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Abstract 
Purpose: The purpose of this study was to evaluate oxidative stress, antioxi-
dant power, and antioxidant potential of breastmilk of breast-feeding mothers 
from the early postpartum period to the first 3 months postpartum, and to 
examine the dynamics and the relationships among them. Method: For 47 
puerperant women who gave vaginal birth without any pregnancy complica-
tions, the oxidative stress levels (d-ROMs levels) and antioxidant power (BAP 
levels) in the maternal plasma as well as antioxidant potential of breastmilk 
(BAP levels in breastmilk) were measured 3 times, i.e., in the early puerpe-
rium (4 or 5 days after giving birth), one month after giving birth, and 3 
months after giving birth. Results: The d-ROMs levels in the maternal plasma 
were significantly high in the early puerperium (p < 0.001), and decreased 
gradually in the postpartum period (p < 0.001). On the other hand, BAP levels 
were significantly low in the early puerperium (p < 0.001), and increased to 
the almost normal level during one month after giving birth. BAP levels in 
breastmilk were significantly high in the early puerperium compared with the 
other periods (p < 0.001), and decreased gradually until 3 months after giving 
birth (p < 0.001). BAP levels in breastmilk in the early puerperium were high-
er compared with the maternal BAP levels, and there was a positive correla-
tion between BAP levels in breastmilk and those in the maternal plasma (p < 
0.05). Discussion: Regarding the oxidative stress and the antioxidant defense 
system of breast-feeding mothers, the d-ROMs level was highest and the BAP 
level was lowest in the early puerperium. The BAP level then showed a clear 
tendency to recover in the first 3 months after giving birth. Conclusion: When 
the maternal antioxidant potential remains at a low level after giving birth, 
careful consideration should be given to the mother’s health and wellbeing 
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because there is a possibility that it might affect the antioxidant potential of 
breastmilk. 
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1. Introduction 

Oxidative stress occurs when there is a loss of balance between the production of 
the reactive species (RS) in the living organisms and the antioxidant power re-
gulated by both antioxidant enzymes and the antioxidants involved in the living 
organisms and when consequently oxidation becomes so predominant that it 
causes oxidative damage to the living organisms [1]. Pregnancy is believed to be 
the period when oxidative stress is enhanced by increased mitochondrial activity 
due to active energy metabolism in the placenta as well as by increased produc-
tion of active oxygen species [2]. 

Research shows that oxidative stress plays a role in the onset of pregnancy 
complications; it is deeply associated with the pathogenic mechanism of preg-
nancy complications. Pregnancy-induced hypertension syndrome is one of the 
especially important pregnancy complications, and it is reported that damage of 
vascular endothelium due to the enhanced oxidative stress could be a factor of 
onset or progression of the disease [2] [3] [4]. An animal study reported that 
complications of diabetes mellitus during pregnancy are associated with inci-
dence of fetal malformation due to hyperglycemia and with increased produc-
tion of active oxygen [5], and clinical studies are ongoing to clarify the underly-
ing cause and to prevent the disease [6] [7]. It is also considered that the differ-
ence of mode of delivery may influence the oxidative stress. In fact, a study re-
ported that 8-OHdG levels in the prolonged delivery group were higher than 
those in the natural childbirth group [8]. Moreover, it was pointed out that the 
increase of oxidative stress in the delivery period was influenced by exertion of 
skeletal muscles and uterine muscles over a long period of time. Furthermore, 
there is a report that 8-isoprostane and 8-OHdG, i.e. makers of oxidative stress, 
increased in the placental tissues in the vaginal birth group compared with the 
selective cesarean delivery group and that 8-OHdG and antioxidant potential in 
the umbilical cord blood increased in the vaginal birth group [9]. The increase of 
oxidative stress was found not only in a mother’s body but also in the fetopla-
cental system. 

These findings suggest that labor pain is associated with the enhancement of 
oxidative stress in the placenta. It was also reported that an increase of malon-
dialdehyde (MDA; a metabolite of lipoperoxidation) and superoxide dismutase 
(SOD; an antioxidant enzyme) was observed in the umbilical cord blood of ba-
bies who presented a non-reassuring fetal status pattern on the intrapartum fetal 

https://doi.org/10.4236/health.2017.98083


N. Kuramoto, M. Kitagawa 
 

 

DOI: 10.4236/health.2017.98083 1147 Health 
 

cardiotocogram [10]. Currently, use of oxidative stress marker as an evaluation 
index of fetal dysfunction and acute/chronic hypoxia is being tested. 

