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Abstract 

Background The composition of breast milk (BM) is dynamic and can be influenced by maternal variables that 
include the diet and nutritional status. This study examined the association between maternal adherence to a Medi-
terranean diet (MedDiet) and total antioxidant content of BM and infant urine.

Methods We collected 350 BM samples from mothers and urine samples from their infants. The dietary intakes of the 
mothers were recorded using a validated 65 items-food frequency questionnaire (FFQ). The total antioxidant status 
of the samples was assessed using the ferric reducing/antioxidant power (FRAP), the 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH), thiobarbituric acid reactive substances (TBARS), and thiol quantification assays. Milk protein, calcium, and 
triglyceride (TG) were also determined using standard biochemical kits.

Results Subjects with the highest MedDiet scores were among the women in the highest tertile (T3) for consump-
tion of dietary fiber, fruits, vegetables, nuts, legumes, and seeds, low-fat dairy, whole grains, and the lowest consump-
tion of red meat, sweetened beverages, and sodium, compared to women in the first tertile (T1) with the lowest Med-
Diet scores. After adjustment for potential confounders, the individuals in the highest tertile for MedDiet score had a 
significantly higher level of milk DPPH, and infant urinary DPPH than the lowest tertile and had a significantly higher 
level of milk protein, FRAP and infant urinary FRAP compared to the T2 (P < 0.05). In addition, the mothers in the T3 for 
the MedDiet pattern had a significantly lower level of milk TG compared to those within the T1 (P < 0.05).

Conclusion Our findings show that a high maternal adherence to a MedDiet can affect BM composition and their 
infants’ urine.
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Introduction
Exclusive breastfeeding has been considered the most 
optimum nutritional source for the first six months of 
life. This has been shown in numerous reported short- 
and long-term studies on breast milk (BM) on the bio-
logical functions and development of the infant [1–3]. 
According to these studies, breast feeding has profound 
effects on the child’s and mothers’ cognition, behaviors, 
and mental health in addition to providing a meal at the 
breast [4]. Evidence suggests that BM has prophylactic 
effects against sudden infant death syndrome (SIDS) [5], 
cardiovascular disease (CVD) [6], respiratory infections 
[7], allergic pathologies [8], gastrointestinal disorders [9, 
10], obesity, and diabetes [11]. Indeed, these protective 
effects of BM are associated with a wide range of bioac-
tive factors, including vitamins, hormones, fatty acids 
(FAs), essential amino acids, minerals, antioxidants, 
growth factors, and immunoglobulins, which play regula-
tory and immunomodulatory roles [12].

Immediately after birth, neonates are at risk of an 
increased production of reactive oxygen species (ROS) 
due to a rapid transition from the intrauterine to an 
environment with higher concentrations of oxygen [13]. 
Oxidative stress, resulting from an imbalance between 
the ROS level and the potential of cellular antioxidant 
protection systems, is an underlying mechanism in the 
pathogenesis of many neonatal diseases such as necrotiz-
ing enterocolitis, bronchopulmonary dysplasia, intra-
ventricular hemorrhage, renal failure, and premature 
retinopathy [14, 15]. Therefore, antioxidants are consid-
ered to be an important component of a newborns’ diet. 
BM contains enzymatic antioxidant enzymes such as 
glutathione peroxidase (GPx), catalase, and superoxide 
dismutase (SOD) as well as non-enzymatic antioxidants 
such as vitamins C, E, and A, carotenoids, lactoferrin, 
α-tocopherol, and ascorbate which protects neonates 
during lactation [3, 16, 17].

The American Dietetic Association has recommended 
that women who are ready to have children should main-
tain a healthy nutrient intake by leading a lifestyle that 
promotes women’s health and lowers the risk of birth 
defects, inadequate neonatal growth and development, 
and chronic health issues in their offspring [18]. The main 
elements of lifestyle that promotes health in the mother, 
include: appropriate weight gain, optimal physical activ-
ity, intake of a range of healthy foods, and adequate and 
timely mineral and vitamin supplements [19]. BM con-
tent is not consistent and varies depending on the moth-
er’s dietary, season, and stage of breastfeeding [20]. In 
particular, the total antioxidant capacity (TAC) of BM as 
well as its concentrations of FAs and vitamins A, C, B-6, 
and B-12 have been shown to reflect the intake of these 
nutrients through the maternal diet [21, 22]. In order to 

have a beneficial impact on the health of both the mother 
and the infant, it is essential to adopt appropriate dietary 
habits throughout gestation lactation [23].

A Mediterranean diet (MedDiet) is a well-established 
dietary pattern, that was characterised in the early 1960s 
[24] as comprising a high consumption of plant-based 
foods such as fruit, vegetables, legumes, grains, nuts, and 
especially olive oil, together with moderate consump-
tion of poultry, eggs, seafood, and dairy products (espe-
cially cheese and yogurt) and low consumption of red 
and processed meats [25, 26]. Since a MedDiet provides 
a significant source of vitamins, probiotics, minerals, 
and polyphenols, it is proposed to promote physical and 
mental health and alleviates the risk of CVD, metabolic 
disorders, certain types of malignancies, and more [27]. 
Furthermore, the correlation found between lower score 
and relatively short gestation endorses new findings on 
the advantages of the MedDiet in the prevention of early 
deliveries, as well as the importance of a sufficient supply 
of folates and Fe, among many other micronutrients, for 
the proper development of the fetus [28, 29]. As a result, 
a healthy diet is essential across the reproductive years 
and after pregnancy to ensure the health of both mother 
and child [30].

The previous research on the relationship between the 
diets of breastfeeding women and the oxidant-antioxi-
dant content of human milk has a number of limitations, 
including the small sample size of studies. Also, given 
the prominence of BM composition in the development 
of infants, the association between maternal adherence 
to the MedDiet and BM composition was investigated in 
this study.

