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Abstract
Objectives: Fortification of breast milk (BM) is recommended to enhance
protein, vitamin, and mineral content, supporting improved growth in preterm
infants. However, the impact of fortification on the oxidant–antioxidant balance
in BM has not been previously studied. This study aims to evaluate the effects
of fortification with a bovine milk‐based fortifier on the total antioxidant capacity
(TAC) and total oxidant status (TOS) in preterm BM.
Methods: In this prospective cohort study, transitional milk (TM) (6–10 days
postpartum) and mature milk (MM) (>15 days postpartum) samples were collected
from mothers of preterm infants receiving fortified BM. TAC and TOS were mea-
sured in BM samples before and after fortification. The oxidative stress index (OSI),
defined as the TOS‐to‐TAC ratio, was used to assess oxidative stress levels.
Results: Seventy‐five BM samples from 59 preterm infants, with a mean
gestational age of 31.4 ± 2.8 weeks, were analyzed. TAC levels were con-
sistent between TM and MM of the preterm infants. TOS levels and OSI were
lower in TM compared to MM (p = 0.019 and p = 0.033, respectively). Fortifi-
cation led to increased TAC and TOS in both TM (p < 0.001 each) and MM
(p < 0.001 each). The OSI was higher in fortified TM (p = 0.032) compared to
unfortified TM, while OSI remained unchanged in fortified MM (p = 0.39).
Conclusions: Preterm TM exhibits a more favorable oxidant–antioxidant profile
compared to MM. Fortification elevates both TAC and TOS in preterm BM. In MM,
the oxidant–antioxidant balance is maintained post‐fortification; however, in TM,
the increase in TOS exceeds that of TAC, resulting in a higher OSI.
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1 | INTRODUCTION

Reactive oxygen species (ROS) are generated as a by-
product of cellular metabolism involving carbohydrates and
lipids for energy production. These molecules are highly
reactive and have the potential to cause damage to lipids,
proteins, polysaccharides, and DNA. Under normal phys-
iological conditions, antioxidants typically mitigate the
detrimental effects of ROS. Oxidative stress (OS) is
characterized by an imbalance between the levels of ROS
and the protective mechanisms provided by antioxidants.1

The fast transition from intrauterine to relatively hy-
peroxic extrauterine environment exposes newborns to
OS at birth. Preterm newborns are particularly vulnerable
to OS because of their immature antioxidant defence
mechanisms.2 In preterm neonates, OS plays a role in the
development of various pathological conditions and dis-
eases, including respiratory distress syndrome (RDS),
bronchopulmonary dysplasia (BPD), retinopathy of pre-
maturity (ROP), necrotizing enterocolitis (NEC), periven-
tricular leukomalacia (PVL), and intraventricular hemor-
rhage (IVH).3,4
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Breast milk (BM) serves not only as an optimal source
of nutrients for growth and development but also provides
several antioxidant constituents such as superoxide dis-
mutase, glutathione peroxidase, catalase, vitamin E, vita-
min C, and β‐carotene which may protect newborns
against OS at the early stage of life5,6 Early in lactation, the
BM of mothers delivering prematurely contains higher
levels of protein and many bioactive molecules, which
correspond to the increased requirements of preterm
newborns.7,8 However, these levels decrease in the first
few weeks after delivery.9 Fortification of preterm BM is
recommended to provide additional protein, vitamins and
minerals and improve growth in preterm infants. The ideal
timing for the introduction of fortification is unknown and
there is a wide variety in clinical practice.10

The effects of fortification on the oxidant–antioxidant
profile of BM have not been studied to date. We aimed to
evaluate the changes in oxidant–antioxidant balance of
preterm BM after fortification with a commercially availa-
ble bovine milk‐based fortifier by measuring total anti-
oxidant capacity (TAC) and total oxidant status (TOS).

2 | METHODS

2.1 | Ethics statement

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by
the Ethics Committee of Eskisehir Osmangazi Univer-
sity (Date:29.09.2020/No:45). Informed consent was
obtained from the participants before recruitment.