Although previous studies on perinatal oxidative stress mainly dealt with elu-
cidation of pathology and prevention of pregnancy complications such as preg-
nancy-induced hypertension syndrome and diabetes, recent studies have been 
focusing even on collecting data in the delivery period. However, few studies 
have examined oxidative stress especially in the puerperium. In recent years, it 
has been pointed out that autoimmune disorders such as chronic rheumatoid 
arthritis and SLE occur highly frequently in the puerperium [11] and an increase 
of thioredoxin (TRX), a biomarker, has been confirmed in the puerperium, sug-
gesting an association between TRX and inflammatory cells [12]. This result in-
dicates that oxidative stress is involved in the exacerbation of autoimmune dis-
ease in the puerperium. However, it remains to be seen as to what exact changes 
caused by the oxidative stress during pregnancy will surface after delivery, i.e., in 
the puerperal period. Moreover, few studies have evaluated antioxidant potential 
of breastmilk by looking at the correlation between maternal oxidative stress and 
antioxidant power. Furthermore, our findings show that no longitudinal follow- 
up study was ever conducted. 

Based on the above observations, the purpose of this study was set to clarify 
the dynamics of oxidative stress, antioxidant power, and antioxidant potential of 
breastmilk of breast-feeding mothers up to 3 months after giving birth. In this 
study, we discuss the relationship between the status of maternal oxidative stress 
and antioxidant power as well as antioxidant potential of breastmilk. We hope 
that findings on the oxidative stress of breast-feeding mothers and on the role of 
antioxidant defense system will help make the oxidative stress markers available 
an objective indicator to assess the perinatal period and manage women’s health. 

2. Materials and Methods 
2.1. Participants 

This study was conducted at maternity hospitals in the Chubu region in Japan. 
The participants were puerperants who had a natural childbirth, and their data 
were collected in the period from June 2012 to April 2013. Inclusion criteria 
were as follows: puerperants who 1) had no pregnancy complications and had a 
normal pregnancy, 2) had no specific medical history, 3) had a singleton preg-
nancy, and 4) agreed to participate in the study. When we calculated the number 
of samples that were necessary to conduct ANOVA using a repeated-measure 
design among the three groups, with the α-level, the power, and the medium ef-
fect size defined as 0.05, 0.08, and 0.25, respectively, we identified 29 samples. 
Therefore, sampling was performed aiming to obtain 50 samples. Out of the 55 
participants who were asked to cooperate in the research, 47 participants who 
could be tracked for up to 3 months after giving birth were analyzed in the 
study. 

This study was approved by the Ethical Committee of Nagoya City University 

https://doi.org/10.4236/health.2017.98083


N. Kuramoto, M. Kitagawa 
 

 

DOI: 10.4236/health.2017.98083 1148 Health 
 

School of Nursing. The aim of this study was explained orally and in a written 
format, and written informed consent was obtained from all participants. 

2.2. Analytical Methods 

In this study, both blood and breastmilk were collected from the participants to 
analyze oxidative stress level, antioxidant power, and antioxidant potential of 
breastmilk. Blood and breastmilk were collected 3 times: in the early puerperium 
(4 or 5 days postpartum), one month after giving birth, and 3 months after giv-
ing birth. About 1 ml of blood sample was collected from the vein in the inner 
elbow into a microcuvette containing heparin. Each resultant blood sample was 
centrifuged to isolate plasma components at 6000 rpm for 2 min. About 1 - 5 ml 
of breastmilk was manually expressed into a sterile tube. The collected breast-
milk was centrifuged into creamy component and defatted milk, and the defat-
ted milk was collected. The collected samples were analyzed by using F.R.E.E. 
(Free Radical Elective Evaluator; Diacron, Italy) within 72 hours. Specifically, 
oxidative stress levels and antioxidant power of maternal plasma were analyzed 
by measuring derivatives of reactive oxygen metabolites (d-ROMs) levels and bi-
ological antioxidant potential (BAP) levels, respectively, while antioxidant po-
tential of breastmilk was analyzed by measuring BAP levels. 

