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as a promising nutraceutical:
a systematic review

Akshay Ramani,a Sathiya Taherabbasa and Subhadip Manik *b

Nowadays, it is essential to identify the benefits of sustainable living with nutritional food for the world's

expanding population. This systematic review explores the unique composition of bovine colostrum, the

initial milk produced by mammals post-parturition, compared to mature milk. We delve into extensive

studies to examine its potential applications in human nutrition and health. Meticulous characterisation

of its constituent fractions reveals a diverse array of potentially bioactive molecules, demonstrating their

influence on neonatal development and their relevance in this era. Bovine colostrum can be a suitable

alternative to mature milk as it is a rich source of numerous components such as bioactive proteins, fats,

oligosaccharides, minerals and vitamins. Advance technologies were also used to preserve and

commercialise it. So, a comprehensive discussion of its potential benefits for human health and

exploring various preservation techniques for bovine colostrum presents a thorough overview of its

multifaceted applications in promoting health and well-being.
Sustainability spotlight

Bovine colostrum is the rst milk that a bovine produces aer giving birth and it contains numerous natural micro- and macro-nutrients, immunoglobulin,
peptides, growth factors, etc. This systematic review clearly addresses every possible aspect of bovine colostrum. This systematic review included the chemical
composition, technological advancements for preservation, and potential health advantages of bovine colostrum. Lastly, the environmental impact of bovine
colostrum compared to traditional mature milk is presented in this research. Future scientists, food technologists, dairy technologists, and industrialists will
nd this review useful in their understanding of bovine colostrum and in their investigation of its uses and limitations. This form of milk offers several
components which have shown numerous health benets. So it may be used to formulate milk andmilk products. The UN's sustainable development goals [goal
2: zero hunger, achieve food security and improved nutrition and promote sustainable agriculture] are in line with this review.
1. Introduction

The rst milk produced by a bovine aer giving birth is termed
colostrum, and it contains a wealth of natural macro- and
micro-nutrients, immunoglobulins, peptides with anti-
microbial activity and growth factors. Bovine colostrum differs
from regular milk by containing lower lactose levels and higher
protein levels, making it a potentially suitable option for indi-
viduals with lactose intolerance. It exhibits a slimy and viscous
texture, a slight reddish-yellow color, a strong odour, and
a bitter taste. Although, it is crucial for the growth, develop-
ment, and immunological and nutritional support of the
newborn calf. It is processed by the dairy industry for conser-
vation and offered for sale as it can boost the immune system
and improve overall human health.

Additionally, there is substantial evidence that bovine
colostrum may be benecial for treating a range of illnesses in
airy Research Institute, Karnal 132001,
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both adults and children1,2 and as a supplement for athletes to
aid exercise performance and recovery.3,4 Bovine colostrum has
gained attention because of its therapeutic and medicinal
properties, particularly during the COVID-19 pandemic.
Research publications on colostrum and its health benets have
reportedly increased. Bovine colostrum is known for its
immune support, nutritional richness, and potential antimi-
crobial properties. Fig. 1 shows an increased global trend of
research related to colostrum and its health benets; it would
be helpful to analyse the details in Fig. 1 for a more compre-
hensive understanding.

Currently, colostrum-developed cheeses and other traditional
products showing popularity in European civilizations and those
from Scandinavia, India, and other places.5 Furthermore, it has
been dried to preserve nutritional contents which possess
numerous health benets.6 Colostrum preparations are sold in
the US and EU with the promise of improving GI and immunity,
among other health benets. Although the idea of using dried
colostrum, which is usually in the form of pills or tablets, seems
appealing, there are drawbacks to this use because of the small
quantity of colostrum taken in comparison to clinically estab-
lished consumption rates. However, recent studies indicated that
Sustainable Food Technol., 2024, 2, 531–547 | 531
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Fig. 1 Global trend of research related to colostrum and its health benefits.
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colostrum has important natural anti-microbial components that
help to develop immunity in calves.7 The intake of colostrum
enhances the function of GI8–12 and it showed effects in metabolic
and endocrine systems.9,11 Colostrum contains bioactive protein,
which shows numerous health benets, such as the potentiality to
repair skeletal muscle and improve immunity.13Meanwhile, many
research studies reported the development of neonatal immunity
in newborn calves due to feeding of colostrum that contains
components such as maternal immune cells, growth factors,
cytokines, antimicrobial compounds and immunoglobulins.14–16

Moreover, colostrum from bovine origin showed anti-viral
and anti-bacterial effects and can be considered as a nutra-
ceutical.17 Its application is not limited to people; there is
evidence that it is useful in animal husbandry and for the health
and welfare of domestic pets and large animals.18–22 Currently,
several studies also advocate its effect on gastrointestinal
disease23 and immune function.24 Although this practice is
linked to these cultural or regional beliefs, the wealth of well-
characterized bioactive constituents and specic prebiotic
substances in this diet may provide more scientic evidence in
favour of this traditional knowledge. Traditionally, people used
to consume liquid fresh colostrum, but pasteurised colostrum
is now sold as a stand-alone beverage in certain stores; however,
production is still very low.25 This systematic review provides
a brief knowledge about bovine colostrum by discussing its
composition, processing techniques for its preservation and its
potential applications towards health benets.
2. Methods

This systematic review aims to present a comprehensive
exploration of colostrum as a nutraceutical, focusing on its
medicinal properties. On December 25, 2023, an exhaustive
search was conducted on Scopus, covering documents from
2000 to 2023. To ensure the inclusion of relevant information
without language bias, papers in all languages were considered
within the inclusion criteria. The Scopus advanced search
employed the following query string:
532 | Sustainable Food Technol., 2024, 2, 531–547
TITLE-ABS-KEY ((“bovine colostrum*”) AND (“processing*”)
OR (“health” OR medicinal* OR therapeutic))