Material and methods
Study design and participants
This cross-sectional study was carried out between Janu-
ary and February 2021, in southern Khorasan, Birjand, 
Iran. This study was approved by the Medical Ethics 
Committee of Birjand University of Medical Sciences, 
Birjand, Iran. Following a stratified cluster sampling strat-
egy, 350 breastfeeding mothers aged 20 to 35 years were 
randomly selected from four health clinics in 4 different 
areas of the city. All women included had a newborn aged 
1–6 months, and women who had chronic conditions 
(e.g., hepatic or renal failure, CVD, autoimmune disease, 
malignancy, and anorexia nervosa), a history of taking 
anti-inflammatory, anti-diabetic, anti-depressant, or 
anti-obesity drugs in the last 6 months, were overweight 
or too thin, used tobacco, or took supplements were not 
included in the study. Before any data collection, written 
informed consent was signed by each participant. Each 
mother was requested to provide two samples of BM in 
20-ml volumes, manually expressed from the primary 
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breastfeeding, at the beginning of the day (7 a.m. and 10 
a.m.) before the infant was fed. Additionally, a urine sam-
ple of 10 ml was collected from each infant using a urine 
bag. In health centers, samples were collected into sterile 
tubes and sent to the laboratory on dry ice. The samples 
were freeze-dried and kept at -80°C until tested.

Covariate’s measurement
Health care professionals and a nurse interviewer col-
lected information about participants’ demographic 
characteristics such as name, age, gender, economic sta-
tus, marital status, education level, height (cm), weight 
(kg), body mass index (BMI) (kg/m 2), blood pressure 
(BP), infant age, sex,  weight, head circumference (cm) 
and medical history. BMI was determined by divid-
ing weight (kilograms) by height (meters) squared. 
The height and circumference of the infant’s head were 
recorded to the nearest millimeter with a measuring tape. 
Digital scales were used to measure weight to the near-
est 0.1 kg. BP was measured in the left arm of individuals 
who were sitting and at rest after 15 min using a mercury 
sphygmomanometer. This was repeated twice in the same 
manner. If the results varied by more than 15 mmHg in 
diastolic blood pressure (DBP) or more than 25 mmHg in 
systolic blood pressure (SBP), we performed a third test 
and averaged the two closest readings (25).

Determination of total antioxidant status
Total antioxidant capacity measured by Ferric reducing 
antioxidant power (FRAP) assay
To measure the TAC of BM and infant urine, the FRAP 
assay was conducted as described by Benzie and Strain 
with slight modification [31]. First, FRAP reagent 
was made by combining 300  mmol/L acetate buffer, 
10  mmol/L 2,4,6-tripyridyl-s-triazine (TPTZ), and 
20 mmol/L FeCl3 with volume ratios of 10:1:1 and at pH 
3.6. After mixing 250 µL of the FRAP reagent with a 10 µL 
BM sample, standard  (FeSO4) or blank the reaction mix-
ture was further incubated at 37 °C for 10 min. Reduction 
of the ferric-TPTZ complex to the ferrous-TPTZ by an 
antioxidant agent renders an intense blue color, which is 
measurable through the absorbance value at 593 nm [32]. 
Five different concentrations of  FeSO4.7H2O were used 
for calibration and standard curve preparation. To ensure 
accuracy, all tests were performed twice and the average 
was calculated. This method validated for BM previously 
[33, 34].

Radical scavenging activity evaluated by 2, 
2′‑diphenyl‑1‑picrylhydrazyl (DPPH) assay
The potential of BM and infant urine samples to scav-
enging of DPPH radicals was determined by a modi-
fied form of the method proposed by Brand-Williams 

et al. [35]. Briefly, 50 μl of each BM sample was added to 
950 μl of DPPH in methanol solution (100 mM) and then 
incubated at room temperature for 15  min. The result-
ant content was centrifuged at 4000 g for 5 min, and its 
absorbance was determined at 517  nm using a spectro-
photometer. An methanolic solution of DPPH (100 mM) 
was applied as a control. The scavenging activity of DPPH 
radicals was calculated as follows: Scavenging activ-
ity (%) = [(absorbance of the control – absorbance of 
the sample)/absorbance of the control] * 100. Each test 
was performed in duplicate and the results are shown 
in mmol eq. Trolox/L. This method validated for breast 
milk previously [33, 34].

Thiobarbituric acid reactive substances (TBARS) assay
TBARS assay is a common method for measuring  lipid 
peroxidation products. The reaction of malondialdehyde 
(MDA), the main marker of lipid peroxidation, with thio-
barbituric acid (TBA) leads to the formation of a pink 
complex (TBARS) that can be detected spectrophoto-
metrically [36]. One ml of TBA / HCl reagent was added 
to 100  μl of each BM and infant urine sample, and the 
resultant mixture was incubated in a hot water bath for 
25 min and then cooled. To improve the sensitivity of the 
assay, the TBARS adducts were precipitated with 1 ml of 
N-butanol adducts and the solution was centrifuged for 
10 min at 1500 g at 4° C. 1,1,3,3, tetra-methoxy propane 
was used as the standard. Later, the fluorescence inten-
sity of the samples was read at excitation/emission wave-
lengths of 515/553 nm.

Thiol quantification assay
For detecting free sulfhydryl groups in BM samples, the 
chromogenic Ellman’s reagent, or 5,5’-dithiol-bis-(2-ni-
trobenzoic acid) (DTNB) was used. Fifty microliters of 
BM samples were mixed with 1ml of Tris/EDTA buffer, 
50 µl of 10 mM DTNB solution, and 650 µL N-butanol 
and then centrifuged for 3 min at 3000 g. Following the 
reduction of the highly oxidizing disulfide bond in DTNB 
by free thiols, 5-thio-2-nitrobenzoic acid (TNB), a yellow 
product with strong  absorbance  at 412 nm. is released 
[37]. The mixture was incubated at room temperature 
for 15 minutes and the net adsorption was achieved by 
subtracting the absorbance of a DTNB blank (contain-
ing methanol instead of the sample and reduced glu-
tathione as the T-SH group standard) from the apparent 
absorbance.

