating that the bactericidal 
activity of lactoferrin is distinct from metal chelation 
(Conneely, 2001).

In addition to its antimicrobial activity, it has been 
proposed that lactoferrin plays an important role in 
iron uptake in the intestine and in the activation of 
phagocytes and immune responses. Receptors for 
lactoferrin are found on intestinal tissues, monocytes, 
macrophages, neutrophils, lymphocytes, platelets and 
on some bacteria (Viljoen, 1995; Hoek et al., 1997). 
By its function of binding free iron, lactoferrin may 
act as an antioxidant, protecting the immune cells 
against free radicals produced by themselves in areas 
of inflammation or infection (Britigan et al., 1994). 
Moreover, by its ability to bind and neutralize LPS, 
lactoferrin will reduce production of cytokines in 
response to inflammation or infection (Cohen et al., 
1992).

Lactoperoxidase. Lactoperoxidase is a basic 
glycoprotein of 78 kDa containing a heme-group with 
Fe3+. It catalyses the oxidation of thiocyanate (SCN-) in 
the presence of hydrogen peroxide (H

2
O

2
), producing 

a toxic intermediary oxidation product. This product 
inhibit bacterial metabolism via the oxidation of 
essential sulphydryl groups in microbial enzymes and 
other proteins (Pruitt et al., 1985).
According to Kussendrager et al. (2000), lactoperoxidase 
has a bactericidal activity against Gram-negative  
and a bacteriostatic activity against Gram-positive 
bacteria. This difference in sensitivity can probably be 
explained by the difference in cell wall structure and 
their different properties. Additionally, some viruses, 
including polioviruses, appear to be sensitive to the toxic 
effects of lactoperoxidase. Next to that antimicrobial and 
antiviral activity, degradation of various carcinogens 
and protection of animal cells against peroxidative 
effects have been reported (Kussendrager et al., 2000).

Lysozyme. Lysozyme, originally described by 
Alexander Fleming in 1922, is a lytic enzyme of 
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14.3 kDa. The natural substrate of this enzyme is the 
peptidoglycan layer of the bacterial cell wall and its 
degradation results in lysis of the bacteria (Reiter, 1978). 
Due to the difference of the outer membrane structure 
between Gram-negative and Gram-positive bacteria, 
the lysozyme action is more intensive on Gram-positive 
bacteria, leading to the death of the bacteria, while it 
does not adversely affect the viability of Gram-negative 
bacteria (Ibrahim et al., 1994). Over the last 15 years, 
several authors have proposed a novel antibacterial 
mechanism of action of lysozyme, independent of its 
enzymatic activity. The precise mechanism remains 
unknown, but it seems evident that bactericidal activity 
depends on the passage through the outer membrane 
(Masschalck et al., 2001).

A particularity of the lysozyme is its interaction with 
other factors present in the colostrum. It activates partly 
lactoperoxidase by forming a complex with it (Hulea 
et al., 1989). In presence of lactoferrin, the antimicrobial 
activity of lysozyme against E. coli is also enhanced 
as lactoferrin damages the outer membrane of Gram-
negative bacteria and the organism becomes susceptible 
to lysozyme (Yamauchi et al., 1993). Finally, it works 
also in synergy with IgA and complement factors 
against E. coli (Hill et al., 1974). 

Immunoglobulins (Igs). Igs are glycoproteins 
constituted by four amino acid chains: two identical 
light chains (23 kD) and two identical heavy chains 
(50-70 kD). According to the structure of their heavy 
chains, they can be divided into five classes: IgG, IgA, 
IgM, IgE and IgD. 

Igs are present in very high concentrations in 
colostrum. They represent 70-80% of the total 
protein contents in colostrum (up to 100 g.l-1 in 
bovine colostrum) (Elfstrand et al., 2002), whereas in 
mature milk Igs account for only 1-2% of the protein 
(Table 1).

Three classes of Igs are present in bovine colostrum: 
IgG, IgA and IgM. The major Igs present in bovine 

colostrum are IgG, among which 95% belong to the 
subclass IgG1 and 5% to the IgG2. Table 2 shows the 
evolution of the Igs concentrations during the 80 first 
hours postpartum in colostrum and in mature milk. 
It shows that the concentrations of the individual Igs 
decline at different rates over the time it takes to reach 
the concentration in mature milk (Elfstrand et al., 
2002).

