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ABSTRACT 
 

Background: Cell damage due to oxidative stress during the neonatal period has been associated 
with diseases. Human breast milk is an important source of antioxidants which protect newborn 
against oxidative stress damages. However, the dietary habits of lactating mothers may influence 
the nutritional value of milk during lactation period.  
Aims: The principal aim of this study was to compare the antioxidant content of mature human milk 
during two periods of lactation in Ivorian women who consumed different diets.  
Methodology: Samples of mature human milk were collected from healthy breastfeeding women on 
the 45th and 105th day postpartum. Food intake frequencies of mothers were obtained using 
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questionnaire and infants were also weighted. The Total antioxidant capacity (TAC) of mature milk 
samples were determined using FRAP (Ferric Reducing Antioxidant Power) assay and free radical 
scavenging activity was evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals. 
 Results: In this study, a final sample size of 75 breastfeeding women was retained. Two 
predominant basic diets which are cooked rice with oil palm seed juice sauce (R-SG) and cooked 
pasty mixture of plantain and cassava accompanied with eggplant sauce (F-SAU), involving, 
respectively, 50 and 25 lactating women, were determined. Regarding R-SG and F-SAU diets, a 
significant increase (P < .05) in level of TAC was observed between milk collected on 45th and 105th 
day postpartum, while no significant difference was found concerning percentage of inhibition of 
DPPH radical at the same periods. Also, TAC and antiradical activity in breast milk of women who 
received R-SG diet and F-SAU diet as well as day 45 and day 105 postpartum were statistically 
comparable (P > .05). Otherwise, TAC and antiradical activity of women’s breast milk following 
these diets were correlated with weight of the newborns on 105th day postpartum.  
Conclusion: Based on our results, it is concluded that antioxidant activities in breast milk of women 
from R-SG diet and F-SAU diet were comparable. 
 

 

Keywords: Antioxidant; breast milk; diet; Côte dʼIvoire. 
 

1. INTRODUCTION  
 

Oxygen is essential to the life of all aerobic cells 
because they use it to produce energy. During 
this process of oxidative respiration, free radicals 
are created following the production of adenosine 
triphosphate (ATP) by mitochondria. These free 
radicals are generally Reactive Oxygen Species 
(ROS) or Reactive Nitrogen Species (RNS) [1,2]. 
These ROS or RNS are normally produced in 
living organisms at low but measurable 
concentrations, and may be beneficial or even 
crucial in processes such as intracellular 
signaling and defense against microorganisms. 
Also, ROS are involved in the cell growth, 
differentiation, progression, and death [3]. On the 
other hand, when excessively produced, they 
induce oxidative stress, which is responsible for 
cell and tissue injury [4].  
 

At birth, the newborn is exposed to a relatively 
hyperoxic extra uterine environment caused by 
an increased oxygen bioavailability which greatly 
enhanced generation of ROS. As a result, human 
infant is under oxidative stress due to the 
difficulty of adapting to ambient oxygen, 
especially because of antioxidant defense 
mechanisms which are poorly developed in the 
neonatal period. It is believed that oxidative 
stress is involved in the pathogenesis of 
numerous neonatal diseases such as necrotizing 
entercolitis, bronchopulmonary dysplasia, kidney 
failure, retinopathy of prematurity and 
intraventricular hemorrhage [5-7]. In response, 
mammalian cells have developed antioxidant 
defense mechanisms that prevent ROS- and 
RNS-induced damage.  
 

Human milk is regarded as the ideal nutrient 
source for the growth and development of the 

infant, with unique composition characteristics 
distinct from both bovine milk an infant formula 
[8,9]. The complete list of active antioxidant 
components in human milk is not known, but 
carotenoids, cysteine, coenzyme Q, lactoferrin 
and vitamins A, E and C have been found 
together with antioxidant enzymes such as 
glutathione peroxidase, catalase and superoxide 
dismutase [10-12]. So, recent years have seen a 
growing appreciation of the importance of 
promoting and supporting human milk feeding for 
optimizing beneficial effects in newborn. Thus, a 
preliminary report of Ministry of Health of Cote 
d’Ivoire showed that the exclusive breastfeeding 
rate from 0 to 6 months increased from 4% in 
2006 to 12% in 2012 [13,14]. 

 
The composition of human milk may be 
influenced by different variables, such as genetic 
characteristics, socioeconomic state of the 
mother, duration of lactation and dietary habits 
[15, 16]. Diet contains secondary plant 
metabolites commonly referred to as 
phytochemicals including polyphenols, one of the 
largest groups. Polyphenols have received 
significant attention in recent years due to their 
proposed nutritional and health promoting 
functions in humans. For mothers, 
phytochemicals intake occurs through the 
consumption of foods such as fruits, vegetables, 
and grains. Research has shown that flavonoids, 
phenolic acids and carotenoids are present in the 
mother’s milk and can contribute to its oxidative 
stability [17,18]. 

