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ABSTRACT
Background and Objectives: A reliable biomarker for optimal selenium (Se) intake in
lactating women is not currently available. Methods and Study Design: Daily dietary Se
intake in lactating women was calculated from a 24-hour meal record survey for over 3 days.
Se levels in plasma and breast milk were measured through inductively coupled plasma mass
spectrometry. Plasma selenoprotein P 1 levels and glutathione peroxidase 3 activity were
measured using an enzyme-linked immunosorbent assay. Ultra-performance liquid
chromatography-tandem mass spectrometry was used to analyze proteinaceous Se species in
enzymatically digested breast milk. Results: Dietary Se intakes of lactating women from
Liangshan, Beijing, and Enshi were 41.57±21.19 ng/d, 51.06±22.60 ng/d, and 614.84±177.80
ng/d, respectively (p<0.05). The Se levels in the blood and breast milk were significantly
associated with the dietary Se intake (p<0.05). The proteinaceous Se species in breast milk
were SeMet and SeCys2. The levels of SeMet in the lactating women from Liangshan,
Beijing, and Enshi were 3.31±2.44 ng Se/mL , 7.34±3.70 ng Se/mL, and 8.99±9.64 ng Se/mL,
while that of SeCys2 were 13.74±12.01 ng Se/mL, 35.61±20.85 ng Se/mL, and 57.35±13.20
ng Se/mL, respectively. Notably, the concentration of SeCys2, the metabolite of unstable
SeCys, reached a saturation platform, whereas no similar phenomenon were found for the
total Se SeMet from Se-containing proteins. Conclusions: SeCys2 in breast milk is a potential
biomarker for determining the optimal Se intake in lactating women.

Key Words: selenium speciation, human milk, dietary Se intake, Se-adequate lactating
woman, selenocystine

