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Stability of lactoferrin and lysozyme in human milk at
various temperatures and duration of storage
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ABSTRACT

Introduction: Exclusive breastfeeding, especially in the first six months, is
essential for infants as it provides nutrition and protection against various diseases.
Colostrum, which is found in the first breast milk produced, contains various
protective factors, such as lactoferrin and lysozyme. Human milk can be stored at
room temperature, refrigerated, or kept frozen. Several factors affect the stability of
the bioactive content in human milk, such as temperature and storage time. The
aim of this study was to measure the stability of lactoferrin and lysozyme levels in
human milk during the first six hours (h) at different temperatures and compare
it with that of frozen human milk. Methods: Human milk samples were obtained
from 11 breastfeeding mothers using certain criteria. The human milk was stored
at room temperature and 4°C for 1, 3, and 6 h and classified as never frozen, while
frozen human milk was stored at -20°C for 1, 3, and 6 days. Measurement of the
lactoferrin and lysozyme levels was performed using enzyme-linked immunosorbent
assay. Results: The results showed that storage at room temperature significantly
reduced lactoferrin and lysozyme levels. Lactoferrin levels in frozen human milk did
not significantly decrease during the first six days. Meanwhile, the lysozyme levels
in frozen human milk decreased significantly. Conclusion: The levels of lactoferrin
and lysozyme in frozen human milk stored for the first six days were more stable

than those stored at room temperature and 4°C in the first 6 h.
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INTRODUCTION

Breast milk is an
of nutrition for newborns and
infants. According to the World
Health Organization (WHO), exclusive
breastfeeding for the first six months is
essential for infants and is recommended
until the age of 2 years (WHO, 2009). The
neonatal period is a critical period for an
infant due to the susceptibility to various
types of antigens, including bacteria and
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viruses, or others (Lawrence & Lawrence,
2016). Exclusive breastfeeding protects
infants from various diseases, such as
otitis media, respiratory tract infections,
gastroenteritis, sepsis, childhood cancer,
asthma, and meningitis (El-Agamy,
2011; Palmeira et al., 2016; Basir et al.,
2019). Human milk contains numerous
components of the immune system
which are essential and vital for infants
(Abdullah & Saleh, 2019). Colostrum
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in human milk, which is first produced
before birth up to approximately four
days postpartum, contains various
protective factors, such as enzymes
(lactoferrin, lysozyme, and others),
immunoglobulin (Ig), especially IgA,
cytokines, leukocytes, fats, hormones,
and others that contribute to the
maturation of the infant’s immune
system (Kasiati et al., 2013; Palmeira et
al., 2016; Basir et al., 2019).

Lactoferrin (Lf) is a glycoprotein
from the transferrin protein group with
a mass of approximately 78-80 kDa
(Lawrence & Lawrence, 2011), and was
first discovered in cow’s milk as a red
protein in whey (Czosnykowska-Lukacka
et al,, 2019). Lf has antibacterial (Bruni
et al., 2016), antibiotic, and antiviral
properties (Berlutti et al., 2011). The
geographic location, nutritional status,
socioeconomic status, race, genetic
polymorphism, birth process, and infant
condition determine the Lf levels in
human milk (Czosnykowska-Lukacka et
al., 2019). Lysozyme is a 14 kDa cationic
protein and lytic enzyme. Lysozyme was
first discovered by Alexander Fleming in
1921, when droplets from Fleming’s nose
fell on a petri dish filled with bacteria.
Lysozyme is secreted by the mucous
glands, neutrophils, and macrophages
(Ganz, 2006). Lysozyme is known to have
antibacterial activity against both gram-
positive and gram-negative bacteria
(Masschalck & Michiels, 2003), antiviral
activity (Mataczewska et al.,, 2019), and
anti-inflammatory properties (Tagashira
et al., 2018).

Human milk is typically given fresh
to the infant; however, there are certain
situations wherein the human milk
cannot be consumed directly by the
infant, such as suckling issues of the
infant, a wound on the mother’s nipple,
or mothers returning to work. Therefore,
mothers of infants use breast pumps
to help collect their milk and store it.
Human milk can be stored at room

temperature, refrigerated, or frozen. The
factors of temperature and storage time
of human milk have been determined
to affect the bioactive content in
human milk, including the levels of
lactoferrin and lysozyme. Human milk
stored at -20°C for 3 months and six
months showed significantly decreased
lactoferrin levels up to 37% and 46%,
respectively, compared to fresh human
milk (Rollo et al, 2014). Chang et al
(2013) also reported that lysozyme levels
significantly decreased to 39.8% in
frozen human milk stored at -20°C for
four weeks compared to fresh human
milk (Chang et al., 2013). However, there
is limited research related to the levels of
Lf and lysozyme in fresh human milk at
various temperatures and storage times.