Basic information regarding each individual’s characteristics was collected via 
their medical records and birth records. Specifically, the following information 
was collected: age, medical history, pregnancy/childbirth history, height/weight 
during non-pregnancy, abnormality during the course of pregnancy, pregnancy 
anemia, the number of weeks at delivery, abnormal course of delivery, duration 
of labor, the amount of bleeding during delivery, abnormal puerperal period, 
problems with nursing methods/period, and postpartum weight. In addition, 
BMI (body mass index) was calculated by using height and weight at the follow-
ing each time point: during non-pregnancy, in the early puerperium, one month 
after giving birth, and 3 months after giving birth. 

1) Derivatives of reactive oxygen metabolites (d-ROMs) 
Carratelli et al. in Italy developed a d-ROMs test for the purpose of perform-

ing a comprehensive evaluation of oxidative stress [13] [14]. This test has 
enabled to evaluate oxidative stress easily in a short period of time with high re-
producibility, and has helped to conduct advanced clinical studies. The d-ROMs 
test is a test to measure the blood concentration of hydroperoxide, a metabolite 
of active oxygen and/or free radicals, by color reaction and to evaluate the in vi-
vo status of oxidative stress levels comprehensively. During the d-ROMs test, 
hydroperoxide in a blood sample produces alkoxyl and peroxyl radicals via the 
Fenton reaction in the presence of iron which is released from plasma protein by 
the acidic buffer (the 2nd reagent R-2 in the attached kit). These radicals gradual-
ly oxidize colorless alkyl-substituted aromatic amines that are dissolved in the 
dye mixture (the 1st reagent R-1 in the attached kit) one after another and pro-
duce pink-colored derivatives. This pink-colored reaction was measured by using 
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a photometer (505 nm; 5 min). The result of the d-ROMs test was expressed in 
Carratelli units (U.CARR). 1 U.CARR represents 0.08 mg/dl of hydrogen perox-
ide water. 

2) Biological antioxidant potential (BAP) 
Antioxidant power of maternal plasma and antioxidant potential of breast-

milk were determined by using a BAP test [15]. This BAP test is a test to meas-
ure the ability of reduction substance in the samples, that is, the power to reduce 
trivalent iron (Fe3+) into bivalent iron (Fe2+), in order to evaluate antioxidant 
power. BAP test is a test that utilizes the same chemistry principle as Ferric Re-
ducing Antioxidant Power (FRAP) assay to measure antioxidant power of bio-
logical fluid samples and foods. 50 μl of trivalent iron salt (FeCl3: the 2nd reagent 
R-2 in the attached kit) was added to a cuvette containing thiocyanate derivative 
solution (the 1st reagent R-1 in the attached kit). The reagent reddened by triva-
lent iron ions (Fe3+) was measured by using a photometer. Then, 10 μl of plasma 
or defatted milk was added into the cuvette and the changes were measured 
again using a photometer (505 nm) for 5 minutes, during which the trivalent 
irons were reduced to bivalent irons (Fe2+) and decolorized by plasma antioxi-
dants. The unit was expressed as either μmol/L or μEq/L. 

2.3. Statistical Analysis 

IBM SPSS Statistics 19.0 was used for all the statistical analyses. A one-factor re-
peated measure analysis of variance (ANOVA) was performed to evaluate the 
changes caused by d-ROMs levels and BAP levels in the maternal plasma as well 
as breastmilk BAP levels during the puerperal period, followed by Bonferroni’s 
multiple comparison test. The mean and the standard deviation were used to 
describe each measurement value. Pearson’s correlation analysis was used to in-
vestigate the relationship among d-ROMs levels, BAP levels, and breastmilk BAP 
levels. P value of <0.05 was defined as statistically significant in all the analyses. 

