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Abstract

Background: Adequate B-vitamins concentrations in human milk are considered to be a prerequisite for healthy
development of infants in early life. This study aims to determine the concentrations of B-vitamins in human milk
from Chinese women and the relationships between their concentrations and different geographical origin,
lactation stages, socioeconomic characteristics, and dietary intake.

Methods: Human milk was obtained from 443 healthy lactating women from Beijing (n = 150), Suzhou (n = 146),
and Guangzhou (n = 147) cities. Thiamine, riboflavin, vitamin B3 (nicotinamide and nicotinic acid), and vitamin B6
(pyridoxal, pyridoxine, and pyridoxamine) in human milk were analyzed by high performance liquid
chromatography-tandem mass spectrometry. Pantothenic acid, biotin, and folates in human milk were analyzed by
microbiological assay. The information from one 24-h dietary recall and socioeconomic characteristics were
collected by interview and structured questionnaire, respectively.

Results: B-vitamins concentrations in human milk varied greatly among individuals. The median concentrations of
B-vitamins of postpartum 5–11 d, 12–30 d, 31–60 d, 61–120 d, and 121–240 d were respectively as follows: thiamine
3.13, 5.07, 4.28, 5.65, 6.28 (μg/100 g); riboflavin 20.8, 20.2, 11.9, 13.6, 15.6 (μg/100 g); vitamin B3 194.0, 300.0, 261.0,
212.5, 218.0 (μg/100 g); pantothenic acid 236.5, 291.0, 254.0, 179.0, 189.0 (μg/100 g); vitamin B6 6.34, 7.58, 8.60, 9.34,
10.20 (μg/100 g); biotin 0.462, 0.834, 0.606, 0.523, 0.464 (μg/100 g); folates 0.730, 2.390, 2.440, 2.420, 2.330 (μg/100 g).
The levels of B-vitamins presented regional differences and varied significantly among different lactation stages. The
inversely associations of thiamine, vitamin B6, and folates with maternal BMI were found in multivariate analyses (p < 0.05),
as well as higher pantothenic acid, folates, and biotin concentrations in lactating women with supplement intake when
compared with those without (p < 0.05). Riboflavin concentrations associated with regular exercise was found in
multivariate analyses (p< 0.05).

Conclusions: The present study indicated regional and socioeconomic factors, lactation stage, and supplement intake
may influence B-vitamins concentrations of human milk in healthy Chinese mothers. Further studies on accurate and
complete analysis of all vitamin forms are crucial for giving a more comprehensive understanding of vitamin status in
human milk.
(Continued on next page)
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Background
According to the global strategy for Infant and Young
Child Feeding from World Health Organization, exclu-
sive breastfeeding is recommended during the first
6 months of life to ensure an optimal growth, develop-
ment, and health of the infant [1, 2]. Thereafter, comple-
mentary foods should be introduced while breastfeeding
continues having a critical role in providing adequate
nutrition through infancy [3]. Hence, in order to provide
a primary knowledge basis for estimates of infant vita-
min requirements and recommended levels of intakes, it
is necessary to accurately measure the concentration of
nutrients in human milk [4].
B-vitamins including thiamine, riboflavin, niacin, pan-

tothenic acid, vitamin B6, biotin, and folates are essential
nutrients for maternal health during pregnancy and lac-
tation and particularly important for the growth of in-
fant [5–7]. Their deficiency can affect pregnancy
outcome [5, 8], as well as dermal [9, 10], blood [8], ner-
vous [11], and digestive system [5, 6], even mortality of
infant [8, 9]. Numerous researches [5, 6, 8, 11–15]
showed that the contents of B-vitamins in human milk
were significantly affected by maternal status and dietary
intake. Moreover, maternal deficiency can rapidly result
in very low concentrations of B-vitamins in human milk
[5], which has been shown to improve with dietary sup-
plements [8, 16–20].
Most of the researches on B-vitamins have been limited

to Caucasian [11, 15–17, 19–23], East Asian (i.e. Japanese
and Korean) [4, 24, 25], and Africa populations [26–28]
with little data from Southeast Asian [18] and American
populations [29, 30]. In China, one study [12] on human
milk from Inner Mongolia reported some B-vitamins, but
the significance of its result was limited because of its
small sample size (Colostrum: n = 7; Transitional milk: n
= 7; Mature milk: n = 66). Another multiregional study
[14] on human milk with larger sample size determined
B-vitamins in Chinese lactating women, and analyzed
their differences among different lactation stages and dif-
ferent areas. However, the associations between B-
vitamins in human milk and maternal socioeconomic and
dietary factors were not explored, which limits the under-
standing of human milk composition.
Several factors have been suggested to impact the se-

cretion of B-vitamins in human milk, such as nutritional
status of the mothers during pregnancy [31], supplemen-
tation [8, 16–20], diurnal variation [32], and preterm

status of the infants [33]. In addition, maternal age [34],
body weight index (BMI), education, income, and regu-
lar exercise [35] may also modify B-vitamins status in
human milk. Additionally, in China, the swift of the
traditional dietary pattern due to social, economic, and
health transition in the past few decades [36], might
have impacted the contents of human milk.
The aims of this study were to determine the compos-

ition of B-vitamins including thiamine, riboflavin, vitamin
B3 (nicotinamide and nicotinic acid), pantothenic acid,
vitamin B6 (pyridoxine, pyridoxamine, and pyridoxal), bio-
tin, and folates in breast milk of lactating mothers at 0–
8 m postpartum from urban areas of China; to evaluate
their interregional differences and to explore associations
with nutrient intake. In addition, the associations with ma-
ternal and obstetric characteristics were also investigated.
This study is part of the larger initiative Maternal Infant
Nutrition Growth (MING) study.

Methods
Study design
As one part of the MING study which was designed to
research the dietary and nutritional status of pregnant
women, lactating mothers and young children aged 0–3
years living in urban areas of China, this study was fo-
cused on B-vitamins status in breast milk. A multi-stage
sampling was applied in this cross-sectional study: firstly,
three cities (Beijing is located in Northern China;
Suzhou: Eastern China; Guangzhou: Southern China)
were chosen according to the geographical location and
status of economic development; secondly, one grade
three and first-class hospital and one maternal & child
hospital were selected from each city considering the
scale of hospital and the feasibility of investigation;
thirdly, 443 apparently healthy, well-nourished lactating
women aged 18–42 years were recruited from registra-
tion records in aforementioned hospitals between Octo-
ber 2011 and February 2012, including 89 mothers of 5–
11 d postpartum, 87 of 12–30 d postpartum, 89 of 31–
60 d postpartum, 90 of 61–120 d postpartum, and 88 of
121–240 d postpartum. Study subjects were selected
using the following criteria: 1) aged 18–45 years, 2) give
birth to a single gestation, 3) having full-term and
healthy child. Lactating women with self-reported dia-
betes, hypertension, cardiac diseases, and/or acute com-
municable diseases, or women who took hormone in
recent 3 months, were ineligible for the study, as were
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those with postpartum depression or insufficient skills to
understand study questionnaire. Figure 1 displays the re-
cruitment flowchart from eligibility to sample analysis.

Data collection
Through face-to-face interviews, the structured ques-
tionnaire was used to collect socio-economic character-
istics and lifestyle aspects of lactating women including
maternal age, educational level, drinking, smoking, and
family’s per capita income. The information of regular
exercise defined as exercising more than once a week
and lasting more than 30 min every time. Delivery mode
and number of gestational weeks at delivery were also
recorded. Additionally, anthropometric parameters such
as height and weight were measured by the dedicated re-
searchers. BMI (kg/m2) of mothers was calculated using
height and current weight, and categorized as under-
weight (BMI < 18.5 kg/m2), normal weight (18.5–
24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obesity
(≥30 kg/m2). In order to exclude those lactating mothers
with hypertension or diabetes mellitus, the information
of blood pressure and blood glucose were also collected
from hospital records or maternal health records. Be-
sides, gender information and date of birth of the baby
was collected by telephone interview after the data col-
lection since the data was not included in the initial
questionnaires.