Milk calcium, protein, and triglyceride
The results of each photometric analysis were assessed at 
37 °C using a plate reader (EpochTM, BioTek, Winooski, 
VT, USA). All absorbance data were evaluated using 
monochromatic readings [38]. Calcium was calculated 
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using the Arsenazo III kit (Pars Azmoon, Tehran, Iran) 
in accordance with the user’s instructions. At neutral pH, 
calcium forms a compound with Arsenazo III, and the 
color intensity is proportionate to the calcium amount 
in the sample [39]. All samples’ and blanks’ absorbance 
levels were measured at 660  nm. Ten µl of human milk 
sample and 1 ml of color reagent were used in triplicate 
for the Bradford protein test. The components were com-
bined for 30  s, and the absorbance values of each sam-
ple and the blank (10 µl of each human milk sample and 
1  ml of distilled water duplicate) were assessed using a 
microplate reader at 595  nm after 5  min of incubation 
at room temperature [40]. A Pars Azmoon® kit (Tehran, 
Iran) was used to measure the milk’s triglyceride levels. It 
is an assay that makes use of enzymatic hydrolysis, quan-
tification by evaluating absorbance at 546  nm, and data 
analysis in mg/dL. 1  mL of the triglyceride reagent was 
added to an aliquot of 10  µl of the BM sample (diluted 
1:10), vortexed, and then incubated for 30 min at 37° C. 
All samples and blanks (1 ml of distilled water and 10 µl 
samples) had their absorbance measured at 546 nm.

Assessment of dietary intake
Participants habitual diet for the previous year was 
recorded following face-to-face interviews using a vali-
dated semi-quantitative food frequency questionnaire 
(FFQ) consisting of 65 food items [41]. This FFQ has been 
previously validated in the Iranian population [42]. Indi-
vidual nutritional intakes were evaluated using Dietplan6 
software (Forest field Software Ltd., Horsham, UK) [43].

The degree of maternal adherence to the MedDiet was 
determined using the scale developed by Trichopoulou 
et al. [44]. Accordingly, a value of 0 or 1 was assigned to 
each component of the diet, and the median was used as 
a cut-off. For fruits, vegetables, nuts, grain, legumes, fish, 
and seafood as well as the ratio of monounsaturated to 
saturated fatty acids (MUFA/SFA), lower than median 
intakes were assigned a value of 0, while intakes equal to 
or greater than the median were assigned a value of 1. For 
meat and dairy products, the scoring trend was inverted. 
Due to the illegality of alcohol consumption in Iran, it 
cannot be evaluated as a food item in the current study. 
The total MedDiet score is calculated by adding the score 
of each group and is between 0 (minimal adherence) and 
8 (Maximal adherence).

Statistical analysis
Data analysis was performed using the statistical package 
for social sciences (SPSS Inc. Chicago, IL, version 16.0). 
The acquired MedDiet scores were categorized into ter-
tiles (low, medium, and high adherence). Kolmogorov-
Smirnov analysis was employed to assess the variables’ 
normality. To study continuous variables with normal 

distribution among tertiles, a one-way ANOVA test was 
used. Pearson correlation test was conducted to evaluate 
the relationship between MedDiet score and components 
of BM. Multivariate logistic regression analysis was also 
undertaken to specify the association between the Med-
Diet adherence and components of BM. Logistic regres-
sion models were adjusted for age, BMI, and energy 
consumption. A P-value <0.05 was determined to be sta-
tistically significant.

Results
The 350 women had an average age of 29.5±5.9 years. 
They were divided into three groups based on the ter-
tiles of their MedDiet scores: T1 (lower adherence; n= 
118), T2 (medium adherence; n= 112), and T3 (higher 
adherence; n= 120). There was no significant relationship 
between the general characteristics and anthropometric 
parameters of the participants (Table 1), including mater-
nal age, BMI, SBP, and baby age and weight and head 
circumference, but mother DBP was shown to be signifi-
cantly higher in the lowest tertile (T1) than in the highest 
tertile (T3) of MedDiet adherence (P> 0.05).

Food components for mothers in the three tertiles in 
terms of MedDiet score (Table  2), indicate a significant 
association between certain dietary factors and Med-
Diet adherence rate (P > 0.05). The amount of MUFA, 
SFA, fruits, legumes, nuts, fish and seafood, and Med-
Diet adherence were significantly higher in T3 compared 
to T1. The consumption of dairy and meat products was 
significantly lower in subjects in T3 compared to T1 
(P < 0.05).

The amount of BM anti-oxidants and infant urinary 
anti-oxidants in relation to the pattern of the MedDiet 
is shown in Table  3. The individuals in the T3 for the 
MedDiet pattern had a significantly higher level of milk 
DPPH, and infant urinary DPPH than the T1 and had a 
significantly higher level of milk protein, FRAP and infant 
urinary FRAP compared to the T2 (P < 0.05). In addition, 
the mothers with the T3 to the MedDiet pattern had a 
significantly lower level of milk TG compared to those 
with the T1(P < 0.05).

The odds ratios for BM contents and infant urinary 
contents across tertiles of MedDiet are shown using 
adjusted models in Table  4. The first model, BM con-
tents regression was adjusted for mother age, and energy 
intake. Further BM contents adjustments were made 
for mother SBP, DBP and BMI. The first model, infant 
urine contents regression was adjusted for infant age, 
and sex. Further infant urine contents adjustments were 
made for infant weight and head circumference. Using 
the tow-adjusted model, after controlling for additional 
potential confounders, adhering to the MedDiet was 
associated with increased odds of milk DPPH (OR = 1.43, 
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95% CI: 1.23–1.56; P-value < 0.05), FRAP (OR = 1.19, 
95% CI: 1.12–1.28; P-value < 0.05), protein (OR = 2.10, 
95% CI: 1.04–3.17; P-value < 0.01), and infant urinary 
DPPH (OR = 1.70, 95% CI: 1.48–2.11; P-value < 0.05) and 
FRAP (OR = 1.11, 95% CI: 1.07–1.18; P-value < 0.05) and 
decreased odds of milk TG (OR = 0.62, 95% CI: 0.52–
0.85; P-value < 0.05).

