
Introduction

During pregnancy and breastfeeding the requirement
for vitamin A is increased. On average, vitamin A
intake should be 0.3 mg/d higher during pregnancy
and 0.7 mg/d during the breastfeeding period com-
pared to non-pregnant or non-breastfeeding female

adults (recommended intake: 0.8 mg/d; 1.1 mg/d
pregnancy; 1.5 mg/d breastfeeding) (DACH, 2000;
FNB). Due to the importance of vitamin A for lung
development and maturation, sufficient intake should
be particularly ensured during the second and third
pregnancy trimesters [1]. The best source of vitamin
A is animal liver. The Federal Institute for Consumer
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j Abstract Background An ade-
quate supply of vitamin A during
pregnancy and breastfeeding plays
an important role for development
of foetus and neonate, especially
in lung development and function.
Aim of the study Aim of this pilot
study was to analyze vitamin A
and b-carotene status and to
investigate the contribution of
nutrition to the vitamin A and b-
carotene supply in mother–infant
pairs of gemini or births within
short birth intervals. Methods
Twenty-nine volunteers aged be-
tween 21 and 36 years were eval-
uated for 48 h after delivery.
During this time frame a food
frequency protocol considering
3 months retrospective was ob-
tained from all participants. In
order to establish overall supply
retinol and b-carotene levels were
determined in maternal plasma,
cord blood and colostrum via
HPLC analysis. Results Regard-
less of the high to moderate socio-
economic background, 27.6% of
participants showed plasma reti-

nol levels below 1.4 lmol/l which
can be taken as borderline defi-
ciency. In addition, 46.4% showed
retinol intake <66% of RDA and
50.0% did not consume liver at all
although liver contributes as a
main source for preformed retinol.
Despite high total carotenoid in-
take of 6.9 ± 3.6 mg/d, 20.7% of
mothers showed plasma levels
<0.5 lmol/l b-carotene. Retinol
and b-carotene levels were highly
significantly correlated between
maternal plasma versus cord
blood and colostrum. In addition,
significantly lower levels were
found in cord blood (31.2 ± 13.0%
(retinol), 4.1 ± 1.4% (b-carotene)
compared with maternal plasma.
Conclusions Despite the fact that
vitamin A and b-carotene rich
food is generally available, risk
groups for low vitamin A supply
exist in the western world.

j Key words vitamin A supply –
gemini births – colostrum –
b-carotene supply –
cord blood
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Protection and Veterinary Medicine (BgVV, 1995),
however, advises pregnant women not to consume
animal liver. Therefore b-carotene, the major form of
provitamin A in the diet, might play an important role
as a source of vitamin A.

As the child is dependent on the mother in terms of
vitamin A supply before and after delivery (the latter
in the case of breastfeeding), great importance is
placed on the mother’s vitamin A intake during
pregnancy. In case of insufficient vitamin A supply the
liver store of the child only lasts for a couple of days
and can be quickly emptied due to sudden strains or
absorption dysfunction [2]. In preterm infants with
insufficient vitamin A supply it was shown that the
risk of bronchopulmonary dysplasia, a severe com-
plication, is significantly increased [3–5]. In order to
explore a potential supply bottleneck during preg-
nancy and lactation, vitamin A and b-carotene status
should be investigated and risk groups identified.

Several studies have been published focusing on
vitamin A and carotenoid contents either in cord
blood or in colostrum and breast milk in different
ethnic groups. However, there are no data on sub-
populations from western countries that are consid-
ered at high risk for impaired vitamin A status, e.g.
gemini births and short birth intervals. Aim of this
pilot trial was to analyze vitamin A (retinol) and b-
carotene (as provitamin A source) status in maternal
blood, cord blood and colostrum to investigate the
contribution of nutrition to vitamin A and b-carotene
supply in mother–infant pairs of gemini births or
births within short birth intervals.