In the neonates the colostral Igs are transferred from 
the lumen of the intestine into the circulation through a 
non-selective macromolecular transport system across 
the small intestinal epithelium. This non-selective 
absorption occurs only within about 24-36 h after birth 
and provides the transmission of passive immunity from 
the cow to its calf (Pakkanen et al., 1997). However, it 
has been shown that older animals can absorb Igs, but 
larger quantities of these antibodies are required for an 
effective transport (Maher, 2000).

All Igs exhibit one or more effector function in 
addition to antigen binding. Whereas one part of an 
antibody binds to antigen, other parts interact with other 
elements. The immunological function mediated by the 
Igs depends on the Ig class. The most important action 
of IgG antibodies is the activation of complement-
mediated bacteriolytic reactions. Another vital 
function is their ability to increase the recognition and 
phagocytosis of bacteria by leucocytes. IgM antibodies 
are considerably more efficient than IgG in regards of 
the above activities, especially complement-mediated 
lysis. IgA, in contrast, does not fix complement or 
opposing bacteria, but agglutinates antigens, neutralises 
viruses and bacterial toxins, and prevents the adhesion 
of enteropathogenic bacteria to mucosal epithelial cells. 
Moreover, this Ig is present in bovine colostrum under 
a secretory form (sIgA) that makes it resistant to the 
activities of proteolytic digestive enzymes (Korhonen 
et al., 2000).

Cytokines. Colostrum and milk contain many 
cytokines, including IL-1β, IL-6, TNF-α, IFN-γ and 

Table 2. Mean concentrations (standard deviation) of IgG1, IgG2, IgA and IgM in bovine colostrum at various time intervals 
postpartum (Elfstrand et al., 2002), compared to bovine mature milk (Lindmark-Mansson et al., 2000) — Concentrations 
moyennes (écart-type) en IgG1, IgG2, IgA et IgM dans le colostrum bovin à différentes périodes postpartum (Elfstrand et al., 
2002), comparées au lait bovin mature (Lindmark-Mansson et al., 2000). 

Time interval postpartum (h) IgG1(g.l-1) IgG2(g.l-1) IgA(g.l-1) IgM(g.l-1)

0-6 90 (7.1) 2.8 (0.85) 1.6 (0.12) 4.5 (0.20)
7-10 79 (28) 1.9 (0.08) 1.7 (0.01) 4.0 (0.50)
11-20 65 (12) 1.8 (0.50) 0.9 (0.06) 2.3 (0.08)
21-30 24 (1.2) 1.1 (0.14) 0.7 (0.02) 1.8 (0.01)
31-40 31 (4.2) 0.5 (0.03) 0.3 (0.02) 1.0 (0.01)
41-50 17 (0.9) 0.4 (0.03) 0.2 (0.01) 0.8 (0.12)
51-80 12 (0.2) 0.2 (0.01) 0.1 (0.01) 0.7 (0.08)
Mature milk 0.51 (0.2) 0.03 (0.02) 0.02 (0.01) 0.10 (0.07)



164 Biotechnol. Agron. Soc. Environ. 2008 12(2), 157-170 Boudry C., Dehoux J.-P., Portetelle D. & Buldgen A.

IL-1ra (Hagiwara et al., 2000). The concentrations of 
these cytokines are really low, but they are active from 
picomolar to nanomolar concentrations.

Cytokines are small peptide molecules that are 
important mediators in the regulation of the immune 
and inflammatory responses. In general, cytokines 
do not regulate normal cellular homeostasis, but alter 
cellular metabolism during times of perturbation, e.g. 
in response to inflammation. In the newborn, these 
factors play an important role in combination with the 
ingested maternal Ig and the non-specific antibacterial 
components in colostrum (Playford et al., 2000). Of 
particular interest is the role of cytokines as major 
regulators of epithelial cell growth and development, 
including intestinal inflammation and epithelial 
restitution following mucosal damage (Elson et al., 
1994).