INTRODUCTION
Selenium (Se) is an essential trace element and is necessary for healthy metabolism in
humans.1 Se deficiency has been associated with Keshan disease and Kashin-Beck disease.
Keshan disease is an endemic cardiomyopathy. Repeated outbreaks of Keshan disease have
been reported in a broad diagonal (northeast to southwest) belt in China. However, it has
rarely been observed since the end of the 20th century. Kashin-Beck disease2 is an endemic
chronic osteoarthritis, which occurs even today in a few areas in Russia, Nepal, North Korea,
and China.3 Insufficient Se intake may have several short- and long-term medical implications,
including male infertility, neurological disorders, impaired immune response, abnormal
thyroid hormone metabolism, and oxidative stress.4 However, excessive Se intake is also
associated with health disorders. For example, acute or chronic Se toxicity may cause skin,
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nail, and hair abnormalities as well as gastrointestinal or neurological symptoms.5,6 Se
functions through 25 selenoproteins in the human body, and the difference between the
optimal and toxic levels of Se is relatively small . Moreover, Se supplements (tablets or
capsules) are often used to prevent tumorigenesis in humans; however, an increased risk of
type 2 diabetes (T2D) has been reported in individuals with high baseline Se levels.7
Therefore, a reliable biomarker for monitoring the levels of Se in pregnant women, lactating
women, and their infants is urgently required. Se levels are often assessed for three major
purposes, determining the risk of Se-deficiency diseases; estimating the anticancer potential
of Se at supernutritional levels; and monitoring the risk of Se toxicity at very high levels of Se.
Accordingly, dietary reference intakes (DRIs) for Se were developed in China in 2000 and
modified in 2013 to provide standard reference values to establish dietary guidelines for
Chinese residents. According to the scientific opinions for policy makers in health
administration, the reference nutrient intake (RNI) is 78 µg Se/d and the tolerable upper
intake level (UL) is 400 µg Se/d for lactating women.8 However, monitoring the daily intake
of Se in lactating women in China, particularly in some Se-deficient or Se-toxic areas is
difficult because detailed information regarding the Se levels in staple foods, vegetables, and
fruits is not available. Moreover, the Se levels in a single type of food may vary according to
the geographic locations (among regions as well as among fields) in which it is available.
In addition to daily intake, several biomarkers can be used to assess the levels of Se in
humans. These biochemical indicators can be classified as invasive and noninvasive
indicators.9 The invasive biomarkers usually are Se levels in whole blood, plasma or serum,
erythrocyte, and platelet samples as well as the activity of plasma glutathione peroxidase
(GPx) and concentration of plasma selenoprotein P (SEPP1). Plasma GPx is the most
sensitive biomarker, and GPx, which is a selenoprotein or selenoenzyme, is commonly
measured previously to estimate the bioactivity of Se. Plasma GPx has now replaced by
another plasma selenoprotein, SEPP1, which is predominantly expressed in the liver and
secreted into the plasma (accounting for 50% of the Se content of human plasma) SEPP1 has
multiple functions in the human body; it is an extracellular antioxidant and a transporter of Se
to the brain and other extrahepatic organs and tissues along with apolipoprotein E receptor-2
(apoER2).10 However, the use of invasive biomarkers present in blood is not feasible for
repeatedly biomonitoring the level of Se in lactating women and their infants. The use of
relatively less invasive biomarkers, such as those indicating Se levels in urine, hair, and nails
may be more practical. In particular, estimating Se levels in breast milk is the most feasible
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option for simultaneously biomonitoring dietary Se in lactating mothers and their exclusively
breastfed infants.11,12
The content of Se in human breast milk is considerably higher than that in cow milk, and
the major Se components in breast milk are usually organic species, such as 8–12
selenoproteins and free selenoamino acids.11,13 The order of abundance of these major Se
components in breast milk is generally GPx (4%–32% of total Se) ﹥ selenocystamine ﹥
selenocystine (SeCys2) ﹥ selenomethionine (SeMet).14
In this study, the data of daily Se intake in lactating Chinese women living in three regions
of China were collected using 24-h recall surveys conducted for 3 days. Furthermore, samples
of blood and breast milk were also collected from the women. The levels of SeCys2 and
SeMet in enzymatically hydrolyzed breast milk were measured through UPLC-MS/MS for
the first time in this study. The effect of dietary Se levels on the levels of SeCys2 and SeMet
in the breast milk samples obtained from the lactating women was analyzed.

MATERIALS AND METHODS
Study population
A stratified random sampling method was used to select 20 lactating women per site in a lowSe region in Liangshan Autonomous Prefecture in Sichuan Province, an adequate-Se region in
Xicheng District in Beijing City, and a high-Se region in Enshi City in Hubei Province. This
study is a subset of a larger study conducted for examining the current status of Se in lactating
Chinese women and collecting reliable evidence for modification of AI values for infants in
China.
The present study was conducted according to guidelines stated in the Declaration of
Helsinki, and all procedures involving human participants were approved by the Ethics
Committee of the National Institute for Nutrition and Health, Chinese Center for Disease
Control and Prevention. Written informed consent was obtained from all the participants.

Dietary surveys
In the study, we selected a sample of 60 lactating mothers who participated in 24-hour dietary
recall surveys conducted for 3 days staring from approximately postpartum day 42 (including
1 day during a weekend). The daily dietary Se intake was calculated using the levels of Se in
local foods in the three regions (including low-Se, adequate-Se, and high-Se).
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Milk and blood sample collection
All samples were collected in 2014. On postpartum day 42, with assistance from local nurses,
5 mL of blood and 20 mL of mature breast milk were collected from the recruited lactating
women. Each blood sample was divided into two parts. A 3-mL aliquot was centrifuged at
10000×g at 4°C for 10 min to separate plasma for determining the levels of SePP1 and
activity of GPx3. The remaining 2 mL of the whole blood sample was used to measure the
total Se content. A mechanical pump was used to collect 20 mL of breast milk. All the
samples were frozen immediately at -20°C after collection and stored below 0°C during air
transport. The samples were stored at -80°C in a laboratory at CDC, Beijing.