Materials and methods

j Subjects and study design

The study was conducted as a single cross-sectional
pilot study. Twenty-three women with single con-
ception pregnancy with short birth intervals (defined
as second delivery within 24 months) were recruited
consecutively at the University Gynaecological Hos-
pital Ulm between September 2003 and August 2004.
Additionally six women with gemini were enrolled to
the study. The study was conducted in accordance
with the principles of the Declaration of Helsinki and
the protocol was approved by the ethics committee of
the Landersärztekammer Baden-Württemberg and
ethics committee of the University of Ulm. All sub-
jects provided informed consent prior inclusion.

The following criteria were met: participants were
healthy with absence of chronic disease during preg-
nancy (gestational diabetics), aged between 20 and 40,
normal delivery, full term gestational age (>36 + 0;
weeks of pregnancy) and smoking less than five cig-

arettes/day. Women were eligible to be enrolled to the
study if prenatal no supplementation with >2,000 IU/
d vitamin A nor with b-carotene >2 mg/d occurred.
In total, 58 volunteers were screened. Reasons for
exclusion included bad language knowledge and re-
fusal of breast feeding, ambulant delivery, early
delivery, intake of b-carotene or vitamin A rich sup-
plements, insulin dependent gestational diabetics and
nicotin abusus. In total, 79% of volunteers reported
taking micronutrients with focus on folic acid, preg-
nancy-specific multinutrients, magnesium, iron and
iodine. However, most women did not supplement the
micronutrients over the whole period of pregnancy
but during certain time frames or occasionally.

Focus of the trial was to get information about the
retinol and b-carotene status of the described collec-
tive with expected special need. For each participant
specimens of maternal plasma, cord blood plasma
and colostrum were collected within 48 h after
delivery for analysis of retinol and b-carotene.

j Sampling and preparation

Cord blood samples were obtained directly postpartum
after clamping of the cord into EDTA-tubes (5 ml).
Samples were protected from light and centrifuged for
10 min at 3,000g at 4�C. Within 48 h after birth, venous
maternal non-fasting blood (EDTA-blood, 5 ml) was
collected and centrifuged (10 min, 3,000g, 4�C). Hae-
modilution factors were estimated to be less than 10%
and therefore were not considered for the interpreta-
tion of retinol and b-carotene data in maternal plasma.

Colostrum was collected during the first 48 h after
delivery. It was performed either by hand expression
or electric pump. Some donors provided several
samples throughout this period to gain volumes of
4 ml in total, which were pooled before analysis. After
preparation all samples were immediately stored at
)20�C until analysis.

j Analysis

Maternal plasma

For quantification of retinol and b-carotene in
maternal plasma (50 ll), samples were extracted
using extraction buffer (Chromsystems, Munich,
Germany), internal standard in ethanol from
Chromsystems and mobile phase (see HPLC analysis)
in ratio of 1:2:2:2, respectively. After vigorous shaking
and centrifugation, supernatant was used for analysis.

Cord blood plasma

Due to low concentrations in cord blood plasma,
sample preparation was optimized in proportion of
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volumes. 100 ll plasma was mixed with internal
standard in ethanol and extraction buffer from
Chromsystems in ratio of 1:1:2, respectively.

b-carotene in colostrum

Ethanol was added to colostrum for protein precipi-
tation. Colostrum was saponified with 50% NaOH for
30 min at room temperature in a dark place. Internal
standard from Chromsystems was added and samples
were extracted with n-hexane/THF (9:1). Upper or-
ganic phase was removed, dried under N2 and
reconstituted in mobile phase.

Retinol in colostrum

For protein precipitation 500 ll ethanol including 1%
BHT was added to 500 ll colostrum and saponified
with 500 ll NaOH 50% for 40 min at 85�C. After
incubation, samples were mixed with 500 ll n-hex-
ane/toluole 1:1. After phase separation the organic
layer was directly used for quantification of retinol
using a normal phase HPLC method. Method was
modified according to Strobel et al. [6].

HPLC analysis

Maternal plasma and cord blood plasma samples for
retinol and b-carotene as well as colostrum samples
for b-carotene were analyzed using an isocratic re-
versed phase HPLC (Waters, Eschborn, Germany)
method with a Spherisorb ODS 2, 125 · 4 mm, 3 lm
column. The mobile phase consisted of acetoni-
trile:methanol:tert-butyl methyl ether including 1%
BHT, 165:50:18 (v/v/v). Flow rate was adjusted to
1.8 ml/min. For peak detection and spectrum char-
acterization a UV–Vis detector (Waters 996, Esch-
born, Germany) was used and operated at 325 nm
(retinol) and 484 nm (b-carotene). Standard curves
were generated with external standards for retinol and
b-carotene (Sigma-Aldrich, Germany).

