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Abstract 
Maternal care is essential to optimally support survival of the offspring. During evolution of mammalian species, different phenotypes have 
evolved in relation to gestation length, number, size, and maturation stage of the offspring at parturition, as well as colostrum and milk compo-
sition. The aim of the present review is to describe relationships between placental function and colostrum and milk composition in different 
mammalian species. Species covered in this article include humans, rabbits, rodents (rat and mouse), carnivores (cats and dogs), and a variety of 
ungulate species (cattle, sheep, goats, pigs, and horses). Species-specific aspects are elucidated with a special focus on the transfer of passive 
immunity. In this regard, the structure and thus the capability of the placenta to transport immunoglobulins from maternal to fetal circulation 
in utero dictates the necessity of the passive transfer of immunity via colostrum. Consequently, species with exclusive postpartal transfer of 
immunity such as in all ungulate species have greater immunoglobulin G concentrations in colostrum than species with a prepartal transfer in 
utero, where especially immunoglobulin A with its local immune function in the gastrointestinal tract is present in colostrum (e.g., rabbit and 
human). In terms of the nutritional purpose, suckling frequency is an important factor determining the gross composition of colostrum as well 
as in the mature milk of these species. Milk of nidicolous animals with long intervals in-between suckling events contains more fat than milk 
of nidifugous animals with constant access to their mother. However, the importance of colostrum and milk consumption for newborn animals 
and human babies goes beyond nutrition and the transfer of immunity. Numerous bioactive components such as growth factors, hormones, and 
oligosaccharides are enriched in colostrum and transition milk, which support the development of the intestinal tract and local immune system.

Lay Summary 
During evolution of mammalians, intrinsic strategies and components of maternal care during the transition from pregnancy to lactation have 
evolved into a broad variety in gestation length, number, size, and maturation stage of the offspring at parturition, and colostrum and milk compo-
sition. The original purpose of immuno-protective glandular secretions is still conserved in many mammalian species, where colostrum, that is, 
the very first milk obtained after parturition, contains the greatest amounts of immunoglobulins, leukocytes, lysozyme, lactoferrin, oligosaccha-
rides, etc. Apart from its nutritive function, bioactive components in colostrum and milk support the development of gastrointestinal structures 
and intestinal microflora. Depending on the placentation type and intrauterine transfer of immunoglobulins, the survival of the neonate depends 
more or less on the passive transfer of immunoglobulins via colostrum. The aim of the present review is to describe relationships between 
placenta function and colostrum (and milk, respectively) composition in different mammalian species. Special attention is paid to the transfer of 
passive immunity from the dam to the offspring.
Key words: colostrum, mammals, mammary gland, placenta, transfer of passive immunity
Abbreviations: BMB, blood–milk barrier; FcRn, neonatal Fc receptor; Ig, immunoglobulin; IgA, immunoglobulin A; IgG, immunoglobulin G; IgG1, immunoglobulin 
G type 1; IgG2, immunoglobulin G type 2; IgM, immunoglobulin M; OS, oligosaccharides

Introduction
Lactation evolved to the characteristic investment in mater-
nal care of mammalian species. However, lactation implies 
more than only providing milk to nourish the offspring. From 
an evolutionary point of view, glandular skin secretions with 
antimicrobial and immune-protective properties co-evolved 
into their role in nourishing the offspring (Oftedal, 2012). 
The purpose of colostrum and milk to provide immunolog-
ical active constituents is still conserved in many mammalian 
species. Besides humans, the emphasis of this article is laid on 
various farm, companion, and laboratory animals: humans, 
rabbits, rodents (rat and mouse), carnivores (cats and dogs), 
and ungulates (cattle, sheep, goats, pigs, and horses). Con-
sidering the manifold phenotypic species differences of  

mammalian newborns (e.g., birth weight or maturation 
stage), it is not surprising that composition of colostrum and 
mature milk is not homogenous. Despite various similarities 
of dietary habits or body size of mammals, distinct anatom-
ical and functional differences of the placenta determine 
the necessity of a timely colostrum supply in some species, 
whereas colostrum is of minor importance for the neonate of 
other species. Species-specific colostrum traits and the impact 
of colostrum components on neonatal development and 
health were subject of numerous scientific papers and reviews 
(e.g., Blum and Hammon, 2000; Blättler et al., 2001). The 
emphasis of the present review is to illustrate relationships in 
various mammalian species regarding the secretory activity of 
the mammary gland at parturition and consequences for the  
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offspring, for example, manner of transfer of passive immu-
nity or frequency of nursing. We link anatomical traits (i.e., 
type of placentation) with the contents of individual compo-
nents in colostrum and milk, and point out further associa-
tions of maternal care and offspring development.