Milk collection
All human milk samples were collected in a dim light
room in hospitals without direct sunlight exposure. After
the women had breakfast, the samples were collected at
the second feeding in the morning to avoid circadian

influence on the outcomes (9–11 am). Before collection
of milk, breasts of the subjects (which were emptied by
mother herself during 6 am to 7 am) were warmed about
5–10 min by hot towel, then one full breast was emptied
by trained investigators using an electric breast pump
(Horigen HNR/X-2108ZB, Xinhe Electrical Apparatuses
Co., Ltd., Guangzhou, China) and the milk was collected
into a feeding bottle. After gently up-down shaking for
~10 times, a sample was taken (15 mL for 5–11 d post-
partum, 40 mL for 12–30 d postpartum, 31–60 d post-
partum, 61–120 d postpartum, and 121–240 d
postpartum, respectively) and then shipped to the lab
using portable incubator filled with ice bags within 1 h.
The rest of the milk was returned to the mother for
feeding to the infant. The samples were divided with
1 mL freezing tubes under the dim light on ice, labeled
with subject number, and then frozen at -80 °C until
analysis.

Analysis of B-vitamins in human milk
All of the milk samples were analyzed by Eurofins Tech-
nology Service (Suzhou) Co.Ltd in China with various
analytical methods as mentioned below. Only vitamers
listed in brackets were quantified in this study.
Methodology for quantifying Vitamin B1 (thiamine),

Vitamin B2 (riboflavin), Vitamin B3 (nicotinamide and
nicotinic acid), and Vitamin B6 (pyridoxal, pyridoxine
and pyridoxamine): acidic hydrolysis followed by high
performance liquid chromatography-tandem mass spec-
trometry (HPLC-MS/MS) based quantification.
One gram of sample was weighted in 15 mL centrifuge

tube and hydrolyzed with 0.5 mL of hydrochloric acid
(1 M) in autoclave for 30 min at 120 °C. Samples were
cooled down and pH was then adjusted to 4.5 ± 0.5 by
addition of HCl or NaOH. 0.01 g of taka-diastase was
added to the samples, placed in water bath at 45 °C for
3 h. Sample volume was then adjusted to 10 mL with
water and filtrated through 0.45 μm filter. 1 mL of sam-
ple extract was taken and isotopic labeled internal stan-
dards (thiamine-[13C4], riboflavin-[

13C4,
15N2], nicotinic

acid-d4, nicotinamide-d4, pyridoxine-d2, pyridoxal-[
2H3]

and pyridoxamine-[2H3] at a concentration of 200 μg/L)
were added. Sample analysis was performed on a HPLC-
MS/MS system. Liquid chromatography (LC) was per-
formed using an Agilent 1100 (Agilent Technologies,
Waldbronn, Germany) LC system. Chromatographic
separation was carried out with a Waters Acquity HSS
T3 column (2.1 × 100 mm i.d., 1.8 μm). Column
temperature was set to 30 °C and the autosampler
remained stable at 15 °C. Ammonium formate aqueous
solution (2.5 mM, solvent A) and acetonitrile (solvent B)
served as mobile phase at a flow rate of 0.6 mL/min.
The gradient process was: 0 min, 75% A; 1 min, 75% A;
1.1–10 min, 50% A; 10.1–15 min, 50% A; 15.1–16.5 min,

Fig. 1 Study flow chart subjects enrolled
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75% A; 16.6–0 min, 75% A. An API 4000 triple quadru-
pole mass spectrometer (Applied Biosystems, Foster
City, CA, USA) was used for detection of the chromato-
graphic separation. Nestle Internal reference material
(bovine milk-based infant formula) was used for method
validation and quality control (QC) sample as well, refer-
ence values were established by Nestle Proficiency Test
participated by Nestle laboratories and third party labora-
tories. Coefficient of variation of repeatability is ranged
from 3.7 to 13% and Coefficient of variation of intermedi-
ate reproducibility is ranged from 5.4 to 12%. The internal
reference samples were regularly included and analyzed in
duplicate during analytical runs. The limit of detection
(LOD) for thiamine, riboflavin, vitamin B3 and vitamin B6
were 0.65, 1, 1, and 0.65 (μg/100 g), respectively. Recovery
rates of vitamin B1, vitamin B2, vitamin B3, and vitamin B6
were ranged from 92 to 107%. Cross-talking in scheduled
multiple reaction monitoring (MRM) was not observed
between internal standards and analytes. The result of
Vitamin B3 is the sum of nicotinamide and nicotinic acid,
and it is expressed as nicotinic acid (niacin). As the mol
masses are nearly identical both masses are only summed
up. The result for Vitamin B6 is reported as pyridoxine.
Thus pyridoxal hydrochloride (correction factor 0.831)
and pyridoxamine dihydrochloride (correction factor
0.702) are converted to pyridoxine.
Methodology for quantifying pantothenic acid, biotin,

and folates: solvent extraction followed by microbio-
logical assay based quantification.
One gram of sample was weighed and diluted with deion-

ized water (40 mL). Sample extraction was then performed
in a water bath at 95 °C for 30 min. After centrifugation
(8000 g, 5 min), sample extracts could be further diluted
with sterile water provided from the test kit if needed. Sam-
ple extracts were then pipetted on the commercially avail-
able microtiter plate VitaFast® (R-Biopharm Analysis System
Trading Ltd, Beijing, China). After having applied all kit in-
structions including microorganism incubation at 37 °C in
the dark for 20–24 h (pantothenic acid) or 44–48 h (biotin
and folates), the turbidity of each vial was measured with a
microtiter plate reader at 610–630 nm (alternatively at
540–550 nm), for the calculation of pantothenic acid, bio-
tin, and folates concentration. The LOD values for pan-
tothenic acid, biotin, and folates were 0.074, 0.080, and
0.160 (μg/100 g), respectively. The measurements of QC
samples described above (internal reference samples) at
predetermined intervals were regularly performed to obtain
QC curve for the demonstration of method’s reliability. Re-
covery rates of pantothenic acid, biotin, and folates were
ranged from 93 to 112%.

Dietary measurement
Experienced and trained researchers conducting dietary
interviews obtained the information of dietary recall

during the previous 24-h from participants by face-to-
face interview when milk samples were collected. All of
the foods intakes were coded and B-vitamins (including
thiamine, riboflavin, and niacin intakes) were analyzed
using a database according to Chinese Food Compos-
ition (CFC) tables 2004 & 2009 consist of 1773 food
items [37, 38]. Considering the fact that vitamin B-6,
biotin, and folic acid were detected in very limited food
items in CFC, the Japan Food Composition (JFC) tables
(2014) [39] was used to estimate intakes of them in lac-
tating women. If the participants had consumed dietary
supplements, they were asked to supply the basic sup-
plement information, including the brand name, manu-
facturer, and actual consumption (daily dosage).

Statistical analysis
Socioeconomic characteristics of lactating women were
described as count (percentage) for categorical variables
and median value with interquartile range for continu-
ous variables without normal distribution. Chi-squared
tests (categorical variables) and Kruskal-Wallis tests
(continuous variables) were used to compare partici-
pants’ characteristic according to stages of lactating
period. Median (interquartile range) and mean ± stand-
ard deviation were calculated for each of B-vitamin ac-
cording to research cities (Beijing, Suzhou, and
Guangzhou cities) and stages of lactation (5–11 d post-
partum, 12–30 d postpartum, 31–60 d postpartum, 61–
120 d postpartum, and 121–240 d postpartum). Before
the progress of analysis about B-vitamins, Shapiro-Wilk
test was employed to determine whether B-vitamins in
human milk had a normal distribution or not. Because
of non-normal distribution in human milk vitamins, nat-
urally logarithmic transformations were applied when
doing analysis of variance (ANOVA) according to re-
search cities and lactating stages. Multivariate linear re-
gression analysis was used to describe the relationship
between B-vitamins concentrations in breast milk
(dependent variables) and socioeconomic characteristics
(independent variable) of lactation women. A stepwise
forward selection process was used in which the inde-
pendent variables and confounders (maternal age,
present BMI, education, family income, delivery mode,
regular exercise, supplement intake, duration of breast-
feeding, and city) were added to the models according to
their significance (p value). Homogeneity and bias was
showed in the analyses of the residuals of the final
models. The associations between B-vitamins concentra-
tions and diet characteristics such as dietary B-vitamins
intakes were evaluated by partial-correlations adjusted
for research cities and lactation stages. All statistical ana-
lyses were performed by using the SPSS software (Ver.
20.0) (SPSS Inc. Chicago, IL, USA), and the level of
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significance was set at p < 0.05 based on a two-sided
calculation.

