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Abstract

Colostrum is the first secretion of the mammary gland produced after birth, differentiating itself from mature milk because
it has a higher concentration of proteins, immunoglobulins, vitamins, minerals, bactericides (lactoferrin, lysozyme and
lactoperoxidase) and growth factors. The use of bovine colostrum for human consumption has been registered for many years
in food or in medicinal therapies, and several studies have been conducted with the objective of evaluating its benefits in
human food supplementation. The results point to improvements in cases of gastrointestinal, respiratory, inflammation, and
bone development diseases, among others. Its commercialization currently takes place in physical or online markets in some
countries. However, its commercialization for human consumption in Brazil is very recent, placing bovine colostrum as a new
functional food option for consumers.

Keywords: functional food; bioactive compounds; lactoferrin; lysozyme.

Practical Application: The most recommended industrial application in food production is in the dairy industry in developing
food products with bioactive compounds favor human health benefits provided by improvements in the immune system,

intestinal flora balance and tissue regeneration.

1 Introduction

The first secretion of the mammary gland after childbirth is
known as colostrum, and its composition significantly changes
in the first days, differentiating it from mature milk (Rathe et al.,
2014). Bovine colostrum is a food having abundant composition
in immunological agents which play a passive immunity role
in the newborn, guaranteeing protection and assisting in
developing the calf’s gastrointestinal system (Nikolic et al., 2017).
The antimicrobial factors present in colostrum act to protect
the neonate against infections, especially in the first weeks after
birth (Menchetti et al., 2016).

The use of human food supplementation should take into
account variations in the composition according to species, breed,
food management, number of calves, and processing practice,
among others (Menchetti et al., 2016). Its composition is rich
in solids, protein, immunoglobulins, fat, and growth factors,
among others, having aroused interest for their inclusion in
human consumption for both developing pharmaceuticals and
food derivatives (Marnila & Korhonen, 2011; Yurchenko et al.,
2016). Studies on the benefits of bovine colostrum for humans
have been developed for centuries, although they are still not
yet fully elucidated (Bodammer et al., 2011). In addition, in a
review of equine colostrum, Barreto et al. (2019) also elucidated
several benefits in food and human health.

Therefore, the present review aims to address the use of
bovine colostrum for human consumption, taking into account

its nutritional composition and the presence of functional
compounds such as enzymes and growth factors. It highlights
research showing human health benefits related to bovine
colostrum supplementation.

2 Bovine colostrum composition

Colostrum is the first food of newborn mammals, being
produced in the first days after birth. Its composition differs
from mature milk because it presents a higher concentration of
solids, protein, immunoglobulins, fat, and growth factors, among
others (Marnila & Korhonen, 2011). The marked differences
observed in bovine colostrum and mature milk compositions
have evidenced different biological functions of the two fluids
(McGrath et al., 2016). Colostrum composition varies by species
(Gregory, 2003), as can be seen in Table 1.

The high fat and protein values for bovine colostrum
(Table 1) are higher than the means found for fat (4.69%) and
protein (3.62%) of mature milk (Czerniewicz et al., 2006).
The high concentration of protein in colostrum is related to its
high immunoglobulin concentration, which decrease during
lactation until reaching the mean for this component in mature
milk (Kamel et al., 2015). Different from the values observed for
colostrum, the IgG and IgA immunoglobulins in mature milk
represent 0.72 and 0.13 mg/mL, respectively (Gapper et al., 2007),
demonstrating the importance of colostrum feeding by the neonate.
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Evaluating the rheological characteristics of bovine colostrum
and their correlation with IgG concentration, Ceniti et al. (2019)
observed a significant decrease in solid-liquid balance and elasticity
index values as well as in the IgG concentration was observed.
A suitable correlation (R2 = 0.737) between the elasticity index
values and the IgG concentration was evidenced. The study
found suitable and valuable information towards understanding
the rheological behaviour of colostrum at different times of
milking. Thanks to the suitable correlation between the elasticity
index values (obtained by microrheological evaluation) and the
colostrum IgG concentration, Rheolaser Lab® technique can be
proposed as a promising tool for the analysis of colostrum quality.