 
This study was conducted to compare the 
antioxidant capacity of mature human milk during 
two periods of lactation in Ivorian women who 
consumed different diets.  
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2. MATERIALS AND METHODS  
 

2.1 Study Subjects 
 
This is a prospective study that was conducted 
from January 24, 2017 to June 28, 2017, in 
Maternal and Child Health Services (SMI) of the 
National Institute of Public Health (INSP) of 
Adjamé and General Hospital of Yopougon Attié, 
in District of Abidjan (Côte dʼIvoire). 
 
Eligibility criteria included women giving birth to a 
single full-term gestation, practicing exclusive 
breastfeeding and neonates in good general 
status with normal birth weight (2.5 kg-4.5 kg). 
 
The exclusion criteria included smoking women, 
acute and chronic disorders (diabetes, arterial 
hypertension), treatment with antibiotics or any 
drugs that potentially pass in human milk. Also, 
women following a vegan diet, with significant 
food allergies or intolerances that restricted the 
intake of food groups. 
 
Women gave their consent to participate in the 
study after explanation of the procedures. All 
procedures were duly approved by the Hospital 
Ethical Committee. 
 
2.2 Study Design  
 
2.2.1 Dietary data and sample collections 
 
Prior to sampling, lactating women were 
interviewed by a trained investigator, using a 
structured questionnaire. The questionnaire 
requested information on age, geographical 
localization, marital status, educational level, 
professional activity as well as diet/dietary intake 
assessment of the participants. Also, the body 
weight of newborns was measured with a 
mechanical scale.  
 
2.2.1.1 Dietary intake assessment 
 
Dietary survey was conducted using a food 
frequency questionnaire used around the world 
to evaluate food intake [19]. In this study, 
lactating women will be requested to provide 
complete basic diet descriptions including 
frequency of consumption, food preparation 
(ingredients) and cooking method (such as 
frying, boiling, grilling and steaming) as detail as 
possible in a week. Thus, a basic diet was 
retained on the fact that it was consumed at least 
three to four times in the week and repeated 
throughout the study.  

2.2.1.2 Milk samples 
 
Mature milk samples were collected the morning 
from breastfeeding women at 45

th
 and 105

th
 day 

postpartum, corresponding respectively to 
appointment dates of the first and third newborns 
vaccination sessions, using breast pump. A 20 to 
35 mL sample was collected from each 
participant into sterile glass container. 
Immediately after collection, each sample was 
devised in aliquots of 5 mL in test tubes, 
protected at all times from light and then 
transported on ice to the laboratory where they 
were stored at -20°C until analysis. 
 

2.3 DPPH Radical Scavenging Activity 
 
The analytical procedure was performed using 
modified method proposed by Brand-Williams et 
al. [20]. Briefly, 100µL of mature milk were added 
to 2 mL of DPPH in ethanol solution (100 µM) in 
a test tube. After incubation at 37°C for 30 
minutes in darkness, 1 mL of chloroform was 
added followed by centrifugation at 3000 g for 5 
minutes, the absorbance of supernatant was 
measured at 517 nm using a spectrophotometer 
UV-visible SCHIMADZU UV 3600. An ethanolic 
solution of DPPH was used as control and the 
percentage of DPPH radical scavenging activity 
was calculated according to the following 
equation: 
 
Scavenging activity (%) = [(Absorbance control – 
Absorbance sample) / Absorbance control] x 100 
 

2.4 Total Antioxidant Capacity (TAC) by 
FRAP Assay 

 

The Ferric Reducing Antioxidant Potential 
(FRAP) assay, developed by Benzie and Strain 
[21], was adopted in this study. At low pH, 
reduction of ferric 2,4,6-tripyridyl-s-triazyne [Fe3+-
TPTZ] complex to the ferrous 2,4,6-tripyridyl-s-
triazyne [Fe

2+
-TPTZ] complex, which has an 

intense blue color, in the presence of 
antioxidants, can be monitored by measuring the 
change in absorption at 593 nm.  

 
Practically, the FRAP reagent was prepared 
fresh prior to the experiments with 300 mM 
acetate buffer (pH 3.6), 10 mM TPTZ in 40 mM 
HCl and 20 mM FeCl3.6H2O in the ratio of 10:1:1. 
In this experiment, 50 μL of each sample of 
mature breast milk was mixed with 1.5 mL of 
FRAP reagent and 1.5 mL of distilled water. The 
absorbance of the mixture was measured 
spectrophotometrically at 593 nm against FRAP 
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solution as blank, after incubation at 37°C for 10 
min. Aqueous solutions of FeSO4, 7H2O (125 - 
1000 μM) were used for the calibration and the 
results were expressed as μmol/L of Fe

2+
 

equivalent of the samples. 
 
