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Breast milk is a well-balanced ideal nutritional source with high bioavailability
for infants. As being a fresh, biological and dynamic product, changes in the
breast milk during these storage periods have been the subject of ongoing
research. This study aims to evaluate total antioxidant capacity (TAC), total
oxidant status (TOS), and paraoxonase-1 (PON-1) levels of fresh and freezestored breast milk. Ten cc of breast milk was obtained from the mothers as
the days between 10 and 15 in the morning within a 1-hour period. TAC,
TOS, and PON-1 levels were evaluated in the fresh breast milk. Collected
breast milk samples were divided into two groups for storage at -20°C or
-80°C. Stored samples were tested for TAC, TOS, and PON-1 levels after 72
hours. The highest TAC level was detected in fresh breast milk (p <0.05).
The TOS levels of fresh breast milk showed a statistically significant reduction
in rate after storage. The TOS levels at -20°C and -80°C were significantly
lower at -80°C (p <0.05). Our study results show that oxidant and antioxidant
activities are at the maximum level in the fresh breast milk. In terms of
antioxidant status the effect of freezing temperatures hasn’t been determined.
We conclude that it is more convenient to store the breast milk at -80°C than
to store at -20°C in terms of preserving the storage TOS level.
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Breast milk is a well-balanced ideal nutritional
source with high bioavailability for infants,
which supports healthy growth and development
due to the compounds and nutrients contained.1
However, storage of breast milk is needed in
conditions where available breast milk exceeds
the requirements of an infant as is the case in
premature newborns, or when administration
to the infant is not possible after collection of
breast milk due to inability to perform enteral
feeding in the intensive care unit setting. As
being a fresh, biological and dynamic product,
changes in the breast milk during these storage