Analytical method
The total Se content in the whole blood samples was determined through inductively coupled
plasma mass spectrometry (ICP-MS).15 GPx3 activity and SePP1 levels in plasma were
measured according to manufacturer instructions by using a commercial enzyme-linked
immunosorbent assay kit (Andy Gene). Enzyme activity was expressed as units per liter (U/L)
of plasma. The intra-assay coefficient of variation for different materials (10-20 analyses of
each sample) was <3%.
An ultra-performance liquid chromatography–tandem mass spectrometry (UPLC-MS/MS)
method was used for the quantification of SeMet and SeCys2 in samples of human breast
milk and cow milk.16,17 The analyte was separated using an Acquity UPLC Amide column
with gradient elution (Table 1). In the positive electrospray ionization mode, multiple reaction
monitoring of the precursor-product ion transitions of m/z 198.0→181.1 (SeMet) and m/z
337.0→248.0 (SeCys2) was used for the quantification of SeMet and SeCys2. Acetonitrile
precipitation was used as a pretreatment of free Se speciation analysis, and enzyme hydrolysis
was used as pretreatment of free and protein-bound Se speciation analysis.17-19

Statistical analysis
Data were analyzed using SAS 9.4. All values are reported as means ± standard deviation.
Analysis of variance was used to analyze the significance of differences among the three
geographic locations (Liangshan, Beijing, and Enshi). Significance was determined at the
95% two-sided confidence level (p < 0.05). Relationships between the appropriate variables
were evaluated using Pearson correlation coefficient and polynomial curve fitting.

RESULTS
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Dietary intakes of selenium and other nutrients
From Table 2, the daily intakes of all nutrients except Se exhibited trends identical to those of
the intakes of total energy, protein, and fat in the lactating women living in the three sampled
regions. The Se intake in Beijing was lower than that in Liangshan and Enshi. However, the
average dietary Se intakes in the lactating mothers from Enshi, Beijing, and Liangshan were
as follows: 614.84 μg/d, 51.06 μg/d, and 41.57 μg/d; thus, the Se intake in Liangshan was
lower than the intakes in Beijing and Enshi.

Biomarkers for Se level in the blood or plasma
The results of Se biomarker in blood are shown in Table 3. Significant differences (p<0.0001)
were observed in the total levels of Se in the whole blood samples from the three regions
(Enshi, Beijing, and Liangshan). However, no significant differences were observed in the
SePP1 levels and GPx activities in the plasma among the three regions (p>0.05). Correlation
analysis showed that the daily dietary intake of Se in the lactating mothers was associated
with only Se levels in the blood samples (y = 0.826 x + 43.839, R2 = 0.7104, p<0.05) and not
with the activity of GPx3 or level of SEPP1 in the plasma (Figure 1a and 1b).
Proteinaceous Se species and total Se percentage in human breast milk
The total Se levels in the breast milk samples obtained from lactating mothers in the three
regions are shown in Table 4. The average levels of Se in the breast milk samples obtained
from the lactating mothers in Liangshan, Beijing, and Enshi were 10.33 ng/mL, 25.62 ng/mL,
and 38.13 ng/mL, respectively (p=0.002).
Two proteinaceous Se species (SeMet and SeCys) in the enzymatically digested breast milk
samples from the lactating mothers were analyzed through UPLC-MS/MS. The average
concentrations of SeMet and SeCys in the enzymatically digested breast milk were
significantly different among the three regions (p=0.002 or p<0.001, shown in Table 4).

Effect of the daily dietary intake of Se on the total content of Se and two proteinaceous Se
species in human breast milk
Correlation analysis showed, in Figure 1a-c, that dietary Se intake was positively correlated
with the total content of Se as well as the concentrations of the two proteinaceous Se species
in breast milk. However, only SeCys2, the metabolite of unstable SeCys in breast milk, was
found to achieve a saturation platform (Figure 1c).