2.5 Statistical Analysis 
 
The results were expressed as mean ± standard 
error of means (SEM). Data were analyzed using 
Student’s t-test. The paired t-test compared the 
variations in antioxidant and antiradical activities 
between two sampling periods within a group 
while the unpaired t-tests compared these 
activities inter-group following a particular 
sampling period. Correlation between antioxidant 
and antiradical activities and infant weight was 
determined by Pearson correlation analysis. The 
differences at the 5% level of probability were 
considered significant. Graph Pad Prism 5.0 
(San Diego, USA) was used for all analyses. 
 

3. RESULTS 
 

3.1 Nutritional Profile and Demographic 
Characteristics of Lactating Women 

 
One hundred and ten lactating women gave their 
consent to participate in the study after 
explanation of the procedures, but only 87 
completed the study. Twelve participants 
belonging to several basic diet groups whose 
sample size are not large (less than 5 
participants for each diet group), were later 
removed from the analyzes, in order not to 
interfere on statistical analyzes. Therefore, the 
study was restricted to final sample size of 75 
breastfeeding women. Data of 75 lactating 
women were grouped according two 
predominant basic diets: rice with oil palm seed 
juice sauce (R-SG, n = 50) and cooked pasty 
mixture of plantain and cassava accompanied 
with eggplant sauce (F-SAU, n = 25). It is also 
important to mention that all dishes are 
consumed with meat and/or fresh or smoked fish 
into the sauces. These sauces contain mostly 
three to four vegetables per day (onion, pepper, 
tomato). Moreover, lactating women consumed 
less than 2 to 3 fruits in week whatever the diet. 
 
The demographic data of the selected mothers 
are summarized in Table 1. The age of the 
women that entered the study ranged between 
20 and 38 years old, with an average of 27.09 ± 
5.51 years and 62.67% over 25 years. Thirty 
women or 40% of the sample were housewives 
while 43 lactating women (57%) had the primary 

level. In addition, 60 women who participated in 
this study lived with their partners (80%). 

 
Table 1. Demographic data of women 

breastfeeding (n = 75) 

 
Parameters Number (%) 
Age (years)  
< 25 28 (37.33) 
> 25 47 (62 .67) 
Mean (27.09 ± 5.51)  
Geographical localisation 
Adjamé 30 (40.50) 
Yopougon 45 (59.50) 
Professional activity  
Homewives 30 (40) 
Traders 6 (8) 
Students 13 (17,33) 
Officials 8 (10,67) 
Informal sector 18 (24) 
Educational level  
Primary 43 (57) 
High school 11 (15) 
Graduate level 21 (28) 
Marietal status  
Married/couple 60 (80) 
Single 15 (20) 

 

3.2 Total Antioxidant Capacity and 
Radical Scavenging Activity 

 
The total antioxidant capacity (TAC) and radical 
scavenging activity of women breast milk at Day 
45 and day 105 postpartum were summarized in 
Table 2. 
 
The means values of TAC in breast milk of R-SG 
diet and F-SAU diet increased significantly (P < 
.05) from day 45 to day 105 postpartum, 
respectively from 961.10 ±  60.31 μmol/L of Fe

2+
 

equivalent to 1031 ±  62.62 μmol/L of Fe2+ 
equivalent and 1114 ±  65.09 μmol/L of Fe

2+
 

equivalent to 1208 ±  70.98 μmol/L of Fe2+ 
equivalent. However, there are no significant 
difference (P > .05) between TAC in breast milk 
of women who received R-SG diet and F-SAU 
diet as well as day 45 and day 105 postpartum. 
 
Regarding antiradical activity, percentage of 
DPPH radical scavenging activity in breast milk 
of R-SG diet and F-SAU diet ranged respectively 
from 35.16 ± 1.49% to 35.98 ± 1.55% and 35.50 
± 2.07% to 36.79 ± 2.11%, and this, no 
significantly (P > .05). Also, between R-SG and 
F-SAU diets, antiradical activities of human milk 
were statistically comparable (P > .05) to the two 
sampling periods.  
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3.3 Relationship between Antioxidant 
Activities of Human Milk and Infant 
Weight 

 
Table 3 presented correlation between 
antioxidant activities of human milk and weight of 
infants collected at 45th and 105th day 
postpartum. Concerning R-SG diet, TAC and 
DPPH radical scavenging activity of breast milk 
were correlated with infant weight at 45th and 
105

th
 day postpartum whereas for women who 

followed F-SAU diet, correlation was found 
between these activities and newborns weight 
only at 105th day postpartum. 
 