3. Results 
3.1. Characteristic of Participants 

Table 1 shows the participants’ characteristics. The mean age was 32.7 ± 4.5 
years (range: 20 to 41 years). Primiparas and multiparas accounted for 17.0% 
and 83.0% of the study population, respectively. Of the multiparas, biparas and 
triparas accounted for 59.0% and 41.0%, respectively. 78.7% of pregnant women 
were found to have anemia. No one developed pregnancy complications such as 
preeclampsia. All the women had a normal delivery, with the mean gestational 
age at delivery being 39.1 ± 1.1 weeks (range: 36 to 42 weeks). Neonatal weight 
was 3194.2 ± 305.2 g (range: 2668 to 4070 g). The amount of bleeding during de-
livery was 323.7 ± 207.8 g (range: 90 to 908 g).  

The mean duration of labor was 6.5 ± 5.3 hours (range: 1.1 to 31.2 hrs.). 
Compared between primiparas and multiparas, the mean duration of labor of 
primiparas was significantly longer than that of multiparas (primiparas: 13.7 ±  
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Table 1. Participants characteristics. 

 N = 47 

Age (years old) 32.7 ± 4.5 

Gestational week (weeks) 39.1 ± 1.1 

Non-pregnant BMI 20.8 ± 3.3 

Body weight gain during pregnancy (Kg) 9.9 ± 3.7 

BMI 1 month after giving birth 22.1 ± 3.0 

BMI 3 months after giving birth 21.6 ± 3.0 

Number of delivery primipara 8 (17.0%) 

Multipara 39 (83.0%) 

Experience of pregnancy anemia 37 (78.7%) 

Amount of intrapartum hemorrhage (ml) 323.7 ± 207.8 

Whole delivery time (hours) All 6.5 ± 5.3 

Primipara 13.7 ± 9.2 

Multipara 5.0 ± 2.2 

Birthweight of a newborn baby (g) 3194.2 ± 305.2 

Data are presented by mean ± SD or number (%). 
 

Table 2. Changes of maternal oxidative stress (d-ROMs levels) and antioxidant power 
(BAP levels), and antioxidant potential of breastmilk (Breastmilk BAP levels) from the 
early postpartum period to the first 3 months postpartum (N = 47). 

 
Early postpartum 
period 4.6 ± 0.5 

days 

1 month after 
giving birth 36.4 ± 

4.4 days 

3 months after 
giving birth 98.5 ± 

4.5 days 
F value P 

d-ROMs levels 
(U.CARR) 

662.9 ± 105.6a,b 414.0 ± 69.9b 371.6 ± 51.3 333.38 0.000 

BAP levels 
(μmol/L) 

1608.9 ± 282.0a,b 2055.5 ± 263.4 2089.6 ± 156.2 97.62 0.000 

Breastmilk BAP 
levels (μmol/L) 

4333.6 ± 603.0a,b 3824.4 ± 443.8b 3127.8 ± 244.5 113.08 0.000 

Data are presented by mean ± SD, ap < 0.001 versus 1 month after giving birth; bp < 0.001 versus 3 months 
after giving birth. 

 
9.2 hours; multiparas: 5.0 ± 2.2 hours) [t(45) = 2.64, p = 0.033]. There was no 
significant difference between primipara and multipara women regarding the 
other attributes except the duration of labor, such as age, the number of weeks at 
delivery, BMI, the presence of pregnancy anemia, the amount of bleeding during 
delivery, and the birthweight of an infant. 

3.2. Changes of Oxidative Stress Levels, Antioxidant Power,  
Antioxidant Potential of Breastmilk of Breastfeeding Mothers 

Table 2 shows the average, the standard deviation, and the results of the analysis 
of variance of the maternal d-ROMs levels, BAP levels, and BAP levels in 
breastmilk in the early puerperium, one month after giving birth, and 3 months 
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after giving birth. The d-ROMs level was high in the early puerperium, but de-
creased significantly in the first month and 3 months after giving birth. Multiple 
comparison revealed a significant difference in all the periods (p < 0.001). On 
the other hand, the BAP level increased significantly during from the early pu-
erperium up to one month after giving birth, and remained unchanged up to 3 
months after giving birth. Multiple comparison revealed a significant difference 
between the early puerperium and one month after giving birth and between the 
early puerperium and 3 months after giving birth (p < 0.001). The BAP level in 
breastmilk was highest in the early puerperium and decreased significantly as 
time progressed until 3 months after giving birth. Multiple comparison revealed 
a significant difference between all the periods (p < 0.001). 