2.1.1 | Study design

A single‐center, prospective, and cohort study were
conducted.

2.2 | Primary and secondary endpoints

The primary endpoint of the study was to demonstrate
the changes in the TAC and TOS of preterm BM fol-
lowing fortification. The secondary endpoint was to
assess the changes in the oxidant–antioxidant profile of
BM through the transitional and mature milk stages of
lactation and its relation to gestational age, perinatal
factors and OS‐related diseases of prematurity.

2.3 | Setting

The study was conducted in Level‐III Neonatal Inten-
sive Care Unit (NICU) of Eskisehir Osmangazi Uni-
versity Hospital, Eskisehir, Türkiye, between January 1,
2021 and December 31, 2021. Our hospital had

baby‐friendly hospital certificate. According to our NICU
enteral nutrition protocol, the first choice was BM and
the second choice was preterm infant formula in case
of complete absence or inadequate amount of maternal
BM. Minimal enteral nutrition was initiated on the
first day of life at a volume of 10–20mL/kg/day in
infants with a birth weight of <1500 g and 20–40mL/kg/
day in infants with a birth weight of ≥1500 g. The enteral
nutrition volume was increased by 10–15mL/kg/day
in infants with a birth weight of <1500 g and by
20–40mL/kg/day in infants with a birth weight of
≥1500 g, as tolerated, until reaching a final volume of
150–180mL/kg/day. All infants received enteral nutri-
tion every 3 h (×8/day). Total parenteral nutrition was
initiated according to nursery protocol in very low birth
weight (<1500 g) infants and in those for whom enteral
nutrition was not sufficient to achieve optimal energy
supply. According to our unit's feeding protocol, the BM
of infants with a birth weight of less than 1500 g or a
birth weight between 1500 and 2000 g with inadequate
weight gain is enriched with a BM fortifier to enhance
mineral, vitamin, and protein content. Fortification
started when the daily BM intake of infants monitored in
our unit exceeds 80mL/kg/day.

2.4 | Subjects

Inborn preterm infants admitted to our NICU and fed
predominantly with fortified BM (more than 50% of the
feeding volume) were included in the study. Mothers of
infants with a birth weight of less than 1500 g were

What is Known

• The oxidant–antioxidant profile of preterms
breast milk is different than term breast milk.

• It is known that the oxidant–antioxidant profile
of breast milk is influenced by the mother's
dietary habits and smoking, while the profile
of stored milk is affected by storage
conditions.

What is New

• During the transitional period of lactation,
preterm breast milk shows a more favorable
oxidant–antioxidant profile compared to the
mature milk stage.

• After fortification, the oxidant–antioxidant
balance remains stable in mature milk. How-
ever, in transitional milk, the increase in total
oxidant status (TOS) surpasses the rise in
total antioxidant capacity (TAC), leading to a
higher oxidative stress index (OSI).
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invited to participate in the study on the first day of life,
and mothers of infants with a birth weight between
1500 and 2000 g with inadequate weight gain were
invited as soon as fortification was started. Inadequate
weight gain was defined as either failure to regain birth
weight by 10–14 days of age or gaining less than the
expected 15–20 g/kg/day after the initial physiological
weight loss period. Mothers without sufficient BM pro-
duction for infant nutrition, mothers with history of
smoking, substance or drug abuse, and infectious and
inflammatory diseases were excluded from study.

2.5 | Demographics and clinical data

Maternal demographic characteristics including age,
maternal morbidities (gestational hypertension, gesta-
tional diabetes mellitus, and chorioamnionitis), and
antenatal steroid administration were noted on the data
collection form. Natal data including gestational age,
gender, birth weight, cesarean delivery, and 5‐th min
Apgar score were recorded. Postnatal clinical morbid-
ities, including OS‐related diseases of prematurity such
BPD, ROP, NEC, PVL, and IVH were assessed. For
defining patients with BPD, we used the criteria es-
tablished by the NIH workshop.11 Patients with any
stage of ROP and those with severe ROP, classified as
type 1 ROP according to the Early Treatment for Ret-
inopathy of Prematurity (ETROP) study, were
recorded.12 Infants with Stage 2 and 3 diseases ac-
cording to Modified Bell Staging are defined as NEC.13