Colostrum has a significant amount of lactoferrin,
lactoperoxidase and lysozyme in its composition, which have
antimicrobial and antiviral characteristics. Lactoperoxidase acts
on liposaccharide binding, regulating bacterial growth, while
lactoferrin has toxic properties for a number of Gram-positive
and negative bacteria, as well as antiviral characteristics, and
lysozyme acts on the immune system, attacking the peptidoglycan
component of Gram-positive bacteria, causing bacterial lysis
(Pakkanen & Aalto, 1997). The antimicrobial, antifungal and
antiviral actions of colostrum allow the destruction of certain
pathogens such as Escherichia coli, rotavirus and Cryptosporidium
(Bagwe et al., 2015).

According to Davison (2012), the immunological gain in
using bovine colostrum in human feeding is due to the possible
survival of some bioactive components in the digestion process
which allow immune responses.

The use of colostrum for producing immunoglobulins
on an industrial scale is interesting because it presents high
bioavailability and safety when compared to blood derivatives
(Anamika Das & Seth, 2017). The use of IgG, which is present
in high quantities in bovine colostrum as an antimicrobial
agent, differs from other conventional products because it does
not result in changes in the intestinal microbiota, in addition
to not favoring the emergence of resistant microorganisms
(Steele et al., 2013).

In analyzing colostrum composition, Bagwe et al. (2015) and
Marnila & Korhonen (2011) emphasize that bovine colostrum
is an abundant source of fatty acids when compared to mature
milk. Some fats present in colostrum, such as conjugated linoleic
acid, play a role in preventing cancer (Godhia & Patel, 2013).
The profile of unsaturated fatty acids in bovine colostrum can
be seen in Table 2.

It can be observed that the lipid profile of bovine colostrum
haslower concentrations for saturated fatty acids and higher values
for monounsaturated and polyunsaturated fatty acids. In studying
the fatty acid profile of bovine colostrum, Masek et al. (2014)
highlighted colostrum as a possible functional food alternative
for humans due to its lower amount of saturated fatty acids
when compared to milk, as well as the greater participation of
unsaturated fatty acids such as linoleic-conjugated acid, which
has beneficial characteristics for human health.

When studying the lipid components of bovine colostrum
in the first 5 days after calving, Contarini et al. (2014) observed
that the colostrum had a different fat composition in the first
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Table 1. Colostrum characterization of different species.

Constituent Bovine Buffalo Sheep Human
Colostrum Colostrum Colostrum Colostrum

Fat (%) 6.7% 7.6-11.31 4.1 3-5%
Protein (%) 14.9% 4.3% 3.4 0.8-0.9%
Lactose (%) 2.5% 7.4% 4.7 6.9-7.2%
IgG1 mg/mL 35.0 NA NA NA
IgG2 mg/mL 16.0 NA NA NA
IgA mg/mL 1.7 NA NA NA
IgM mg/mL 4.3 NA NA NA
Lactoferrin mg/mL 0.8 NA NA NA

Source: Adapted from Czerniewicz et al. (2006), Bagwe et al. (2015) and Gapper et al.
(2007). NA = not assessed.

Table 2. Unsaturated fatty acids profile in bovine colostrum.

Fatty acids Colostrum Mature milk
Palmitoleic C16:1 w-7 1.57 £0.08 1.73 £0.11
Oleic C18:1 w-9 trans 0.76 £0.13 0.59 £ 0.06
C18:1 w-9 39.28 £1.03 31.98 +0.81
C18:2 w-6 trans 0.28 £ 0.04 0.31+£0.08
Linoleic 18:2 w-6 6.53 +0.39 7.06 +0.44
Linolenic 18:3 w-3 0.61 £0.04 0.43 +0.05
Gadoleic C20:1 w-9 1.02 £0.14 0.75+0.10
C20:2 w-6 0.24 +0.04 0.20 + 0.06
di-homo-y-linolenic C20:3 w-9 0.17 £ 0.04 0.14 +£0.03
C20:5 w-3 0.86 +0.09 0.23+0.03
Behenic C22:0 2.04 +£0.15 2.31+0.21
C22:2 w-6 0.45 +0.09 0.25 +0.04
C22:5 w-6 0.28 +£0.01 0.28 +0.04
C22:5 w-3 0.56 +0.02 0.20 +0.03
C22:6 w-3 0.30+ 0.06 0.23 +0.04
Nervonic C24:1 w-9 0.53+0.14 0.35+0.06
Saturated Fatty Acid 4571 +1.10 53.86 + 1.18
Monounsaturated Fatty Acid 44.01 +0.79 36.69 +0.74
Polyunsaturated fatty acid 10.28 + 0.66 9.45 + 0.64

Source: Adapted from Zou et al. (2015).