7

DISCUSSION
Although human infants are born with Se reserves, they rely on the Se supplied by human
breast milk. Breast milk is the primary source of optimum levels of dietary Se, and it is the
only source of dietary Se in exclusively breastfed infants. Se is present in breast milk in the
form of organic compounds such as selenoproteins, Se-GSH, selenocystamine, SeCys2, and
SeMet.20 Among the nine selenoproteins present in human breast milk, GPXs alone accounts
for 15%–30% of the total Se.21 Both maternal physical conditions and environmental factors
can affect the metabolism and secretion of Se in the breasts.22
In this study, several biomarkers of Se level (including daily dietary Se intake and Se levels
in the whole blood) differed significantly among lactating Chinese women from the three
regions (Tables 2 and 3). Therefore, geographical and geological factors affect the Se intake
in lactating mothers because the Se content of local foods varies according to geographical
factors. The average dietary Se intake in lactating mothers in Liangshan (41.57µg/day) was
nearly half of the RNI value (78 µg/day) recommended by the revised DRIs for lactating
Chinese women (2013 version), while that in Enshi (614.84 µg/day) was 1.5-fold of the
recommended UL value (400 µg/day).
In low-Se areas, many Se-fortified foods or Se-biofortified crops have been developed
under research projects and nutritional policies in China for increasing the daily Se intake of
residents, including local lactating women. Several reliable biomarkers for monitoring the
improvement in Se nutrition, such as the activity of GPx3 and the concentration of SEPP1 in
plasma have been used. Each of these biomarkers can achieve a saturation platform when the
Se intake is sufficient in the human body23 or when the Se intake of a lactating woman and
her exclusively breastfed infant is adequate.
However, the maximum value of the dietary Se intake was recently reported in the two
high-Se areas of Enshi (2144 µg/day) and Ziyang (1067 µg/day).24,25 In this study, the
maximum dietary intake of Se in lactating Chinese women was 800 µg/day, which exceeds
the toxic dose reported in China. Moreover, a growing body of evidence obtained from Sesupplementation cohort studies and cross-sectional epidemiological studies suggests that the
risks of insulin resistance (IR) and T2D are relatively high at supranutritonal levels of dietary
Se many in countries including China.7,24,26,27 Thus, this potential risk in several population
groups warrants attention, including women during pregnancy and lactation and their infants
(during childhood). Thus far, changes in nail color, nail deformation, and hair loss have been
used to indicate Se toxicity. Currently, no biomarker of Se can be used as a cutoff value to
reliably determine a safe maximum value of dietary Se intake to reduce the potential risk of
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IR or T2D caused by excessive Se intake and safeguard the health of infants during the first
1000 days of life.
In this study, neither the level of SePP1 nor the activity of GPx3 in plasma exhibited a
linear correlation with the daily dietary Se intake in the 60 lactating Chinese women (Figures
1a and 1b). The SePP1 level and activity of GPx3 in the plasma were not sensitive
(biomarkers) to the levels of daily dietary Se intake in the lactating mothers. Hence, the
optimal biomarker was breast milk. Based on the measurement of Se levels in the breast milk
samples and correlation analysis between the level Se in the breast milk samples and daily
dietary intake of Se (Table 4) the content of Se in human milk is sensitive to the dietary intake
of Se, but it does not have a cutoff value (Figure 2a). SeCys2, one of the two proteinaceous Se
species (SeCys2 and SeMet), was found to achieve a saturation platform following an
increase in the daily dietary Se intake in 55 lactating Chinese women; the cutoff value was
approximately 300 µg Se/day (Figure 2b and 2c). This saturation platform was similar to that
of the activity of GPx3 or SEPP1 in plasma reported previously in adults. Thus, we believe
that SeCys2 is also a potential biomarker for determining the optimal Se level in lactating
women and is useable to determine permitted safe levels and the adequate Se levels for
infants in high-Se regions because it reaches a saturation platform completely digested by
enzymes. The saturation platform is similar to that of the activity of GPx3 or concentration of
SEPP1 in the plasma, which is used in low-Se areas.
To our knowledge, this study is the first of its type; however, it has some limitations. First,
we did not determine the Se levels in the local foods available in the three regions by
collecting meal samples for 3 days corresponding to each participant. Second, we did not
measure the activity of GPXs or the levels of other selenoproteins in the breast milk samples.
Third, the direct relationship between each proteinaceous Se species and selenoproteins (one
at a time) remains unclear. In the future, additional studies with Se supplementation in Sedeficient or Se-marginal lactating women are needed to verify the saturation platform of
SeCys-2 levels in completely enzymatically digested breast milk.
In conclusion, geographical and geological factors may affect the current levels of Se in
lactating Chinese women, daily dietary intake of Se, Se level in whole blood, and Se levels in
breast milk. The activities of GPx3 and SEPP1 level in plasma were not sensitive to the
current dietary intake of Se daily. SeCys2, one of two proteinaceous Se species in breast milk,
is a new potential biomarker for determining the optimal Se level in lactating women.