Infants with IVH ≥Stage 2 according to Volpe criteria
were recorded.14

2.6 | Oxidant–antioxidant profile
analysis of BM

Mothers' BM was collected for TAC and TOS mea-
surement before and after fortification during the tran-
sitional milk (TM) (6–10 days postpartum) and mature
milk (MM) (>15 days postpartum) stages of lactation.
For BM collection, one breast of the mother was
pumped using an electric pump for at least 20min, and
only 2mL of the pumped milk was taken. The remain-
ing pumped milk was used for feeding the infant.

All samples were analyzed within 3 months of col-
lection and kept at −80°C until analysis. After thawing,
the samples were centrifuged for 15min at a speed of
15,000 rpm and supernatants were taken for analysis.
TAC and TOS were measured before and after addition
of BM fortifier (Aptamil Eoprotin®) with colorimetric and
automated methods described by Erel15,16 (Rel Assay
Diagnostics TAC and TOS assay kits, Mega Tip, Ga-
ziantep, Türkiye) using Mindray BS 400 clinical chem-
istry analyser (Shenzhen Mindray Bio‐Medical Elec-
tronics Co. Ltd., Shenzhen, China). Erel's TAC method

is based on the bleaching of the characteristic color
of a more stable 2.20‐azino‐bis (3‐ethylbenz‐thiazoline‐
6‐sulfonicacid) radical cation by antioxidants. Relative
antioxidant activities of individual antioxidants and their
estimated contributions to TAC are free sulfhydryl
groups of proteins (52.9%), uric acid (33.1%), vitamin C
(4.7%), total bilirubin (2.4%), vitamin E (1.7%), and
others (5.2%). Results were expressed in mmol of
Trolox equivalent per liter. Erel's TOS method is based
on the oxidation of ferrous ion to ferric ion in the
presence of various oxidative species in acidic medium
and the measurement of the ferric ion by xylenol
orange. Main components of TOS are hydrogen per-
oxide and lipid hydroperoxide. The results were ex-
pressed in mmol H2O2/L. The TOS‐to‐TAC ratio was
defined as the oxidative stress index (OSI), an indicator
of the degree of OS.

2.7 | Data analysis

The sample size was calculated to be at least 36 pa-
tients, with 80% power to detect a mean change of 1.50
(SD 0.75) Trolox equivalent/L in TAC levels after the
supplementation of BM in preterm infants. Sample size
calculation was based on data reported in previous
research articles by Deniz et al.17 and Turhan et al.18

regarding TAC levels in preterm BM. Statistical analy-
ses were performed using SPSS version 21.0 (Armonk,
NY: IBM Corp). The results are presented as number
(n), frequency (%), mean with the respective standard
deviation, and median with minimum and maximum
values. For comparison of categorical variables
between the groups, Chi‐square test or Fisher's exact
test was used. Continuous variables with normal dis-
tribution were compared using the Student's t‐test,
while those without normal distribution were compared
using the Mann–Whitney U‐test between two inde-
pendent groups. For comparisons of dependent groups
at different time points, two‐way repeated measures
analysis of variance or Wilcoxon's rank test was used.
Correlation analyses were performed using Spear-
man's rank correlation test. Statistical significance was
considered at p < 0.05.

3 | RESULTS

Seventy‐five BM samples (40 TM and 35 MM) were
collected from mothers of 59 preterm infants. During
the study period, we excluded five mothers due to
insufficient BM production, two mothers due to smoking
habits, and three mothers due to infectious and
inflammatory conditions (one with systemic lupus ery-
thematosus, one with mastitis, and one with pneumo-
nia). The mean gestational age of the infants was
31.4 ± 2.8 weeks, and the mean birth weight was
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1650 ± 627 g. Detailed data, including demographic
and clinical characteristics of the mothers and infants,
are provided in Table 1. TAC levels were similar in
TM [1.00 (0.48–1.75) mmol Trolox equivalent/L]
and MM [0.88 (0.50–1.43) mmol Trolox equivalent/L]
(p = 0.623). In contrast, TOS levels were lower in TM
[1.56 (0.14–4.97) µmol H₂O₂/L] compared to MM [1.74
(0.04–7.99) µmol H₂O₂/L] (p = 0.019). OSI was also
lower in TM [0.128 (0.013–0.507) AU] compared
with MM [0.192 (0.004–1.095) AU] (p = 0.033).