periods have been the subject of ongoing
research.2,3
More than a hundred diseases have been
associated with free oxygen radicals. In
studies performed, decrease in the antioxidant
and increase in the oxidant levels have
been demonstrated to enhance the risk
of development of neonatal diseases as
intraventricular hemorrhage, retinopathy of
prematurity (ROP), necrotizing enterocolitis
(NEC) and bronchopulmonary dysplasia (BPD)4
Newborns, especially preterm infant have been
shown to be lacking sufficient antioxidant
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capacity against oxygen radicals in the first
days of life.4 Breast milk has protective features
for newborns also due to its antioxidant
characteristics. However, changes can occur in
antioxidant features of the breast milk while
keeping and storing. These changes can be
demonstrated by the measurement of total
antioxidant capacity (TAC), total oxidant status
(TOS) and level of PON-1.5-7
Paraoxonase-1 (PON-1), a sensitive and specific
endogenous antioxidant enzyme, is produced
in hepatocytes in the liver. Local chromatin
paraoxonase (PON) in region q21-22 of
chromosome 7 consists of three members
called PON-1, PON-2 and PON-3. It has been
observed that PON1 has an antioxidant effect
against lipid peroxidation caused by free radicals
on cell membranes and lipoproteins.8,9
In the present study, we aimed to evaluate
the changes in TAC, TOS and PON-1 levels
in breast milk samples collected from the
mothers and stored either at -20°C or -80°C and
determining ideal storage conditions becomes
important due to these changes.
Material and Methods
The study included breast milk samples collected
from 35 healthy mothers, who delivered their
babies between 38 and 42 weeks of gestation
The study was approved by the Institutional
Ethics Committee (2013/323).
Neonates with severe respiratory distress
syndrome, premature rupture of membranes
(PROM), severe congenital malformation,
congenital metabolic disease, severe sepsis,
pathological jaundice, cyanotic congenital
heart disease, perinatal asphyxia, renal and
hepatic failure, newborns receiving antioxidant
therapy, patients on dialysis, patients with
maternal history of alcohol, smoker/passive
smoker and drug use or antioxidant therapy,
and patients with maternal history of diabetes
were excluded.
A written informed consent was obtained from
each participant. An attention was paid to
ensure that samples were obtained between
days 10 and 15 after birth, and breast milk
was collected in the morning. All mother
expressed their own breast milk for collection.
A 10-cc sample of breast milk was collected
into a polypropylene tube and kept away from
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sunlight. All samples were collected within 1
hour and sent to the biochemistry laboratory.
Breast milk samples were divided into three
groups. The samples in the first group (fresh
breast milk) were immediately analyzed. The
samples in the other two groups were stored
at either -20°C or -80°C for 72 hours before
analysis.
After breast milk samples were centrifuged
at 3500 rpm for 10 min, a 1 cc clear middle
layer was transferred to an Eppendorf tube for
micro-centrifugation. TAC, TOS and PON-1
levels were immediately determined in one
tube. Other tubes were placed in a refrigerator
for storage at -20° or -80°C. After storage for
72 hours, tubes were thawed with a Bain
marie method by keeping at 35-38°C for 15
min. After the samples were thawed, TAC,
TOS and PON-1 levels were studied.
The TAC, TOS, and PON-1 levels in these
samples were analyzed collectively at one
time at the Central Biochemistry Laboratory
of Institutional.
Serum paraoxonase measurement
Paraoxon was used as a substrate in the
measurement of PON-1 activity and the
absorbance of the color with hydrolysis of
paraoxon was read at 412 nm and 37ºC. 10
PON-1 activity was measured as the baseline
activity. The results were expressed as U/L.10
Measurement of serum total antioxidant capacity
TAC was determined by an automated method
based on the reduction of 2,2-azino -bis
(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)
radical with a characteristic color to a colorless
reduced form in the sample.11 The results were
expressed as Trolox equivalents/L.11
Measurement of serum total oxidant status
TOS was determined using an automated
measurement method.12 The oxidants within
the sample converts ferrous ion-o-dianisidine
complex to ferric ion. In an acidic environment,
ferric ion forms a colored complex with xylenol
orange. The intensity of color measured with
spectrophotometric method is related to a total
amount of oxidant molecules. The measurement
was calibrated with hydrogen peroxide (H2O2)
and the results were expressed as micromolar
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H2O2 equivalent in liters (µmol H2O2 equiv./L).
Statistical Analysis
Statistical analysis was performed using the
SPSS version 21.0 (IBM Corp., Armonk,
NY, USA). The Kolmogorov-Smirnov and
Shapiro-Wilk normality tests were carried
out to determine whether the data were
appropriate for normal distribution. Descriptive
data were presented in mean ± standard
deviation and abnormally distributed data were
expressed in median (min-max) values. The
Friedman analysis was used to compare groups
of dependent numerical variables without
normal distribution. For statistically significant
outcomes, Wilcoxon test was used to compare
groups within themselves. A p value of <0.05
was considered statistically significant.
Results
Demographic features of the mothers and
infants included in the study are shown in
Table I.
The median TAC level was 1.65mmol/trolox
equiv./L in fresh breast milk, 0.55 mmol/
trolox equiv./L in samples stored at -20°C,
and 0.65mmol/trolox equiv./L in samples
stored at -80°C. Comparison of two storage
conditions with fresh breast milk showed that
antioxidant levels were significantly lower in
stored samples compared to the fresh breast
milk (p<0.05). However, although anitoxidant
levels were higher in samples stored at -80°C,
the difference was not statistically significant
(p=0.846) (Table II).
The median TOS level was 79.75 µmol H2O2
equiv. /L in fresh breast milk, 18.7 µmol
H2O2 equiv. /L in samples stored at -20°C,
and 14.30 µmol H2O2 equiv. /L in samples
stored at -80°C. TOS levels in fresh breast milk