Results
The socioeconomic characteristics of the lactating
women are summarized in Table 1. The mean age of the
lactating women was 27.4 ± 4.0 years. The majority of
lactating women had completed high school and had a
monthly household income representative of urban
China. Although the majority of women had normal
BMI at present, up to 45% lactating women had a
cesarean delivery. Only 11.1% lactating women were
consuming dietary supplements. According to the stage

of lactation, significant differences were found in mode
of delivery and educational level. These differences were
taken into consideration for the analyses of concentra-
tion over lactation and the statistical model were ad-
justed for these potential confounding factors.
The selected methodologies in this study allowed us

the quantification of thiamine as B1 marker; riboflavin as
B2 marker, nicotinamide and nicotinic acid as B3 marker
and the sum of pyridoxine, pyridoxamine and pyridoxal
as B6 marker. Pantothenic acid concentration is pre-
sented as total pantothenic acid. Folates concentration is
presented as free folates concentration. However, the
HPLC-MS/MS method did not allow to also quantify

Table 1 Socioeconomic characteristics of lactating mothers with different stages of lactating period

5–11 d (n = 89) 12–30 d (n = 87) 31–60 days (n = 89) 61–120 d (n = 90) 121–240 d (n = 88) P-value

Age, years 1 0.120

< 25 26 (29.2) 27 (31.0) 18 (20.2) 26 (28.9) 34 (38.6)

25–30 42 (47.2) 38 (43.7) 44 (49.4) 50 (55.6) 39 (44.3)

> 30 21 (23.6) 22 (25.3) 27 (30.3) 14 (15.6) 15 (17.0)

Offspring gender 1 0.729

Male 50 (56.2) 46 (52.9) 47 (52.8) 54 (60.0) 42 (47.7)

Female 39 (43.8) 37 (42.5) 39 (43.8) 36 (40.0) 43 (48.9)

Education 1 <0.001 *

Middle school or blow 11 (12.4) a 15 (17.2) a, b 26 (29.2) b 22 (24.4) a, b 38 (43.2) c

High school 31 (39.1) 34 (39.1) 21 (23.6) 25 (27.8) 23 (26.1)

College or above 45 (42.5) 37 (42.5) 42 (47.2) 41 (45.6) 26 (29.5)

Family’s per capita income, Yuan/month 1 0.165

< 2000 20 (22.5) 17 (19.5) 23 (25.8) 26 (28.9) 31 (35.2)

2000–4000 36 (40.4) 43 (49.4) 41 (46.1) 40 (44.4) 39 (44.3)

> 4000 30 (33.7) 21 (24.1) 23 (25.8) 22 (24.4) 18 (20.5)

Unclear 3 (3.4) 6 (6.9) 2 (2.2) 2 (2.2) 0 (0.0)

Delivery mode 1 0.038 *

Vaginal 50 (56.2) a, b 45 (51.7) a 37 (41.6) b 55 (61.1) a 54 (61.4) a

Cesarean 37 (41.6) 42 (48.3) 52 (58.4) 35 (38.9) 33 (37.5)

Present BMI 1 0.109

Underweight 5 (5.6) 2 (2.3) 2 (2.2) 4 (4.4) 7 (8.0)

Normal 54 (60.7) 58 (66.7) 56 (62.9) 69 (76.7) 64 (72.7)

Overweight 26 (29.2) 26 (29.9) 26 (29.2) 16 (17.8) 16 (18.2)

Obesity 3 (3.4) 1 (1.1) 5 (5.6) 1 (1.1) 1 (1.1)

Dietary supplements intake 1 0.810

Yes 10 (11.2) 12 (13.8) 11 (12.4) 8 (8.9) 8 (9.1)

No 79 (88.8) 75 (86.2) 78 (87.6) 82 (91.1) 80 (90.9)

Pregnancy duration, weeks 2 39 (39, 40) 39 (39, 40) 39 (38, 40) 39.5 (39, 40) 40 (39, 40) 0.268

Data were expressed as median (interquartile range) for continuous variables without normal distribution and count (percentage) for categorical variables
BMI body mass index, was calculated as body weight by height squared (kg/m2)
1 Compared by chi-square test
2 Compared by Kruskal-Wallis test
* Indicates a significant difference among six stages of lactating period (p < 0.05)
a, b, c Data with the different superscript letters in the same row differ significantly (p < 0.05); Difference between two subgroups using Chi-squared tests (categorical
variables) and Mann-Whitney U test (continuous variables without normal distribution)
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thiamine monophosphate (TMP) (B1 vitamer), flavin ad-
enine dinucleotide (FAD) and flavin mononucleotide
(FMN) (B2 vitamer) and pyridoxal 5’-phosphate (PLP)
(B6 vitamer) Therefore, these vitamin concentration are
likely to be underestimated.
The concentrations of B-vitamins in different stages of

lactation are shown in Table 2. Variations of B-vitamins
concentrations according to stage of lactation were ob-
served in this study. Overall, mean concentrations of
thiamine, vitamin B6 and folates increased progressively
with duration of lactation (p for trend < 0.001). In con-
trast, riboflavin and pantothenic acid concentrations fell
over time (p for trend < 0.01). Unlike the other vitamins,

the levels of vitamin B3 and biotin remained almost con-
stant as lactation stage increased (p for trend > 0.05).
The concentrations of B-vitamins in human milk from

Chinese mothers living in Beijing, Suzhou, and
Guangzhou cities are shown in Table 3. In this study,
wide range of variations in B-vitamins content was
found. Interregional differences of concentrations were
present in the majority of B-vitamins (p < 0.05) except
for biotin in human milk. The concentrations of
thiamine and riboflavin were significantly higher in hu-
man milk from Beijing city than those from Suzhou and
Guangzhou cities (p < 0.001). The concentrations of vita-
min B3 and vitamin B6 were significantly lower in

Table 2 B-vitamins concentrations of milk samples during different lactation stages 1, 2

B-group
vitamin

5–11 d 12–30 d 31–60 d 61–120 d 121–240 d

(n = 89) (n = 87) (n = 89) (n = 90) (n = 88)

Thiamine, μg/100 g

n 44 73 82 89 86

Median (IQR) 3.13 (2.58, 4.89) a 5.07 (3.11, 6.47) b 4.28 (3.06, 6.61) b 5.65 (3.78, 7.69) c 6.28 (5.11, 8.03) d

Mean ± SD 3.60 ± 1.29 5.01 ± 2.10 4.69 ± 1.85 5.75 ± 2.18 6.69 ± 2.17

Riboflavin, μg/100 g

n 88 86 83 89 88

Median (IQR) 20.8 (13.2, 31.5) a 20.2 (10.1, 27.4) b 11.9 (7.1, 21.1) c 13.6 (9.7, 20.1) c, d 15.6 (12.3, 19.4) b, d

Mean ± SD 25.4 ± 18.8 19.4 ± 9.9 15.3 ± 12.0 15.1 ± 7.6 16.4 ± 7.1

Vitamin B3
3, μg/100 g

n 89 87 89 90 88

Median (IQR) 194.0 (110.0, 320.5) a 300.0 (248.0, 378.0) b 261.0 (183.0, 323.5) c 212.5 (168.8, 277.3) a, d 218.0 (168.8, 328.8) c, d