In both TM and MM of preterm infants, TAC, TOS,
and OSI did not show significant linear correlations with
gestational age. However, when comparing BM from
extremely preterm infants (<28 weeks gestational age)
to BM from infants born at >28 weeks gestational age,
we observed notable differences. While TAC levels
were similar between the groups, BM samples from
extremely preterm infants exhibited considerably lower
TOS levels in TM [0.48 (0.20–3.39) µmol H₂O₂/L vs.
1.72 (0.14–4.97) µmol H₂O₂/L, p = 0.038]. Similar
differences were observed for OSI levels: TM‐OSI
[0.049 (0.019–0.257) AU vs. 0.144 (0.013–0.507) AU,

p = 0.018]. In MM samples, TOS and OSI were also
lower in extremely preterm infants, although these dif-
ferences were not statistically significant. Table 2
presents TAC, TOS, and OSI values in TM and MM
according to gestational age.

No association was found between TAC and TOS
levels in BM and maternal age, antenatal factors (such
as hypertension, pre‐eclampsia, gestational diabetes,
or antenatal steroid use), birth weight, gender, or mode
of delivery.

After fortification with a human milk fortifier, TAC
levels increased significantly in both TM and MM. The
comparison of basal and fortified levels was as follows:
TM [1.00 (0.48–1.75)mmol Trolox eq/L vs. 2.69
(1.34–3.52)mmol Trolox eq/L, p < 0.001] and MM [0.88
(0.50–1.43)mmol Trolox eq/L vs. 3.09 (1.44–3.64)mmol
Trolox eq/L, p < 0.001] (Figure 1A). TOS also increased
in both TM [1.56 (0.14–4.97) µmol H₂O₂/L vs. 5.17
(0.56–15.47) µmol H₂O₂/L, p < 0.001] and MM [1.74
(0.04–7.99) µmol H₂O₂/L vs. 7.09 (1.79–14.07) µmol
H₂O₂/L, p < 0.001] (Figure 1B). The OSI was higher in
fortified TM compared to unfortified TM [0.167 (0.061–
1.154) AU vs. 0.115 (0.022–0.448) AU, p = 0.032], but did
not change significantly in MM after fortification [0.234
(0.054–0.450) AU vs. 0.252 (0.074–0.779) AU, p = 0.39]
(Figure 1C).

When we assessed TAC and TOS levels based on
morbidity to better understand their association with
OS‐related preterm disorders, we found the following:
Infants with BPD had lower TOS levels in both transi-
tional milk (TM) [0.48 (0.20–3.61) µmol H₂O₂/L vs. 1.72
(0.14–4.97) µmol H₂O₂/L, p = 0.022] and mature milk
(MM) [0.81 (0.22–4.06) µmol H₂O₂/L vs. 2.12
(0.04–7.99) µmol H₂O₂/L, p = 0.023], and lower OSI in
TM [0.049 (0.019–0.215) AU vs. 0.149 (0.013–
0.507) AU, p = 0.006] compared to infants without BPD.
Among infants with NEC, TOS levels in MM were
higher compared to those in infants without NEC
[10.37 ± 0.84 µmol H₂O₂/L vs. 6.59 ± 0.514 µmol
H₂O₂/L, p = 0.011]. After fortification, TAC, TOS, and
OSI levels in both TM and MM were similar among
infants with and without NEC and BPD. Infants with and
without ROP had similar TAC and TOS levels in BM
both before and after fortification. Table 3 demon-
strates oxidant‐antioxidant profile of TM and MM in
relation to OS‐related diseases of prematurity.