9

ACKNOWLEDGEMENTS
The authors would like to thank all the participants who took part in this study, especially
local nurses from hospital and nutritionists from local CDCs in 3 regions.

CONFLICT OF INTREST AND FUNDING DISCLOSURE
All authors declare no conflict of interest. The present study was supported by the National
Natural Science Foundation of China (Grant No. 81273073).

REFERENCES
1. Baltaci AK, Mogulkoc R, Akil M, Bicer M. Review - Selenium - Its metabolism and relation to
exercise. Pak J Pharm Sci. 2016;29:1719-25.
2. Chen J. An original discovery: selenium deficiency and Keshan disease (an endemic heart disease).
Asia Pac J Clin Nutr. 2012;21:320-6.
3. Liu H, Yu F, Shao W, Ding D, Yu Z, Chen F et al. Associations Between Selenium Content in Hair
and Kashin-Beck Disease/Keshan Disease in Children in Northwestern China: a Prospective Cohort
Study. Biol Trace Elem Res. 2017. doi: 10.1007/s12011-017-1169-x.
4. Shreenath AP, Dooley J. Selenium, Deficiency. StatPearls. Treasure Island (FL): StatPearls Publishing
StatPearls Publishing LLC.; 2018.
5. Grotto D, Carneiro MFH, de Castro MM, Garcia SC, Barbosa Junior F. Long-Term Excessive
Selenium Supplementation Induces Hypertension in Rats. Biol Trace Elem Res. 2018;182:70-77. doi:
10.1007/s12011-017-1076-1.
6. Vinceti M, Mandrioli J, Borella P, Michalke B, Tsatsakis A, Finkelstein Y. Selenium neurotoxicity in
humans: bridging laboratory and epidemiologic studies. Toxicol Lett. 2014;230:295-303. doi:
10.1016/j.toxlet.2013.11.016.
7. Ogawa-Wong AN, Berry MJ, Seale LA. Selenium and Metabolic Disorders: An Emphasis on Type 2
Diabetes Risk. Nutrients. 2016;8:80. doi: 10.3390/nu8020080.
8. Huang; ZW, Xia YM. The revised DRIs of Selenium for Chinese. Paper presented at: The 12th
academic conference of micronutrient nutrition and the proceedings of the 6th micronutrient nutrition
chapter2014; China.
9. Combs GF, Jr. Biomarkers of selenium status. Nutrients. 2015;7:2209-36. doi: 10.3390/nu7042209.
10. Marciel MP, Hoffmann PR. Selenoproteins and Metastasis. Adv Cancer Res. 2017;136:85-108. doi:
10.1016/bs.acr.2017.07.008.
11. Dorea JG. Selenium and breast-feeding. Br J Nutr. 2002;88:443-61. doi: 10.1079/bjn2002692.
12. Alaejos MS, Romero CD. Selenium concentration in milks. Food Chemistry. 1995;52:1-18.
13. He MJ, Zhang SQ, Mu W, Huang ZW. Selenium in infant formula milk. Asia Pac J Clin Nutr.
2018;27:284-92. doi: 10.6133/apjcn.042017.12.