Investments During Gestation and the 
Importance of Lactation in Maternal Care of 
Mammals
Until parturition, maternal investments focus on the mainte-
nance of gravidity and the development of a viable fetus. In 
horses and donkeys (precocial and nidifugous neonates), the 
gestation period takes up half the time or more of the over-
all maternal investment, whereas in pigs (precocial but nidi-
colous neonates) the gestation length accounts for less than 
50% of the maternal investment (Langer, 2008). The repro-
ductive strategy of metatheria is quite the opposite of preco-
cial mammals, as their offspring are born in a very immature 
state after a very short gravidity (Brennan et al., 2007; Brad-
shaw and Bradshaw, 2011; Cheng and Belov, 2017), which in 
turn requires a long lactation period with steadily increasing 
milk production in parallel to the growth of the young. Here, 
the young is completely dependent on the dam and milk as 
the sole feed source for extended periods of time after birth 
(Brennan et al., 2007; Bradshaw and Bradshaw, 2011; Cheng 
and Belov, 2017). In contrast to most eutherians, the mam-
mary gland of metatheria undergoes excessive mammogenesis 
during an ongoing lactation (Bradshaw and Bradshaw, 2011). 
In the latter, a pronounced regulation by local factors is nec-
essary, as siblings differ in age and maturation state, thus their 
claims to the mammary gland are completely different (For-
syth and Hayden, 1977; Brennan et al., 2007; Bradshaw and 
Bradshaw, 2011).

Concomitantly with advanced gestation, the mammary 
gland prepares for the onset of lactation. The milk-only 
period is the most straining phase for the mother. Therefore, 
the milk-only period accounts for only a small portion in rela-
tion to the overall duration of maternal care (Langer, 2008). 
In horses, the milk-only period takes less than 5% of the total 
maternal investment. Small mammals and species living in 
cold environments, for example, arctic whales and seals, have 
a relatively longer milk-only phase (Lee et al., 1991; Langer, 
2008). In contrast to terrestrial species like horses and cat-
tle, their milk has a very high-fat content, which provides an 
easily digestible and energy-rich feed source supporting the 
blubber formation to reduce heat losses (Akers, 2002).

Lactation, however, does not only provide milk as a cus-
tomized nutrient source that fully covers the neonate’s needs 
during the sole milk feeding period, but serves several addi-
tional purposes as well. The first milk secreted after parturi-
tion (colostrum) is crucial for certain species to receive passive 
immunization with immunoglobulins (Ig). A separate chapter 
later will address this issue in detail. Moreover, lactation can 
suppress cyclic ovarian activity and consequently the estab-
lishment of a new gravidity to spare resources for the current 
offspring (Schmidt et al., 1983; Chao, 1987; Butler, 2005). 
Furthermore, lactation and suckling strengthen the moth-
er-offspring bonding (Henry et al., 2020). In parallel to the 
milk feeding phase, the digestive tract of the offspring grad-
ually adjusts for its later independence from the dam, start-
ing as early as with the stimulatory effects of colostrum on 
the development of intestinal structures (Blättler et al., 2001; 

Blum and Baumrucker, 2002). In parallel to the consumption 
of milk, solid feed further supports gastrointestinal develop-
ment along with the establishment of a functioning intestinal 
microbiome, especially, in herbivore species (Blättler et al., 
2001; Blum and Baumrucker, 2002).

In some species like horses and cows, lactation continues 
on a lower level beyond the milk-only phase. Although foals 
and calves are nutritionally independent of maternal care 
quite soon after birth, they are still nursing their dam for sev-
eral months up to more than 1 yr in feral or semi-feral con-
ditions. This slow weaning process plays an important role in 
the maintenance of the mother-offspring bonding (Reinhardt 
and Reinhardt, 1981; Henry et al., 2020). The continuous 
support beyond nourishing further benefits offspring survival, 
for example, due to better protection against predators when 
living in a herd.