4 | DISCUSSION

The evidence supporting the use of BM for preterm
infants is strong, offering substantial nutritional, anti‐
infective, and antioxidant health benefits in both the
short and long term.19 Providing BM to preterm infants
has been shown to reduce the risk of NEC and con-
tribute to sustained improvements in neurodevelop-
mental outcomes.20,21 BM contains several antioxidant

TABLE 1 Characteristics of the study population.

Features Values

Maternal age* 32.4 ± 2.8

Gestational diabetes, n (%) 10 (16.9)

Gestational hypertension, n (%) 10 (16.9)

Chorioamnionitis, n (%) 0

Antenatal steroids given, n (%) 27 (45.8)

Gestational age,* week 31.4 ± 2.8

Birth weight,* g 1650±627

Gender (F/M) 29/30

Cesarean delivery, n (%) 50 (84.7)

5‐min Apgar score* 8 ± 1.4

Exclusively fed with BM, n (%) 29 (49.2)

Enteral feeding started,* day of life initiation of first
feeding, (day of life)

2.74 ± 2.33

Respiratory distress syndrome, n (%) 24 (40.7)

Any intraventricular hemorrhage, n (%) 9 (15.3)

Intraventricular hemorrhage ≥ Stage 2, n (%) 3 (5)

Periventricular leukomalacia, n (%) 1 (1.7)

Necrotizing enterocolitis ≥ Stage 2, n (%) 4 (6.8)

Any retinopathy of prematurity, n (%) 9 (15.3)

Severe retinopathy of prematurity, n (%) 1 (1.7)

Bronchopulmonary dysplasia, n (%) 14 (23.7)

Abbreviation: BM, breast milk.

*Mean ± standard deviation.
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molecules and offers better antioxidant protection than
formula feeding.22 It is more effective at scavenging
free radicals and exhibits less oxidation when sub-
jected to physiological stress compared to formula.23

The milk produced by mothers who give birth before
their due date contains higher levels of protein
and many bioactive molecules, which align with
the increased needs of preterm neonates.7,8 The
antioxidant‐oxidant properties of preterm BM and how
they change throughout the stages of lactation have
been areas of research interest. However, many of the
studies face methodological limitations and have re-
ported heterogeneous results. Only a small number of
studies have evaluated oxidants alongside antioxidants
and commented on their balance.17,23–25 In a previous
study, Deniz et al.17 compared TAC and TOS of BM in
term and preterm infants born before 34 weeks ges-
tation. Consistent with previous literature,26–28 they
found that colostrum had the highest TAC levels, which
decreased in the later stages of lactation in term BM.
However, in preterm BM, TAC, which was significantly
lower than in term BM during the colostrum stage,
remained relatively constant throughout the different
stages of lactation and was similar to term BM in the

mature milk stage. TOS levels were lower in preterm
BM compared to term BM across colostrum, transi-
tional, and mature milk stages. Consequently, OSI was
lower in preterm BM than in term BM, with statistical
significance observed only during the transitional milk
stage. In line with these findings, the present study
observed lower TOS and OSI in TM, suggesting that
TM has a better antioxidant‐oxidant profile compared
to MM in preterm infants. Additionally, in BM of ex-
tremely preterm infants TOS and OSI were lower in TM
compared to older infants. This finding supports the
idea that BM, especially during the transitional stage of
lactation, offers a better antioxidant‐oxidant balance for
extremely preterm infants, who are more vulnerable to
OS‐related damage. BM that naturally provides pro-
tection seems to do the same for itself.

In early stages of lactation, preterm BM contains
high levels of protein, fatty acids, and minerals. How-
ever, in later stages, preterm BM becomes similar in
composition to term BM and may not provide sufficient
amounts of protein, sodium, phosphate, or calcium to
meet the specific needs of preterm infants.9 The use of
commercially produced fortifiers is recommended to
augment BM for preterm infants, providing additional

TABLE 2 Transitional and mature breast milk oxidant‐antioxidant profile according to gestational age.