10

14. Michalke B, Schramel P. Selenium speciation in human milk with special respect to quality control.
Biol Trace Elem Res. 1997;59:45-56. doi: 10.1007/bf02783229.
15. Harrington JM, Young DJ, Essader AS, Sumner SJ, Levine KE. Analysis of human serum and whole
blood for mineral content by ICP-MS and ICP-OES: development of a mineralomics method. Biol
Trace Elem Res. 2014;160:132-42. doi: 10.1007/s12011-014-0033-5.
16. He MJ, Zhang SQ, Liang MH, Cui YJ, He M, Huang ZW. UPLC-MS/MS method for the
determination of free selenomethionine in cow milk. J Hyg Res. 2016:65-67+97.
17. He MJ. The study on selenium content and selenium speciation in human breast milk. China: National
Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention; 2017.
18. Muñiz-Naveiro Ó, Domínguez-González R, Bermejo-Barrera A, Bermejo-Barrera P, Cocho JA, Fraga
JM. Selenium speciation in cow milk obtained after supplementation with different selenium forms to
the cow feed using liquid chromatography coupled with hydride generation-atomic fluorescence
spectrometry. Talanta. 2007;71:1587-93. doi: 10.1016/j.talanta.2006.07.040.
19. Bierla K, Szpunar J, Lobinski R. Specific determination of selenoaminoacids in whole milk by 2D
size-exclusion-ion-paring reversed phase high-performance liquid chromatography-inductively coupled
plasma

mass spectrometry (HPLC-ICP MS). Anal Chim Acta. 2008;624:195-202. doi:

10.1016/j.aca.2008.06.052.
20. Milner J, Sherman L, Picciano M. Distribution of selenium in human milk. The American journal of
clinical nutrition. 1987;45:617-24.
21. Moore MA, Wander RC, Xia YM, Du SH, Butler JA, Whanger PD. Selenium supplementation of
Chinese women with habitually low selenium intake increases plasma selenium, plasma glutathione
peroxidase activity, and milk selenium, but not milk glutathione peroxidase activity. J Nutr Biochem.
2000;11:341-7.
22. Yu D, Liang D, Lei L, Zhang R, Sun X, Lin Z. Selenium geochemical distribution in the environment
and predicted human daily dietary intake in northeastern Qinghai, China. Environ Sci Pollut Res Int.
2015;22:11224-35. doi: 10.1007/s11356-015-4310-4.
23. Xia Y, Hill KE, Li P, Xu J, Zhou D, Motley AK, Wang L, Byrne DW, Burk RF. Optimization of
selenoprotein P and other plasma selenium biomarkers for the assessment of the selenium nutritional
requirement: a placebo-controlled, double-blind study of selenomethionine supplementation in
selenium-deficient Chinese subjects. Am J Clin Nutr. 2010;92:525-31. doi: 10.3945/ajcn.2010.29642.
24. Yuan Z, Xu X, Ye H, Jin L, Zhang X, Zhu Y. High levels of plasma selenium are associated with
metabolic syndrome and elevated fasting plasma glucose in a Chinese population: A case-control study.
J Trace Elem Med Biol. 2015;32:189-94. doi: 10.1016/j.jtemb.2015.07.009.
25. Zeng MS, Li X, Liu Y, Zhao H, Zhou JC, Li K et al. A high-selenium diet induces insulin resistance in
gestating

rats

and

their

offspring.