Mean ± SD 239.1 ± 156.3 337.1 ± 151.4 272.1 ± 118.4 227.8 ± 82.6 253.6 ± 118.9

Pantothenic acid, μg/100 g

n 86 84 89 90

Median (IQR) 236.5 (166.3, 324.3) a 291.0 (229.5, 374.3) b 254.0 (187.0, 346.5) a 179.0 (154.5, 220.0) c 189.0 (153.0, 251.5) c

Mean ± SD 255.1 ± 117.9 304.0 ± 109.6 264.2 ± 94.6 204.2 ± 79.5 205.8 ± 63.2

Vitamin B6
4, μg/100 g

n 60 75 89 89 87

Median (IQR) 6.34 (3.83, 9.85) a 7.58 (5.92, 9.86) a, b 8.60 (6.32, 10.55) b 9.34 (7.40, 12.00) c 10.20 (8.15, 13.80) c

Mean ± SD 8.63 ± 7.57 8.22 ± 4.10 8.94 ± 3.86 10.30 ± 4.91 10.90 ± 4.37

Biotin, μg/100 g

n 78 84 88 90 87

Median (IQR) 0.462 (0.187, 0.856) a 0.834 (0.550, 1.190) b 0.606 (0.435, 0.876) c 0.523 (0.366, 0.749) a, c 0.464 (0.316, 0.648) a

Mean ± SD 0.691 ± 0.795 0.967 ± 0.703 0.701 ± 0.424 0.617 ± 0.429 0.577 ± 0.627

Folates, μg/100 g

n 88 87 89 90 88

Median (IQR) 0.730 (0.387, 1.245) a 2.390 (1.340, 3.120) b 2.440 (1.615, 3.440) b, c 2.420 (1.653, 3.265) c 2.330 (1.515, 3.875) c

Mean ± SD 1.072 ± 0.945 2.421 ± 1.379 2.665 ± 1.366 2.759 ± 1.583 2.860 ± 1.694

IQR interquartile range; SD standard deviation
1 Data were presented as the median (IQR) and mean ± SD
2 Compared by One-Way analysis of variance (ANOVA) after the ln transformation followed by Fisher’s least significant difference (LSD) post hoc comparisons
3 Vitamin B3 = nicotinamide + nicotinic acid
4 Vitamin B6 = pyridoxine + 0.702pyridoxamine + 0.831pyridoxal
a, b, c, d Data with the different superscript letters in the same row differ significantly (p < 0.05)
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human milk from Suzhou city than the other two cities
(p < 0.05). The level of pantothenic acid was significantly
higher in human milk from Suzhou city than those from
Guangzhou (p < 0.05). Meanwhile, the folates content in
human milk from Suzhou city was significantly higher
than that from Beijing city (p < 0.001).
No significant correlations were observed between

B-vitamins and maternal age, educational level, family
income, and delivery mode in single factor analysis
(p > 0.05). The adjusted associations between B-vitamin
concentrations in human milk and the socio-economic
characteristics of lactating women are summarized in
Table 4 and Additional file 1: Table S1. In multivariate

analyses, compared with lactating women with normal
BMI, those overweight women had significantly lower
thiamine concentrations in human milk after adjustment
for potentially confounding factors (p < 0.05). Addition-
ally, compared with lactating women with normal BMI,
lower vitamin B6 in those overweight and obesity
women and higher folates in those underweight women
were found in this study (p < 0.05, p < 0.05, and p < 0.01,
respectively). After adjustment for potentially confound-
ing factors, significantly higher pantothenic acid, biotin,
and folates were observed in lactating women with diet-
ary supplement intake when compared with the other
women (p < 0.01, p < 0.001, and p < 0.05, respectively).

Table 3 B-vitamins concentrations of milk samples from lactating mothers in the three cities1,2

B-group
vitamin

City1: Beijing City2: Suzhou City3: Guangzhou Total

(n = 150) (n = 146) (n = 147) (n = 443)

Thiamine, μg/100 g

n 134 108 132 374

Median (IQR) 6.61 (5.21, 7.89) a 4.25 (2.74, 6.38) b 4.40 (3.49, 5.60) b 5.17 (3.54, 6.81)

Mean ± SD 6.41 ± 1.98 4.90 ± 2.67 4.60 ± 1.52 5.34 ± 2.22

Riboflavin, μg/100 g

n 150 139 145 434

Median (IQR) 20.1 (14.5, 25.1) a 12.5 (6.6, 19.3) b 14.8 (9.5, 23.1) c 16.2 (10.0, 23.5)

Mean ± SD 20.7 ± 8.06 16.7 ± 17.1 17.4 ± 10.4 18.3 ± 12.4

Vitamin B3
3, μg/100 g

n 150 146 147 443

Median (IQR) 264.0 (185.8, 349.0) a 212.0 (151.5, 291.8) b 244.0 (179.0, 343.0) a 240.0 (171.0, 322.0)

Mean ± SD 274.0 ± 124.4 226.4 ± 94.3 295.9 ± 162.9 265.6 ± 133.2

Pantothenic acid, μg/100 g

n 148 146 143 437

Median (IQR) 230.0 (184.5, 299.5) a,b 225.0 (174.5, 339.8) a 199.0 (155.0, 282.0) b 223.0 (166.5, 302.0)

Mean ± SD 245.7 ± 78.7 261.9 ± 121.9 230.1 ± 97.8 245.9 ± 101.6

Vitamin B6
4, μg/100 g

n 139 132 129 400

Median (IQR) 8.37 (6.52, 10.90) a 7.27 (4.64, 10.2) b 9.46 (8.22, 13.30) c 8.63 (6.43, 11.00)

Mean ± SD 9.06 ± 3.37 8.57 ± 6.35 10.89 ± 4.74 9.49 ± 5.04

Biotin, μg/100 g

n 144 142 141 427

Median (IQR) 0.585 (0.385, 0.878) a 0.554 (0.325, 0.875) a 0.554 (0.314, 0.846) a 0.568 (0.336, 0.858)

Mean ± SD 0.749 ± 0.674 0.691 ± 0.585 0.685 ± 0.596 0.709 ± 0.619

Folates, μg/100 g

n 149 146 147 442

Median (IQR) 1.790 (1.125, 2.710) a 2.400 (1.190, 3.428) b 2.220 (1.230, 3.420) a,b 2.140 (1.190, 3.143)

Mean ± SD 1.998 ± 1.226 2.635 ± 1.766 2.446 ± 1.576 2.358 ± 1.557

IQR interquartile range; SD standard deviation
1 Data were presented as the median (IQR) and mean ± SD
2 Compared by One-Way analysis of variance (ANOVA) after the ln transformation followed by Fisher’s least significant difference (LSD) post hoc comparisons
3 Vitamin B3 = nicotinamide + nicotinic acid
4 Vitamin B6 = pyridoxine + 0.702pyridoxamine + 0.831pyridoxal
a,b,c Data with the different superscript letters in the same row differ significantly (p < 0.05)
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Meanwhile, the concentrations of riboflavin in human
milk from the lactating women with regular exercise
were significantly higher than those women without
(p < 0.05).
In partial-analyses, after adjustment for investigated

cities and lactation stages, no significant correlations
were observed between vitamins in human milk and the
corresponding vitamins in dietary intakes (r = 0.015, p =
0.757 for thiamine; r = 0.046 and p = 0.353 for riboflavin,
r = 0.034 and p = 0.489 for vitamin B3, r = 0.055 and p =
0.269 for vitamin B6, r = 0.082 and p = 0.101 for biotin,
and r = −0.056 and p = 0.263 for folates, respectively).