Gestational
age TM‐TAC p‐Value TM‐TOS p‐Value TM‐OSI p‐Value

≤28, week 1.08 (0.86–1.32) 0.225 0.48 (0.20–3.39) 0.038 0.049 (0.019–0.257)

>28, week 0.97 (0.48–1.75) 1.72 (0.14–4.97) 0.144 (0.013–0.507) 0.018

MM‐TAC p‐Value MM‐TOS p‐Value MM‐OSI p‐Value

≤28, week 0.86 (0.51–1.20) 0.94 (0.04–6.70) 0.121 (0.004–0.779)

>28, week 0.91 (0.50–1.43) 0.294 2.02 (0.22–7.99) 0.118 0.217 (0.025–1.095) 0.088

Note: Values are given as medians with minimum and maximum values.

Abbreviations: MM‐OSI, mature milk‐oxidative stress index; MM‐TAC, mature milk‐total antioxidant capacity; MM‐TOS, mature milk‐total oxidant status; TM‐OSI,
transitional milk‐oxidative stress index; TM‐TAC, transitional milk‐total antioxidant capacity; TM‐TOS, transitional milk‐total oxidant status.

F IGURE 1 (A) Changes in total antioxidant capacity in transitional and mature preterm breast milk after fortification. (B) Changes in total
oxidant status in transitional and mature preterm breast milk after fortification. (C) Changes oxidative stress index in transitional and mature
preterm breast milk after fortification. In the boxplot graphics, central horizontal line is the median, box borders represent the interquartile range
and whiskers represent the 5th and 95th percentiles. *p < 0.001 and **p < 0.001.
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protein, calcium, phosphate, carbohydrates, as well as
essential vitamins and minerals.29 In theory, fortifica-
tion could also be an option to increase the antioxidant
capacity of preterm BM. Most multinutrient fortifiers
contain antioxidant vitamins, which may improve the
antioxidant capacity of BM. However, research on the
effect of fortification on the antioxidant–oxidant prop-
erties of preterm BM is scarce, and an increase in
oxidants could pose a potential risk. Friel et al.30

investigated the effects of different feeding types on
plasma and urinary oxidants in preterm infants. They
compared infants fed with formula, BM, and BM sup-
plemented with different proportions of human milk
fortifier. They reported that urinary F2‐isoprostanes
were highest in infants who received more than 50% of
their total BM as supplemented milk compared to
infants who received formula or BM with a lesser pro-
portion of fortification. The authors speculated that the
inhibition of the antibacterial activity of BM by the
addition of bovine protein‐based HMF and improper
storage conditions with subsequent bacterial growth
may increase the body pool of oxidized lipids.

In the present study, we evaluated the antioxidant‐
oxidant balance in preterm BM after the addition of
bovine milk‐based HMF for the first time in the litera-
ture. We found that both TAC and TOS increased in
transitional and mature BM following fortification. In
preterm MM, the oxidant–antioxidant balance was
preserved after fortification, as indicated by an
unchanged OSI. However, in TM, TOS increased more
than TAC after fortification, resulting in a higher OSI.
This can partially be explained by the composition dif-
ferences between transitional and mature BM.
Dynamic changes occur in the lipid content of BM
throughout lactation. It has been shown that most lipids
decrease as the milk progresses from the colostral
stage to the mature stage, with some reaching a peak
at the transitional stage.31 Lipid hydroperoxide is one of
the major components of TOS measured by the
method used in this study.16 The higher lipid content of
TM compared to MM makes it more prone to lipid
peroxidation. This hypothesis is also supported by the
study conducted by Friel et al.,30 which reported higher
urinary lipid peroxidation products in infants who were
fed with BM with a higher proportion of fortification. This
finding raises concerns about the ideal timing for
starting fortification of preterm BM. The timing of HMF
introduction for enterally fed preterm infants varies
considerably, often due to a “lack of evidence and
strong local tradition.” The usual practice is to add
fortifier to BM once a certain volume of enteral feeding
is reached, which typically corresponds to the mature
milk stage of lactation. The potential advantage of
introducing HMF earlier is improved in‐hospital
growth of preterm infants. Observational studies
comparing the early introduction of HMF (at enteral
intakes of approximately 20–100mL/kg/day) with later