The search results were exported in the .csv format, capturing
essential details such as (i) citation, (ii) bibliography, (iii) abstract
and keywords, (iv) funding details, and (v) other information.
Exclusion criteria were rigorously applied to eliminate results
lacking complete information. Ameticulous review of all abstracts
was carried out, excluding papers not directly relevant to the
application of colostrum in human health. The selected papers
were then obtained in full text and systematically organized using
the Mendeley reference manager.
3. Results and discussion

The systematic review, initiated with a Scopus advanced search,
unveiled 230 primary documents. Focusing on the technological
advancements in bovine colostrum and their health benets over
the last 23 years (2000–2023), the database was strategically
ltered to encompass articles specically within the domain of
“Agricultural and Biological Sciences, Veterinary and Medicine.”
In the initial screening phase, 192 documents were carefully
evaluated based on their titles and abstracts. Subsequently,
a thorough review and categorization of each article using its title
and abstract resulted in 179 papers deemed suitable for full-text
evaluation. Following stringent criteria, including originality,
relevance to the specic subject, and traceability, 160 articles were
ultimately included. An illustrative overview of the comprehensive
process is illustrated in Fig. 2.
4. Chemical composition of bovine
colostrum

The composition of milk undergoes signicant changes
throughout lactation, and the content and nutritional value of
bovine colostrum differ from those of mature milk.26 Fig. 3
illustrates the nutritional and bioactive components present in
bovine colostrum. Colostrum has a much lower lactose
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Study selection procedure flow.
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concentration and comparatively higher protein and fat content
than mature milk as per Table 1.

This is in line with the requirements of the growing calf, for
whom the health benets of immunoglobulin transfer via
passive means.39 Additionally, the mineral concentration of
milk decreases in conjunction with the amount of milk
produced throughout lactation (Table 1). So, colostrum can be
an alternative to mature milk as it contains lower lactose but
higher protein than mature milk. Moreover, protein is termed
a complete food as its constituents, such as whey protein and
amino acids, possess high protein digestibility,40 despite the
fact that colostrum has higher quantities of less digestible
immunoglobulins (Table 1).

While the current dietary guidelines for protein consump-
tion are 0.8 g per kg per day for a normal adult who engages in
little physical activity,41,42 an expanding amount of data points
Fig. 3 Nutritional and bioactive components of bovine colostrum.

© 2024 The Author(s). Published by the Royal Society of Chemistry
to a possible higher optimum intake of 1.2–1.6 g per kg per
day,43–45 and to support the synthesis of skeletal muscle protein,
this consumption has to be balanced with other food.46 The
ideal protein intake to prevent the skeletal muscle loss that
comes with age is frequently not reached, especially in older
populations. This is made worse by the decreased proteolytic
activity that comes with ageing.47 Colostrum may therefore
provide a full, palatable, and easily digested protein supply that
may be included in a diet that is calorie-appropriate. Bovine
colostrum contains a variety of protein-derived bioactive
peptides, vitamins, minerals, and other nutrients in addition to
macronutrients that may enhance its macronutrient prole.

4.1 Fats

Compared to mature milk, colostrum has a larger amount of
fat,64 and the content of these fats is also different. It has a larger
concentration of palmitic, palmitoleic, and myristic acids than
mature milk, according to research on the composition of
colostrum and the changes that occur throughout the transition
to mature milk.65 Despite the fact that these fat proles are ideal
for growing calves,66 these fat proles as well as the higher
concentration of saturated fat have been linked to long-term
adverse health effects. However, the literature is divided on
the degree to which dairy fats contribute to cardiovascular
disease.67 There is evidence that these fatty acids function as
signaling molecules and that they regulate the liver's process of
lipogenesis as dietary fats.68

Additionally, removing these lipids lowers the content of
certain fat-soluble vitamins contained in milk, such as vitamins
D and A, in colostrum. The ability to efficiently separate fats
from the aqueous fraction of milk—the portion that contains
proteins, carbohydrates, minerals, and some vitamins—is
relevant to consumers because it allows for the reduction or
removal of these fats from colostrum prior to downstream
Sustainable Food Technol., 2024, 2, 531–547 | 533
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Table 1 Compositional differences between bovine colostrum and mature milk

Constituents Bovine colostrum Mature milk References

Fat (mg mL−1) 64 39 27 and 26
67 — 28

Lactose (mg mL−1) 27 49 27 and 26
24 28

Protein (mg mL−1) 140 36 27 and 26
149 28

Casein (mg mL−1) 43 25 29
Whey (mg mL−1) 120 5.10 29
Total solids (mg mL−1) 276.40 125 28
Ash (mg mL−1) 0.50 7 28
Immunoglobulins (mg mL−1) IgG 55 0.26 27 and 30

IgA 1.66 0.04–0.06 28, 31 and 32
IgM 4.32 0.03–0.06 28, 31 and 33

Oligosaccharides (mg mL−1) — 0.3–0.5 34
Lactoferrin (mg mL−1) 0.82 0.10–0.30 35
Lactoperoxidase (mg mL−1) — 13–30 36
Calcium (mg kg−1) 4716 1220 28 and 37

1518 — 38
Phosphorus (mg kg−1) 4452 1520 28 and 37

1586 — 38
Magnesium (mg kg−1) 733 120 28 and 37

219.70 — 38
Sodium (mg kg−1) 1059 580 28 and 37

516.70 — 38
Potassium (mg kg−1) 2845 1520 28 and 37

1297 — 38
Zinc (mg kg−1) 38.10 5.30 28 and 37

151 — 38
Iron (mg kg−1) 5.33 0.80 28

34.66 — 38
Manganese (mg kg−1) 0.10 0.20 28 and 37

2.62 — 38
Vitamin a (mg kg−1) 4.90 460 28 and 37
Vitamin E (mg kg−1 of fat) 77.17 2.10 28 and 37
Vitamin B12 (mg ml−1) 0.60 4.50 28 and 37
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processing, potentially opening the door to the production of
low-fat or fat-free colostrum products. It is theorised that there
might not always be a net advantage from the trade-off between
dairy fats and the elimination of bioactive components that are
present in the fat portion of dairy foods.67 Carefully monitored
clinical trials examining the connection between dietary lipids
in colostrum and health are required to address this discrep-
ancy in the literature.