Discussion
We have investigated the effect of maternal adherence 
to the MedDiet on their milk composition and the 
resulting influence on infant urine. According to our 
findings there was a significantly higher level of DPPH 
and FRAP in the BM of mothers who had a high score 

for MedDiet intake. We also found a positive and sig-
nificant correlation between MedDiet scores and infant 
urinary DPPH and FRAP levels. A potential indicator 
for assessing the quality of a diet is an integrated meas-
urement of all antioxidants present in plasma and body 
fluids, known as the TAC [45]. Indeed, the consump-
tion of vegetables, fruits, grains, and olive oil in the 
MedDiet ensures a high intake of vitamins B-6, B-12, C 
and E, β-carotene, polyphenols, folic acid, and miner-
als, all of which have obvious antioxidant effects. Even 
compared to supplements, the MedDiet is known to 
be a better approach to delivering antioxidants due to 
the synergism of various antioxidants [46]. Many stud-
ies have considered the MedDiet as a high TAC diet, 

Table 1 Demographic, anthropometric and clinical characteristics of the participants across the three tertiles of adherence to the 
MedDiet (T1, T2 and T3)

Data presented as Mean ± SD

BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, DP Dietary pattern
a p-value from analysis of the variance (ANOVA) for groups comparison

Variables T1
118(33.71%)

T2
112(32%)

T3
120(34.28%)

P  valuea

Maternal

 Age (y) 29.9 ± 5 29.4 ± 6.1 28.5 ± 5.3 0.25

 SBP (mmHg) 101 ± 0.7 101 ± 1.2 103 ± 1.0 0.19

 DBP (mmHg) 52 ± 3.4 32 ± 3.6 19 ± 2.0 0.001
 BMI (Kg/m2) 24.4 ± 4 23.5 ± 4.2 24.3 ± 3.0 0.38

Infant

 Age (days) 139.5 ± 55.7 147.2 ± 50.0 148.7 ± 33.8 0.39

 Sex (male), n (%) 128 (55.7%) 134 (53.6%) 80 (46.5%) 0.13

 Weight (Kg) 7.1 ± 1.6 6.9 ± 1.4 7.3 ± 2.6 0.24

 Head circumference (cm) 38.7 ± 23 39.9 ± 34 39.7 ± 28 0.13

Table 2 Comparison of participant dietary intakes across the three tertiles of adherence to the MedDiet scores

Data presented as Mean ± SD and adjusted for energy intake

T1 represents low compliance and T3 a high compliance with a MedDiet

MUFA Monounsaturated fatty acid, SFA Saturated fatty acid, PUFA Polyunsaturated fatty acid

 p-value obtained from independent sample-test

Food groups (g/1000 kcal) MedDiet Adherence P-value

T1
118(33.71%)

T2
112(32%)

T3
120(34.28%)

Vegetables 129.1 ± 147.1 176.1 ± 116.0 194.6 ± 126.8 0.001
Fruits 68.0 ± 64.3 110.5 ± 32.4 125.5 ± 78.6  < 0.001
Legumes and nuts 8.1 ± 10.1 9.5 ± 8.7 11.5 ± 9.4 0.003
Grains 133.9 ± 96.5 187.3 ± 68.8 233.6 ± 84.3  < 0.001
Fish and seafood 4.9 ± 10.7 10.5 ± 3.1 11.4 ± 7.1 0.001
MUFA/SFA 0.26 ± 0.44 0.56 ± 0.21 0.90 ± 0.33  < 0.001
Dairy products 198 ± 176 102 ± 115 117 ± 175 0.006
Meat products 58.4 ± 33.2 24.3 ± 11.7 34.5 ± 16.1 0.011
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which is largely due to its antioxidant properties as well 
as its positive effect on lipid metabolism [47–49]. A 
MedDiet intervention in healthy subjects demonstrated 
an 11% increase in serum TAC levels as well as a 19% 
decrease in oxidized LDL cholesterol levels in the high-
est tertile of the MedDiet score compared to the lowest 
one [46]. The PREDIMED study reported a significant 
increase in plasma FRAP and total radical-trapping 
antioxidant parameter (TRAP) following a one-year 
intervention with MedDiet + virgin olive oil or nuts in 
subjects at high risk for CVD [50]. Previously, Zarban 
et al. also revealed a far higher TAC in colostrum com-
pared to transitional and mature milk using FRAP and 
DPPH assays. Moreover, a significant relationship was 
reported between the results of these two tests as well 
as the antioxidant capacity of BM and maternal plasma 
[33]. Previous evidence has also shown that the TAC of 
transitional and mature milk as well as urine infant may 
depend on the maternal dietary intakes of vitamins A, 
E, and C, β-carotene, and vegetables during the third 
trimester of pregnancy [34, 51–54]. A recent compara-
tive study found that the BM of mothers adhering to the 
MedDiet contained twice as many phenolic compounds 
as infant formula. However, MedDiet intervention had 
no effect on total phenolic compound content (TPC) 
and TAC of the BM during the lactation stages [55].

According to our findings there was a significantly 
lower TG levels, as well as an increase in protein content 
in the BM of women who scored higher on the MedDiet 
assessment. On the other hand, the macronutrient con-
tents of BM, namely proteins, carbohydrates, and lipids, 

seem to be less sensitive to maternal diet [56]. However, 
the association between the BM’s FA profile, as its main 
source of energy, and maternal diet has been evaluated 
in several studies. One study found an increment in 
total FAs levels, specially SFAs and MUFAs, as well as a 
decrease in TAC in BM of mothers who had a vegetable 
and fruit-rich diet than the MedDiet [17]. Also, in the 
BM secreted by the Croatian women under the MedDiet, 
the MUFAs, SFAs, and unsaturated fatty acids (UFAs) 
accounted for 42.26%, 34.95%, and 20.01% of total FAs, 
respectively. However, low intake of n − 3 long-chain 
polyunsaturated FAs (especially docosahexaenoic acid) of 
the MedDiet and consequently their low concentrations 
in BM is an issue of concern [57]. Our results are con-
sistent with the evidence from other studies on the effect 
of MedDiet on TGs. Following the MedDiet interven-
tion, alone or supplemented by walnuts, a decrease in the 
plasma content of TGs and TG-rich lipoprotein (TRL) 
was observed compared to a low-fat control diet [58–60]. 
The protein content of BM is vital for the physical growth 
and brain development of infants. Previous studies have 
shown that the BM protein levels vary depending on the 
lactation course but are less affected by the maternal diet 
[61]. However, Debski et  al. have reported that the BM 
protein concentration in vegetarian and non-vegetarian 
mothers was 10.2 ± 1.4 g/100 ml and 9.9 ± 1.1 g/100 ml, 
respectively [62]. On the contrary, Huang and colleagues 
reported a negative correlation between protein concen-
trations in BM and more adherence to a pattern of high 
intake of vegetables, legumes, and low intake of poultry, 
red meat, and eggs [63]. However, it is thought that the 