3.3. Relationship among Oxidative Stress Levels, Antioxidant 
Power, and Antioxidant Power of Breastmilk of Breastfeeding 
Mothers 

Compared among the three periods, i.e., in the early puerperium (r = −0.081, 
n.s.), one month after giving birth (r = −0.034, n.s.), and 3 months after giving 
birth (r = 0.084, n.s.), there was no correlation between the maternal d-ROMs 
levels and the BAP levels in breastmilk. Figure 1 shows the correlation between 
the maternal BAP levels and the BAP levels in breastmilk in those three periods. 
A significant correlation was observed between the maternal BAP levels and the 
BAP levels in breastmilk in the early puerperium (r = 0.335, p < 0.05). 

4. Discussion 

In this study, we measured the maternal oxidative stress levels from the d-ROMs 
levels and the antioxidant power from the BAP levels in the three periods, i.e., in 
the early puerperium, one month after giving birth, and 3 months after giving 
birth in order to evaluate the antioxidative defense mechanism in the lactation 
period. We also evaluated the antioxidant potential of breastmilk using the BAP 
levels in breastmilk. The maternal oxidative stress levels (d-ROM levels) decreased 

 

 
Figure 1. Correlation between antioxidant power (BAP levels) of maternal plasma and antioxidant potential of breastmilk 
(Breastmilk BAP levels) (N = 47): early postpartum period (a), 1 month after giving birth (b), 3 months after giving birth (c). 
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gradually as the puerperal period progressed, but it was 371.6 ± 51.3 U.CARR 
even 3 months after giving birth, which was higher than the standard value (200 
- 300 U.CARR). 

The d-ROMs level in pregnant women is reported to increase at the end of 
pregnancy even if they don’t have any complications, compared with the non- 
pregnancy period [16] [17] [18], while the d-ROMs level during delivery is 
pointed out to become higher than 600 U.CARR [19]. A previous study [20] had 
already described that the d-ROMs levels were higher during the first 0 - 2 post-
partum days, but it was found out that they were still high at 3 months after giv-
ing birth. 

It was also revealed that the oxidative stress level would need some time to 
return to the normal. Based on the viewpoint of women’s lifelong health man-
agement, we think that we need to follow changes over the time to better under-
stand when the oxidative stress in the perinatal period would return to normal. 
Moreover, when a high level of oxidative stress continues, we need to encourage 
those women to have a consultation considering potential influence of other 
diseases. Furthermore, it has been made clear that oxidative stress levels of pu-
erperants who have developed complications such as pregnancy induced hyper-
tension syndrome during pregnancy will increase as compared with women with 
normal pregnancy [2] [3]. In addition, a significant increase in the indexes of li-
poperoxidation and oxidative stress in the maternal blood and the umbilical 
cord blood before the onset of labor as well as a significant decrease of the anti-
oxidant potential was reportedly observed more in pregnant women who got 
complicated with hypertension such as preeclampsia and pregnancy-induced 
hypertension syndrome than in normal pregnant women [21]. Another study 
reported that there was a positive correlation between the carbonyl group (i.e., 
an oxidative stress marker) and lipoperoxidation between the maternal blood 
and the umbilical cord blood during childbirth [22]. These findings indicate that 
the oxidative stress status of mothers and newborns are mutually correlated. 

The d-ROMs level in the umbilical cord blood of women with preeclampsia 
who got complicated with intrauterine growth restriction (IUGR) was also re-
portedly significantly higher than those who were not complicated with IUGR 
[16]. Women with pregnancy complications are likely to experience an increase 
of oxidative stress, and the high oxidative stress level can be transmitted to 
newborns through the umbilical cord blood. Therefore, attention must be paid 
to the potential high level of oxidative stress a newborn has when the maternal 
oxidative stress is continuously at high level since pregnancy. 