4.2 Vitamins or minerals present in colostrum

High concentrations of water- and fat-soluble vitamins, which
are essential to human health, are also present in cow colos-
trum.69 Remarkably, retinoic acid, retinol, retinyl esters, retinal,
and provitamin A carotenoids have all been observed to have
substantial quantities of vitamin A in colostrum.70–72 Vitamin E,
in the form of tocopherols and tocotrienols (∼77.17 mg kg−1), is
found in low-density lipoproteins in colostrum.28,69

Phylloquinone and menaquinones, two forms of vitamin K,
are also present in higher concentrations in colostrum than in
mature milk.70 Colostrum contains higher amounts of vitamin
D than mature milk.73 In addition to supporting the absorption
of calcium and phosphorus in the small intestine, vitamin D
534 | Sustainable Food Technol., 2024, 2, 531–547
plays signicant functions in immunological function.74 It
exists in two forms: cholecalciferol (vitamin D3) and ergo-
calciferol (vitamin D2). During the rst ve days aer giving
birth, their concentrations drop from 1.2 to 0.36 IU g−1.75 In
addition, the water-soluble component of colostrum has higher
concentrations of vitamin B and vitamin C than mature milk,76

which offers a natural source of these vital vitamins that are
crucial for human health. Mature milk and colostrum from
cows are considered to be excellent sources of many nutrients,
particularly phosphorus and calcium.74 According to recent
research, adult cow milk contains much lower mean quantities
of several essential elements than colostrum. Calf development
and the maintenance of their strong bones and teeth depend on
calcium. Additionally, phosphorus is essential for the metabolic
rate and physiological processes such as skeletal tissue growth,
energy metabolism, protein synthesis, and fatty acid trans-
port.77 Bovine colostrum contains zinc, selenium, and magne-
sium in quite substantial amounts.74

4.3 Bioactive proteins

4.3.1 Immunoglobulins (Igs). A substantial portion of the
total protein in cow colostrum is composed of complex proteins
© 2024 The Author(s). Published by the Royal Society of Chemistry
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called immunoglobulins (Igs), also referred to as antibodies.
Bovine colostrum primarily contains three distinct isotypes of
immunoglobulins: IgG (IgG1 and IgG2), IgA, and IgM. In bovine
colostrum, immunoglobulin G accounts for 85–90% of the total
immunoglobulin content, making it the predominant immu-
noglobulin. In cow colostrum, IgG1 makes up 80–90% of the
total IgG concentration, followed by IgM, IgA, and IgG2.17,78,79

These immunoglobulins destroy intestinal pathogens like
bacteria, microorganisms, and viruses, and are crucial to the
survival of calves. For many years, researchers have focused on
the crucial topic of using cow colostrum as a source of antibody
preparations to promote both human and cow health.80 Colos-
trum has a higher quantity of IgG than mature milk; in the rst
few days following birth, it can reach 50–100 mg mL−1. This is
one of the key differentiators between colostrum and mature
milk.31,81,82 Before parturition, the concentration of IgG1 and
IgG2 in cow serum drops; these antibodies are transported from
the blood into the colostrum. Almost all of the IgG found in
colostrum actually comes from cow serum and is transported
into the colostrum and milk.83,84

Since cows cannot transmit IgG through the placenta, calves'
survival heavily depends on the transfer of IgG from cow
colostrum to them in order to offer passive immunity. A large
concentration of IgG is therefore required for calves to survive.85

In fact, calves not fed with colostrum showed higher infections
and experienced greater rates of morbidity and mortality.29,86,87

4.3.2 Lactoferrin. Lactoferrin (LF), a versatile glycoprotein
with approximately 80 kDa molecular mass and 700 amino
acids, exhibits two alpha-helix-connected lobes (N and C)
capable of binding various metal ions (Cu2+, Zn2+, Mn3+, and
ferric ion).88,89 Bovine colostrum contains around 0.80 mg mL−1

of lactoferrin, a cationic glycoprotein that binds iron.35 It is one
of the main proteins in the milk serum of all mammals, which
has a variety of uses, including antibacterial, antifungal, anti-
viral, antiparasitic, anticancer, and immunomodulatory (anti-
inammatory) properties.17,33,90–92 Lactoferrin obtained from
bovine colostrum possess antibacterial activity by preventing
the growth of bacteria, viruses, yeasts, and protozoa that cause
disease. It also helps to preserve intestinal permeability and
stability by preventing pathogens from adhering to epithelial
cells.82,93,94

Furthermore, some research indicates that lactoferrin from
bovine colostrum can boost the proliferation of cells called
osteoblasts, which are involved in the production of bones, as
well as the release of certain growth factors from these cells.95,96

Moreover, it has been established that it contributes to the
intestinal absorption of iron and the stimulation of phagocytes
and immunological responses. Intestinal tissue, monocytes,
macrophages, neutrophils, lymphocytes, platelets, and some
bacteria all express lactoferrin receptors.97 Supplements con-
taining lactoferrin from cows are hypothesised to boost
immunity and affect immune cell activity through several
antioxidative properties.98 Colostrum contains the highest
proportion of this protein, four times more than mature milk.99