Retinol determination in colostrum was performed
using a normal phase HPLC method with GromSil 80
CN-2PR, 250 · 4 mm, 3 lm (Grom, Herrenberg,
Germany). The mobile phase consisted of n-hexane/
isopropanol 97:3 (v/v) and flow rate was adjusted to
1 ml/min. For peak detection and spectrum charac-
terization a UV–Vis detector (Waters 996, Eschborn,
Germany) was used and operated at 325 nm.

j Dietary and socio-economic assessment

A food frequency protocol was performed by the
participants covering the last 3 months under super-
vision of a physician. The questionnaire was not
validated, however, the results provide information

about vitamin A and carotenoid intake. The tool was
provided by EBISpro for windows (J. Erhardt, Wills-
tätt-Legelshurst) and optimized to meet the require-
ments for this study. In detail, 20 different vegetables
and 19 different fruits were included. In total, the
questionnaire covered 150 different food items with
focus on foods high in vitamin A and carotenoid
content. For analysis, the software EBISpro was used.

EBISpro is based on the BLS-data base. Different
carotenoids are not distinguished and for calculation
of retinol equivalents a conversion factor of 1:6 is
used for all carotenoids. However, according to
present knowledge, conversion factors of 1:12 (b-
carotene, fruits) and 1:24 (other vitamin A active
carotenoids, 1:26 vegetables) are discussed for pro-
vitamin A carotenoids [7–9]. Therefore, the effective
contribution to vitamin A supply from carotenoid
sources can hardly be calculated with EBISpro. That’s
why only vitamin A intake calculated as preformed
vitamin A (retinol) is considered for data interpreta-
tion in this study. However, carotenoid intake and
contribution to vitamin A supply calculated with
different conversion factors is summarized in Table 2.

To assess further demographic data, a socio-eco-
nomic questionnaire was conducted.

j Statistics

For statistical evaluation Graph Pad Prism 3.0 was
used. Data are described as means ± SD. The signif-
icance of differences was determined by unpaired
Student’s t-test, two-tailed. The correlations between
specimens of mother–infant pairs were measured by
linear regression analysis and for calculation of P
values Pearson correlation coefficient was used. Sta-
tistical significance was set at P < 0.05 (*), high sig-
nificance was considered at P < 0.01 (**) and very
high significance at P < 0.0001 (***).

Results

Maternal and neonatal characteristics are summarized
in Table 1. Volunteers were well educated, only one
volunteer had no school graduation. According to
questionnaire, net income was in a range of 1,500–
3,500 a/month indicating a normal to high socio-
economic status. Taking body mass index calculated
from body weight prior pregnancy, mothers showed a
good nutritional status with 25.2 ± 5.7 kg/m2.

j Food frequency protocol

Food frequency protocols were completed by 28 vol-
unteers. Mean energy intake with 12.6 ± 3.7 MJ/d was
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above recommended intake of 10.6–11.1 MJ, taking
into account the additional requirement of 1.1 MJ/d
during pregnancy (DACH 2000 [10]). Neither vege-
tarians nor vegans took part in the trial. Mean meat
and liver consumption accounted for 2.9 times a week
and 3.1 times a year, respectively. 50.0% of volunteers
did not consume liver at all. Based on preformed
vitamin A sources, 75.0% of volunteers did not reach
the recommended intake levels of 1.1 mg vitamin A
equivalents (recommended by German Nutrition
Society) during pregnancy. Considering carotenoid
intake using a conversion factor of 1:12, still 67.8% of
the women would not meet the requirements during
the breastfeeding period, assuming that there was no
change in nutritional habits, see Table 2.