Free

Radic

Biol

Med.

2012;52:1335-42.

doi:

10.1016/j.freeradbiomed.2012.01.017.
26. Zhou J, Huang K, Lei XG. Selenium and diabetes--evidence from animal studies. Free Radic Biol Med.
2013;65:1548-56. doi: 10.1016/j.freeradbiomed.2013.07.012.

11

27. Wei J, Zeng C, Gong QY, Yang HB, Li XX, Lei GH, Yang TB. The association between dietary
selenium intake and diabetes: a cross-sectional study among middle-aged and older adults. Nutr J.
2015;14:18. doi: 10.1186/s12937-015-0007-2.

12

Table 1. Gradient elution of mobile phase
Time (min)
0
0.7
1.0
3.0
3.1
4.0

Flow rate (mL/min)

0.1% formic acid solution

0.4
0.4
0.4
0.4
0.4
0.4

0.1% formic acid acetonitrile
solution
90
90
50
50
90
90

10
10
50
50
10
10

Table 2. Dietary energy and nutrients intake in Liangshan, Beijing and Enshi (x̄±SD)
Nutrients
Energy (kcal/d)
Fat (g/d)
Protein (g/d)
Se (μg/d)
Fe (mg/d)
Zn (mg/d)
VA (μg/d)
VE (mg/d)

Enshi (n=20)
2004.18±371.16a
63.93±26.00b
112.01±27.04b
614.84±177.80a
19.43±5.50b
17.52±13.26a
397.25±227.58b
16.05±18.76a

Beijing (n=20)
1656.50±527.46b
52.21±26.43b
84.55±33.77c
51.06±22.60b
15.86±5.63c
10.19±3.39b
362.99±190.51b
9.98±4.66b

Liangshan (n=20)
2144.82±713.52a
77.58±35.48a
142.83±49.97a
41.57±21.19b
23.08±7.72a
17.34±5.16a
795.47±456.16a
13.54±6.88b

p
<0.0001
0.0002
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0391

abc indicated that there was significant difference among these groups in the same row.

Table 3. The comparison of Se content in whole blood among three regions (x̄±SD)
Total Se in blood (μg/L)
Plasma SePP1 (μg/L)
Plasma GPx3 (U/L)

Enshi (n=20)
152.01±121.33a
31.38±7.85
194.59±47.49

Beijing (n=20)
41.58±10.48b
29.79±7.09
177.54±53.23

Liangshan (n=20)
31.18±13.28b
27.86±5.80
178.80±47.95

p
<0.0001
0.297
0.488

abc indicated that there was significant difference among these groups in the same row.

Table 4. The comparison of selenium biomarker in human breast milk among three different Se-level regions
n
Total milk Se (ng/mL)
SeMet (ng /mL)
SeCys2 (ng /mL)

Total
55
16.29±8.78
16.59±15.97
70.75±50.80

Enshi
17
38.13±39.56a
22.77±23.44a
105.61±48.53c

Beijing
19
25.62±6.27a,b
18.29±9.04a
75.27±43.39b

abc indicated that there was significant difference among these groups in the same row.

Liangshan
19
10.33±4.14b
8.30±6.12b
29.30±25.62

F

p

6.75
4.39
33.63

0.002
0.017
<0.001
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Figure 1. The scatter plot of daily dietary Se intake and SePP1 and Gpx3 in plasma. (a) The scatter plot of daily dietary Se intake
and SePP1 in plasma (b) The scatter plot of daily dietary Se intake and Gpx3 in plasma

Figure 2. The scatter plot of daily dietary Se intake and selenium biomarker in human breast milk. (a) The scatter plot of daily
dietary Se intake and total Se content in human breast milk (b) The scatter plot of daily dietary Se intake and SeMet content in
human breast (c) The scatter plot of daily dietary Se intake and SeCys2 content in human breast