In addition to this, Parkinson's disease originates from the
death of dopaminergic cells, oen induced by oxidative stress
and glial dysfunction. Lactoferrin, a versatile glycoprotein
© 2024 The Author(s). Published by the Royal Society of Chemistry
present in brain regions, demonstrates a protective effect by
reducing oxidative damage and initiating receptor-mediated
transcytosis across the blood–brain barrier. This dual action
suggests the potential use of colostrum-derived LF in trans-
porting therapeutic agents for Parkinson's treatment.100

Furthermore, some researchers have reported the stability of
LF. In simulated oral, gastric, and intestinal digestion, iron-
saturated (holo)-, native-, and iron-depleted (apo)-bovine lacto-
ferrin (LF) were hydrolyzed to <10 kDa peptides. Holo-LF
released 93% iron within 2 hours of gastric digestion, with
antioxidant activities 3–8 times higher during gastric digestion.
Apo-LF exhibited higher antioxidant activity than holo-LF aer
gastric and intestinal digestion, with minor differences
observed among the LF forms in surface charge and iron
binding/release characteristics.101 This stability information can
be valuable in the utilization of colostrum-derived LF.

4.3.3 Lactoperoxidase. Bovine colostrum contains a signif-
icant amount of lactoperoxidase, a basic glycoprotein that
catalyses the oxidation of thiocyanate to produce intermediate
molecules having antimicrobial properties.102 In mature cow
milk, lactoperoxidase concentrations range from 13 to
30 mg L−1, while in colostrum, it is between 11 and 45 mg L−1.36

Its initial concentration in cow colostrum is minimal, but three
to ve days aer parturition, it reaches its maximum level.
Additionally, compared to mature milk, the activity of lacto-
peroxidase catalase is higher in cow colostrum.103,104 Further-
more, toxic oxidation products are generated from
lactoperoxidase activity and suppress bacterial metabolism via
oxidation of the essential sulydryl group of proteins. It
affected the Gram positive and Gram negative bacteria such as
Pseudomonas aeruginosa, Salmonella typhimurium, Listeria mon-
ocytogenes, Streptococcus mutans, and Staphylococcus aureus.105

Poliovirus, HIV and vaccinia virus are also inhibited by the
lactoperoxidase system.94,106,107

4.3.4 Oligosaccharides. Oligosaccharides are found in
a major quantity in bovine colostrum. Colostrum contains 0.7–
1.2 mg mL−1 of oligosaccharides, most of which are acidic
oligosaccharides, which are less prevalent in adult cow's
milk.34,108 Thus far, forty different oligosaccharide compositions
have been identied in cow colostrum.109–111 Cows differ from
one another in terms of the total colostrum oligosaccharides
due to genetic variability.112 Predominant oligosaccharides in
bovine colostrum are 60 siayllactosamine (60SLN), 60 sialyllactose
(60SL), 30 sialyllactose (30SL), and disialyllactose (DSL). 30SL is
70% of total oligosaccharide content in bovine colos-
trum.108,110,113,114 The colostrum levels of 30SL, 60SL, and 60SLN
peaked aer parturition and declined 48 hours aer delivery,
although levels of neutral oligosaccharides rose.104 Breed-
specic variations in oligosaccharide content have also been
noted. Colostrum from Jersey cows had concentrations of 30SL,
60SL, 60SLN, and DSL of 867, 136, 220, and 283 mg mL−1,
respectively; following parturition, and these values were 681,
243, 239, and 201 mg mL−1, respectively, in Holstein colos-
trum.115 The majority of the prebiotic elements in bovine
colostrum are composed of both complex, conjugated N-glycans
and free oligosaccharides, oen known as bovine milk oligo-
saccharides, or BMOs.116 The majority of the prebiotic elements
Sustainable Food Technol., 2024, 2, 531–547 | 535
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in bovine colostrum are composed of both complex, conjugated
N-glycans and free oligosaccharides, oen known as bovine
milk oligosaccharides, or BMOs.116 BMOs are mostly sialylated,
or acidic, oligosaccharides with a limited propensity for fuco-
sylation, in contrast to human milk oligosaccharides or
HMOs.109 Recent developments in enzymatic glycosylation have
made it possible to improve the structural properties of BMOs.
So, they more closely resemble HMOs.117 Complex milk pro-
cessing has hindered BMO separation from high lactose
concentrations,118 although methods are emerging,119 limiting
its use in human nutrition and health. Although pilot trials with
pure BMOs in adults have not shown generalizable alterations
in GI microbial populations,120 future research in newbornsmay
be more promising due to recent in vitro experiments.121,122

Bovine mature milk and colostrum include complex and
hybrid N-glycans, which can be used as prebiotics in a manner
similar to HMOs/BMOs.123 Additionally, conjugating N-
glycans to milk proteins allows for various recovery tech-
niques. Protein separation from lactose and treatment to
separate N-glycans from their conjugates may be a promising
method for purifying these glycans.124 N-glycans from bovine
colostrum, high in N-glycosylated proteins,125 may be
a promising source of bioactive prebiotic substrates. Research
reveals that complex N-glycans from bovine milk proteins in
colostrum are highly selective for specic bacteria in the adult
GI microbiome. Bidobacterium species with access to these
glycans are more limited than those with access to bigger
repeating polymers of less complicated oligosaccharides (e.g.,
Bidobacterium longum subsp. infantis). Several strains of
these species have been linked to reduced intestinal inam-
mation and enhanced GI barrier function in humans.126,127

Recent research suggests that oligosaccharides from bovine
colostrum may have anti-infective properties against
a particularly invasive strain of C. jejuni.128
4.4 Factors inuencing colostrum composition