Total carotenoid intake ranged between 1.3 and
16.3 mg/d with a mean intake of 6.9 ± 3.6 mg/d. With
the assumption that b-carotene is the predominant
carotenoid the intake levels indicate a well-nourished
population group. Most participants had normal
plasma levels of b-carotene, however 20.7% of the
participants showed levels below 0.5 lmol/l, which is
the ‘‘recommended plasma level’’ [11]. Between total
carotenoid intake and plasma b-carotene levels no
correlation could be observed.

j Retinol

The frequency distribution (Table 3) of maternal
plasma retinol showed that 27.6% of the study pop-
ulation had levels below 1.4 lmol/l which can be ta-
ken as a borderline deficiency near to the deficiency
range (<1.05 lmol/l) according to WHO, 1998. In one
case the retinol level was in a clear vitamin A defi-
ciency range (0.66 lmol/l).

Between retinol intake and maternal plasma retinol
a high correlation (P = 0.002) is found. Similarly, a
high correlation between retinol levels in maternal
plasma and cord blood, respectively, colostrum can be
seen (P = 0.0058 and P = 0.015). If only pairs with
maternal retinol >1.4 lmol/l were considered the
correlation would disappear (Fig. 1 left).

Retinol concentration in cord blood accounted for
31.2 ± 13.0% of the maternal concentration and a
high accumulation was seen in colostrum with in
average 224.8 ± 161.3% of the maternal plasma level.

j b-carotene

Maternal plasma versus cord plasma (r = 0.8366,
P < 0.0001) and colostrum (r = 0.8023, P < 0.0001)
showed high correlations between the mother and
infant pairs (Fig. 1 right).

Compared to maternal plasma significantly lower
levels of b-carotene were seen in cord plasma
(P < 0.0001) and colostrum (P = 0.0002). On average,
only 4.1 ± 1.4% were found in cord plasma and
62.7 ± 38.7% in colostrum compared to maternal
plasma (Table 4).

j Group differentiation: short birth interval versus
gemini

Furthermore, the study group was divided into two
subgroups considering mother–infant pairs of gemini
births versus short birth intervals.

Figure 2 shows, that in cases of gemini births mean
values of retinol and b-carotene were lower. Yet,
statistical significance was only present for retinol in
samples of maternal plasma (P < 0.05) and colostrum
(P < 0.0001). All other samples showed no statistical
significance due to small sample size.

Discussion

This pilot study was designed to analyze the vitamin
A (retinol) and b-carotene status and to relate the
contribution of nutrition during pregnancy to the
vitamin A and b-carotene supply in mother–infant
pairs of gemini births or births within short birth
intervals. In 27.6% of women plasma retinol levels
were below 1.4 lmol/l which may be considered as a
borderline vitamin A deficiency (based on plasma
retinol levels). This is a surprisingly high percentage
of women at risk, particularly in the light of the
moderate to high socio-economic status and good
nutritional status in this group of apparently healthy
women. Dimenstein et al. [12] examined the influence

Table 1 Demographic and socio-economic data of maternal–infant pairs

Demographic data

Number of maternal/neonatal pairs 29
Short birth interval (within 24 month) (n = 23) 79.3%
Gemini birth (n = 6) 20.7%

Gestational age 39.14 ± 1.48 weeks
Neonatal birth weight; n = 35 3,140 ± 564 g
Parity mean ± SD 2.17 ± 0.76

1 (n = 2; gemini) 6.9%
2 (n = 23) 79.3%
3 (n = 2) 6.9%
‡4 (n = 2) 6.9%

Maternal age; (n = 29) mean ± SD 28.9 ± 4.0 years
Maternal body mass index prior

pregnancy; (n = 27*) mean ± SD
25.2 ± 5.7 kg/m2

Education years (school years) 11.4 ± 3.2 years
Net income/month

<2,000 a 39.3%
>2,000 a 60.7%

* Data missing of two mothers
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of nutritional and socio-economic status on retinol in
colostrum. In Brazil women, no influence was ob-
served with socio-economic factors but mothers with
normal to overweight showed significant higher reti-

nol concentrations than those with rather low weight.
Whereas in the trial of Schulpis et al. [13] Albanian
mothers showed lower plasma and cord blood retinol
concentrations compared to Greek mothers, which
was attributed to their low socio-economic and
nutritional status. Since in our trial both socio-eco-
nomic and nutritional status started from optimal
conditions, the results are important for western
countries and warrant further investigation.

