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Abstract Due to the oxidative stress conditions at birth, newborn needs some immu-
nological and antioxidative protection after birth. The present study was conducted to
point out the oxidant and antioxidant activity of human breast milk throughout the
lactation. For this purpose, the levels of malondialdehyde, nitric oxide, lactoferrin,
superoxide dismutase, and catalase was determined in colostrum, transition milk, and
mature milk. Milk samples were collected from 20 volunteer mothers at 24–48 h of
delivery and 7 and 14 days after delivery. The skimmed milk was used for determina-
tion of the levels of malondialdehyde, nitric oxide, and lactoferrin and the activities of
the catalase and superoxide dismutase enzymes. As the lactation period proceeded, the
malondialdehyde level increased and the levels of nitric oxide and lactoferrin as well as
the activities of catalase and superoxide dismutase decreased. Colostrum has a high
antioxidant capacity, and these antioxidants decrease during the lactation period owing
to the changing need of the growing infant. The results of this study revealed the
importance of breastfeeding immediately after the birth to take the advantage of
colostrum.
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1 Introduction

Human milk contains hormones, growth factors, and immunological factors such as
cytokines; it also has antioxidant properties. It not only provides passive protection but
also can directly modulate the immunological development of infants. These features of
human milk protect the infant from infections (Garofalo 2010).

Free radicals or, more generally, reactive oxygen species (ROS) and reactive
nitrogen species (RNS) are products of cellular metabolism. They have both deleterious
and beneficial effects in living organisms (Valko et al. 2006). The harmful effects of
free radicals cause many disease in newborns, such as necrotizing enterocolitis,
bronchopulmonary dysplasia, kidney failure, retinopathy of prematurity, and intraven-
tricular hemorrhage (Schaller 2005). In response, mammalian cells have developed
antioxidant defense mechanisms that prevent ROS- and RNS-induced damage. If the
balance between free radicals and antioxidants deteriorates, pathological processes
develop (Agarwal et al. 2008).

Delivery is an important stress for the fetus. Lipid peroxidation and antioxidant
status change during delivery, and these changes affect the fetus (Buonocore and
Perrone 2006). Malondialdehyde (MDA) is a final lipid peroxidation product and it
is the most widely used indicator of the degree of the oxidation process in body fluids
(Schauer et al. 1991). Oxidant activity of breast milk also reflects the oxidant status of
blood (Bouwstra et al. 2008).

Studies show that breast milk can suppress the effects of oxidative stress and
oxidative DNA damage in newborns more than formula milk can (Shoji et al. 2004).
Antioxidant enzymes such as superoxide dismutase (SOD) and catalase (CAT), which
prevent the formation of radicals or hydrogen peroxide and other peroxides, as well as
glutathione peroxidase (GPX), which catalyzes the reduction of different peroxides,
have been demonstrated in milk. In addition, human milk contains non-enzymatic
antioxidants such as lactoferrin (LF), vitamin C, and vitamin E (Lindmark-Mansson
and Akesson 2000). LF is a metal- and anion-binding protein. It shows bactericidal and
antiviral effects competing with microorganisms requiring iron for growth (Goldman
et al. 1994). High antioxidant activity of breast milk protects breast-fed infants from
peroxidation caused by free radicals (Ellis et al. 1990).

Total antioxidant capacity (Matos et al. 2009; Zarban et al. 2009), Mn-superoxide
dismutase (MnSOD) activity, and CuZn superoxide dismutase (CuZnSOD) activity
(Kasapovic et al. 2005) have previously been determined in colostrum, transitional
milk, and mature human milk. In addition, some antioxidant micronutrients have been
shown in colostrum (Ahmed et al. 2004) and milk from the first 4 months of breast-
feeding (Matos et al. 2009). Despite the well-known role of the antibodies in colostrum
that provide the passive immunity, information about the breast milk antioxidant
activity is still insufficient. Also, the determination of antioxidant activity of breast
milk may be helpful for understanding its natural defense system.

Therefore, the aim of this study was to determine the levels of malondialdehyde
(MDA), nitric oxide (NO), and lactoferrin (LF) and the activities of SOD and CAT in
milk from different periods of lactation.
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2 Methods

This study was conducted in the Department of Obstetrics and Gynecology at Turgut
Ozal University Hospital. Twenty participants were recruited randomly from those
admitted to the hospital. Written consent was obtained from all women, and the study
was approved by the local ethics committee (2009/17) in accordance with the Helsinki
Declaration of 1975, as revised in 1983.