4. USE OF BOVINE COLOSTRUM IN PIG 
PRODUCTION AT WEANING

Bovine colostrum and its main components have already 
been largely studied on neonates and in vitro. In this 
review, we will focus on the results obtained on weaned 
or adult pigs when they are existent. Their particularity, 
compared to neonates, is the gut closure, suggesting 
that absorption of molecules of bovine colostrum is 
no more possible. Nevertheless, according to Jensen 
et al. (2001), the presence of bioreactive components in 
colostrum may be responsible for an enhanced uptake 
of molecules after closure by inducing changes in brush 
border enzyme activities. Moreover, in the case of Igs, 
Stirling et al. (2005) demonstrated that the absorption 
of bovine or porcine IgG colostrum is possible in adult 
animals (more than 4-weeks-old animals).

4.1. Effects of specific components

Growth promoters. According to Pluske et al. (1997), 
an opportunity may exist to enhance growth and 
development through supplementation of the newly 
weaned pig with exogenous growth factors. As argued 
by Dunshea et al. (1995), this is particularly pertinent 
in the case of the weaned piglet since (a) its gut is 
relatively “immature” at weaning, (b) the pig suffers a 
growth check, and (c) the gut of the newly weaned pig 
is often colonised by enteropathogenic bacteria.
– IGF-I: Oral IGF-I and IGF-II at pharmacologic 
 doses can stimulate cellular proliferation in the 
 gastro-intestinal tract in newborn pigs (Burrin et al., 
 1996; Xu et al., 1996a). Intestinal tissues in porcine 
 neonates apparently do not have the capacity to absorb 
 significant amounts of ingested IGF-I and transport 
 this peptide intact to the circulation (Xu et al., 1996b; 
 Donovan et al., 1997). Insulin-like growth factors are 

 anabolic and possible differentiation-inducing factors 
 for intestinal epithelium of newborns, suggesting 
 possible applications of recombinant IGF and IGF 
 analogues for repair of damaged gastro-intestinal  
 tissues (Simmen et al., 1998). However, Marion et al. 
 (2002) showed that a weaning diet supplemented 
 with IGF-I induced an increase in plasma 
 concentrations in IGF-I, but had no effect on the 
 intestinal structure of 7 days old weaned piglets. 
 These controversial observations need further 
 investigations.
– EGF: Exogenous EGF administered either orally or 
 systemically stimulates gastro-intestinal tissue 
 growth in weaned animals. Read et al. (1986) 
 reported that inclusion of EGF (200 µg.kg-1) in 
 the diet significantly accelerated intestinal growth 
 in weaning rats following 50% removal of the small 
 intestine. However, no studies on the effects of EGF 
 on the growth of the intestinal tissues of weaned 
 piglets were found.

In addition to its growth-promoting effect, 
EGF appears to be able to modulate the enterocyte 
differentiation during the transition phase from maternal 
milk to solid food in weaned piglets (Schweiger et al., 
2003). In 21-day old newly weaned piglets, orally 
administered EGF (372 µg.d-1) increased jejunal lactase 
(by 77%) and sucrase (by 97%) specific activities 
measured after 3 days of feeding (Jaeger et al., 1990). 
Moreover, Kingsnorth et al. (1990) also reported 
increased tensile strength of gastric wounds in 20-kg pigs 
after 5 days of intra-peritoneal infusion of EGF (0.5 µg.
kg-1.d-1). These results suggest that supplementation 
with EGF may aid in the recovery of traumatised gastric 
and intestinal tissues. Playford et al. (2000) proposed 
that EGF acts as a “ luminal surveillance peptide ” in 
the adult gut, readily available to stimulate the repair 
process at sites of injury.