Discussion
When compared with previously reported results of in-
vestigations into human milk of Chinese lactating
women, the same vitamers were analyzed and our results
were generally comparable [12–14]. Though significant
differences in riboflavin and vitamin B3 concentrations
were found in this study when compared with other pre-
vious studies in China [13, 14], our results were similar
to those in human milk from Inner Mongolia in China
[12]. Generally, such results might be due to the differ-
ences in the milk sampling collection, loss during stor-
age and pretreatment, and analytical methods [14], as
well as dietary intake of study population. The methods
for analysis of each B-vitamins including commonly
microbiological, radioisotope dilution or more recently
chromatographic, coupled with Ultra violet (UV), fluoro-
metric and mass spectrometry (MS) detection [5].
HPLC-MS/MS methods in present study only analyze a
specific form of Vitamin B1 (thiamine), Vitamin B2 (ribo-
flavin), Vitamin B3 (nicotinamide and nicotinic acid),
and Vitamin B6 (pyridoxal, pyridoxine and pyridox-
amine) so that the contents of these vitamins analyzed

by HPLC-MS/MS methods were much lower than the
microbiological assays.
Ren et al. [14] reported that thiamine and vitamin B6

(pyridoxal, pyridoxine and pyridoxamine) concentrations
increased with lactation stage increasing, which were
consistent with our results. The finding from Ford et al.
[40] and Sakurai et al. [4] showed total thiamin and total
vitamin B6 increased progressively with duration of lac-
tation, our results of only part of the total vitamin con-
tents within these trends. However, riboflavin and
pantothenic acid concentrations decreased as the lacta-
tion stage increasing in the present study, which are
contradictory with the previous studies [4, 40]. The re-
sults from Ren et al. [14] showed that riboflavin and
pantothenic acid concentrations in milk from Chinese
mothers reached a peak in transitional milk (postpartum
8–14 d) and then decreased with lactation stage increas-
ing, which are consistent with our results. With lactation
stage increasing, folic acid concentrations increased,
which are similar to the trend of Ford et al. [40]. The re-
search of Sakurai et al. [4] suggested that niacin (nico-
tinamide) and biotin levels remained nearly unchanged
as lactation stage increased, which is consistent with our
results. Generally, the main sources of water-soluble vi-
tamins in milk are maternal plasma and dietary intake
considering the inability of the mammary gland to syn-
thetize such compounds, so the variations of those vita-
mins are mainly related to dietary intake and to
nutritional regulation of the body [4].
Remarkably, dietary intakes and supplementations may

play core roles in the levels of B-vitamins in human milk
[11–14, 16–19]. Because of historical and cultural fac-
tors, cuisines in Beijing (located in north of China, in-
land area), Suzhou (located in east of China, lake area),
Guangzhou (located in south of China, coastal area) are
very different from each other [41], which may affect

Table 4 Multivariate linear regression models considering thiamine, pantothenic acid, vitamin B6 and folates concentrations in
human milk after the ln transformation as the dependent variables and the other variables studied as independent variables

Thiamine Pantothenic acid Vitamin B6 Folates

β (95% CI) a P-value β (95% CI) a P-value β (95% CI) a P-value β (95% CI) a P-value

BMI, kg/m2

< 18.5 0.168 (−0.106, 0.442) 0.228 0.098 (−0.251, 0.446) 0.582 0.454 (0.166, 0.743) 0.002

18.5–24.9 Ref Ref Ref

25–29.9 −0.150 (−0.284, −0.015) 0.029 −0.203 (−0.374, −0.032) 0.020 −0.138 (−0.279, 0.004) 0.056

≥ 30 −0.298 (−0.667, 0.071) 0.114 −0.583 (−1.052, −0.114) 0.015 −0.044 (−0.432, 0.343) 0.822

Supplement intake

Yes 0.188 (0.061, 0.315) 0.004 0.206 (0.015, 0.396) 0.034

No Ref Ref

Adjusted R2 for thiamine = 0.463, p < 0.001; adjusted R2 for pantothenic acid = 0.106, p < 0.001; adjusted R2 for vitamin B6 = 0.244, p < 0.001; adjusted R2 for
folates = 0.350, p < 0.001
BMI body mass index; CI confidence interval; Ref reference
a Adjusted for cities (Beijing, Suzhou, and Guangzhou cities) and lactation stages (postpartum 5–11 d, postpartum 12–30 d, postpartum 31–60 d, postpartum 61–
120 d, and postpartum 121–240 d)
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water-soluble vitamins intakes and result in significant
differences of B-vitamins concentrations in human milk.
Thiamine is largely present in cereals, particularly
whole-grain cereals. In this study, the highest intake of
cereals was found in Beijing city (309.5 g/day) when
compared with those in Suzhou and Guangzhou cities
(281.0 and 268.2 g/day). In addition, lactating women in
Suzhou and Guangzhou main cereal source was refined
rice (low in vitamin B1), Beijing had higher proportion of
other cereals such as wheat and millet. This may explain
the higher concentration of Thiamine in Beijing. Fur-
thermore it is well known Riboflavin is widespread
throughout many kinds of foods, especially from animal
sources. Higher levels of riboflavin in human milk from
Beijing city may be due to higher milk and eggs intake
than those from Suzhou and Guangzhou cities. (219.8,
162.1, and 102.3 ml/day for milk intake, respectively;
68.8, 62.9, and 44.5 g/day for eggs intake, respectively).
According to the results from 24 h dietary recall, highest
intakes of folates were found in lactating women from
Suzhou compared to others (294.9 vs 277.2 and 233.3 μg
dietary folate equivalent for folic acid/day), and it was
expected that folic acid were higher in human milk from
Suzhou city. Actually, regional differences of water-
soluble vitamins in human milk including between rural
and urban area [13, 14], between coastal and inland area
[14], and among difference countries [42] had been
widely reported in previous studies.
According to the previous studies [43, 44], maternal nu-

trition practices/status related to vitamin concentrations
in human milk is influenced by socio-economic status.
However, little literature has focused on the relationships
between the levels of water-soluble vitamins in human
milk and the socio-economic characteristics of lactating
women. In this study, significant correlations between
levels of B-vitamins in human milk and maternal age, edu-
cation, and family income were not found. These data
suggest that even in the face of poor socioeconomic status,
B-vitamins in milk maintained adequate levels when com-
pared with populations in better socioeconomic status. In
contrast, negative correlations between current BMI and
some levels of B-vitamins in milk including thiamine, vita-
min B6, and folates, were found in the present study. High
postpartum weight retention is a strong independent risk
factor for several chronic diseases such as obesity, cardio-
vascular disease, and type 2 diabetes [45], thus lactating
women with postpartum overweight and obesity are more
subject to control body weight. The inverse associations
between maternal BMI and B-vitamins in milk may be
due to postpartum diet control. Our results implied that
regular exercise during lactation did not have negative im-
pact on the B-vitamin concentrations, and were similar
with the interview study from Lovelady et al. [35]. Further-
more, the highest riboflavin concentrations in milk in the

present study were found from lactating women with
regular exercise when compared with those women with-
out. One possible explanation is that lactating women
with regular exercise have stronger health consciousness
and pay more attention on healthy diet which results in
adequate food rich in vitamins intake. Studies [11, 12, 14,
15, 20, 46] have showed that the status of maternal nutri-
ent supplements can influence the nutrient level of human
milk, especially with regard to pantothenic acid, vitamin
B6, biotin, and folates concentrations. Indeed, in this
study, the levels of pantothenic acid, biotin, and folates
found in human milk from women using vitamin supple-
ment were markedly higher than those without, and these
findings agreed with previous studies [16–20] on the fact
that diets supplemented with B-vitamins had been associ-
ated with increase in concentrations.
Mother’s B-vitamins intake has been found to clearly cor-

relate with their concentrations in human milk [11, 16–19].
West et al. [47] explored the influence of the level of vitamin
B6 intake on the content of the vitamin in milk from 19
healthy subjects, and found significant correlation (r = 0.51,
p < 0.01) between them. Similarly, Johnston et al. [15] found
a significant positive correlation (r = 0.65, p < 0.01) between
pantothenic acid in the diet of the mother the day preceding
milk collection and the pantothenic acid content of the milk.
Results of this study could not confirm this due to likely a
limitation of the dietary intake assessment method [48]
which only allowed for correlation of short-term dietary in-
take exposure with human milk composition. Nevertheless,
this negative finding clearly suggest that to evaluate impact
of dietary intake on human milk composition longer-term
dietary intake assessments would be required.
Although state-of-the-art and/or reference analytical

methodologies were applied, caution should be taken
when trying to make conclusions about absolute vitamin
content in human milk from Chinese mothers. Since
some metabolites could not be estimated, only partial in-
formation was given on some vitamins.