introduction (50–100mL/kg/day) yield conflicting
results, showing either improved growth or no dis-
cernible effect.32–34 There is a concern that earlier HMF
introduction might be associated with higher rates of feed
intolerance, NEC, and an extended hospital stay. Despite
some observational studies reporting increased gastric
residuals and vomiting,34 earlier fortification was not
linked to NEC or sepsis32,35 and did not result in an
increased length of hospital stay.33 In a meta‐analysis
comprising three randomized controlled trials involving
378 preterm infants, the timing of human milk fortifier
(HMF) introduction was assessed. The evidence indi-
cates that starting HMF earlier, at a volume of≤40mL/kg/
day, compared to later, at≥75mL/kg/day, may have little
to no impact on infant growth, feeding intolerance, sepsis,
or NEC. However, these effects are highly uncertain due
to imprecision and the risk of bias.10 Additionally, none of
these studies evaluated the effects of HMFs on the
antioxidant‐oxidant properties of BM or on the infants
themselves.

In fact, our study was not well designed to investi-
gate effects of BM's TAC, TOS, and OSI on OS‐related
morbidities in preterm infants. The number of subjects
with these morbidities was too small to detect a sta-
tistically significant and reliable difference between
groups. Due to the small number of infants with sig-
nificant IVH and PVL, statistical analysis of BM TAC
and TOS levels was not feasible. Additionally, TAC and
TOS levels were not measured in infants themselves,
acknowledging that BM is only one of the several other
factors influencing the antioxidant and oxidant levels in
the body. Nevertheless, our finding that TOS levels
in MM were higher among infants with NEC compared
to those without NEC is noteworthy, although it is dif-
ficult to interpret. OS contributes to several complica-
tions of prematurity, including NEC. Since NEC is a
multifactorial disease, OS may play a role as a down-
stream component in its pathogenetic cascade. Main-
taining the oxidant‐antioxidant balance in BM could be
an important strategy for NEC prevention in preterm
infants, which might be supported by increasing anti-
oxidant components in BM fortifiers.

BPD is another OS‐related morbidity after preterm
birth. Interestingly, we observed lower TOS both in TM
and MM and lower OSI in TM, in infants with BPD
compared to those without BPD. This finding aligns
with our observation that infants born before 28 weeks
of gestation have lower TOS and OSI in their BM, as
these smallest infants constitute a large proportion of
the BPD group in our study.

Our study has several limitations. First, it was con-
strained by a small sample size from a single center,
which is insufficient to fully explore the relationship
between OS‐related morbidities of prematurity and the
oxidant‐antioxidant status of BM. A larger sample
size is needed to establish a cause‐and‐effect rela-
tionship. The small sample size may also limit the
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generalizability of our conclusions. While no infant in
our study received donor BM, it is important to note that
in many NICUs when maternal milk is insufficient,
donor BM is often used. Donor milk is not always pre-
term BM and can come from women who delivered at
term. Therefore, our concerns about the ideal timing for
starting fortification of preterm BM may not apply to
fortification practices for donor milk. Despite these
limitations, the strength of our study lies in its originality;
it addresses a topic that has not been previously
investigated, and our findings provide valuable insights
that could inform future research.

5 | CONCLUSION

In conclusion, during transitional period of lactation, BM
has a better oxidant–antioxidant profile compared to
the MM period in preterm infants. After fortification, the
oxidant–antioxidant balance is preserved in MM.
However, in TM, the increase in TOS was greater than
the increase in TAC after fortification, resulting in a
higher OSI. The safety of fortifying TM with respect to
OS‐related morbidities in preterm newborns requires
further investigation. Additionally, further studies could
focus on identifying the most effective strategy for
increasing the TAC of fortified BM.
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