Antimicrobial factors
– Immunoglobulins: Effects of bovine milk Igs on 
 weaned piglets’ performance have been 
 demonstrated. Leibbrant et al. (1987) showed that 
 milk-derived Igs added to milk replacers increase 
 growth performance following gut closure in 
 early-weaned pigs. Pierce et al. (2005) attributed this 
 improvement to the continuous source of Igs until the 
 pig is capable of synthesising its own Igs. Moreover, 
 Stirling et al. (2005) demonstrated the presence of 
 porcine Fc receptors that transferred orally delivered 
 (bovine or porcine) IgG into the blood supply and 
 concluded that this receptor has the potential to 
 deliver protein antigens to the pig immune 
 system.
 In the gastro-intestinal tract, immuno- 
 supplementation with bovine immunoglobulin in 
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 the form of specific antibody has been shown to be 
 effective against various enteric diseases. Although 
 bovine colostrum contains Igs to neutralise enteric 
 pathogens, the titer of Igs present is considered 
 by some researchers too low to afford protection 
 against specific infectious organisms. This limitation 
 is overcome by the production of hyperimmune 
 bovine colostrum. In trials on infants, it has been 
 successfully shown that specific antibodies in bovine 
 milk are effective against both enteropathogenic and 
 enterotoxigenic Escherichia coli, cryptosporidium, 
 Helicobacter pylori, Rotavirus and Shigella flexneri 
 (see Tripathi et al., 2006 for a review).
 No studies with hyperimmune colostrum in weaning 
 piglets have been found. However Schaller et al. 
 (1992) demonstrated in a gnotobiotic piglet model 
 that both viral shedding and diarrhoea were effectively 
 reduced or eliminated in a dose-dependent manner, as 
 a result of feeding Igs preparations containing 
 antibodies specific for human rotavirus strains. 
 Moreover, Mroz et al. (1999) showed that passive 
 protection of piglets against PW collibacillosis 
 could be provided by egg IgG immunised against 
 enterotoxigenic strains of Escherichia coli.
– Lactoferrin: Wang et al. (2007) studied the effects of 
 lactoferrin (1 g.kg-1 basal diet) on growth 
 performance, intestinal microflora and morphology 
 of weaning pigs. They observed an increase in 
 growth performance (increase in ADG by 34% 
 and in ADFI by 17%), a better-feed efficiency 
 (decrease in F/G by 12.8%). Effects on the intestinal 
 microflora were a reduction of the total viable counts 
 of Escherichia coli and Salmonella, and an 
 enrichment of the Lactobacillus and Bifidobacterium. 
 The villus height was increased and crypt depth 
 decreased at the small intestinal mucosa, as compared 
 with the basal diet. They concluded that the use of 
 lactoferrin as an additive would be a good method of 
 defending weaned pigs from infections and weanling 
 stress.

4.2. Effects of colostrum supplementation

The administration of bovine colostrum presents two 
main advantages due to its specific components:
– it allows the synergic effects of different components 
 such as described above for the lysozyme for 
 example,
– it has been reported that porcine milk contains potent 
 inhibitory activity against trypsin and chymotrypsin, 
 and prevents growth factors, such as EGF and 
 IGF-I, hydrolysis in neonatal and newly-weaned pig 
 intestinal fluids (Shen et al., 1996; 2000) suggesting 
 that colostrum, the natural carrier of milk-borne 
 growth factors, may protect the peptides from 
 gastro-intestinal luminal digestion.

Studies of the effects of bovine colostrum fractions 
on growth performance, feed ingestion and feed 
conversion ratio of newly weaned piglets are presented 
in table 3.

Except for Dunshea et al. (2002), the three other 
studies presented in the table 3 showed an increase in 
ADG during the first week PW. Pluske et al. (1999) 
observed an increase of 40% and 80% of the ADG with 
a starter diet supplemented with 50 and 100 g of bovine 
colostrum extract per kg of feed, respectively. King 
et al. (2001) observed an increase of 20% (P > 0.05) 
with 60 g of bovine colostrum per kilo of feed and 
Le Huërou-Luron et al. (2004) showed an increase of 
the ADG up to 110% with a starter diet supplemented 
with 40 g of bovine colostrum per kilo of feed. In all 
these studies, the authors explained the increase in 
ADG by an increase in the ADFI (+ 10 and + 25% for 
Pluske et al., 1999, + 25% for King et al., 2001 and 
Le Huërou-Luron et al., 2004).