Table 3 BM composition and infant urinary anti-oxidant status across the three tertiles of adherence to the MedDiet score

α Significant between groups 1 and 2
β Significant between groups 2 and
γ Significant between groups 1 and 3

p-value from analysis of the variance (ANOVA) and post hoc Tukey for groups comparison

Variables T1
118(33.71%)

T2
112(32%)

T3
120(34.28%)

P  valuea

Maternal milk

 DPPH (µmol eq. Trolox/L) 306 ± 66 348 ± 95 336 ± 54 0.001γ

 FRAP (µmol /L) 540 ± 150 553 ± 150 558 ± 164 0.046β

 MDA (μmol TBARs/L) 0.127 ± 0.08 0.115 ± 0.07 0.128 ± 0.08 0.35

 Thiol (µmol/L) 79 ± 23 79 ± 19 75 ± 16 0.67

 Calcium (mg/dL) 8.79 ± 1.18 8.81 ± 1.20 9.08 ± 1.10 0.11

 Protein (g/dL) 1.38 ± 0.66 1.47 ± 0.68 1.39 ± 0.73 0.009β

 Triglyceride (mg/dL) 4.45 ± 1.80 4.21 ± 1.27 4.02 ± 1.58 0.048γ

Infant urine

 FRAP (µmol /L) 22.2 ± 18 20.5 ± 15.5 27.1 ± 13.6 0.02β

 DPPH (µmol eq. Trolox/L) 10 ± 8.1 9.3 ± 7.4 13.7 ± 6.4 0.014γ

 MDA (μmol TBARs/L) 1.75 ± 1.5 1.72 ± 1.8 2.1 ± 1.1 0.42
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increase in BM’s protein levels following more maternal 
adherence to MedDiet in our study was due to the high 
intake of plant-derived proteins through the diet.

This is the first study that has evaluated the relation 
between a maternal MedDiet and total antioxidant con-
tent of human breast milk and infant urine. The potential 
strength of this study is that it evaluates a comprehen-
sive panel of oxidant and antioxidant markers in BM and 
infant urinary, as well as a wide spectrum of potential 
confounders variables. Sample collection and data pro-
cessing were performed with optimal quality control. 
While the current study has some limitations; since the 

design of the present study was cross-sectional, definitive 
causality cannot be expected. To better understand the 
role of the MedDiet in BM composition, more long-term 
intervention studies are necessary.

Conclusion
We have confirmed that the maternal adherence to the 
MedDiet resulted in the increased levels of TAC (FRAP 
and DPPH) and protein and the decreased level of TGs 
in BM, as well as the increased DPPH and FRAP of infant 
urine. No correlation was found between the maternal 
diet and levels of MDA, thiol, and calcium in BM and 
MDA in infant urine. Our results suggest that adher-
ing to a healthy dietary pattern such as MedDiet during 
pregnancy and breastfeeding may provide a better quality 
of BM for neonatal nutrition.

Abbreviations
BM  Breast milk
MedDiet  Mediterranean diet
FFQ  Food frequency questionnaire
FRAP  Ferric reducing/antioxidant power
DPPH  1, 1-Diphenyl-2-picrylhydrazyl
TBARS  Thiobarbituric acid reactive substances
TG  Triglyceride
SIDS  Sudden infant death syndrome
CVD  Cardiovascular disease
FAs  Fatty acids
ROS  Reactive oxygen species
GPx  Glutathione peroxidase
SOD  Superoxide dismutase
TAC   Total antioxidant capacity
BMI  Body mass index
BP  Blood pressure
DBP  Diastolic blood pressure
SBP  Systolic blood pressure
TPTZ  2,4,6-Tripyridyl-s-triazine
MDA  Malondialdehyde
TBA  Thiobarbituric acid
DTNB  5,5’-Dithiol-bis-(2-nitrobenzoic acid)
TNB  5-Thio-2-nitrobenzoic acid
TRL  TG-rich lipoprotein
MUFA/SFA  Monounsaturated to saturated fatty acids
UFAs  Unsaturated fatty acids
SPSS  Statistical package for social sciences

Acknowledgements
All the authors of the study would like to thank the Birjand University of Medi-
cal Science

Authors’ contributions
AZ and AB contributed to research planning, examination, writing, and 
statistical analysis. SK, MM contributed to research planning, case examination, 
writing, and editing the manuscript. ZKH and MN contributed to statistical 
analysis, examination, supervision, GA.F contributed to edition correction. All 
authors reviewed the manuscript. The author(s) read and approved the final 
manuscript.

Funding
This work was supported by Birjand University of Medical Science (BUMS), Iran.

Availability of data and materials
The authors confirm that the data supporting the findings of this study are 
available.