samples were significantly higher compared
to the two storage conditions (p<0.05). The
analysis of TOS levels in samples stored at
-20°C and -80°C showed that total oxidant
status was significantly lower in fresh breast
milk samples (p=0.001, p1=0.045, p2=0.001,
p3=0.024) (Table II).
The median PON-1 level was 0.35U/L in
fresh breast milk, 0.0 U/L in samples stored
at -20°C, and 0.0 U/L in samples stored at
-80°C. Although paraoxonase activity in samples
stored at -20°C was lower compared to the
fresh breast milk samples, the difference was
not statistically significant (p=0.217) (Table II).
Discussion
Breast milk is a unique, irreplaceable food
source for all infants.1 In some cases, breast
milk needs to be stored for periods exceeding
allowed time for storage in room temperature.
The question of whether or not storage changes
oxidant-antioxidant features of breast milk has
been of particular concern although this would
not interfere with breastfeeding of the infant.
The use of frozen and stored breast milk is
particularly more common in the feeding of
premature newborns13. Breast milk that may
have been influenced by storage conditions
predisposes these infants to diseases such as
necrotizing enterocolitis, bronchopulmonary
dysplasia, and retinopathy of premature.14-18
In the present study mothers with terms infants
were selected for inclusion as the breast milk
of mothers with premature newborns show
differences to that of mothers with term infants.
Breast milk was expressed on the same day
and hour of the day. Collected milk was kept
away from sunlight because light can induce
oxidant activity.7,19
It has been shown that the oxidative properties

Table I. Age, Weight and Gestational Week of Babies in the Study Group (n=35).
Parameters

mean±SD

Minimum

Maximum

Age (year)

29.3±5.9

19

43

Gestational week

38.6±0.7

38

40

3100.0±367.8

2500

4000

Weight (g)
Sex

Male
Female

3

21 (60.0%)
14 (40.0%)

P<0.05 was considered
P1: Difference between
P2: Difference between
P3: Difference between

0.217
0.00 (0.0-3.39)
0.00(0.0- 6.82)
0.35 (0.0-7.95)
PON-1(U/L)

significant [median (minimum, maximum)]. TAC: total antioxidant capacity, TOS: serum total oxidant status, PON-1: paraoxonase
of fresh milk and at -20°C storage
of fresh milk and at -80°C storage
of at -20°C storage and -80°C

0.024
0.001
0.045
14.30 (0.0-111.65)
79.75 (0.0-200.75)
TOS(µmol H2O2 equiv. /L)

18.70 (0.0-142.45)

0.001

0.846
0.001
0.001
0.65 (0.0-3.75)
1.65 (0.0-4.05)
TAC(mmol/troloxequiv./L)

0.55 (0.0-3.75)

0.001

P1
Median (min, max)
Median (min, max)
Parameters

Median (min, max)

-80°C

P
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-20°C
Fresh milk

Table II. Statistical Analysis of TAC, TOS, and PON-1 Levels According to Storage Conditions of Breast Milk