Numerous factors inuence the composition and physical
characteristics of colostrum, including individuality, parity,
breed, nutrition, pre-partum, time post-partum and duration of
the dry period in cows. In general, colostrum exhibits higher
levels of nucleotides, cytokines, growth factors, hormones,
minerals and vitamins, ash, non-protein nitrogen, peptides,
protein and fat, while containing lower levels of lactose
compared to mature milk. The concentration of these compo-
nents undergoes a rapid decline within the initial 3 days of
lactation, with the exception of lactose content.48–50

4.4.1 Individual differences in animals. The quality of cow
colostrum varies based on individual and genetic back-
grounds.29 For instance, different cattle exhibit varying levels of
immunoglobulin G (IgG) in their colostrum, as well as different
volumes during their rst milking.51,52 Among the breeds
examined, Friesian-Holstein cows produce the lowest quantities
of IgG (41.2 g L−1), while Jersey cows yield the highest (66.5 g
L−1).53 In terms of cow parity, rst-calf heifers generate less
colostrum and have lower IgG concentrations compared to cows
in their second or subsequent lactations. Following the second
536 | Sustainable Food Technol., 2024, 2, 531–547
calving, the quality of bovine colostrum improves with parity,
with older cows oen providing the highest-quality colostrum.52

Another unique factor inuencing the quality of cow colos-
trum is illness. For instance, low-quality colostrum is a detri-
mental outcome of mastitis, an inammation of the cow's
mammary gland. Cows with infected mammary glands exhibit
reduced volumes and concentrations of bovine colostrum IgG
compared to those without infection.54 Additionally, the age of
the cows also impacts the quality of colostrum. The ndings of
several studies generally support the notion that older cows
produce higher-quality colostrum than younger cows.51,52,55 It is
hypothesized that increased pathogen exposure, enhanced
immunity, and body condition score contribute to the correla-
tion between older age and high-quality colostrum.29

4.4.2 Environmental factors. The amount of IgG in the
colostrum is greatly inuenced by the time of colostrum milk-
ing aer calf delivery. The IgG content in colostrum will be
considerably improved by early or instant colostrum milking.
Colostrum obtained 6, 10, and 14 hours aer delivery is said to
have a lower IgG content than colostrum collected 2 hours aer
delivery.56 Additionally, a different study revealed that the
quality of bovine colostrum in North American herds peaks
right aer parturition and falls off if milking is postponed.51,56

The season of calving has an impact on the quality of bovine
colostrum as well.

In comparison to cows calving in the autumn, summer-
calving cows produce colostrum of inferior quality.51 The
calving season has an impact on the proportion of fat in cow
colostrum at 24 and 48 hours aer delivery. The fat percentage
of colostrum is higher in winter than the spring and summer.
Seasonal variations in water, nutrition, and metabolism might
be one of the causes.57,58

The approximately six to eight-week dry period is a critical
time for cows as this time is necessary for fetal development,
regeneration of milk secretion tissue, and lactation
preparation.59–61 During the nal 15–20 days of the dry period,
colostrum begins to be released, and its composition continues
to change until parturition.60,62 It is even reported that the
length of the dry period and the concentration of IgG have
a positive correlation.63
5. Technologies used to preserve
bovine colostrum

Newborn calves are born agammaglobulinemia, relying on the
timely consumption of maternal colostrum for immunity
through passive transfer. However, various factors, including
multiple births, acute mastitis, and maladapted maternal
behaviour, can impede access to colostrum resulting in short-
ages. Deliberate discarding of colostrum from cows infected
with pathogens further exacerbates these challenges. In the UK,
colostrum is oen harvested and stored, but storage conditions,
such as leaving it uncovered at room temperature, can lead to
bacterial contamination. Bacterial contamination in colostrum
samples is widespread, exceeding threshold limits in individual
and pooled samples.129 Coliform species, in particular, have
© 2024 The Author(s). Published by the Royal Society of Chemistry
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been identied as detrimental to IgG absorption through
various mechanisms.130 To mitigate bacterial contamination,
producers are advised to employ rigorous hygiene practices,
including teat cleaning, equipment scrubbing, and the use of
sterile bags. The preservation of bovine colostrum is a critical
aspect in ensuring the retention of its essential bioactive
components. Preserving high-quality, microbe-free colostrum is
crucial for producing colostrum-based products for human
consumption.131,132 Thermal treatments, such as pasteurization
and sterilization, are effective in eliminating pathogens and
ensuring high-quality colostrum production for human
consumption.131,133 Techniques such as lyophilization, spray-
drying, pasteurization, and emerging technologies like high-
pressure processing are being used to preserve bovine colos-
trum. The positive and negative aspects of the processing
technologies for colostrum preservation are shown in Table 2.

5.1 Thermal and non-thermal treatments

Pasteurization, a heat-treatment process, aims to eliminate path-
ogenic microorganisms in beverages and foods, reducing their
viability rather than destroying all microorganisms.133,134 High-
temperature short-time (HTST) pasteurization, involving rapid
heating to 72 °C for 15 seconds, is a common method for colos-
trum. It is effective against pathogens like Mycobacterium para-
tuberculosis.135,136 Furthermore, pasteurization is not considered as
a strict method of preservation; it serves as a valuable tool for the
storage andmanagement of colostrum shelf life. It is reported that
Table 2 Merits and demerits of the preservation techniques for colostru

Preservation technique Merits

Thermal treatments HTST pasteurization Reduces
colostru
Mycobac
paratube
Mycopla
Enhance