Conclusions
In conclusion, our results of B-vitamin concentrations in
human milk generally agree with previously reported
studies conducted in China. Our findings suggest that
some regional, lactation stage, socio-economic factors
including maternal BMI, regular exercise, and dietary
supplement may have effects on B-vitamins in human
milk from healthy Chinese mothers. In view of adequate
B-vitamins concentrations in human milk as a prerequis-
ite for healthy development in early life, further studies
on accurate and complete analysis of all vitamin forms
(vitamers/metabolites) are crucial for giving a more
comprehensive picture of vitamins concentrations and
evolution in human milk.
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Additional file

Additional file 1: Table S1. Multivariate linear regression models
considering riboflavin and biotin concentrations in human milk after the
ln transformation as the dependent variables and the other variables
studied as independent variables. After adjustment for potentially
confounding factors, significantly higher biotin were observed in
lactating women with dietary supplement intake when compared with
the other women (p < 0.05). Meanwhile, the concentrations of riboflavin
in human milk from the lactating women with regular exercise were
significantly higher than those women without (p < 0.05). (DOCX 16 kb)

Abbreviations
ANOVA: Analysis of variance; BMI: Body weight index; CFC: Chinese Food
Composition; CI: Confidence interval; FAD: Flavin adenine dinucleotide;
FMN: Flavin mononucleotide; HPLC-MS/MS: High performance liquid
chromatography-tandem mass spectrometry; IQR: Interquartile range;
JFC: Japanese Food Composition; LC: Lipid chromatography; LOD: Limit of
detection; LSD: Least significant difference; MING: The Maternal Infant
Nutrition Growth study; MRM: Multiple reaction monitoring; MS: Mass
spectrometry; PLP: Pyridoxal 5’-phosphate; QC: Quality control; Ref: Reference;
SD: Standard deviation; TMP: Thiamine monophosphate; UV: Ultra violet

Acknowledgements
The authors would like to thank the participants who volunteered for this
study, Lawrence Li for project support and guidance, Celia Ning for project
management, Qiaoji Li for clinical project management, Emilie Ba for data
management, Yongcheng Liao for analysis of B-vitamins and local project
staff at Peking University School of Public Health, Guangzhou University
School of Public Health and Soochow University School of Public Health for
recruitment and data collection.

Funding
This project was supported by a grant from Nestlé Research Center (Nestec
Ltd.) and Nestlé Nutrition Institute China. The funders did not have any
additional role in the study design, data collection and analysis, and writing
the manuscript.

Availability of data and material
The unidentified data from this study is available through corresponding
author for any interested party with appropriate rationale.

Authors’ contributions
YX interpreted the results, drafted, reviewed and revised the initial
manuscript. KMR and ECG contributed to analysis of samples. GVP
contributed to the study design, drafted, and reviewed the initial manuscript.
XY, AZ, TH, and YZ contributed to statistical design. YZ, PW, and XY
contributed to study design and field collection. SKT contributed to the
study design, breast milk sampling protocol, interpretation of the results. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable

Ethics approval and consent to participate
The study was conducted according to the guidelines in the Declaration of
Helsinki. All of the procedures involving human subjects were approved by
the Medical Ethics Research Board of Peking University (No.IRB00001052-
11042). Written informed consent was obtained from all subjects
participating in the study. The study was also registered in ClinicalTrials.gov
with the number identifier NCT01971671.

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

Author details
1Department of Nutrition & Food Hygiene, School of Public Health, Peking
University Health Science Center, 38 Xueyuan Road, Haidian District, Beijing
100191, People’s Republic of China. 2CAS key Laboratory of Pathogenic
Microbiology and Immunology, Institute of Microbiology, Chinese Academy
of Science, Chaoyang District, Beijing 100101, People’s Republic of China.
3Nestlé Research Center, Lausanne, Vers-chez-les-Blanc, 1000 Lausanne,
Switzerland. 4Nestlé Research Center, Building E-F, No.5 Dijin Road, Haidian
District, Beijing 100095, People’s Republic of China. 5Department of Social
Medicine & Health Education, School of Public Health, Peking University
Health Science Center, Haidian District, Beijing 100191, People’s Republic of
China. 6National Institute for Nutrition and Health, Chinese Centre for Disease
Control and Prevention, Chaoyang District, Beijing 100050, People’s Republic
of China. 7Department of Epidemiology & Biostatistics, School of Public
Health, Peking University Health Science Center, Haidian District, Beijing
100191, People’s Republic of China.

Received: 20 August 2016 Accepted: 1 March 2017

References
1. WHO. Infant and Young Child Feeding: Model Chapter for Textbooks for

Medical Students and Allied Health Professionals. Geneva: World Health
Organization; 2009. http://cdrwww.who.int/nutrition/publications/
infantfeeding/9789241597494/en/.

2. WHO, Fund UNCS. Global strategy for infant and young child feeding.
Geneva: World Health Organization; 2003. http://www.who.int/maternal_
child_adolescent/documents/9241562218/en/.

3. Clayton HB, Li R, Perrine CG, Scanlon KS. Prevalence and reasons for
introducing infants early to solid foods: variations by milk feeding type.
Pediatrics. 2013;131(4):e1108–14. doi:10.1542/peds.2012-2265.

4. Sakurai T, Furukawa M, Asoh M, Kanno T, Kojima T, Yonekubo A. Fat-soluble
and water-soluble vitamin contents of breast milk from Japanese women. J
Nutr Sci Vitaminol (Tokyo). 2005;51(4):239–47. https://www.jstage.jst.go.jp/
article/jnsv1973/51/4/51_4_239/_article.

5. Hampel D, Allen LH. Analyzing B-vitamins in human milk: methodological
approaches. Crit Rev Food Sci Nutr. 2016;56(3):494–511. doi:10.1080/
10408398.2013.783550.

6. Allen LH. B vitamins in breast milk: relative importance of maternal status
and intake, and effects on infant status and function. Adv Nutr. 2012;3(3):
362–9. doi:10.3945/an.111.001172.

7. McGready R, Simpson JA, Cho T, Dubowitz L, Changbumrung S, Böhm V, et
al. Postpartum thiamine deficiency in a Karen displaced population. Am J
Clin Nutr. 2001;74(6):808–13. http://ajcn.nutrition.org/content/74/6/808.

8. Nisar YB, Dibley MJ, Mebrahtu S, Paudyal N, Devkota M. Antenatal iron-folic
acid supplementation reduces neonatal and under-5 mortality in Nepal. J
Nutr. 2015;145(8):1873–83. doi:10.3945/jn.114.206565.

9. Barennes H, Sengkhamyong K, René JP, Phimmasane M. Beriberi (thiamine
deficiency) and high infant mortality in northern Laos. PLoS Negl Trop Dis.
2015;9(3):e0003581. doi:10.1371/journal.pntd.0003581.

10. Coats D, Frank EL, Reid JM, Ou K, Chea M, Khin M, et al. Thiamine
pharmacokinetics in Cambodian mothers and their breastfed infants. Am J
Clin Nutr. 2013;98(3):839–44. doi:10.3945/ajcn.113.062737.

11. Ooylan LM, Hart S, Porter KB, Driskell JA. Vitamin B-6 content of breast milk
and neonatal behavioral functioning. J Am Diet Assoc. 2002;102(10):1433–8.
doi:10.1016/S0002-8223(02)90317-2.