Table 4 Multivariate adjusted odds ratios (95% CIs) for BM 
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T1 was considered as reference group
a Breast milk was adjusted in Model I: for mother age, and energy intake and in 
Model II additionally, adjusted for mother SBP, DBP and BMI
b Infant urine was adjusted in Model I for infant age, and sex and in Model II 
additionally, for infant weight and head circumference
* p < 0.05
** p < 0.01
*** p < 0.001

Variables Crude Model I Model II

Maternal  milka

 DPPH (µmol eq. Trolox/L)

  T1 1.0 1.0 1.0

  T2 1.23(1.11–1.42) ** 1.03(1.01–1.11) ** 0.99(0.9–0.99)

  T3 1.20(1.03–1.42) * 1.29(1.12–1.49) * 1.43(1.23–1.56) *

 FRAP (µmol /L)

  T1 1.0 1.0 1.0

  T2 1.10(0.97–1.23) 1.11(0.97–1.20) 1.03(0.95–1.03)

  T3 1.20(1.11–1.35) * 1.17(1.08–1.25) * 1.19(1.12–1.28) *

 Protein (g/dL)

  T1 1.0 1.0 1.0

  T2 0.88(0.82–0.96) 0.83(0.78–0.88) 0.90(0.89–0.97)

  T3 2.19(1.25–3.36) ** 2.14(1.19–3.25) ** 2.10(1.04–3.17) **

 Triglyceride (mg/dL)

  T1 1.0 1.0 1.0

  T2 0.22(0.11–0.51) 0.26(0.14–0.54) 0.32(0.20–0.57)

  T3 0.53(0.34–0.77) * 0.59(0.42–0.82) * 0.62(0.52–0.85) *

Infant  urineb

 FRAP (µmol /L)

  T1 1.0 1.0 1.0

  T2 0.97(0.97–1.02) 0.88(0.87–0.99) 0.96(0.93–1.03)

  T3 1.13(1.11–1.23) * 1.15(1.14–1.25) * 1.11(1.07–1.18) *

 DPPH (µmol eq. Trolox/L)

  T1 1.0 1.0 1.0

  T2 0.95(0.96–1.02) 0.82(0.76–0.90) 0.75(0.63–0.88)

  T3 1.46(1.27–1.68) * 1.68(1.35–1.89) * 1.70(1.48–2.11) *



Page 8 of 9Karbasi et al. Nutrition Journal           (2023) 22:11 

Declarations

Ethics approval and consent to participate
The study was approved by the Ethical approval was obtained from the 
Birjand University of Medical Sciences. Participation in the study was voluntary 
and with full consent of respondents. All participants provided written 
informed consent.

Consent for publication
All authors consent to the publication of the manuscript in Nutrition Journal.

Competing interests
The authors declare no competing interests.

Received: 8 February 2022   Accepted: 12 February 2023

References
 1. Ríos J, Valero-Jara V, Thomas-Valdés S. Phytochemicals in breast milk and 

their benefits for infants. Crit Rev Food Sci Nutr. 2021;62(25):6821–36.
 2. Madore LS, Fisher DJ. The role of breast milk in infectious disease. Clin 

Perinatol. 2021;48(2):359–78.
 3. Matos C, Moutinho C, Balcão V, Almeida C, Ribeiro M, Marques AF, et al. 

Total antioxidant activity and trace elements in human milk: the first 4 
months of breast-feeding. Eur Food Res Technol. 2009;230(2):201–8.

 4. Raju TN. Breastfeeding is a dynamic biological process—not simply a 
meal at the breast. Breastfeed Med. 2011;6(5):257–9.

 5. Thompson JM, Tanabe K, Moon RY, Mitchell EA, McGarvey C, Tappin D, 
et al. Duration of breastfeeding and risk of SIDS: an individual participant 
data meta-analysis. Pediatrics. 2017;140(5):e20171324.

 6. Afif E-K, Jain A, Lewandowski AJ, Levy PT. Preventing disease in the 21st 
century: early breast milk exposure and later cardiovascular health in 
premature infants. Pediatr Res. 2020;87(2):385–90.

 7. Victora CG, Bahl R, Barros AJD, França GVA, Horton S, Krasevec J, et al. 
Breastfeeding in the 21st century: epidemiology, mechanisms, and 
lifelong effect. Lancet. 2016;387(10017):475–90.

 8. e Silva AML, da Silva Monteiro GRS, da Silva Tavares AN, da Silva Pedrosa 
ZVR. The early food introduction and the risk of allergies: A review of the 
literature. Enferm Glob. 2019;18(2):499–511.

 9. Miyake H, Lee C, Chusilp S, Bhalla M, Li B, Pitino M, et al. Human 
breast milk exosomes attenuate intestinal damage. Pediatr Surg Int. 
2020;36(2):155–63.

 10. Ramiro-Cortijo D, Singh P, Liu Y, Medina-Morales E, Yakah W, Freed-
man SD, et al. Breast milk lipids and fatty acids in regulating neonatal 
intestinal development and protecting against intestinal injury. Nutrients. 
2020;12(2):534.

 11. Horta BL, Loret de Mola C, Victora CG. Long-term consequences of 
breastfeeding on cholesterol, obesity, systolic blood pressure and 
type 2 diabetes: a systematic review and meta-analysis. Acta Paediatr. 
2015;104:30–7.

 12 Gila-Díaz A, Herranz Carrillo G, Cañas S, Saenz de Pipaón M, Martínez-
Orgado JA, Rodríguez-Rodríguez P, et al. Influence of Maternal Age and 
Gestational Age on Breast Milk Antioxidants During the First Month of 
Lactation. Nutrients. 2020;12(9):2569.

 13. Kavurt S, Bas AY, Aydemir O, Yucel H, Isikoglu S, Demirel N. The Effect of 
Galactagogue Herbal Tea on Oxidant and Anti-Oxidant Status of Human 
Milk. J Matern Fetal Neonatal Med. 2013;26(10):1048–51.

 14 Aceti A, Beghetti I, Martini S, Faldella G, Corvaglia L. Oxidative stress 
and necrotizing enterocolitis: pathogenetic mechanisms, opportuni-
ties for intervention, and role of human milk. Oxid Med Cell Longev. 
2018;2018:7397659.

 15. Sandal G, Uras N, Gokmen T, Oguz SS, Erdeve O, Dilmen U. Assessment of 
oxidant/antioxidant system in newborns and their breast milks. J Matern 
Fetal Neonatal Med. 2013;26(5):540–3.