24 hours than the fluid produced after four or five days and the
milk of halflactation, highlighting an abundant concentration of
essential lipids for the neonate such as omega-3 and phospholipids
(mainly sphingomyelin) and cholesterol, while concentrations
for trans fatty acids like linoleic-conjugated acid were lower in
the first hours of production.

The high concentration of bioactive components in
bovine colostrum such as lactoferrin, lysozyme, leukocytes,
immunoglobulins and cytokines guarantee immune protection
until the newborn’s body is able to develop its own responses
(Satyaraj et al., 2013). These characteristics have attracted the
interest of the pharmaceutical industry to bovine colostrum
components and their applications in human health (Marnila
& Korhonen, 2011).

Gosch et al. (2013) conducted a study aiming to determine
whether membrane microfiltration can be applied to bovine
colostrum for reduction in microbial content as it is applied
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in conventional milk processing. Standard industrial-scale
ceramic membrane elements with various pore sizes and
channel diameters were utilised in cross-flow microfiltration
experiments to examine flux performance as well as the retention
of micro-organisms and proteins. Additionally, comparative
experiments with skimmed raw milk were performed. Although
there are still some drawbacks that have to be dealt with, it has
to be emphasised that cross-flow microfiltration is one of the
very few methods that allows a considerable reduction in the
microbial content of heatsensitive materials, such as bovine
colostrums (Gosch et al., 2013). Regarding the concentrations of
valuable substances such as IgG and lactoferrin, microfiltration
with 1.4 and 0.8 Im provided a product that is close to the
original raw material.

2.1 Benefits of immunoglobulin A (IGA)

Serum IgA concentration is 2-3 mg/mL, which makes it the
second most abundant immunoglobulin in serum, behind only
IgG with values of 12 mg/mL; however, IgA production by the
organism is 5 times faster than IgG (Woof & Kerr, 2006). Salivary
immunoglobulin (A S-IgA) plays a protective role in mucosal areas
such as the respiratory tract, genitals and gastrointestinal tract,
and is considered important in the defense against pathogenic
invaders (Woof & Kerr, 2006).

Appukautty etal. (2012) studied the consumption of colostrum
supplementation in adolescents involved in regular physical
exertion. The authors observed that administration of 20 g of
bovine colostrum supplement increased S-IgA production when
compared to young women receiving a skim milk supplement.

Patiroglu & Kondolot (2013) followed the use of bovine
colostrum in treating children with upper respiratory tract
infections due to IgA deficiency and observed a reduction in
the severity of infections. The researchers emphasized that the
patients did not report problems related to the use of colostrum.

2.2 Benefits of lactoferrin

Lactoferrin is a protein found in colostrum and breast
milk (Buttar et al., 2017), and is considered the main protein
found in milk serum of all mammals (Manzoni, 2016). It acts in
preventing lung, bladder, colon, esophagus and tongue cancer
by improvements provided to the immune system.

Lactoferrin has antineoplastic actions that act in different
ways depending on the type of cancer; it can act in altering the
cell membrane, cell cycle arrest, apoptosis action, metastasis
inhibition and cellular necrosis. It is extracted from colostrum
or produced by recombinant DNA technology, and is added to
conventional formulas in certain countries because it is considered
a safe food supplement by the Food and Drug Administration
(FDA). Research has shown that lactoferrin has a high resistance
rate to digestion (Manzoni, 2016), in addition to favoring benefits
to infant intestinal health by reducing the pathogenic microbial
load (Manzoni, 2016).

In vitro studies show that lactoferrin has inhibitory action
against several viruses. Its oral administration in animals and
humans showed satisfactory results against the common cold,
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influenza, viral gastroenteritis and herpes (Wakabayashi et al., 2014).
In in vivo and in vitro studies conducted by Eliassen et al. (2002),
lactoferrin showed cytotoxic activity against cancer cells, resulting
in a significant decrease of tumors.