12. Shi YD, Sun GQ, Zhang ZG, Deng X, Kang XH, Liu ZD, et al. The chemical
composition of human milk from Inner Mongolia of China. Food Chem.
2011;127(3):1193–8. doi:10.1016/j.foodchem.2011.01.123.

13. Liu H, Han X, Liu L, Jiang D, Yi M, Zheng Y, et al. Comparative analysis of
four kinds of vitamin B of milk of lactating mothers and maternal and infant
nutritional status in Chinese urban and rural areas. Wei Sheng Yan Jiu
(Chinese). 2014;43(3):409–14. http://202.115.162.52/KCMS/detail/detail.
aspx?filename=WSYJ201403012&dbcode=CJFD&dbname=CJFD2014.

14. Ren X, Yang Z, Shao B, Yin SA, Yang X. B-vitamin levels in human milk
among different lactation stages and areas in China. PLoS One. 2015;10(7):
e0133285. doi:10.1371/journal.pone.0133285.

15. Johnston L, Vaughan L, Fox HM. Pantothenic acid content of human milk. Am
J Clin Nutr. 1981;34(10):2205–9. http://ajcn.nutrition.org/content/34/10/2205.

16. Hamaker BR, Kirksey A, Borschel MW. Distribution of B-6 vitamers in human
milk during a 24-h period after oral supplementation with different

Xue et al. BMC Nutrition  (2017) 3:22 Page 10 of 11

dx.doi.org/10.1186/s40795-017-0139-1
http://cdrwww.who.int/nutrition/publications/infantfeeding/9789241597494/en/
http://cdrwww.who.int/nutrition/publications/infantfeeding/9789241597494/en/
http://www.who.int/maternal_child_adolescent/documents/9241562218/en/
http://www.who.int/maternal_child_adolescent/documents/9241562218/en/
http://dx.doi.org/10.1542/peds.2012-2265
https://www.jstage.jst.go.jp/article/jnsv1973/51/4/51_4_239/_article
https://www.jstage.jst.go.jp/article/jnsv1973/51/4/51_4_239/_article
http://dx.doi.org/10.1080/10408398.2013.783550
http://dx.doi.org/10.1080/10408398.2013.783550
http://dx.doi.org/10.3945/an.111.001172
http://ajcn.nutrition.org/content/74/6/808
http://dx.doi.org/10.3945/jn.114.206565
http://dx.doi.org/10.1371/journal.pntd.0003581
http://dx.doi.org/10.3945/ajcn.113.062737
http://dx.doi.org/10.1016/S0002-8223(02)90317-2
http://dx.doi.org/10.1016/j.foodchem.2011.01.123
http://202.115.162.52/KCMS/detail/detail.aspx?filename=WSYJ201403012&dbcode=CJFD&dbname=CJFD2014
http://202.115.162.52/KCMS/detail/detail.aspx?filename=WSYJ201403012&dbcode=CJFD&dbname=CJFD2014
http://dx.doi.org/10.1371/journal.pone.0133285
http://ajcn.nutrition.org/content/34/10/2205


amounts of pyridoxine. Am J Clin Nutr. 1990;51(6):1062–6. http://ajcn.
nutrition.org/content/51/6/1062.

17. Mackey AD, Picciano MF. Maternal folate status during extended lactation
and the effect of supplemental folic acid. Am J Clin Nutr. 1999;69(2):285–92.
http://ajcn.nutrition.org/content/69/2/285.

18. Stuetz W, Carrara VI, McGready R, Lee SJ, Biesalski HK, Nosten FH. Thiamine
diphosphate in whole blood, thiamine and thiamine monophosphate in
breast-milk in a refugee population. PLoS One. 2012;7(6):e36280. doi:10.
1371/journal.pone.0036280.

19. Styslinger L, Kirksey A. Effects of different levels of vitamin B-6
supplementation on vitamin B-6 concentrations in human milk and vitamin
B-6 intakes of breastfed infants. Am J Clin Nutr. 1985;41(1):21–31. http://ajcn.
nutrition.org/content/41/1/21.

20. Kang-Yoon SA, Kirksey A, Giacoia G, West K. Vitamin B-6 status of breast-fed
neonates: influence of pyridoxine supplementation on mothers and
neonates. Am J Clin Nutr. 1992;56(3):548–58. http://ajcn.nutrition.org/
content/56/3/548.

21. Böhm V, Peiker G, Starker A, Weske E, Schaarmann G, Schubert R, et al.
Vitamin B1, B2, A and E and beta-carotene content in transitional breast
milk and comparative studies in maternal and umbilical cord blood. Z
Ernahrungswiss (German). 1997;36(3):214–9. http://europepmc.org/abstract/
med/9454442.

22. Mock DM, Mock NI, Langbehn SE. Biotin in human milk: methods, location,
and chemical form. J Nutr. 1992;122(3):535–45. http://jn.nutrition.org/
content/122/3/535.

23. Kodentsova VM, Vrzhesinskaya OA. Evaluation of the vitamin status in
nursing women by vitamin content in breast milk. Bull Exp Biol Med. 2006;
141(3):323–7. doi:10.1007/s10517-006-0161-9.

24. Yagi T, Iwamoto S, Mizuseki R, Furuya M, Nakayama K. Contents of all forms
of vitamin B6, pyridoxine-β-glucoside and 4-pyridoxic acid in mature milk of
Japanese women according to 4-pyridoxolactone-conversion high
performance liquid chromatography. J Nutr Sci Vitaminol (Tokyo). 2013;
59(1):9–15. doi:10.3177/jnsv.59.9.

25. Han YH, Yon M, Han HS, Kim KY, Tamura T, Hyun TH. Folate contents in
human milk and casein-based and soya-based formulas, and folate status in
Korean infants. Br J Nutr. 2009;101(12):1769–74. doi:10.1017/
S0007114508158974.

26. Hampel D, Shahab-Ferdows S, Adair LS, Bentley ME, Flax VL, Jamieson DJ, et
al. Thiamin and riboflavin in human milk: effects of lipid-based nutrient
supplementation and stage of lactation on vitamer secretion and
contributions to total vitamin content. PLoS One. 2016;11(2):e0149479. doi:
10.1371/journal.pone.0149479.

27. Williams AM, Chantry CJ, Young SL, Achando BS, Allen LH, Arnold BF, et al.
Vitamin B-12 Concentrations in Breast Milk Are Low and Are Not Associated
with Reported Household Hunger, Recent Animal-Source Food, or Vitamin
B-12 Intake in Women in Rural Kenya. J Nutr. 2016;146(5):1125–31. doi:10.
3945/jn.115.228189.

28. Allen LH, Hampel D, Shahab-Ferdows S, York ER, Adair LS, Flax VL, et al.
Antiretroviral therapy provided to HIV-infected Malawian women in a
randomized trial diminishes the positive effects of lipid-based nutrient
supplements on breast-milk B vitamins. Am J Clin Nutr. 2015;102(6):1468–74.
doi:10.3945/ajcn.114.105106.

29. Khambalia A, Latulippe ME, Campos C, Merlos C, Villalpando S, Picciano MF,
et al. Milk folate secretion is not impaired during iron deficiency in humans.
J Nutr. 2006;136(10):2617–24. http://jn.nutrition.org/content/136/10/2617.

30. Villalpando S, Latulippe ME, Rosas G, Irurita MJ, Picciano MF, O’Connor DL.
Milk folate but not milk iron concentrations may be inadequate for some
infants in a rural farming community in San Mateo, Capulhuac, Mexico. Am
J Clin Nutr. 2003;78(4):782–9. http://ajcn.nutrition.org/content/78/4/782.

31. Ortega RM, Quintas ME, Martínez RM, Andrés P, López-Sobaler AM, Requejo
AM. Riboflavin levels in maternal milk: the influence of vitamin B2 status
during the third trimester of pregnancy. J Am Coll Nutr. 1999;18(4):324–9.
http://www.tandfonline.com/doi/abs/10.1080/07315724.1999.10718871.