 16. Xavier AM, Rai K, Hegde AM. Total antioxidant concentrations of 
breastmilk–an eye-opener to the negligent. J Health Popul Nutr. 
2011;29(6):605–11.

 17. Codini M, Tringaniello C, Cossignani L, Boccuto A, Mirarchi A, Cerquiglini 
L, et al. Relationship between Fatty Acids Composition/Antioxidant 
Potential of Breast Milk and Maternal Diet: Comparison with Infant For-
mulas. Molecules. 2020;25(12):2910.

 18. Kaiser LL, Allen L. Position of the American Dietetic Association: nutri-
tion and lifestyle for a healthy pregnancy outcome. J Am Diet Assoc. 
2002;102(10):1479–90.

 19. Pick ME, Edwards M, Moreau D, Ryan EA. Assessment of diet quality 
in pregnant women using the Healthy Eating Index. J Am Diet Assoc. 
2005;105(2):240–6.

 20. Lyons KE, Ryan CA, Dempsey EM, Ross RP, Stanton C. Breast Milk, a Source 
of Beneficial Microbes and Associated Benefits for Infant Health. Nutri-
ents. 2020;12(4):1039.

 21. Oveisi MR, Sadeghi N, Jannat B, Hajimahmoodi M, Behfar A-O-A, Jannat F, 
et al. Human breast milk provides better antioxidant capacity than infant 
formula. Iran J Pharm Res. 2010;9(4):445–9.

 22. Bravi F, Wiens F, Decarli A, Dal Pont A, Agostoni C, Ferraroni M. Impact of 
maternal nutrition on breast-milk composition: a systematic review. Am J 
Clin Nutr. 2016;104(3):646–62.

 23. Kaiser L, Allen LH. Position of the American Dietetic Association: nutrition 
and lifestyle for a healthy pregnancy outcome. 2008.

 24. Guasch-Ferré M, Willett W. The Mediterranean diet and health: A compre-
hensive overview. J Intern Med. 2021;290(3):549–66.

 25. Martínez-González MA, Salas-Salvadó J, Estruch R, Corella D, Fitó M, Ros E. 
Benefits of the Mediterranean Diet: Insights From the PREDIMED Study. 
Prog Cardiovasc Dis. 2015;58(1):50–60.

 26. Moro GE, Bertino E, Bravi F, Tonetto P, Gatta A, Quitadamo PA, et al. Adher-
ence to the traditional Mediterranean Diet and human milk composition: 
Rationale, design, and subject characteristics of the MEDIDIET study. 
Front Pediatr. 2019;7:66.

 27. Trajkovska Petkoska A, Trajkovska-Broach A. Mediterranean diet: a 
nutrient-packed diet and a healthy lifestyle for a sustainable world. J Sci 
Food Agric. 2021;101(7):2627–33.

 28. Mikkelsen TB, Louise østerdal M, Knudsen VK, Haugen M, Meltzer HM, 
Bakketeig L, et al. Association between a Mediterranean-type diet and 
risk of preterm birth among Danish women: a prospective cohort study. 
Acta Obstet Gynecol Scand. 2008;87(3):325–30.

 29. Czeizel AE, Puhó E. Maternal use of nutritional supplements during the 
first month of pregnancy and decreased risk of Down’s syndrome: case-
control study. Nutrition. 2005;21(6):698–704.

 30. Maria Siega-Riz A, Herrmann TS, Savitz DA, Thorp JM. Frequency of eating 
during pregnancy and its effect on preterm delivery. Am J Epidemiol. 
2001;153(7):647–52.

 31. Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as 
a measure of “antioxidant power”: the FRAP assay. Anal Biochem. 
1996;239(1):70–6.

 32. Choudhary M, Chandel S, Giri A, editors. Evaluation of physico-chemical 
and antioxidant properties of dairy cows milk in two different seasons in 
Jammu Division, India. Proceedings of National Conference; 2019.

 33. Zarban A, Taheri F, Chahkandi T, Sharifzadeh G, Khorashadizadeh M. Anti-
oxidant and radical scavenging activity of human colostrum, transitional 
and mature milk. J Clin Biochem Nutr. 2009;45(2):150–4.

 34. Zarban A, Toroghi MM, Asli M, Jafari M, Vejdan M, Sharifzadeh G. Effect of 
vitamin C and E supplementation on total antioxidant content of human 
breastmilk and infant urine. Breastfeed Med. 2015;10(4):214–7.

 35. Brand-Williams W, Cuvelier M-E, Berset C. Use of a free radical method to 
evaluate antioxidant activity. LWT-Food Sci Technol. 1995;28(1):25–30.

 36. Aguilar Diaz De Leon J, Borges CR. Evaluation of Oxidative Stress in Bio-
logical Samples Using the Thiobarbituric Acid Reactive Substances Assay. 
J Vis Exp. 2020(159).

 37 Habeeb A. [37] Reaction of protein sulfhydryl groups with Ellman’s rea-
gent. Methods Enzymol. 1972;25:457–64 (Elsevier).

 38. Leary N, Pembroke A, Duggan P. Single stable reagent (Arsenazo III) for 
optically robust measurement of calcium in serum and plasma. Clin 
Chem. 1992;38(6):904–8.

 39. Hazari MAH, Arifuddin MS, Muzzakar S, Reddy VD. Serum calcium level in 
hypertension. N Am J Med Sci. 2012;4(11):569–72.

 40. Nouroozi RV, Noroozi MV, Ahmadizadeh M. Determination of protein 
concentration using Bradford microplate protein quantification assay. Dis 
Diagn. 2015;4(1):11–7.



Page 9 of 9Karbasi et al. Nutrition Journal           (2023) 22:11  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 41. Ahmadnezhad M, Asadi Z, Miri HH, Ebrahimi-Mamaghani M, Ghayour-
Mobarhan M, Ferns GA. Validation of a short semi-quantitative food fre-
quency questionnaire for adults: a pilot study. J Nutr Sci Diet. 2017:49–55.