Placentation Types, Placental Transfer of 
Immunoglobulins During Gestation, and 
Consequences for Mammary Gland Function
There are different approaches to distinguish and categorize 
placentation types depending on morphological or histolog-
ical structures, and wherefrom extraembryonic membranes 
and placental blood vessels origin within the fetus (Kressin 
and Brehm, 2019). We will mainly consider histological typ-
ing, as this classification fits best in terms of the permeability 
of blood components from the dam to the fetus. Based on the 
origin of the placenta, we can differentiate between the yolk 
sac (or choriovitelline placenta, resp.) and the chorioallantoic 
placenta. In most species addressed in this article, the yolk 
sac placenta represents a transient organ that is completely 
replaced by an allantoic placenta during pregnancy (Carter 
and Enders, 2016). However, in rodents and rabbits, parts 
of the yolk sac placenta persist until the end of pregnancy 
and share the function of transferring nutrients and Ig with 
the newly shaped allantoic placenta (Jollie, 1990; Carter and 
Enders, 2016).

Ungulates have an epitheliochorial placenta, where up to 
six layers of maternal and fetal tissue remain present until the 
end of pregnancy (Enders, 2009). Here, the mother and fetus 
share only a superficial connection without significant inva-
sion of the maternal tissue (Furukawa et al., 2014; Carter and 
Enders, 2016). Carnivores have an endotheliochorial placenta 
type, where maternal uterine epithelium and connective tis-
sue are dissolved and the fetal trophoblast has direct contact 
with the maternal endothelium (Enders, 2009; Furukawa et 
al., 2014; Carter and Enders, 2016). Primates, rodents, and 
rabbits belong to the hemochorial subgroup, where all mater-
nal layers get invaded and dissolved by the fetal membranes 
(Enders, 2009). Here, the fetal membranes are in direct con-
tact with maternal blood (Furukawa et al., 2014; Carter and 
Enders, 2016).

The necessity for considering placentation types emanates 
not least by the fact that the permeability of the placenta 
during gestation, for example, for Ig, has fundamental impli-
cations on the mammary gland function in terms of colos-
trum formation. Across the different mammalian species, the 
immune system of neonates is not fully developed at birth 
(Tsafaras et al., 2020). Therefore, the newborn offspring 
depends on the passive immunization either via placental Ig 
transfer during gestation or through colostrum intake imme-
diately after birth.
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A prenatal Ig transfer is enabled through the yolk sac pla-
centa in rabbits and rodents, and through the allantoic pla-
centa in humans and potentially other primate species (Peri 
and Rothberg, 1986; Leach et al., 1996; Carter and Enders, 
2016). Hence, a timely colostrum supply immediately after 
birth is of minor importance in these species. Despite a partial 
Ig transfer in utero, cats and dogs rely mostly on colostrum 
(Casal et al., 1996; Stoffel et al., 2000; Claus et al., 2006). 
Therefore, the uptake of adequate amounts of colostrum of 
sufficient quality directly postpartum in the latter species is 
still crucial (Casal et al., 1996; Chastant and Mila, 2019). 
Domestic ungulates (cattle, sheep, goats, etc.) rely solely on 
colostrum for transfer of passive immunity as the placenta 
does not allow an Ig transfer during gestation (Rooke and 
Bland, 2002; Castro et al., 2011a, 2011b). Here, the immedi-
ate availability of colostrum at birth is essential.

In contrast to most eutherian species, metatheria are born 
in a very immature state without a functioning lymphocytic 
system. Thus, the transfer of passive immunity happens solely 
via colostrum/milk consumption as well (Cheng and Belov, 
2017). In contrast to eutheria, two separate consecutive 
phases of Ig transfer with a period of low Ig concentration 
in milk in-between can be identified while the young grow in 
the pouch. The first phase begins right after birth and lasts for 
several weeks, whereas the second phase starts a few months 
later concomitantly with the young leaving the pouch for the 
first time and getting in contact with an extensive range of 
new pathogens (Cheng and Belov, 2017).