The Academy of Breastfeeding
Medicine’s clinical protocol states that
freshly expressed human milk with very
low bacterial count can be stored at
room temperature for a maximum of 6-8
h (Eglash et al.,, 2017). The aim of this
study is therefore to provide information
about the stability of lactoferrin and
lysozyme levels in fresh human milk at
different storage times, specifically for
the first 6 h, and storage temperatures,
as well as compared with frozen breast
milk. With clearer information, guidance
can be given on the storage condition
and duration that can best preserve
the bioactive content in human milk to
ensure that the infant is provided with
optimum nutrition.

METHODS

Collection of human milk

Human milk samples were obtained
from breastfeeding mothers registered
in the Pondok Kesehatan Desa, Sumber
Porong, Malang, Indonesia. Eleven
breastfeeding mothers were selected
by consecutive sampling based on
three criteria, namely (i) days 4 to 30
postpartum, (ii) underwent normal
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delivery process, and (iii) in good health.
Data related to general characteristics,
including age, weight, height, medical
records, therapeutic treatment, and
pregnancy  history were carefully
recorded. Data regarding infant’s weight
and height were recorded. Data consent
from breastfeeding mothers had been
obtained before samples of human
milk were collected. Human milk was
collected between 7:00 and 10:00 a.m.
using an electric breast pump. All
samples were collected in 10ml sterile
bottles. Frozen breast milk was stored
at -20°C (freezer) for one, three, and
six days. On the 6% day, fresh human
milk was collected again and stored for
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1, 3, and 6 h at different temperatures,
i.e. room temperature and 4°C (Figure
1). This research was approved by
the ethics committee of Poltekkes
Kemenkes Malang (number 925/KEPK-
POLKESMA/2020).

Measurement of lactoferrin and
lysozyme levels

The measurement of Lf and lysozyme
levels in human milk was performed
using enzyme-linked immunosorbent
assay (ELISA). Liquid human milk was
centrifuged at 3000 rpm for 20 minutes
at 4°C. The supernatant was collected
for ELISA. The ELISA kits for Lf (Fine
Test Biotech, Cat. no. EH0396, China)
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and lysozyme (Fine Test Biotech, Cat No.
EH3314, China) were used to carry out
tests according to the manufacturens
instructions. The Lf and lysozyme levels
were measured at a wavelength of 450
nm. A standard curve was used to
determine the lactoferrin and lysozyme
levels.

Statistical analysis

Data on Lf and lysozyme levels in human
milk were analysed using a two-way
analysis of variance (ANOVA) (SPSS
23.0, SPSS Inc., Chicago, IL, USA). The
significant differences between groups
were analysed by Duncan’s multiple
range test as a post-hoc test. A p-value
<0.05 was considered as statistically
significant.

RESULTS

The results showed that the levels of Lfin
human milk stored at room temperature
in the first 6 h decreased significantly
(p<0.05) compared to those stored at 4°C
and frozen (Figure 2). The lowest level
of lactoferrin was observed upon 6 h of
storage at room temperature. Storage
at 4°C for 3 and 6 h decreased the level
of lactoferrin compared with frozen
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human milk. Based on these results,
the lactoferrin levels were more stable at
cold temperatures and were significantly
decreased after the first 3 h of storage at
room temperature.

The results showed that the
lysozyme levels at room temperature
were significantly reduced compared
to those in frozen human milk (p<0.05)
(Figure 3). Frozen human milk stored
for the first six days was observed to
have a significantly decreased lysozyme
level after storage for three and six days
(p<0.05). Frozen human milk stored
for one day had the highest levels of
lysozyme.

DISCUSSION

Human milk provides the essential
nutritional standards for newborns and
infants. Lf and lysozyme are the enzymes
present in human milk, which play a
role in the immune system of infants.
Lactoferrin and lysozyme levels in breast
milk can decrease due to changes in the
environment. The protein aggregation
in lactoferrin and lysozyme is induced
by several conditions, such as changes
in pH that are too acidic or alkaline, a
dramatic increase or decrease in the