Weight

LTLT pasteurization Reduces

UHT Ensures
prolonge

Spray drying Cost-effe
Preserva
function

Non-thermal treatment Microltration Efficient
preservi
colostru
Recovers
whey pr

Lyophilization Retains
concent

High pressure processing Retains
soy milk
78 °C)15

Effective
growth15

© 2024 The Author(s). Published by the Royal Society of Chemistry
a higher bacterial concentration in the calf's gut could negatively
impact the passive transfer of IgG.137 Numerous studies have
conrmed that heat treatment, resulting in reduced bacterial
counts in colostrum, contributes to enhanced immunity and
weight gain in dairy calves.138–140 However, heating colostrum
beyond 60 °C can damage IgG molecules. Immunoglobulins,
which are mono- or polymeric proteins (formed by two light and
two heavy polypeptide chains connected by disulphide bonds into
a Y-shaped structure), can undergo initially reversible unfolding
under excessive heat treatment.141 This unfolding results in the
loss of a globular conguration and may progress to irreversible
denaturation and aggregation through hydrophobic and disul-
phide interactions.142

The effects of colostrum stored under various conditions and
fed to Irish spring-born calves were investigated. It was found
that pasteurized colostrum led to serum IgG concentrations
twice as high as that in colostrum stored under warm condi-
tions (∼22 °C).143 Furthermore, pasteurization has proven
effective in destroying Mycobacterium avium subsp. para-
tuberculosis, Salmonella, and Mycoplasma species in milk
deliberately spiked with these organisms.144 Despite these
advantages, the adoption of the pasteurization process in UK
dairy farms is limited due to the substantial capital costs
associated with its plant implementation.144

Microltration, especially with Tetra Pak's Bactocatch
system, offers an alternative to extend shelf-life, efficiently
removing bacteria and preserving bioactive components in
m preservation

Demerits

bacterial counts in
m and inactivate
terium avium subsp.
rculosis, Salmonella, and
sma species135,136,138–140,144

Strict method of preservation137

s immunity138–140 Heating colostrum beyond 60 °C
can damage IgG molecules141,142

gain in dairy calves138–140 High capital costs associated with
its plant implementation144

bacterial contaminants133 Allows some bacteria survival133

Decrease in IgG concentration
(12.3–58.5%)135,147

aseptic handling and
d stability148

Reduction (15–35%) in IgG
concentration148

ctive139 —
tion of immunoglobulin
139

—

in removing bacteria and
ng bioactive components in
m145

—

∼80% of IgG and other
oteins146

—

immunoglobulin
ration145

30% lower absorption of IgG by the
calf143

20% more bovine IgG than
during heat treatment (75–

0

Application of >400 MPa altered
viscosity and denatured IgG152

in suppression of bacterial
2

—
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colostrum.145 The membrane ltration process in studies has
shown a recovery of at least 80% of IgG and other whey
proteins.146

Low-temperature long-time (LTLT) pasteurization, also
known as holder pasteurization, involves heating a batch of
colostrum to 63 °C for a minimum of 30 minutes, reducing
bacterial contaminants but allowing some bacteria survival.133

Studies indicate varying effects on IgG concentration; while
Meylan et al. (1996) observed a 12.3% decrease,147 Godden et al.
(2003) reported a 58.5% decline.135 Extended pasteurization
times, such as 60 minutes at 60 °C, can reduce bacteria
concentration and improve serum IgG levels, but with potential
viscosity changes.135

Sterilization, achieved through methods like heating, ionizing
radiation, or high hydrostatic pressure processing, involves the
irreversible inactivation or destruction of all viable organisms,
including bacterial spores. The ultra-high temperature (UHT)
process, a common sterilization method, heats dairy products to
135 °C for a brief period (2–5 s), extending shelf-life at room
temperature. While UHT treatment ensures aseptic handling and
prolonged stability, it results in a signicant reduction (15–35%)
in IgG concentration compared to pasteurization, with nearly
negligible functional IgG concentrations.148

5.2 Lyophilisation, spray drying or freeze drying

Lyophilization or freeze drying is a drying process which
generally involves drying at lower temperatures and under
vacuum conditions. It stands out as the most preferred dehy-
dration method for heat-sensitive biological materials but has
an adverse effect on the fat that leads to rapid spoilage. Addi-
tionally, the absorption of IgG by the calf from lyophilized
colostrum is reported to be 30% lower than that from fresh
colostrum.143 Research studies have also indicated that freeze-
drying does not alter the concentration of immunoglobulins
in colostrum.144 It is reported that around 34% and 25% of total
immunoglobulins were lost during freeze-drying of colos-
trum.145 Data from rst milking of postpartum colostrum
samples (18 Egyptian buffaloes and 36 Holstein cows) showed
that freeze-dried colostrum (at 7 °C for 3 months) had signi-
cantly reduced IgG concentrations compared with frozen
colostrum.138 In contrast, spray-drying has been demonstrated
to produce dried colostrum wherein both the quantity and
function of immunoglobulins are preserved. This method
proves to be the most cost-effective in maintaining the thera-
peutic potential of colostrum for human consumption.139

Furthermore, it is reported that a combination of ultra-
sonication, fermentation, and dehydration could potentially be
employed to reduce microbial contamination of bovine colos-
trum. However, further investigations are necessary to assess
the impact of these treatment methods on sensitive biologically
active compounds in bovine colostrum.149

5.3 High pressure processing

High-pressure processing has emerged as a promising preserva-
tion method for colostrum immunoglobulins.143 It retained 20%
more bovine IgG as compared to soy milk during heat treatment
538 | Sustainable Food Technol., 2024, 2, 531–547
(75–78 °C).150 However, IgA molecules in human breast milk were
destroyed during high-pressure processing.151 The effective
suppression of bacterial growth was observed for 9 days at 4 °C
aer treating the colostrum at 300 and 400 MPa for 10 minutes.
IgG remained intact till 300 MPa, but applying 400 MPa resulted
in altered viscosity of the colostrum and denaturation of IgG.152 It
was found that IgG was stable till 400 MPa, if the duration of
treatment was limited to 30 minutes. However, increasing pres-
sure (500 or 600 MPa) or extending the duration resulted in
increased denaturation and aggregation.138,153