2.3 Benefits of lysozyme

Like lactoferrin, lysozyme is an enzyme that is present in
bovine colostrum and acts as a bactericidal barrier destroying the
integrity of the bacteria cell wall together with other bactericidal
agents present in the colostrum (Ribeiro etal., 2016). According
to Rainard & Riollet (2006), lysozyme is produced by epithelial
cells and leukocytes, and performs bactericidal function by
the hydrolysis of the peptideoglycans present in the cell wall
of Gram-positive and Gram-negative bacteria causing cellular
breakage.

In a study conducted by Davison & Diment (2010) to
determine the effects of supplementation with bovine colostrum
on neutrophil function and the release of salivary lysozyme
after a resistance exercise known as acute depression of innate
immunity, 20 male volunteers with mean age of 25 years were
divided into two groups. One group received isoenergetic
supplementation with bovine colostrum and another group
with milk protein. The supplementation occurred for 28 days.
On the 28™ day the subjects were exposed to two hours of training
on an ergometric system with electric brakes. In conclusion,
the authors reported that daily supplementation with bovine
colostrum during a period of 4 weeks increases the recovery
of neutrophilic function, in addition to preventing salivary
lysozyme release under immunosuppression conditions after
physical exercise.

2.4 Human supplementation with bovine colostrum

Bovine colostrum has been used in human food for thousands
of years in India, and in the United States its use as an antibacterial
agent occurred until the development of antibiotics. However, in
the 1990s there was an increase in research with the objective of
using bovine colostrum for human consumption, as well as in
developing products containing colostrum in their formulations
(Jenny et al., 2010).

Historically, bovine colostrum use in India has occurred
since the domestication of this animal species and is employed
in both medical processes and spiritual rituals (Godhia & Patel,
2013). In India, colostrum is offered along with mature milk,
presenting therapeutic action in the fight against influenza in
older adult patients (Conte & Scarantino, 2013). Also in India,
the use of bovine colostrum to irrigate the eye during surgeries in
the ocular region is documented in an ancient Indian medicine
known as Ayurveda (Buttar et al., 2017).

In the Western World, the use of colostrum in medicinal form
dates from the 18" century, with its use aimed at improvements
in the immune system. Colostrum was widely used in the fight
against bacterial diseases until the development of penicillin
(Godhia & Patel, 2013). Although it has beneficial properties to
human health, therapeutic use of bovine colostrum in the past
has been limited due to technical factors such as the oxidation
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sensitivity of colostrum lipid components and the need for
cooling during storage (Struft & Sprotte, 2007).

In Brazil the commercialization of bovine colostrum for
human consumption is prohibited by the Regulation of the
Industrial and Sanitary Inspection of products of Animal
Origin (Brasil, 2017). However, there are already studies with
the objective of legalizing their commercialization, such as a
technical report sent to the Ministry of Agriculture, Livestock
and Supply (MAPA) and the National Health Surveillance Agency
(ANVISA) on the use of bovine colostrum and its derivatives for
human food. This material was developed by researcher Mara
Helena Saalfeld, which was based on research carried out by
the Technical Assistance and Rural Extension Company of Rio
Grande do Sul (Saalfeld, 2015).

Colostrum performance in the human organism happens
through the immune system due to its great bioactive component
concentration, and in body development from the aid of its
growth factors. As aresult, its use as a food supplement in recent
decades is increasing (Godhia & Patel, 2013).

Bioactive compounds favor human health benefits provided
by improvements in the immune system, intestinal flora balance
and tissue regeneration (Kabala-Dzik et al., 2017). In addition,
bovine colostrum is employed in some therapeutic processes of
cardiovascular diseases, allergies, autoimmune diseases and also
presents beneficial actions against cases of bleeding, decreased
flow and ischemia resulting from the administration of certain
drugs (Bagwe et al., 2015).

The bioactive components present in bovine colostrum can
present antimicrobial and neutralizing action of endotoxins in
the gastrointestinal tract, fighting intestinal inflammation and
aiding in repairs in cases of tissue lesions (Saad et al., 2016).
Colostrum is more important in preterm newborns, since an
immature organism has a reduced digestive function, low bacterial
colonization and a dysregulated immune system (Sty et al., 2016).