Interestingly, Le Huërou-Luron et al. (2004) 
observed in an “ unclean ” environment a reduction 
of 10% of the FCR, which was not observed in the 
other studies performed in cleaned rooms. They 
concluded that bovine colostrum had more effects in 
bad environmental conditions (uncleaned pens) than in 
a clean environment, as it was observed with plasmatic 
proteins (van Dijk et al., 2001). This suggests that the 
positive response of bovine colostrum might result from 
an improvement in the sanitary status of the colostrum-
treated piglets by a direct effect of the colostrum on gut 
health.

Effects of bovine colostrum observed on the gastro-
intestinal tract of newly weaned piglets are presented in 
table 4. Bovine colostrum helped to preserve intestinal 
integrity after weaning, especially in the duodenum 
where bovine colostrum maintained higher villi (+ 10 
to 20%) (Le Huërou-Luron et al., 2003; Huguet et al., 
2007; King et al., 2007) and reduced crypt depth (- 6%) 
(King et al., 2007) the first week PW compared to a 
control treatment. Moreover, Le Huërou-Luron et al. 
(2003) showed also an increase in the duodenal protein 
synthesis. All these observations show the beneficial 
effect of bovine colostrum to preserve the intestinal 
mucosa integrity.

An effect of bovine colostrum-supplemented 
diets was also observed on the intestinal microflora 
by Huguet et al. (2006), who showed an improved 
lactobacilli:coliform ratio in bovine colostrum treated 
weaned piglets, compared to weaned piglets receiving 
a control diet without colostrum (1.63 vs. 1.19). This 
effect was mainly caused by lower coliforms counts 
whereas lactobacilli counts were identical between 
colostrum treated and control piglets. This observation 
confirms the higher effects of bovine colostrum reported 
by Le Huërou-Luron et al. (2004) in an “ unclean ” 
environment and indicates the positive contribution of 
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Table 3. Effects of bovine colostrum (BC) supplementation on growth performance, feed ingestion and feed conversion ratio 
of newly-weaned piglets — Effets d’une complémentation en colostrum bovin (BC) sur les performances de croissance, l’in-
gestion et l’indice de consommation de porcelets sevrés.

Reference BC supplementation Piglets  Effects of BC vs. control treatment
 Description g.kg-1 feed n Weaning age 

Pluske et al.,  BC powder  0, 50 and 100 131 28 d &  ADG Week 1 and 2 PW
1999   rich in IgG   during 10 d   ≈  ADFI and FCR
     (  Days to slaughter
King et al.,  Spray-dried BC 0 and 60 during 7 d 110 28 d ≈  ADG and FCR
2001     &  ADFI Week 1 PW
Dunshea et al.,  Freeze-dried BC 0 and 60 during 7 d 24 14 d ≈  ADG, ADFI and FCR
2002
Le Huërou- Freeze-dried BC 0 and 40 during 11 d 150 28 d &  ADG Week 1 and 2 PW
Luron et al.,    in uncleaned pens   &  ADFI Week 1 PW
2004     (  FCR Week 1 PW
  0, 20 and 40 during  12 21 d &  ADG d5-d7 PW
    14 d in clean pens   ≈  ADFI and FCR

&: increase — augmentation; (: reduction — réduction; ≈: no effect — aucun effet.
BC = bovine colostrum — colostrum bovin; ADG = average daily gain — gain quotidien moyen; ADFI = average daily feed intake —  
ingestion alimentaire quotidienne moyenne; FCR = feed conversion ratio — indice de consommation; PW = post-weaning —  
post-sevrage.

Table 4. Effects of bovine colostrum (BC) supplementation on the gastro-intestinal tract of newly-weaned piglets — Effets 
d’une complémentation en colostrum bovin (BC) sur le tractus gastro-intestinal de porcelets sevrés. 