32. Udipi SA, Kirksey A, Roepke JL. Diurnal variations in folacin levels of human
milk: use of a single sample to represent folacin concentration in milk
during a 24-h period. Am J Clin Nutr. 1987;45(4):770–9. http://ajcn.nutrition.
org/content/45/4/770.

33. Udipi SA, Kirksey A, West K, Giacoia G. Vitamin B6, vitamin C and folacin
levels in milk from mothers of term and preterm infants during the
neonatal period. Am J Clin Nutr. 1985;42(3):522–30. http://ajcn.nutrition.org/
content/42/3/522.

34. Lehti KK. Breast milk folic acid and zinc concentrations of lactating, low
socioeconomic, Amazonian women and the effect of age and parity on the
same two nutrients. Eur J Clin Nutr. 1990;44(9):675–80.

35. Lovelady CA, Williams JP, Garner KE, Moreno KL, Taylor ML, Leklem JE. Effect
of energy restriction and exercise on vitamin B-6 status of women during
lactation. Med Sci Sports Exerc. 2001;33(4):512–8. http://journals.lww.com/
acsm-msse/Fulltext/2001/04000/Effect_of_energy_restriction_and_exercise_
on.2.aspx.

36. Ge K. The transition of Chinese dietary guidelines and food guide pagoda.
Asia Pac J Clin Nutr. 2011;20(3):439–46. http://apjcn.nhri.org.tw/server/
APJCN/20/3/439.pdf.

37. Yang YX, Wang GY, Pan XC. China Food Composition tables (Book 1). 2nd
ed. Beijing: Beijing Medical University Press; 2009.

38. Yang YX, Wang GY, Pan XC. China Food Composition tables 2004 (Book 2).
2nd ed. Beijing: Beijing Medical University Press; 2005.

39. Agency SaT. Standard tables of food composition in Japan. 4th ed. Tokyo:
Ishiyaku Shuppan Publishers, Inc.; 2005.

40. Ford JE, Zechalko A, Murphy J, Brooke OG. Comparison of the B vitamin
composition of milk from mothers of preterm and term babies. Arch Dis
Child. 1983;58(5):367–72. http://adc.bmj.com/content/58/5/367.

41. Zhu YX, Huang J, Zhang ZK, Zhang QM, Zhou T, Ahn YY. Geography and
similarity of regional cuisines in China. PLoS One. 2013;8(11):e79161. doi:10.
1371/journal.pone.0079161.

42. Hampel D, York ER, Allen LH. Ultra-performance liquid chromatography
tandem mass-spectrometry (UPLC-MS/MS) for the rapid, simultaneous
analysis of thiamin, riboflavin, flavin adenine dinucleotide, nicotinamide and
pyridoxal in human milk. J Chromatogr B Analyt Technol Biomed Life Sci.
2012;903:7–13. doi:10.1016/j.jchromb.2012.06.024.

43. Aubuchon-Endsley NL, Kennedy TS, Gilchrist M, Thomas DG, Grant S.
Relationships among socioeconomic status, dietary intake, and stress in
breastfeeding women. J Acad Nutr Diet. 2015;115(6):939–46.e1. doi:10.1016/
j.jand.2014.12.017.

44. Shahab-Ferdows S, Engle-Stone R, Hampel D, Ndjebayi AO, Nankap M,
Brown KH, et al. Regional, socioeconomic, and dietary risk factors for
vitamin B-12 deficiency differ from those for folate deficiency in
Cameroonian women and children. J Nutr. 2015;145(11):2587–95. doi:10.
3945/jn.115.210195.

45. Phelan S, Brannen A, Erickson K, Diamond M, Schaffner A, Muñoz-Christian
K, et al. ‘Fit Moms/Mamás Activas’ internet-based weight control program
with group support to reduce postpartum weight retention in low-income
women: study protocol for a randomized controlled trial. Trials. 2015;16:59.
doi:10.1186/s13063-015-0573-9.

46. Thomas MR, Sneed SM, Wei C, Nail PA, Wilson M, Sprinkle 3rd EE. The
effects of vitamin C, vitamin B6, vitamin B12, folic acid, riboflavin, and
thiamin on the breast milk and maternal status of well-nourished women at
6 months postpartum. Am J Clin Nutr. 1980;33(10):2151–6. http://ajcn.
nutrition.org/content/33/10/2151.

47. West KD, Kirksey A. Influence of vitamin B6 intake on the content of the
vitamin in human milk. Am J Clin Nutr. 1976;29(9):961–9. http://ajcn.
nutrition.org/content/29/9/961.

48. Todd KS, Hudes M, Calloway DH. Food intake measurement: problems and
approaches. Am J Clin Nutr. 1983;37(1):139–46. http://ajcn.nutrition.org/
content/37/1/139.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Xue et al. BMC Nutrition  (2017) 3:22 Page 11 of 11

http://ajcn.nutrition.org/content/51/6/1062
http://ajcn.nutrition.org/content/51/6/1062
http://ajcn.nutrition.org/content/69/2/285
http://dx.doi.org/10.1371/journal.pone.0036280
http://dx.doi.org/10.1371/journal.pone.0036280
http://ajcn.nutrition.org/content/41/1/21
http://ajcn.nutrition.org/content/41/1/21
http://ajcn.nutrition.org/content/56/3/548
http://ajcn.nutrition.org/content/56/3/548
http://europepmc.org/abstract/med/9454442
http://europepmc.org/abstract/med/9454442
http://jn.nutrition.org/content/122/3/535
http://jn.nutrition.org/content/122/3/535
http://dx.doi.org/10.1007/s10517-006-0161-9
http://dx.doi.org/10.3177/jnsv.59.9
http://dx.doi.org/10.1017/S0007114508158974
http://dx.doi.org/10.1017/S0007114508158974
http://dx.doi.org/10.1371/journal.pone.0149479
http://dx.doi.org/10.3945/jn.115.228189
http://dx.doi.org/10.3945/jn.115.228189
http://dx.doi.org/10.3945/ajcn.114.105106
http://jn.nutrition.org/content/136/10/2617
http://ajcn.nutrition.org/content/78/4/782
http://www.tandfonline.com/doi/abs/10.1080/07315724.1999.10718871
http://ajcn.nutrition.org/content/45/4/770
http://ajcn.nutrition.org/content/45/4/770
http://ajcn.nutrition.org/content/42/3/522
http://ajcn.nutrition.org/content/42/3/522
http://journals.lww.com/acsm-msse/Fulltext/2001/04000/Effect_of_energy_restriction_and_exercise_on.2.aspx
http://journals.lww.com/acsm-msse/Fulltext/2001/04000/Effect_of_energy_restriction_and_exercise_on.2.aspx
http://journals.lww.com/acsm-msse/Fulltext/2001/04000/Effect_of_energy_restriction_and_exercise_on.2.aspx
http://apjcn.nhri.org.tw/server/APJCN/20/3/439.pdf
http://apjcn.nhri.org.tw/server/APJCN/20/3/439.pdf
http://adc.bmj.com/content/58/5/367
http://dx.doi.org/10.1371/journal.pone.0079161
http://dx.doi.org/10.1371/journal.pone.0079161
http://dx.doi.org/10.1016/j.jchromb.2012.06.024
http://dx.doi.org/10.1016/j.jand.2014.12.017
http://dx.doi.org/10.1016/j.jand.2014.12.017
http://dx.doi.org/10.3945/jn.115.210195
http://dx.doi.org/10.3945/jn.115.210195
http://dx.doi.org/10.1186/s13063-015-0573-9
http://ajcn.nutrition.org/content/33/10/2151
http://ajcn.nutrition.org/content/33/10/2151
http://ajcn.nutrition.org/content/29/9/961
http://ajcn.nutrition.org/content/29/9/961
http://ajcn.nutrition.org/content/37/1/139
http://ajcn.nutrition.org/content/37/1/139

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Data collection
	Milk collection
	Analysis of B-vitamins in human milk
	Dietary measurement
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