The German Nutrition Society (DGE, 2000) rec-
ommended a 40% increase in vitamin A intake for
pregnant women and a 90% increase for breastfeeding
women. The best and major source for vitamin A is
liver concerning content and bioavailability. However,
it was advised by public authorities (BgVV, 1995) that
pregnant women should avoid eating liver due to the
high vitamin A concentration in liver and its pre-
sumed teratogenic effect. In the studied group, 50% of
women followed this recommendation. According to
the retinol intake calculated from the food frequency
protocol, covering the mean intake of the last
3 months, 75.0% of participants indeed do not reach
the recommended values of 1.1 mg retinol equivalent
(RE)/d [10]. The observed average intake of retinol
(0.95 ± 0.64 mg/d) in these pregnant women showed

Table 2 Food frequency protocol, selected results

Food frequency (n = 28)

Energy intake (MJ/day) mean ± SD 12.55 ± 3.67

Meat consumption (frequency) mean ± SD 2.88 ± 1.69
1–2/week (n = 8) 28.6%
3–4/week (n = 16) 57.1%
5–6/week (n = 1) 3.6%
Daily (n = 3) 10.7%

Liver consumption per year (frequency) mean ± SD 3.05 ± 5.75
No consumption (n = 15) 50.0%
1–2/year (n = 5) 17.9%
3–4/year (n = 4) 14.3%
5–6/year (n = 1) 7.1%
1–2/month (n = 3) 10.7%

Retinol intake (mg/d) mean ± SD 0.95 ± 0.64
Retinol intake <0.5 mg/d (n = 5) 17.9%
Retinol intake 0.5–0.8 mg/d (n = 8) 28.6%
Retinol intake 0.8–1.1 mg/d (n = 8) 28.6%
Retinol intake 1.1–1.5 mg/d (n = 3) 10.7%
Retinol intake >1.5 mg/d (n = 4) 14.3%

Total carotenoid intake* (mg/d) mean ± SD 6.9 ± 3.6
Intake <3 mg/d (n = 4) 14.3%
Intake 3–6 mg/d (n = 9) 32.1%
Intake 6–9 (n = 10) 35.7%
Intake >9 mg/d (n = 5) 17.9%

Total Vitamin A equivalent (RE) (mg/d) mean ± SD 2.11 ± 0.89 1.53 ± 0.71 1.24 ± 0.66
Conversion factor 1:6 1:12 1:24

RE < 0.5 mg/d – 3.6% 7.1%
RE 0.5–0.8 mg/d 3.6% 7.1% 10.7%
RE 0.8–1.1 mg/d 7.1% 10.7% 35.7%
RE 1.1–1.5 mg/d 21.4% 46.4% 21.4%
RE > 1.5 mg/d 67.9% 32.1% 25.0%

* Calculated on the basis of 20 vegetables and 19 fruits

Table 3 Mean concentrations of retinol (lmol/l) in maternal and cord plasma,
colostrum

Retinol

Maternal plasma (n = 29) mean ± SD 1.72 ± 0.49 lmol/l
<1.05 lmol/l (n = 1) 3.4%
1.05–1.4 lmol/l (n = 7) 24.1%
1.41–2.8 lmol/l (n = 20) 69.0%
>2.8 lmol/l (n = 1) 3.4%

Cord blood (n = 35) mean ± SD 0.51 ± 0.27 lmol/l
<0.35 (n = 11) 31.4%
0.35–0.69 (n = 18) 51.4%
0.7–1.049 (n = 5) 14.3%
>1.05 (n = 1) 2.9%

Colostrum (n = 27**) mean ± SD 3.86 ± 2.97 lmol/l
<1.05 lmol/l (n = 5) 18.5%
1.05–2.1 lmol/l (n = 5) 18.5%
2.11–4.2 lmol/l (n = 8) 29.6%
>4.2 lmol/l (n = 9) 33.3%

** In two participants, no colostrum could be obtained within 48 h
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levels below average intake in industrialized countries
(1.54 mg RE/d) [14, 15]. Total energy intake, which
was relatively high compared to recommended values
suggests that food assessment was overestimated
indicating even lower retinol intakes than presented.