Reference BC supplementation Piglets Effects of BC vs. control treatment
 Description g.kg-1 feed n Weaning age

Le Huërou-Luron  Defatted BC BC providing 5 µg IGF-I 6 7 d &  plasma IGF-I
et al., 2003     and 21 mU insulin   &  duodenal VH 
     kg-1 BW d-1 during 5 d   &  duodenal protein synthesis
     ≈  SI mucosa weight and protein 
           content
     ≈  SI lactase and aminopeptidase
           N activities
Huguet et al.,  Freeze-dried 50 during 14 d 12 21 d ≈  plasma insulin and IGF-I
2006   defatted BC    (  gastric pH on d7 and d14
     &  duodenal lactobacilli:coliform
     ≈  duodenal mucosal structure, 
           crypt cell proliferation,
           migration index, digestive
           enzyme activities
Huguet et al.,  Freeze-dried  50 during 14 d 12 21 d ≈  duodenal mucosa/muscularis
2007   defatted BC          ratio
     &  duodenal villi perimeter
     ≈   duodenal crypt size and crypt 
            cell proliferation

King et al., 2007 Spray-dried  75 during 19 d 7 21 d &  proximal and mid jejunal VH 
   BC    (  proximal and mid jejunal and  
            distal ileal CD
     &  VH:CD in distal ileum
     &  epithelial cell height in mid
            jejunum 

&: increase — augmentation; (: reduction — réduction; ≈: no effect — aucun effet.
BC = bovine colostrum — colostrum bovin; BW = body weight — poids vif; SI = small intestine — intestin grêle; VH = villi 
height — hauteur des villosités; CD = crypts depth — profondeur des cryptes.
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bovine colostrum in the improvement of gut health 
around weaning in piglets.

Another effect of importance observed by Huguet 
et al. (2006) in the gastro-intestinal tract is the lower 
gastric pH in bovine colostrum treated piglets. This 
strengthened the effects of colostral antibacterial 
components and may also be at the origin of the  
Coliform population reduction, the later being less 
resistant to low pH than Lactobacilli.

Finally, Le Huërou-Luron et al. (2003) reported 
an increase in plasma IGF-I (+ 33%) in weaned 
piglets receiving bovine colostrum. They explained 
this observation by an increase of the synthesis and  
secretion of IGF-I under the action of growth promoters 
contained in bovine colostrum, but they could not 
determine which one.

5. CONCLUSION AND PERSPECTIVES

According to the results presented on the use of bovine 
colostrum in piglets diet PW, it appears clearly that 
bovine colostrum supplementation improves the 
growth performance and the sanitary status of piglets 
during the early PW period. These beneficial effects 
are explained by both an increase in feed intake level 
the first days and a likely direct effect on gut health 
(preservation of gut integrity and reduction of the 
coliform population).

Those results are really encouraging but many works 
are still necessary to understand the mechanism of 
action of the bovine colostrum and to make this natural 
product technically and economically competitive 
compared to other alternatives (probiotics, prebiotics, 
enzymes, organic acids, plant extracts, etc.) in the 
weaner diet.

Firstly, the action of bovine colostrum on the 
structure of the gut has been studied but no information 
is available on its local action on the gut associated 
lymphoid tissue (GALT) of newly weaning piglets. 
This is of first importance to evaluate its effect on the 
local immune system of the piglet.

Secondly, the effects on the systemic immune 
system should also be studied to evaluate the effect of 
bovine colostrum to extend our knowledge about the 
action of bovine colostrum to the other organs of the 
weaned pig.

Finally, future investigations on lower doses of 
bovine colostrum supplementation in the weaner diet are 
necessary to reduce the costs of its use. Indeed, except 
the study of Le Huërou-Luron et al. (2004) where 20 
and 40 g of bovine colostrum per kilo of feed were  
used, all the other cited authors incorporated from 5 
to 10% of colostrum in their starter diets, thereby 
increasing too excessively the price of the diet in our 
modern pork production systems.

List of abbreviations

ADFI: average daily feed intake
ADG: average daily gain
BW: body weight
EGF: epidermal growth factor
FCR: feed conversion ratio
GALT: gut associated lymphoid tissue
Ig: immunoglobulin
IGF: insulin-like growth factor
IGFBP: IGF binding protein
IL: interleukine
LPS: lipopolysaccharide
ME: metabolisable energy
PW: post-weaning
T

3
: 5.3’-triiodothyronine

T
4
: thyroxine

TGF: transforming growth factor
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