In general, the number of layers in between fetal and 
maternal blood circulation is related to the potential of the 
intra-uterine Ig transfer and efficiency of nourishing the fetus, 
but other factors are involved in the efficiency of placental Ig 
and nutrient transfer to the fetus, too. Most species with a 
less intertwined placental surface regarding the histological 
structure of the interhemal barrier have greater Ig concen-
trations in colostrum than species with a more extensive and 
closer contact between maternal and fetal tissues (Butler and 
Kehrli, 2005; Markowska-Daniel and Pomorska-Mól, 2010; 
Capellini et al., 2011).

The placental transfer of macromolecules depends largely, 
but not exclusively on the number of placental layers (Furu-
kawa et al., 2014; Tanner et al., 2022). Different mechanisms 
exist to overcome these barriers, for example, a partial thin-
ning of the existing six placental layers in pigs, or transport 
mechanisms such as phagocytosis or secretion (Furukawa et 
al., 2014). In dogs, Ig can pass through additional placental 
layers by an integrated transport system, where no prenatal 
Ig transfer was observed in the hemophagic marginal zones 
(three layers), but in the labyrinth zone characterized by four 
layers (Stoffel et al., 2000). Although not described in detail, 
we assume that the neonatal Fc receptor (FcRn) system is 
involved in Ig transport, though dog-specific evidence has yet 
to be brought forward.

Capellini et al. (2011) stated that rather than the inva-
siveness of the fetal membranes it is the complexity of the 
mother-fetus interface along with a greater surface area, 
which allows a more efficient transfer of nutrients across the 
placenta. According to Capellini et al. (2011), species with a 
larger mother-fetus interface grow more rapidly, but instead 
of giving birth to larger offspring the duration of gestation 
is shortened. This observation especially applies to altricial 
offspring, which are characterized by a low maturation stage 
at birth but fast growth rate. Cats and dogs have a close,  

labyrinthine placental interdigitation and give birth to altri-
cial offspring, whereas cow and calf (precocial) share a more 
distant, villous interdigitation.

Colostrogenesis and Colostrum Composition 
in Different Species
Immunoglobulins and proteins
Independent from species-specific particularities, an insuffi-
cient or lacking placental Ig transfer must be compensated 
by an Ig-rich secretion of the mammary gland (i.e., colos-
trum) immediately after parturition. During colostrogenesis 
maternal Ig appear and accumulate in the mammary gland 
to ensure a timely and sufficient immunological protection of 
the neonate immediately after parturition (Barrington et al., 
2001). Whereas ungulates rely on the immediate availability 
of colostrum at birth, an immediate colostrum supply in spe-
cies with a significant placental Ig transfer during gestation 
(e.g., rabbit and human) is of minor importance (Peri and 
Rothberg, 1986; Leach et al., 1996). Humans produce only 
small amounts of colostrum directly postpartum, while the 
onset of copious milk production can be delayed for 2 to 4 d 
(Neville and Morton, 2001; Alekseev, 2021).

In horses, the transfer of Ig into pre-colostrum occurs 
during the last 2 wk of pregnancy (McCue and Sitters, 2011). 
Thus colostrogenesis in horses is apparently much shorter 
than in cows, where colostrogenesis is assumed to start sev-
eral weeks antepartum (Brandon et al., 1971). As a drop of Ig 
concentration in the serum of the mare occurs concomitantly 
to the Ig appearance in the pre-colostrum, the assumption is 
confirmed that at least part of the Ig in colostrum is derived 
from the maternal circulation (Peaker et al., 1979). Simi-
larly, colostrum formation in pigs was observed during the 
last 10 d of pregnancy and the first day postpartum (Quesnel 
and Farmer, 2019; Farmer and Quesnel, 2020). Whereas the 
majority of IgG transported into the mammary gland origi-
nates from serum, more than half of IgA is produced locally 
in the mammary gland in pigs (Bourne and Curtis, 1973) and 
cows (Porter, 1972). No information could be gathered for 
carnivores and humans.