Bovine colostrum is a potent immunological agent and
has a rapid response against infections, so that its use may be
an alternative to therapy with immune potential, especially
for at-risk populations (Wong et al., 2014). A study conducted
by Saad et al. (2016) with 160 children aged 1 to 6 years with
acute upper respiratory tract infection or frequent diarrhea
showed that patients who received bovine colostrum powder for
4 weeks benefited from a reduction in problems related to such
infections, and a decrease in the number of hospitalizations was
also observed. The obtained results led the authors to suggest
administering colostrum as a therapeutic option against the
evaluated infections.

In reviewing dietary supplementation with colostrum,
Jones et al. (2016) concluded that bovine colostrum supplementation
reduces the incidence of gastrointestinal problems in exercising
adults. This result is important because extensive sports practice
results in thermal and oxidative stress to the organism, and
consequently can increase the intestinal permeability that will
result in greater circulation of bacteria and toxins in the intestinal
lumen, which in turn may deregulate the immune system and
contribute to immunodepression caused by physical activity
(Davison, 2012). In addition, increased intestinal permeability may
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be related to developing type 1 diabetes, Hashimoto’s thyroiditis
or diseases related to autoimmune hepatitis and autoimmune
connective tissue (Wang et al., 2000). Supplementation with bovine
colostrum reduces intestinal permeability (Halasa et al., 2017).

Studies have shown that immune enhancement and exercise
performance in individuals supplemented with bovine colostrum
is limited and is not able to influence body composition during a
period of intense training (Davison, 2012). However, other studies
suggest gains in performance of athletes who practice frequent
exercise, as well as improvements in recovery (Shing et al., 2009)
and elevation in the reserve of antioxidant mechanisms which
protect the skeletal muscle against oxidative lesions resulting
from physical exercises (Appukutty et al., 2012).

Nutritional interventions to maintain the integrity of the
intestinal barrier and, therefore, avoiding these complications
during and following exercise in the heat are somewhat limited.
However, bovine colostrum (Col) has shown to be both effective
in blunting the heat-induced increase in permeability in vitro and
in vivo in animals and humans. March et al. (2019) conducted
the first study to demonstrate the efficacy of colostrum to reduce
intestinal injury following exercise in the heat. This could hold
particular relevance to athletes who are required to compete
in hot and humid conditions and those individuals whose
work (e.g. soldiers, firefighters) necessitates exhaustive physical
exertion in such environments. (March et al., 2019).

Studies which have evaluated bovine colostrum supplementation
in sporadic sports practitioners show that their use may be related
to decreased fat, lean mass gain, strength gain, acceleration in the
healing process and improvements in immune response, generally
being affected after excessive exertion (Godhia & Patel, 2013).

Hatasa et al. (2017) observed a group of 16 female martial
artists aged between 20 and 43 years in order to evaluate the use
of bovine colostrum supplementation in athletes with intestinal
permeability. One subgroup received supplementation based
on 500 mg of bovine colostrum and another banana-based
placebo twice daily for 20 days. The patients underwent a
series of tests including fecal collections to assess intestinal
permeability. The intestinal permeability in the group that
received colostrum-based supplementation was reduced to
limits considered normal.

Long-term high-intensity training can cause a decline in
immune function in athletes. In this study, Zhang (2019) have
explored whether bovine colostrums (BC) could improve the
immune function in athletes undergoing intensive training.
Thirty professional athletes were randomly divided into control
group and bovine colostrum group; both groups received one
month of intensive training. The control group received usual
colostrum-free diet and the bovine colostrum group was fed
bovine colostrum-rich milk every day. The results show that
BC can increase the number of lymphocytes, an important
cellular component of immune response. Also, BC increased
the number of lymphocytes important for the regulation of
immunity. After training, the albumin of athletes in the control
group increased significantly, globulin decreased to about 21 g/L
(normal value was 20-30 g/L), and A/G increased significantly.
The serum albumin of the BC group did not change significantly.
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Table 3. Studies using bovine colostrum in food production for humans.

Author Product Journal/Year
Ahmadi et al. (2011) Yogurt Journal of Agroalimentary Processes and Technologies/2011.
Ahmadi et al. (2011) Yogurt and Kefir JSM Biotechnology & Biomedical Engineering/2016.

Nazir et al. (2018) Fermented milk

Abdel-Ghany & Zaki (2018) Yogurt

Anamika Das & Seth (2017) Curd

Mouton & Aryana (2015) Ice cream

Poonia & Dabur (2012) Khees

Saalfeld et al. (2012) Milk drink and butter

International Journal of Adv. Reserch in Sci. and Engineering/2018.
Alexandria Science Exchange Journal/2018.