Table 1. General information of mothers and infants

Body Mass

oo M0 P Mol i M S o
A 31 1 55.0/150 24.44 normal 3.4/49
B 25 - 65.0/158 26.04 overweight 3.2/51
C 31 3 53.0/151 23.24 normal 2.7/50
D 38 1 60.5/160 23.63 normal 3.0/48
E 26 2 49.5/149 22.30 normal 3.0/48
F 38 1 61.0/163 22.96 normal 3.5/51
G 33 1 56.0/160 21.88 normal 3.7/53
H 33 2 60.0/150 26.67 overweight 2.9/49
I 34 2 68.0/158 27.24 overweight 3.3/54
J 28 2 58.0/152 25.10 overweight 3.9/48
K 35 2 60.0/154 25.30 overweight 3.1/49
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temperature, and high concentrations of
organic/inorganic salts (Venkataramani
et al, 2013; Wang et al.,, 2019). The
results showed that storage of human
milk at room temperature caused a
significant reduction in the lactoferrin
levels in the first 3 h of storage. Storage
at 4°C for 1 h and frozen breast milk
maintained the levels of Lf. However, the
lactoferrin levels began to decrease after
storage for 3 h at 4°C. Meanwhile, the
level of lysozyme in human milk stored
at room temperature was significantly
lower than that in frozen breast milk.
The lowest lysozyme level in human
milk was found in samples stored at
room temperature. Howland et al. (2020)
reported cleavage in the peptide structure
of the amino acid lysine, arginine, and
glutamate due to an increased thrombin
activity and other protease enzymes in
human milk stored at room temperature.
Lysozyme or muramidase is a part of
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group of glycosidic hydrolases with
14.7 kDa of atomic mass in human
lysozyme. Furthermore, aspartate-52
and glutamate-35 amino acid play a role
in enzymatic activity of human lysozyme
(Galvez-Iriqui et al, 2020). The cleavage
mechanism in those amino acid might
be associated with lysozyme reduction
in human milk.

The lactoferrin levels in the first
month of lactation are known to decrease,
but remain stable subsequently for up to
eight months (Affolter et al.,, 2016; Yang
et al.,, 2018). The lactoferrin levels in
colostrum can reach up to 5.5g/L, while
in mature breast milk lactoferrin levels
are only 1.5-3.0g/L (Czosnykowska-
Lukacka et al.,, 2019). The lactoferrin
in cow’s milk is 1.5-2 times lower than
the lactoferrin in human milk (Soboleva
et al.,, 2019), that is up to 1.5 mg/L in
colostrum and 0.5 mg/L in mature cow’s
milk (Yang et al.,, 2018). The lysozyme
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Figure 2. The levels of lactoferrin in human milk at different temperatures and duration of storage times.
Different letters showed significant difference compared to other groups based on the DMRT post-hoc test.
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levels in human milk are commonly
about 60-400 ug/ml (Yang et al,, 2011;
Chang et al, 2013) and higher than in
cow’s milk, which is found to be only
0.05-0.22 ug/ml (Yang et al, 2011).
Chang et al. (2013) reported that frozen
and pasteurised human milk produced
lower lysozyme levels than fresh human
milk while the level of freshly expressed
human milk is up to 60 pg/mL while
frozen human milk only up to 40 pg/mL.
The proteins in lysozyme can undergo
denaturation at either high or low
temperatures, depending on the length
of storage.

The Australian Breastfeeding
Association (ABA) recommends storing
fresh human milk at room temperature
(=26°C)for 6-8h (Australian Breastfeeding
Association, 2011). Eglash et al. (2017)
stated that human milk can only be
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stored at room temperature (10-29°C)
for 6-8 h, depending on the conditions
and hygiene of the storage area. This
has an impact on the bacterial growth
development in human milk during
storage. Rollo et al. (2014) reported that
the Lf levels in human milk were more
stable during storage at -20°C during a
five-day period. However, storage at-20°C
for a week causes a significant decrease
in the macronutrients of human milk
compared to fresh human milk (Kim et
al.,, 2019); and if continued until three
months of storage, this increases the
acidity of human milk (Vazquez-Roman
et al.,, 2016). Based on this research, the
recommended duration for storage of
frozen human milk is not >6 days, while
fresh human milk can only be stored at
room temperature and 4°C for <3 h.
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Figure 3. The levels of lysozyme in human milk at different temperatures and duration of storage time.
Different letters showed significant difference compared to other groups based on DMRT post-hoc test.
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CONCLUSION

The levels of lactoferrin and lysozyme in
human milk are more stable and optimal
at a storage temperature of -20°C (frozen
human milk), which can be used to
maintain their levels for the first six days.
Further research is necessary to provide
evidence of the antibacterial activities of
lactoferrin and lysozyme in human milk
at optimal storage time.
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