Advanced technologies such as nanotechnology and lipo-
somal technology are employed to enhance the preparation of
bovine colostrum for human consumption, offering numerous
benets. Nanotechnology, operating on an ultra-small scale,
modies the physicochemical properties of materials, providing
opportunities for novel product development in various elds,
including the dairy industry.154 Nanoencapsulation within
nanometer-sized vesicles safeguards fragile bioactive proteins
in the dairy industry, preventing denaturation or degrada-
tion.155 Liposomal technology, another advanced method, is
utilized to preserve bovine colostrum and enhance its
bioavailability for human health.98,156 Liposomal encapsulation
demonstrates controlled release, increased bioavailability, and
protection against environmental factors.157

Bovine colostrum, processed using these advanced technol-
ogies, is consumed by humans in various forms, such as pills/
tablets, powder, cheese and liquid. In dairy products, liquid
bovine colostrum is incorporated into items like cheese and
yoghurt, enhancing sensory acceptance and nutritional
content.158 In dietary supplements, bovine colostrum is avail-
able in different forms, including powder, liquid, tablets, or
pills, with specialized drying processes like low heat spray
drying or freeze drying to prevent protein denaturation.159,160

These supplements are popular for improving health, particu-
larly among athletes seeking benets such as reduced exercise-
induced muscle damage and inammation.4,161 Additionally,
bovine colostrum is utilized for preventing diarrhea, treating
AIDS-related gastrointestinal diseases, promoting overall gut
health and enhancing immune system function,162,163 with
evidence suggesting tissue repair, maintenance of gastrointes-
tinal mucosal integrity and immune modulation.
6. Therapeutic applications of
colostrum

Bovine colostrum exhibits a diverse array of potential health
benets (Fig. 4), which are discussed below in a summarized
manner.
6.1 Effect in cardiovascular disease

Bovine colostrum possesses advantageous properties that have
the potential to reduce the levels of triglycerides (TGs), total
cholesterol, ketones, and blood glucose, making it a promising
supplement for promoting heart health.164 Additionally, colos-
trum contains leptin, a hormone-like substance that can
contribute to the functioning and repair of heart muscle.165,166
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Heart muscle cells act as feature receptors for both the growth
hormone and IGF-1, with scientic evidence suggesting that the
growth hormone may directly inuence the heart. At the same
time, the effects of IGF-1 could be indirect, operating through
separate hormonal pathways. The presence of these substances
in bovine colostrum underscores its potential as a valuable
supplement for supporting heart health. Consequently, bovine
colostrum may emerge as a promising natural alternative for
individuals seeking to bolster their cardiovascular well-being.167
6.2 Effect on metabolic diseases

Both type I and type II diabetes have a genetic component,
leading to lower IGF-1 levels in individuals with diabetes.166,168

Bovine colostrum is a rich source of IGF-1, which can be
a benecial supplement, restoring hormone levels and
improving glucose utilization. This is crucial for type I diabetics
reliant on insulin and can also benet type II diabetics by
reducing blood and urine glucose levels.169 Additionally, lacto-
ferrin, a component of colostrum, plays a protective role against
prion protein (PrP)-induced neurotoxicity. This protective
mechanism involves ensuring the stability of hypoxia-inducible
factor-1 alpha (HIF-1a) and increasing the expression of cellular
prion protein (PrPc) in neuronal cells. Moreover, lactoferrin
facilitates the stabilization of HIF-1a by regulating the expres-
sion and enzymatic activity of prolyl-hydroxylases 2 (PHD2).170
6.3 Effect on respiratory disease

The immune system is less effective in combating respiratory
disorders. This decline is attributed to the shrinking of the
thymus gland, responsible for producing T-lymphocytes that
play a crucial role in regulating the immune system. However,
research indicates that colostrum harbor growth factors capable
of restoring the thymus gland to its normal function.171,172 T-
lymphocytes, integral immune cells for combating infections,
particularly killer T-lymphocytes, generate cell-mediated
Fig. 4 Therapeutic properties of bovine colostrum.

© 2024 The Author(s). Published by the Royal Society of Chemistry
responses. Helper or suppressor T-lymphocytes further regu-
late and strengthen the immune response. The consumption of
colostrum, rich in growth factors supporting the thymus gland,
may enable individuals to enhance their immune system and
more effectively combat respiratory disorders.173,174

6.4 Preventive effect against Helicobacter pylori infection

Helicobacter pylori (H. pylori) is a bacterium known to induce
stomach-related issues. One mechanism through which H.
pylori infects the stomach involves adhering to the lining using
fat.175 Nevertheless, research has demonstrated that colostrum
can effectively inhibit the adherence of H. pylori to the stomach
lining, thereby preventing issues such as stomach ulcers.176

Colostrum contains components that can bind to the same sites
in the stomach as H. pylori, impeding the bacteria's ability to
attach. Utilizing colostrum may serve as a valuable means of
protection against H. pylori infection, particularly for individ-
uals unable to breastfeed.

6.5 Effective in body tness

As individuals age, the tendency to experience muscle loss and
challenges in fat reduction becomes apparent. However, colos-
trum, enriched with IGF-1, can stimulate the growth of lean
muscle tissue and prompt the body to utilize fat for energy. In
the presence of IGF-1, the body undergoes a shi in the primary
fuel source for exercise from carbohydrates or glucose to fat,
thereby increasing fat burning.167 This property holds potential
benets for individuals aiming to lose weight or enhance their
body composition. Furthermore, the nutritional quality of
colostrum consumed by calves plays a pivotal role in inu-
encing their immune system and intestinal health.