The exact mode of Ig transfer into mammary secretions is 
not yet fully elucidated. Most of the available information 
refers to rodents and cattle since information about other 
species is scarce. The prepartal Ig transport into the mam-
mary gland is assumed to be mediated by the FcRn system as 
evidence in rodents and cows suggests (Cianga et al., 1999; 
Mayer et al., 2005). IgG is transported by a transcellular 
pathway from the bloodstream into mammary epithelial cells 
(Wall et al., 2015) and secreted by the FcRn system, which 
has been first discovered in the gut of newborn rats and mice 
(Rodewald, 1976), but is also present in mammary epithelial 
tissue of cattle and sheep (Mayer et al., 2002, 2005).

The IgG transfer from blood into the mammary gland can 
be extremely fast after a preceding colostrum removal shortly 
before calving (Gross et al., 2014). Presumably, blood is not 
the only source for Ig to be transferred into colostrum as Ig 
concentrations in blood were not related to the Ig content 
in colostrum in cows (Baumrucker et al., 2016). Alternative 
sources could be local production or an Ig pool within or 
close to the mammary gland (Baumrucker et al., 2016). How-
ever, colostrogenesis does not immediately cease at parturi-
tion, but may continue for the first hours after calving until 
the blood-milk barrier (BMB) is completely closed (Gross 
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et al., 2014; Wall et al., 2015). Mechanisms mediating the 
shift from colostrogenesis to copious milk production are not 
finally elucidated. We assume that the discontinuation of pla-
cental hormone concentrations (e.g., estradiol) are substan-
tially involved.

Compared to mature milk, colostrum is characterized by 
an elevated content of proteins including Ig and albumin 
(Samarütel et al., 2016; Figures 1 and 2). In ungulates and 
carnivores, where the transfer of IgG to the offspring hap-
pens via colostrum intake, Ig represents the most abundant 
protein fraction in colostrum. In this article, we will primar-
ily address species differences in the colostral Ig content and 
refer to the three most relevant isotypes IgA, IgG, and IgM. 
IgG is the most abundant isotype in blood and colostrum 
(Figure 2). IgA is primarily active on mucosal surfaces and 
in secretions, where it neutralizes antigens or prevents their 
binding to the surface. It is the most abundant Ig in rabbit 
and human mammary gland secretions (Figure 2). Overall, Ig 
concentrations in colostrum are characterized by a consider-
able variation.

The high protein and Ig contents in colostrum rapidly 
decline with the closure of the BMB concomitantly to the 
onset of copious milk production after parturition (Butler and 
Kehrli, 2005; Wall et al., 2015; Kessler et al., 2019). Along 
with the general decline of the protein and Ig contents during 
the transition from colostrum to mature milk (Figures 1 and 
2), concentrations of IgA increase relatively to IgG in mature 
milk. However, in ruminants IgG continues to be the most 

abundant Ig in mature milk, too (Butler and Kehrli, 2005; 
Sánchez-Macías et al., 2014).

A less pronounced difference in the protein contents 
between colostrum and mature milk was observed in human 
(Yuen et al., 2012) and rabbits (Ludwiczak et al., 2020). In 
these species, the offspring receives IgG already in utero and 
is therefore not depending on a colostral IgG supply (Peri and 
Rothberg, 1986; Leach et al., 1996). In contrast to ungulates 
and carnivores, the most abundant Ig isotype in colostrum 
and mature milk is IgA (Butler and Kehrli, 2005), which 
emphasizes the importance of colostrum for the development 
of local immune competence in rabbit and human by coating 
the mucosal surface of the intestine in neonates (Pang and 
Hartmann, 2007). A noteworthy exception is the cat, whose 
kittens rely on colostrum for the transfer of passive immunity 
(Casal et al., 1996), although IgG (Claus et al., 2006) and 
total milk protein concentrations are similar in colostrum and 
milk throughout lactation (Jacobsen et al., 2004).