International Journal of Chemical Studies/2017.

Food and Nutrition Sciences/2015.

J. Dairying, Foods & H. S./2012.

Agroecologia e Desenv. Rural Sustentdvel/2012.

In summary, BC could prevent globulin deficiency caused by
high-intensity training and improve the immune function of
the human body.

Hung et al. (2018) studied the administration of bovine
colostrum in treating rats with collagen-induced arthritis; a
model adopted because of its similarity to human rheumatoid
arthritis. The authors observed that colostrum use in the early
stage of collagen-induced arthritis resulted in a modulating
effect on inflammation markers and on arthritis symptoms.
Such a finding may indicate that colostrum decreases symptoms
caused by rheumatoid arthritis in rats, which suggests that the
same may occur in humans.

Sty et al. (2016) conducted a study with the objective of
evaluating the action of bovine colostrum obtained after the spray
dry process on the intestinal function of preterm piglets. Although
they observed a reduction in the composition of the TGF-B1 and
TGE-B2 factors, there was an increase in intestinal villi, as well
as a decrease in the severity of necrotizing enterocolitis cases.

Another benefit of colostrum is its ability to recover and aid
in bone tissue development (Du etal., 2011). Bovine colostrum
may contribute to lower limb gain and decrease bone resorption
in older adults (Duff et al., 2014).

Inastudy by Duetal. (2011) with the objective of evaluating the
effects of colostrum acid proteins on the bone loss of old rats, it was
observed that colostrum supplementation is positive in preventing
osteoporosis, which mainly affects postmenopausal women by
causing imbalance between bone formation and resorption.

In a study by Antonio et al. (2001) to investigate the effect
of bovine colostrum supplementation on active and healthy
adults aged 18-35 years, the authors observed a bone-free lean
mass gain after 8 weeks of supplementation with 20g/day of
bovine colostrum.

2.5 Use of bovine colostrum in producing dairy products

In recent years, some studies have aimed at producing dairy
foods with added bovine colostrum for human consumption,
as can be seen in Table 3.

Yogurts with different colostrum additions were studied
by Ahmadi et al. (2011), Ayar et al. (2016) and Abdel-Ghany &
Zaki (2018), the authors observed that the addition of bovine
colostrum in yogurt production showed good sensory acceptance.

A similar fact was observed by Saalfeld et al. (2012) with
the production of milk drinks and butter with the addition of
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bovine colostrum silage. Other products with added colostrum
that showed good sensory acceptance were reported in a study
by Mouton & Aryana (2015) with ice cream developed with
bovine colostrum added, and in a study conducted by Nazir et al.
(2018) with the production of fermented milk with different
bovine colostrum percentages.

Other studies which also aimed at evaluating bovine colostrum
in producing food for human consumption were developed by
Poonia & Dabur (2012), who produced a traditional Indian
dessert called Khess; and also by Anamika Das & Seth (2017)
who elaborated curds with colostrum addition.

From a technological point of view, lactic acid bacteria
are one of the most interesting groups of bacteria and they are
widely used as starter cultures in different fermentation processes
(Ruiz et al., 2016). Functional properties and safety assessment of
lactic acid bacteria isolated from goat colostrum for application
in food fermentations was evaluate in order to establish their
industrial value. The data obtained in this study demonstrate
that the behavior of isolates varied with the properties assayed,
and while some of them highlighted by their technological
properties, other as Lac. garvieae P27M15 was the best as
probiotic because of its higher resistance to low pH and to the
bile salts. Therefore, it can be concluded that some isolates found
have functional propertie and safety to be considered potential
candidates for practical application as starters/adjunct cultures
in food fermentations (Ruiz et al., 2016).

3 Final considerations

The use of bovine colostrum for human consumption has
been explored for thousands of years in India, but its use as a
dietary supplement is recent. Regular consumption may favor
benefits such as osteoporosis prevention, reducing symptoms
of arthritis and intestinal permeability, improvements in the
immune system, and fighting cancer cells, among others.

Although the consumption of bovine colostrum by
humans is not traditional in Brazil, some research has been
conducted with the interest of evaluating its use in developing
food products.
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