To estimate the risk of vitamin A deficiency, cat-
egories of low, moderate and high risks were set to be
>100% RDA, 67–99% RDA and <66% RDA based on
Pedro et al. [16]. With these categories, based on
preformed vitamin A intake (retinol) 46.4% showed a
high risk and 28.6% had a moderate risk for vitamin
A deficiency. Assuming that nutritional habits re-
mained largely the same after giving birth, only four
women out of the 29 women investigated met the
recommended intake levels for vitamin A (retinol)
during breastfeeding.

In agreement with other reports [17–21], in the
present study cord plasma retinol values of about
31.2 ± 13.0% showed significantly lower (P < 0.0001)
levels than in maternal plasma. Godel et al. [22]
suggested 50–60% of maternal values may represent a
normal range for newborn infants [22, 23]. Taking

Fig. 1 Correlations of retinol (left) and b-carotene (right) maternal plasma versus cord plasma and colostrum; Pearson correlation coefficient.
- - - - Threshold 1.4 lmol/l plasma retinol

Table 4 Mean concentrations of b-carotene (lmol/l) in maternal and cord
plasma, colostrum

b-carotene

Maternal plasma (n = 29) mean ± SD 1.15 ± 0.89 lmol/l
<0.5 lmol/l (n = 6) 20.7%
0.51–1.0 lmol/l (n = 11) 37.9%
1.1–1.5 lmol/l (n = 5) 17.2%
1.51–2.0 lmol/l (n = 2) 6.9%
>2.0 lmol/l (n = 5) 17.2%

Cord blood (n = 35) mean ± SD 0.044 ± 0.040 lmol/l
<0.025 lmol/l (n = 14) 40%
0.025–0.05 lmol/l (n = 12) 34.3%
0.051–0.1 lmol/l (n = 6) 17.1%
>0.1 lmol/l (n = 3) 8.57%

Colostrum (n = 26***) mean ± SD 0.68 ± 0.61 lmol/l
<0.3 lmol/l (n = 8) 30.7%
0.3–0.6 (n = 6) 23.1%
0.61–0.9 (n = 5) 19.2%
0.91–1.2 (n = 2) 7.7%
>1.2 (n = 5) 19.2%

*** In two participants, no colostrum could be obtained within 48 h. Addi-
tionally, one sample volume was too small for b-carotene detection
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this range into account, our ratio (cord: maternal
plasma) seems rather low.

The plasma retinol level is homeostatically regu-
lated. In literature no correlation between cord plas-
ma retinol concentrations and maternal plasma has
been reported [17, 24]. However, according to our
study, when low maternal plasma concentration oc-
curs a correlation arises. This observation supports
the previous assumption by Rondo et al. [24] that in
borderline maternal vitamin A deficiency homeostatic
control is no longer operating.

There is no clear consensus on the ‘‘cut-off’’ con-
centration for vitamin A deficiency in cord blood.
Levels below 0.35 and 0.7 lmol/l are discussed [21].
Taking 0.35 lmol/l as cut off level, in the present
study 31.4% of the newborns showed levels below.

The World Health organization [25] recommends a
daily minimum intake of 0.63 lmol retinol/d for the
nursling, in order to meet basic requirements. The

colostrum plays a major role in the early delivery of
vitamin A to the newborn and to top up its liver
stores. For the development of liver stores, however,
values between 1.2 and 1.3 lmol/d during the first
year are recommended. During the average intake of
milk of the nursling of about 750 ml/d, the mother’s
milk needs to show a concentration of 1.6 lmol/l in
order to satisfy the recommended intake require-
ments [26, 27]. Taking 1.6 lmol/l as threshold value,
in the present trial 25.9% of colostrum retinol levels
showed lower levels. It has to be considered that the
milk retinol concentration decreases significantly over
time. According to Macias and Schweigert [28] the
mean vitamin A concentration is 3.56 lmol/l in
colostrum, 1.76 lmol/l in transitory, and 1.1 lmol/l
in mature milk. Based on these data mothers with
1.6 lmol/l retinol in colostral milk will not be able to
ensure sufficient storage of vitamin A in the liver of
the newborn with transitory or mature milk. Indeed,
fetal liver stores are clearly related to the plasma levels
of the mother during pregnancy [2]. Consequently
low storage of vitamin A in fetal liver might not be
compensated in the newborn.