4. DISCUSSION 
 

Breastfeeding remains an essential tool to help in 
the protection against free radicals, oxygen 
reactive species and oxidative stress. The 
present study has examined antioxidant content 
of mature breast milk of 75 Ivorian mothers, 
according to their diet. After dietary intake of R-
SG and F-SAU diets, widely consumed in 
Abidjan, there was, usually, an increase in TAC 
of women’s breast milk with values varying from 
961.10 ± 60.31 μM to 1031 ± 62.62 μM and 1114 
± 65.09 μM to 1208 ± 70.98 μM, respectively for 
RSG and FSAU diets, at Day 45 and Day 105 
postpartum. A study conducted on mature breast 
milk of 115 Iranian mothers with total antioxidant 
capacities of 816.3 ± 379.4 μM at 30 ± 3 days 
and 862.7 ± 457.7 μM at 90 ± 7 days postpartum 

[22]. Another study was performed by Ezaki et al. 
[23], on 56 samples of breast milk collected from 
Japanese mothers and showed an average of 
total antioxidant activity of 3807 ± 103.5 μM.  
Ezaki et al. used the biological antioxidant 
potential (BAP) test for measuring of TAC. The 
difference between levels of women’s breast milk 
TAC in these studies is probably due to ethnic or 
geographical particularities. It is important to also 
mention that heterogeneity of the study 
methodologies used (including sample collection 
protocol, sample size, study parameters, 
measurement units used, etc) makes it difficult to 
establish comparisons among the different 
studies. 
 
The level of antioxidant activities of Ivoirian 
women's breast milk in this study is due to 
antioxidant compounds present in different diets 
consumed. Indeed, Franke et al. [18] 
demonstrated that levels of daidzein and 
genistein, two flavonoids in human milk, 
increased significantly, after the consumption of 
soy-rich diets, suggesting that these flavonoids 
are likely absorbed and transferred to human 
milk from the mother’s diet. In our study, palm oil, 
ingredient food of R-SG diet is rich in 
phytosterols, vitamin E, carotenoids and 
especially tocotrienols which have antioxidant 
properties [24]. Also, eggplant from F-SAU diet is 
one of the vegetable species that has high 
superoxide radical scavenging activity and 
hydroxyl radical inhibition by chelating ferrous

 
Table 2. Total antioxidant capacity and DPPH radical scavenging of mature human milk 

collected at Day 45 and Day 105 postpartum 
 

Total antioxidant capacity 
(µmol/L of Fe

2+
 equivalent) 

DPPH radical scavenging activity (%) 

Diet  Day 45 Day 105 Day 45 Day 105 
R-SG (n= 50) 961.10 ±  60.31a 1031 ±  62.62b 35.16 ± 1.49a 35.98 ± 1.55a 
F-SAU (n = 25) 1114 ±  65.09

a
 1208 ±  70.98

b
 35.50 ± 2.07

a
 36.79 ± 211

a
 

Values are expressed as means ± standard error mean (SEM). 
Means with different superscript (a–b) letters within same line are significantly different (P < .05) from each other. 

Within same column, means followed by the symbol (#) are significantly different (P < .05) from each other. 
 

Table 3. Relationship between antioxidant activities of human milk and infant’s weight 
collected at 45th and 105th day postpartum 

 
  TAC DPPH 

p-value                   r p-value                 r 
Day 45 
postpartum 

R-SG 0.002 0.412 0,001  0.429 
F-SAU 0.970 -0.007 0.405 0.174 

Day 105 
postpartum 

R-SG 0.001 0.440 0,001 0.430 
F-SAU 0.006 0.528 0,010 0.504 

TAC: Total Antioxidant Capacity; DPPH: DPPH radical scavenging activity. 
P-values are considered significantly when P < .05; r: Pearson correlation 
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ions [25]. In addition, tomatoes, meanwhile, 
present in two basic diets contain β-carotene, 
lutein and lycopene were the most abundant 
carotenoids in human milk [26]. All these 
antioxidant compounds may help the infant cope 
with oxidative stress. In other hand, infant weight 
was correlated with antioxidant capacity of breast 
milk at day 105 postpartum. This result may be 
suggested as a consequence of nutritional and 
food intake status by mothers. Ezaki et al. [23] 
were showed a relationship between TAC and 
other anthropometric parameters such as infant’s 
age, height and head circumference. Thus, 
antioxidants contained in Ivorian women breast 
milk play an important role in the growth and 
development infant’s life. 
 

5. CONCLUSION 
 

This study is the first such performed in our 
country exploring antioxidant activity in human 
milk. In our study, antioxidant activities of 
women's breast milk who consumed respectively 
R-SG diet and F-SAU diet are the same, at two 
sampling periods. However, a much larger 
prospective study, recruiting a large number of 
participants should be conducted, which would 
allow to evaluate the effects of several diets on 
the antioxidant capacity of breast milk of Ivorian 
women. Otherwise, this study may encourage 
breastfeeding women to adopt healthy nutritional 
habits, in order to optimize the antioxidant 
content of breast milk.  
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