On the other hand, the maternal antioxidant power increased close to the 
standard value (≥2200 µmol/L) at one month after giving birth. Given that the 
antioxidant power at one month after giving birth was almost same as that at 3 
months after giving birth, it was understood that the antioxidant power would 
recover one month after giving birth. In a previous study [20], the antioxidant 
power at one month after giving birth increased to the standard value. In our 
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study, however, the antioxidant power at one month and 3 months after giving 
birth were lower than that. Given that the antioxidant power will recover at one 
month after giving birth, the puerperants in our study might belong to a popula-
tion where the value of the pre-pregnancy baseline was low compared to pre-
vious studies. This population is probably the one wherein the baseline value of 
the antioxidant power is low in usual conditions, i.e., during non-pregnancy. 

Health is maintained by a fine, in-vivo balance between the production of ac-
tive oxygen and the antioxidative defense mechanism. Ideally, women planning 
to become pregnant should receive a premarital health screening to evaluate 
whether they are able to become pregnant or they can lead a healthy pregnant 
life. Evaluating the oxidative stress as one of the items of health screening 
enables to grasp the changes of the oxidative stress from the baseline in the 3 pe-
riods, i.e., during pregnancy, in the delivery period, and in the puerperium. Ad-
mittedly, comparison of the oxidative stress with the normal range is also im-
portant. If the individual’s baseline value is obtainable, evaluating the amount of 
relative change from the baseline value will also enable to evaluate the individu-
al’s oxidative stress status more appropriately. It is quite rightful to suspect the 
effect of oxidative stress when a sudden change of oxidative stress markers from 
the baseline value was observed. It is important to analyze the oxidative stress 
status comprehensively in terms of both oxidative stress and antioxidant power 
in order to evaluate the in vivo oxidative stress status. Admitting that the anti-
oxidant power will improve one month after giving birth, puerperants with low 
antioxidant power can be considered to have relatively high oxidative stress, be-
cause the oxidative stress levels are still higher than the standard value (200 - 300 
U.CARR). Thus, attention must be paid to the interpretation of each resultant 
index. The level of antioxidant potential of breastmilk may be higher than that of 
maternal antioxidant power if examined at a time closer to the early puerperium 
period. 

With regard to the potential of breastmilk, the BAP levels in breastmilk de-
creased significantly during from the early puerperium up to 3 months after 
giving birth as postpartum days progressed. With regard to the breastmilk of 
women with term delivery, there are reports that activity of superoxide dismu-
tase (SOD), i.e., one of the representative antioxidant enzymes, and concentra-
tion of polyphenol, i.e., one of the antioxidants, were significantly higher in the 
colostrum than in transitional milk or mature milk [23]. On the other hand, an-
tioxidant power which was measured by the bivalent-iron reduction method was 
higher in colostrum than in breastmilk in the other lactational periods. The same 
result was obtained by DPPH radical scavenging activity [24]. High level of an-
tioxidant potential in colostrum may alleviate the oxidative stress of newborns 
with an immature antioxidative defense mechanism and then contribute to the 
growth and development of those newborns. A study measured antioxidant po-
tential of breastmilk (BAP levels in breastmilk) obtained from mothers who gave 
birth to a premature baby and found that there was an inverse correlation between 
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the number of days after birth and BAP levels in breastmilk [25]. The study also 
pointed out that although antioxidant potential of breastmilk decreased, the av-
erage BAP levels in breastmilk 4 - 5 days after birth was higher than those in ar-
tificial milk (preterm human milk: 3807 ± 103.5 μmol/L vs. artificial milk: 2671 
± 96.0 μmol/L). In our study, we also evaluated the maternal BAP levels of term 
human milk and found that they were higher than those evaluated by Ezaki et al. 
[25] who used artificial milk. This fact has revealed that antioxidant potential of 
breastmilk remains higher than that of artificial milk at least until 3 months after 
giving birth. In addition, the BAP levels in breastmilk of women in the early pu-
erperium were about 2.6 times higher than those in maternal plasma. Moreover, 
the BAP levels in breastmilk at 3 months after giving birth, which started to de-
crease gradually in the early puerperium period, turned out to be about 1.5 times 
higher than maternal BAP levels. It was pointed out that the antioxidant sub-
stance levels in breastmilk were about 2 times higher than those in maternal 
plasma [26], while it was reported that the average antioxidant potential of 
breastmilk at 3 months after giving birth was almost close to that of maternal 
plasma [24]. Given that antioxidant potential of breastmilk is higher in mature 
milk than in colostrum or transitional milk, it can be assumed that antioxidant 
potential is higher in breastmilk than in maternal plasma until 3 months after 
giving birth. The antioxidant potential of breastmilk will probably be higher 
than that of mother’s body if it is measured at a date closer to the early puerpe-
rium. Several studies have described about specific antioxidants: concentration 
of vitamin C, one of the antioxidant vitamins, is higher in breastmilk than in 
mother’s blood [27]; lactoferrin is present in higher concentration in breastmilk, 
especially in colostrum, than in blood [28]; lactoferrin is most present in human 
body among mammals and its concentration is about 5 times higher compared 
with cow’s milk [29]. 