As vitamin A is homeostatically regulated in plas-
ma, monitoring vitamin A in breast milk is used as an
indicator for vitamin A status [29]. In the present
study, the retinol concentration in colostrum was
significantly correlated with the b-carotene concen-
tration (r = 0.5502, P = 0.0036). These findings were
previously reported by Canfield et al. [30] where be-
sides b-carotene, provitamin A carotenoids even
showed stronger correlations suggesting that carote-
noids are a predictor for vitamin A supply of mother–
infant pairs. The enzyme 15,15¢-mono-oxygenase,
responsible for the initial step in the conversion of
dietary provitamin A to retinol was shown to be ex-
pressed in mammary tissue [31]. This indicates, that
high b-carotene supply may contribute to the
enrichment of vitamin A in colostrum (225% com-
pared to plasma). But there is still uncertainty about
the conversion efficiency of carotenoids in breast milk
and further research in this field is needed [14].

In Germany total carotenoid intake was reported as
5.3 mg/d with 1.1–1.4 mg/d accounts for b-carotene
[32, 33]. These data are consistent with our data
showing a high mean intake of total carotenoids of
6.9 mg/d. Nevertheless, 20% of mothers showed plas-
ma concentrations of b-carotene below 0.5 lmol/l.

b-carotene seems to pass the placenta barrier only
to a very small extent. In the study, the concentration
in cord blood with 4.1 ± 1.4% of maternal plasma
levels is highly significantly lower (P < 0.0001) com-
parable with other reports [17]. The two compart-
ments maternal plasma and cord blood are highly
correlated (r = 0.8366, P < 0.0001). A good maternal
supply is important for neonate supply. At birth

Fig. 2 Retinol (a) and b-carotene content (b) in maternal plasma, cord
plasma and colostrum separated in groups. Values are expressed as
mean ± SD. * P = 0.0464; *** P < 0.0001. j Specimen of gemini
mother–infant pairs n = 6. Q Specimen of short birth intervals mother–
infant pairs n = 23
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newborn plasma concentrations are 10-fold smaller
than those in 1-year-old infants [29].

During the first months of life breast milk or infant
formulas are the only sources of diet for the newborn.
A high correlation is seen between b-carotene levels in
maternal plasma and in colostrum (P < 0.0001) with
colostrum levels of about 63% of maternal plasma
levels. Infants who received breast milk showed
higher plasma b-carotene levels than formula fed in-
fants [29]. Noteworthy, b-carotene concentrations in
colostrum are up to five times higher than those in
mature breast milk [29]. The nutritional significance
of carotenoids in the neonatal period has not been
clarified so far but may play an important role as a
source of provitamin A, as an antioxidant and
immune modulator.

Conclusion

The trial clearly indicates that despite substantial
food availability in the western world, vitamin A

and b-carotene supply in mother–infant pairs of
mothers with gemini births or short birth intervals
may not be optimal. A marginal supply of the mo-
ther results in a marginal supply of the newborn. To
minimize possible complications [1] adequate vita-
min A supply during pregnancy and breastfeeding is
important. Further studies are needed to elucidate
whether these findings can be confirmed in larger
population groups with defined socio-economic and
nutritional backgrounds. If confirmed, specific
nutritional recommendations for these groups at
risk would be warranted to guarantee adequate
vitamin A supply.
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vey. Z Ernährungswiss 37:319–327

20 European Journal of Nutrition (2007) Vol. 46, Number 1
� Steinkopff Verlag 2006


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Sec11
	Sec12
	Sec13
	Sec14
	Sec15
	Sec16
	Sec17
	Sec18
	Tab1
	Tab2
	Tab3
	Fig1
	Tab4
	Fig2
	Sec19
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33