P2

P3
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of breast milk change during long-term freezing
and storage.7, 20 The present study evaluated
antioxidant, oxidant and paraoxonase levels
in transitional fresh breast milk collected
between days 10 and 15 and stored at -20°C
and -80°C for 72 hours and so changes that
occurred during short-time freezing could also
be evaluated. The level of antioxidants in fresh
breast milk was shown to be significantly
decreased after freezing and storage for 72
hours (p<0.05). This finding was consistent
with the literature. 20 Fresh Breast milk
possesses the highest level of antioxidant
properties. However, our literature search
was unable to find any study that compared
the paraoxonase level. When evaluated with
respect to TAC, the decrease in antioxidant
capacity was found to be lower in samples
stored at -80°C than the samples stored at
-20°C, while comparison of PON-1 levels
showed higher paraoxonase activity in samples
stored at -20°C (Table II). However, there was
no statistically significant difference when the
two temperature conditions were compared
with each other. Silvestre et al.20 evaluated
antioxidant capacity with the measurement of
Glutathione Peroxidase Activity (GPx) levels
and they reported higher antioxidant capacity
when the samples were stored at -80°C for
less than 30 days. After 60 days, the GPx
activity was minimal and the activity of GPx
exhibited no significant differences between
the 2 temperatures.
The comparison of TOS levels showed that
fresh breast milk possessed the highest level
of oxidant capacity and samples stored at -80°C
had the lowest levels, and the difference was
statistically significant (p<0.05). The studies
have emphasized that free fatty acids produced
by the breakdown of lipid fractions by the
enzyme lipase was responsible for the oxidant
capacity of the breast milk. As fresh Breast
milk possesses the highest lipase activity,
this could explain higher TOS in the breast
milk. The activity of this enzyme is sustained
at -20°C; however, when the temperature is
further declined to -80°C, this enzyme would
be inactive causing lower oxidant capacity.20-24.
Silvester et al. 20 found that according to
the results obtained with lipid peroxidation
markers, breast milk remains stable during
30 days when freeze stored at both –20ºC
and –80ºC. However, when frozen storage was
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prolonged to 60 days at both temperatures was
the stable state deteriorated and the oxidant
capacity increased. In our study we evaluated
TAC and TOS after 72 hours, we did not
evaluate the effect of long-term freezing.
Another study showed that freezing breast
milk reduced antioxidant capacity, keeping
breast milk in the refrigerator had a smaller
impact than freezing, and storage for more
than 48 hours reduced antioxidant capacity.25
The aforementioned study also showed that
storing breast milk at +4°C for 48 hours
reduced antioxidant capacity, compared to the
fresh breast milk, although the difference was
not statistically significant. According to the
results of the present study, the highest TAC
levels were observed in fresh breast milk. TAC
was remarkably reduced in breast milk samples
stored at -20°C and -80°C for 72 hours and the
difference was statistically significant.
Another study that compared breast milk
and formula showed higher levels of lipid
peroxidation products in breast milk, compared
to formula. Samples were stored at -20°C to
compare antioxidant levels and the decrease in
antioxidant capacity in breast milk was found
to be statistically significant; however, despite
this decrease, antioxidant levels were higher
in breast milk, compared to formula. They
suggested that the decrease in antioxidant
capacity in breast milk was associated with the
presence of lipoprotein lipase activity at -20°C
and increased production of free fatty acids.22
Another study which evaluated antioxidant
and oxidant levels in fresh breast milk in
comparison to breast milk stored at -80°C for
2 months showed that antioxidant and oxidant
levels were not reduced in colostrum. The level
of antioxidant status was remarkably lower in
transitional and mature Breast milk and the
statistical difference was strongly significant.
No statistical or proportional decline was
observed in the oxidant status.26 The study by
Akdağ et al.27 found a decrease in antioxidant
capacity without any decrease in oxidant
capacity, and the authors concluded that breast
milk stored at -80°C could be recommended
in premature newborns. However, a decrease
in the antioxidant capacity in frozen breast
milk together with a statistically significant
decrease in oxidant capacity is an important
finding to suggest that the use of frozen breast
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milk is safe.
In a study that evaluated total antioxidant
capacity, malondialdehyde, and pH values in the
breast milk of 30 healthy mothers at 25, 36,
48 and 72 hours, pH was shown to decrease
gradually at the beginning and antioxidant
status decreased after the first 24 hours. They
suggested that, considering the antioxidant
status, expressed milk must be consumed in
less than 24 hours if it has to be stored.28
Due to the fact that all samples were stored
for 72 hours in the present study, no comment
was made regarding the duration of storage.
The major limitation of our study was that we
excluded neonates smaller than 38 weeks and
that the sample size was small.
In conclusion, based on our study results,
we suggest that storage at -80°C would be
appropriate in terms of TOS, if the breast
milk needs to be stored before consumption.
However, further large-scale studies are needed
to determine how this storage temperature
would affect other molecules in the breast milk.
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