Taken all these reports together, human breast can be considered to have an 
in vivo mechanism that functions to synthesize antioxidants from blood and 
condense them into breastmilk. Artificial milk has been improved so that its 
components become closer to those of breastmilk by replacing/strengthening 
nutrients or reducing what is redundant. Admitting that research and develop-
ment of artificial milk has advanced, components of breastmilk are so compli-
cated that much remains to be clarified. It is very meaningful to give breastmilk 
containing antioxidants to newborns or infants from an early stage after deli-
very. Therefore, it is very important to support mothers and infants so that 
mothers can do breast-feeding for as long a time period as possible in order to 
keep oxidative stress in infant’s body under control. 

In this study, there was no significant correlation between maternal d-ROMs 
levels and BAP levels in breastmilk in the 3 periods, i.e., in the early puerperium, 
one month after giving birth, and 3 months after giving birth. It was also re-
vealed that maternal oxidative stress levels had nothing to do with antioxidant 
potential of breastmilk. There was a positive correlation between BAP levels in 
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maternal plasma and those in breastmilk in the early puerperium, consequently 
indicating a relationship between maternal BAP levels and BAP levels in breast-
milk in each period. It was also reported that when antioxidant potential was 
measured by using the ABTS radical method, there was a positive correlation 
between antioxidant components in breastmilk and the antioxidant status of 
mothers and newborns [26]. Moreover, a study that evaluated maternal antioxi-
dant status and antioxidant potential of breastmilk using the FRAP method also 
revealed a significant correlation between them [24]. Our study, too, revealed a 
correlation between maternal antioxidant status and antioxidant potential of 
breastmilk. When maternal antioxidant potential decreases in the lactation pe-
riod, maternal nutritional status should be carefully monitored and it should al-
so be taken into consideration that the decrease might affect antioxidant poten-
tial of breastmilk and decrease the effect of antioxidant potential of breastmilk 
on infants. 

The present study had a limitation: we were not fully able to analyze the fac-
tors that affected the oxidative stress and antioxidant power in the postpartum, 
as well as the antioxidant potential of breastmilk. Therefore, further study is 
warranted in the future to collect detailed information on maternal health and 
breast condition in the postpartum and the amount of breast milk in order to 
clarify the factors that affect each biomarker. 

5. Conclusion 

Our study successfully clarified the kinetics of oxidative stress, antioxidative 
power, and antioxidative potential of breastmilk of breast-feeding mothers dur-
ing the period from the early puerperium up to 3 months after giving birth, as 
well as the relationship among these biomarkers. The d-ROMs levels in the ma-
ternal plasma decreased as the postpartum days progressed but remained at high 
levels even 3 months after giving birth. BAP levels were significantly low in the 
early puerperium and increased to the almost normal level at one month after 
giving birth. On the other hand, BAP levels in breastmilk were higher in the ear-
ly puerperium and then gradually decreased until 3 months after giving birth. 
Moreover, BAP levels in breastmilk in the early puerperium were higher com-
pared with the maternal BAP levels, and there was a positive correlation between 
BAP levels in breastmilk and those in the maternal plasma. When maternal an-
tioxidant power decreases after giving childbirth, attention should be paid to 
maternal health status and the decrease of antioxidant potential of breastmilk. 
Evaluation of oxidative stress and antioxidant power can be expected to be used 
as the index of women’s health management not only in the pregnancy and 
intrapartum period but also in the lactation period. 
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