Fat
A considerable variation in the fat content of colostrum and 
milk can be observed among different mammalian species 
(Figure 1). In typical dairy species (cow, sheep, and goat), 
the fat content in colostrum is higher than in mature milk 
(Guo et al., 2001; Kessler et al., 2019, 2020). On the other 
hand, colostrum of pigs has a lower fat content compared 
with mature milk. As piglets are born without brown body 
fat (Berg et al., 2006), they rely on fast digestible energy such 

Figure 1. Average contents of protein, fat, and lactose in colostrum (left bars) and mature milk (right bars) of different mammalian species. Cumulative 
contents of protein, fat, and lactose indicate DM content of colostrum and milk. Data are derived from (for cattle) Pereira (2014), Kessler et al. (2020), 
(for sheep) Merlin Junior et al. (2015), Kessler et al. (2019), (for goat) Guo et al. (2001), Kessler et al. (2019), (for camel) Zhang et al. (2005), Mohamed et 
al. (2021), (for donkey) Guo et al. 2007, (for horse) Salimei et al. (2002), Pecka et al. (2012), Barreto et al. (2020), (for sow) Hurley (2015), (for dog) Oftedal 
(1984), Mila et al. (2015a), Chastant-Maillard and Mila (2016), (for cat) Dobenecker et al. (1998), Jacobsen et al. (2004), (for rabbit) Anderson et al. (1975), 
Ludwiczak et al. (2020), (for rat) Cox and Mueller (1937), Keen et al. (1981), Grigor et al. (1986), Nicholas and Hartmann (1991), (for mouse) Görs et al. 
(2009), (for gorilla) Garcia et al. (2017), (for orangutan) Garcia et al. (2017), (for human) Yuen et al. (2012), Palmeira and Carneiro-Sampaio (2016), and Lima 
et al. (2018).
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as carbohydrates (Farmer, 2015) to maintain thermoregula-
tion by shivering (Le Dividich and Noblet, 1984; Berg et al., 
2006). Human colostrum has similar fat content, although 
babies, as opposed to piglets, are born with a fat reserve and 
are consequently not instantly depending on energy-rich milk 
(Pang and Hartmann, 2007). Rabbits have a high milk fat 
content throughout lactation, likely as their offspring is altri-
cial and fed only once daily by their mother. Therefore, kids 
require a long-lasting and filling energy source (Zarrow et al., 
1965). In contrast, horse milk has a low fat content through-
out lactation, probably because the foal is precocial and able 
to follow its mother sucking multiple times per hour (Tyler, 
1972). We only found inconsistent data concerning colos-
trum and milk composition in cats and dogs, and no data for 
rodent colostrum Figure 1).

Lactose and other carbohydrates
Lactose is the main osmotically active component in milk of 
most eutherians, whose content is positively related to the 
amount of water and thus to the volume of milk produced 
(Fox et al., 2015; Urashima et al., 2022). Milk lactose content 
rises with the onset of copious milk production (Fox et al., 
2015). Newborn and milk-fed eutherians express the enzyme 
lactase, which is important for lactose digestion (Lebensthal 
et al., 1975). All species covered in this review have higher 
amounts of lactose in mature milk than in colostrum (Fig-
ure 1). Besides lactose, oligosaccharides (OS) represent an 
important fraction of carbohydrates. In monotremata and 
marsupialia, they even represent the vast majority of milk 
carbohydrates, as lactose appeared in greater amounts in 
milk only after the evolution of α-lactalbumin from lysozyme 
in eutheria (Urashima et al., 2022). OS concentrations are 

greater in colostrum compared to mature milk (Albrecht et 
al., 2014). From an evolutionary point of view, secretions as 
precursors of today’s milk had numerous immunological pro-
tective properties, whereas nowadays their nutritive purpose 
in mammals predominates (Urashima et al., 2022). Colos-
trum might be assumed an intermediate step in the evolution 
from an anti-infectional to a nutritional liquid.

Humans, and presumably many other eutherian species as 
well, are only able to digest OS to a lesser extent by endog-
enous enzymes (Urashima et al., 2022). Instead, OS serve as 
prebiotics in the large intestine of the newborn that stimu-
lates the growth of beneficial microbes and their colonization 
of the large intestine (Plaza-Díaz et al., 2018; Quinn et al., 
2020). Besides supporting the intestinal microbiota (Fischer 
et al., 2018), OS-mediated effects are speculated to enhance 
IgG absorption (Gill et al., 1999), and binding and neutral-
izing of pathogens (Martín et al., 2002; Quinn et al., 2020). 
While their effects are probably similar among species, every 
species seems to have its own pattern with regard to types and 
concentrations of OS in milk (Albrecht et al., 2014; Quinn 
et al., 2020). The greatest concentration and diversity of OS 
is observed in human milk, with about 20 g/L at the fourth 
day of lactation (Coppa et al., 1993) and over 200 different 
types discovered so far (Plaza-Díaz et al., 2018). Compared to 
human milk, bovine colostrum contains much lower amounts 
of OS (Urashima et al., 2022).