All mothers were in the age range of 20–30 years and had completed 38–40 weeks
of pregnancy. They were of similar weight, nulliparous, healthy, and non-smoking. All
women had uncomplicated singleton pregnancies. None of them had any abnormalities
during delivery, and all delivered vaginally at term without anesthesia.

Five milliliters of colostrum, transitional milk, and mature milk were collected
from each breast by manual expression within 24–48 h of delivery and at 7 and
14 days after delivery. Whole milk samples were first centrifuged at 500×g for
25 min at 4 °C to remove any cellular components. Then, they were centrifuged at
13,700×g for 10 min at 4 °C to remove its lipid layer. All samples were divided into
five aliquots for each analysis and stored at −80 °C. The skimmed milk was used
for determining the levels of MDA, NO, and LF as well as the activities of the SOD
and CAT enzymes. Samples for NO and SOD were deproteinized with 10% ZnSO4

and filtered using a syringe filter (pore size 0.45 μm) to obtain transparent milk
samples before analysis. The concentration of MDA was determined as thiobarbitu-
ric acid-reactive substances using the spectrophotometric method of Buege and Aust
(1978). The activities of CAT and SOD and the levels of NO were evaluated by
double reading using colorimetric assay kits (catalog nos. 707002, 706002, and
78000,1 respectively, Cayman Chemical Company, Ann Arbor, MI, USA). The LF
levels were measured with an ELİSA kit (catalog no. EL2011-1, Assaypro, USA).

Data were expressed mean±standard error of the mean (SEM). Statistical
analysis was performed using SAS (version 8.02, SAS Institute, USA). Data
from the three periods of lactation were analyzed using the general linear model
procedure. The Tukey test was used to identify the differences among the
groups. Differences were considered as significant when the P value was less
than 0.05. Figures were drawn with Origin 6.0.

3 Results

As shown in Fig. 1, the MDA levels were 1.49±0.08, 1.78±0.11, and 2.14±
0.11 μM.L-1 in colostrum, transition milk, and mature milk, respectively. Although
statistical difference was only observed in mature milk (P<0.05), the MDA level
increased as the lactation period progressed. The NO level was higher (119.23±
6.11 μM) in colostrum (P<0.05) than in transition milk and mature milk (102.16±
3.29 and 93.54±3.40 μM, respectively; Fig. 2). Similarly, in the colostral phase, the
level of LF was significantly (P<0.05) higher (16.29±0.69 g.L−1) than in the 7th and
14th days (12.49±0.12 and 13.7±0.57 g.L-1, respectively; Fig. 3). As shown in Fig. 4,
CAT activity was the highest (26.21±2.78 nmol.min-1.mL-1) in the colostrum
(P<0.05), and it decreased markedly in transition milk and mature milk (9.39±0.53
and 1.84±0.39 nmol.min-1.mL-1, respectively). Finally, SOD activity in the colostrum
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(6.26±0.7 nmol.min-1.mL-1) was higher than that in transition milk and mature milk
(2.93±0.25 and 2.01±0.27 nmol.min-1.mL-1), as shown in Fig. 5 (P<0.05).

4 Discussion

The process of childbirth is an important stress for the fetus, which passes from an
intrauterine, hypoxic environment into an extrauterine, normoxic environment (Buege
and Aust 1978). Consequently, the newborn is exposed to environmental stress at birth.
For this reason, the antioxidant defense against ROS-induced lipid peroxidation (LPO)
after birth should be very strong. The total antioxidant capacity (TAC) of the colostrum
was significantly higher than that of umbilical blood (Zhao et al. 2004). Human milk
contains a number of enzymes that are either transported by blood to the mammary
gland or synthesized by the mammary gland itself. Although the complete list of active
antioxidant factors in breast milk is not known, CAT, SOD, GPX, and LF are well-
known milk antioxidants. They show an antioxidative effect either by connecting to
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Fig. 1 Malondialdehyde (MDA) levels in colostrum, transition milk, and mature milk (n=20). a, b P<0.05
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Fig. 2 Nitric oxide (NO) levels in colostrum, transition milk, and mature milk (n=20). a, b P<0.05
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transition metal ions or by removing free radicals via enzymatic and non-enzymatic
reactions (Kasapovic et al. 2005).