 42. Asghari G, Farhadnejad H, Mirmiran P, Dizavi A, Yuzbashian E, Azizi F. 
Adherence to the Mediterranean diet is associated with reduced risk of 
incident chronic kidney diseases among Tehranian adults. Hypertens Res. 
2016;40(1):96–102.

 43. Pehrsson P, Haytowitz D, Holden J, Perry C, Beckler D. USDA’s national 
food and nutrient analysis program: food sampling. J Food Compos Anal. 
2000;13(4):379–89.

 44. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a 
Mediterranean diet and survival in a Greek population. N Engl J Med. 
2003;348(26):2599–608.

 45 Górska P, Górna I, Przysławski J. Mediterranean diet and oxidative stress. 
NutrFood Sci. 2020;51(4):677–89.

 46. Pitsavos C, Panagiotakos DB, Tzima N, Chrysohoou C, Economou M, 
Zampelas A, et al. Adherence to the Mediterranean diet is associated with 
total antioxidant capacity in healthy adults: the ATTICA study. Am J Clin 
Nutr. 2005;82(3):694–9.

 47. Ortner Hadžiabdić M, Vitali Čepo D, Rahelić D, Božikov V. The effect of the 
Mediterranean diet on serum total antioxidant capacity in obese patients: 
A randomized controlled trial. J Am Coll Nutr. 2016;35(3):224–35.

 48. Paknahad Z, Sheklabadi E, Moravejolahkami AR, Chitsaz A, Hassanzadeh 
A. The effects of Mediterranean diet on severity of disease and serum 
Total Antioxidant Capacity (TAC) in patients with Parkinson’s disease: a 
single center, randomized controlled trial. Nutr Neurosci. 2020:1–8.

 49. González CM, Martínez L, Ros G, Nieto G. Evaluation of nutritional profile 
and total antioxidant capacity of the Mediterranean diet of southern 
Spain. Food Sci Nutr. 2019;7(12):3853–62.

 50. Zamora-Ros R, Serafini M, Estruch R, Lamuela-Raventós R, Martínez-
González M, Salas-Salvadó J, et al. Mediterranean diet and non enzymatic 
antioxidant capacity in the PREDIMED study: evidence for a mechanism 
of antioxidant tuning. Nutr Metab Cardiovasc Dis. 2013;23(12):1167–74.

 51. Alberti-Fidanza A, Burini G, Perriello G. Total antioxidant capacity of colos-
trum, and transitional and mature human milk. J Matern Fetal Neonatal 
Med. 2002;11(4):275–9.

 52. Ortega R, Andrés P, Martinez R, Lopez-Sobaler A. Vitamin A status during 
the third trimester of pregnancy in Spanish women: influence on con-
centrations of vitamin A in breast milk. Am J Clin Nutr. 1997;66(3):564–8.

 53. Ortega RM, López-Sobaler AM, Martínez RM, Andrés P, Quintas ME. 
Influence of smoking on vitamin E status during the third trimester of 
pregnancy and on breast-milk tocopherol concentrations in Spanish 
women. Am J Clin Nutr. 1998;68(3):662–7.

 54. Ortega RM, Quintas ME, Andrés P, Martínez RM, López-Sobaler AM. Ascor-
bic acid levels in maternal milk: differences with respect to ascorbic acid 
status during the third trimester of pregnancy. Br J Nutr. 1998;79(5):431–7.

 55. Sánchez-Hernández S, Esteban-Muñoz A, Samaniego-Sánchez C, 
Giménez-Martínez R, Miralles B, Olalla-Herrera M. Study of the phenolic 
compound profile and antioxidant activity of human milk from Spanish 
women at different stages of lactation: A comparison with infant formu-
las. Food Res Int. 2021;141: 110149.

 56. Keikha M, Bahreynian M, Saleki M, Kelishadi R. Macro-and micronutrients 
of human milk composition: are they related to maternal diet? A compre-
hensive systematic review. Breastfeed Med. 2017;12(9):517–27.

 57. Krešić G, Dujmović M, Mandić ML, Delaš I. Relationship between Mediter-
ranean diet and breast milk fatty acid profile: a study in breastfeeding 
women in Croatia. Dairy Sci Technol. 2013;93(3):287–301.

 58. Davis CR, Bryan J, Hodgson JM, Woodman R, Murphy KJ. A Mediterranean 
Diet Reduces F2-Isoprostanes and Triglycerides among Older Australian 
Men and Women after 6 Months. J Nutr. 2017;147(7):1348–55.

 59. Vincent S, Gerber M, Bernard M, Defoort C, Loundou A, Portugal H, et al. 
The Medi-RIVAGE study (Mediterranean Diet, Cardiovascular Risks and 
Gene Polymorphisms): rationale, recruitment, design, dietary interven-
tion and baseline characteristics of participants. Public Health Nutr. 
2004;7(4):531–42.

 60. Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiér-
rez V, Covas MI, et al. Effects of a Mediterranean-style diet on cardiovascu-
lar risk factors: a randomized trial. Ann Intern Med. 2006;145(1):1–11.

 61. Karcz K, Królak-Olejnik B. Vegan or vegetarian diet and breast milk com-
position–a systematic review. Crit Rev Food Sci Nutr. 2021;61(7):1081–98.

 62. Debski B, Finley DA, Picciano MF, Lönnerdal B, Milner J. Selenium content 
and glutathione peroxidase activity of milk from vegetarian and nonveg-
etarian women. J Nutr. 1989;119(2):215–20.

 63. Huang Z, Hu Y-m. Dietary patterns and their association with breast milk 
macronutrient composition among lactating women. Int Breastfeed J. 
2020;15:52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A Mediterranean diet is associated with improved total antioxidant content of human breast milk and infant urine
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design and participants
	Covariate’s measurement
	Determination of total antioxidant status
	Total antioxidant capacity measured by Ferric reducing antioxidant power (FRAP) assay
	Radical scavenging activity evaluated by 2, 2′-diphenyl-1-picrylhydrazyl (DPPH) assay
	Thiobarbituric acid reactive substances (TBARS) assay
	Thiol quantification assay
	Milk calcium, protein, and triglyceride

	Assessment of dietary intake
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