Most likely due to their importance in neonatal health, 
human milk OS is the most studied, whereas scientific knowl-
edge about OS contents in colostrum and milk of other mam-
mals is rather scarce. Other primates have a high diversity in 
OS as well, but similarities to humans do not necessarily seem 
to be due to phylogenetic factors, but rather to different types 

Figure 2. Contents of IgG, IgA, and IgM in colostrum (left bars) and mature milk (right bars) of different mammalian species. Bars show average values 
of data derived from (for cattle) Guidry et al. (1980), Butler and Kehrli (2005), Hurley and Theil (2011), Wellnitz et al. (2013), Hernández-Castellano et al. 
(2016), (for sheep) Campbell et al. (1977), Butler and Kehrli (2005), Hurley and Theil (2011), Hernández-Castellano et al. (2016), (for goat) Sánchez-Macías 
et al. (2014), Hernández-Castellano et al. (2016), (for horse) Kohn et al. (1989), Sheoran et al. (2000), Butler and Kehrli (2005), Hurley and Theil (2011), (for 
sow) Butler and Kehrli (2005), Markowska-Daniel and Pomorska-Mól (2010), Hurley and Theil (2011), (for cat) Butler and Kehrli (2005), Claus et al. (2006), 
(for dog) Heddle and Rowley (1975), Butler and Kehrli (2005), Mila et al. (2015b), (for rabbit) Butler and Kehrli (2005), (for rat) McGhee et al. (1975), 
Michalek et al. (1975), Butler and Kehrli (2005), (for human) Butler and Kehrli (2005), Hurley and Theil (2011), Sousa et al. (2014), and Czosnykowska-
Łukacka et al. (2020).
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of antigen exposure of the newborns (Bode, 2012). Albrecht 
et al. (2014) discussed the importance of colostral and milk 
OS for the development of the neonatal gastrointestinal sys-
tem, and observed similarities of OS distribution in colostrum 
and milk of species with a similar food source and digestive 
system. No specific data could be acquired for carnivores, 
rodents, and rabbits.

Non-nutritive bioactive components
Besides nutrients, colostrum is rich in minerals, trace ele-
ments, vitamins, and cells (leukocytes, lactocytes from the 
epithelium, and erythrocytes; Blum, 2000). Furthermore, 
bioactive components such as hormones and growth factors 
(growth hormone, insulin-like growth factor or epidermal 
growth factor, prolactin, insulin, glucagon, releasing factors, 
and prostaglandins), enzymes, lactoferrin, and transferrin 
appear at elevated concentrations in colostrum, whereas 
only traces can be detected in mature milk (Grosvenor et 
al., 1993; Blum and Baumrucker, 2002; Fischer-Tlustos et 
al., 2021). The impact of bioactive components in colostrum 
on the development of the gastrointestinal tract and other 
organs has been extensively studied in bovines and pigs, 
whereas data concerning other species are scarce (Grosve-
nor et al., 1993; Blättler et al., 2001; Blum and Baumrucker, 
2002).

Conclusions
The structure and number of layers of the placenta determine 
the intrauterine transfer of Ig during gravidity, and conse-
quently the necessity of colostrum supply to ensure passive 
immunization. In particular, many domestic farm animals are 
ungulates and rely on the timely supply of colostrum imme-
diately after parturition. Colostrum and milk composition 
further provide a customized liquid feed source meeting the 
demands of neonates born at different developmental and 
maturity stages. However, placentation does only partially 
explain the heterogeneity of lactogenesis and colostrum for-
mation. Despite similarities in placentation, Ig content and 
milk composition may vary tremendously among and within 
different species.
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