6.6 Combat against COVID-19

The highly contagious SARS-CoV-2 virus caused COVID-19,
which primarily affects the respiratory system, manifesting
symptoms like cough, fever, and difficulty breathing.177 In
severe cases, it can lead to pneumonia, acute respiratory
distress syndrome (ARDS), and fatalities. While vaccines are
being administered globally, the quest for effective treatments
for infected individuals persists. Bovine colostrum, containing
bioactive molecules, presents potential benets for Covid-19
patients.178 A protein in bovine colostrum, lactoferrin, exhibits
antiviral, antibacterial, and anti-inammatory properties. It has
demonstrated the ability to inhibit SARS-CoV-2 replication in
vitro and may assist in mitigating inammation in the lungs
and other organs. High levels of immunoglobulins in bovine
colostrum act as antibodies, aiding in the ght against infec-
tions.143 These antibodies can potentially neutralize the SARS-
CoV-2 virus, reducing the severity and duration of COVID-
19.179–181 Growth factors, including insulin-like growth factor-1
(IGF-1) and transforming growth factor-beta (TGF-b), support
the growth and repair of tissues damaged by Covid-19.182,183

Prebiotic compounds promote the growth of benecial gut
bacteria. This can enhance gut health, crucial in Covid-19,
which may induce gastrointestinal symptoms, thereby sup-
porting overall immune function.
Sustainable Food Technol., 2024, 2, 531–547 | 539
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7. Conclusion

Bovine colostrum emerges as a valuable reservoir of nutritional
and bioactive components, showcasing potential benets
across diverse dimensions of human health. Its role in rein-
forcing the immune system, averting infections, supporting
metabolic health, optimizing body composition, and promoting
cardiovascular well-being is underscored. Notably, the presence
of immunoglobulins and lactoferrin positions bovine colostrum
as a natural alternative for individuals seeking health fortica-
tion, particularly amid the ongoing COVID-19 pandemic.

This systematic review highlights the combined benets of
lysozyme, lactoperoxidase, proline-rich polypeptides, growth
factors, metabolic factors, and minor nutrients in bovine
colostrum. The integration of bovine colostrum into a balanced
diet emerges as a promising strategy for sustaining and
enhancing overall health in comparison with mature milk. This
information provides a foundation for researchers, food tech-
nologists, dairy technologists, and industrialists to explore new
possibilities for bovine colostrum as an emerging nutraceutical.
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Q. Rascón-Cruz, Lactoferrin a multiple bioactive protein: an
overview, Biochim. Biophys. Acta Gen. Subj., 2012, 1820(3),
226–236.

90 H. Wakabayashi, H. Oda, K. Yamauchi and F. Abe,
Lactoferrin for prevention of common viral infections, J.
Infect. Chemother., 2014, 20, 666–671, DOI: 10.1016/
j.jiac.2014.08.003.

91 D. E. W. Chatterton, D. N. Nguyen, S. B. Bering and
P. T. Sangild, Anti-inammatory mechanisms of bioactive
milk proteins in the intestine of newborns, Int. J. Biochem.
Cell Biol., 2013, 45, 1730–1747, DOI: 10.1016/
j.biocel.2013.04.028.

92 P. Manzoni, Clinical benets of lactoferrin for infants and
children, J. Pediatr., 2016, 173, S43–S52, DOI: 10.1016/
j.jpeds.2016.02.075.

93 E. J. Dial, L. R. Hall, H. Serna, J. J. Romero, J. G. Fox and
L. M. Lichtenberger, Antibiotic properties of bovine
lactoferrin on helicobacter pylori, Dig. Dis. Sci., 1998, 43,
2750–2756, DOI: 10.1023/A:1026675916421.

94 K. Yamauchi, M. Tomita, T. J. Giehl and R. T. Ellison,
Antibacterial activity of lactoferrin and a pepsin-derived
lactoferrin peptide fragment, Infect. Immun., 1993, 61,
719–728, DOI: 10.1128/IAI.61.2.719-728.1993.

95 J. Lee, S. H. Kwon, H. M. Kim, S. N. Fahey, D. R. Knighton
and A. Sansom, Effect of a growth protein-colostrum
fraction* on bone development in juvenile rats, Biosci.
Biotechnol. Biochem., 2008, 72, 1–6, DOI: 10.1271/
bbb.60695.

96 K. Nakajima, Y. Kanno, M. Nakamura, X. D. Gao,
A. Kawamura, F. Itoh, et al., Bovine milk lactoferrin
induces synthesis of the angiogenic factors VEGF and
FGF2 in osteoblasts via the p44/p42 MAP kinase pathway,
BioMetals, 2011, 24, 847–856, DOI: 10.1007/s10534-011-
9439-0.

97 T. Siqueiros-Cendón, S. Arévalo-Gallegos, B. F. Iglesias-
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Concentration of lactoferrin and transferrin throughout
lactation in cow's colostrum and milk, Biol. Chem. Hoppe
Seyler., 1988, 369, 1005–1008, DOI: 10.1515/
bchm3.1988.369.2.1005.

100 M. Kaplan, A. Arslan, H. Duman, M. Karyelioğlu,
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178 M. X. Maldonado-Gómez, I. Mart́ınez, F. Bottacini, et al.,
Stable engrament of Bidobacterium longum AH1206 in
the human gut depends on individualized features of the
© 2024 The Author(s). Published by the Royal Society of Chemistry
resident microbiome, Cell Host Microbe, 2016, 20(4), 515–
526.

179 N. R. Pedersen, ERRATUM: pedersen NR et al.:
immunomodulatory capacity of bovine colostrum,
Pteridines, 2011, 22(1), 60.

180 O. P. Mehta, P. Bhandari, A. Raut, S. E. O. Kacimi and
N. T. Huy, Coronavirus disease (COVID-19):
comprehensive review of clinical presentation, Front.
Public Health, 2021, 8, 582932.

181 H. Duman and S. Karav, Bovine colostrum and its potential
contributions for treatment and prevention of COVID-19,
Front. Immunol., 2023, 14, 1–17.
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