MDA, a metabolite of lipid peroxides, is detectable in milk and is used as an
indicator of LPO. Studies have shown that breast milk possesses essential defense
mechanisms, which are not available in infant formulas (Friel et al. 2002; Aycicek et al.
2006) or bovine milk (Hamosh 2001). In contrary to Szlagatys-Sidorkiewicz et al.
(2012) who showed that total antioxidant status (TAS) of colostrum was lower than the
TAS of mature milk, previous studies (Matos et al. 2009; Zarban et al. 2009) showed
that TAC and radical scavenging activity decreased in transition milk and mature milk
when it was compared with the colostrum. In the present study, the reason for the
decreased MDA concentration observed in the colostrum as compared to transition
milk and mature milk might be due to the increased levels of CAT, SOD, NO, and LF
present in it. The increase in oxidative stress at birth might require and thus explain the
high antioxidant levels observed on the 1st day of lactation.

Nitric oxide is synthesized in the breast and it may trigger lactation in humans
(Iizuka et al. 1997). NO stimulates and inhibits LPO, depending on its production
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Fig. 3 Lactoferrin (LF) levels in colostrum, transition milk, and mature milk (n=20). a, b P<0.05

0

5

10

15

20

25

30

a

b

c

C
A

T
 A

ct
iv

ity
 (

nm
ol

 m
in

-1
m

L-1
)

Colostrum Transition milk Mature milk
Fig. 4 Catalase (CAT) activity in colostrum, transition milk, and mature milk (n=20) a, b, c P<0.05
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quantity. Peroxynitrite-dependent LPO, which usually occurs by metal-independent
mechanisms, is also inhibited by NO (Rubbo et al. 1994). The fact that the highest
level of NO was found in colostrum might reflect the high antioxidant feature of
colostrum. In addition, high levels of NO found in colostrum could be because it acts
as a trigger for lactation.

Free iron initiates and catalyzes free radical processes in biomembrane LPO. LF
protects biomembranes from iron-induced LPO by binding free iron (Zimecki et al.
1995). Casein and whey proteins such as lactalbumin, lactoglobulin, lactoferrin, serum
albumin, and immunoglobulins are milk proteins that exhibit antioxidant activity by
ferrous-ion-chelating abilities as well as by inhibitory effects on LPO (Chiang and
Chang 2005). Since the casein content of human milk is low, LF is one of the major
whey proteins in human milk (Lonnerdal and Atkinson 1995), which explains the
increased level of LF in the colostrum observed in this study. According to the authors,
during lactation, LF concentration is higher during the first few days postpartum than
after 1 week (Lewis-Jones et al. 1985). Similarly, Ella et al. (2009) determined that the
LF level in the colostrum is higher than that in mature milk.

Milk CAT is a heme protein with a high molecular weight. It catalyzes the
decomposition of hydrogen peroxide (Gutteridge and Halliwell 1994). In the
present study, CAT activity decreased markedly as the lactation period proceeded.
SOD is an essential antioxidant enzyme having an antitoxic effect against super-
oxide anion and catalyzes the reaction in which superoxide radicals are converted
to H2O and O2. It is only found in skimmed milk (Asada 1976). Korycka-Dahl
and Richardson (1979) described the production of superoxide anions in milk and
the destruction of these anions by SOD. L’Abbe and Friel (2000) found that there
was no difference in the SOD activity of milk from mothers of full-term infants
from the 1st to the 12th week. According to the authors, although SOD activity
increased in milk from the 3rd week of lactation as compared to colostrum, it
markedly decreased in the 4th month of lactation (Kasapovic et al. 2005). In this
study, the SOD activity in the colostrum was higher than that in transition milk
and mature milk. The decrease in the activity of both CAT and SOD might be
explained by a physiological trend in infants: while breast milk meets the needs of
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newborns in all aspects, as an infant grows up, the antioxidant effect of milk can
lessen.

5 Conclusion

The present study shows that the MDA level in the colostrum increased. The
CAT, SOD, LF, and NO concentrations showed a significant decrease as
lactation proceeded. This phenomenon is thought to be the result of a decrease
in the antioxidant storage of the mothers. Therefore, these findings suggest that
colostrum with high antioxidant capacity is vital on the 1st day of life, and the
reduction of these antioxidants during the lactation period seems to match the
changing need of the growing infant. The study also revealed that the high
antioxidant activity of colostrum shortly after the birth would be the most
important factor for protecting newborn in his/her extra-uterine life.
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