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Objective: The aim of the present investigation was to study the relationship between riboflavin status
during the third trimester of pregnancy and levels of this vitamin in transition milk (days 13 to 14 of lactation)
and mature milk (day 40 of lactation).

Methods: The pregnancies and lactation periods of 57 healthy women between 18 and 35 years offage (27
3.7 years) were monitored, vitamin intake during the third trimester was determined by recording the consump-
tion of foods over five days and by registering the quantities provided by dietary supplements. Riboflavin status
during this stage of pregnancy was determined via the measurement of the activation of erythrocyte glutathione
reductase (EGR) by flavine adenine dinucleotide (FAD). Milk riboflavin levels were determined by fluorometry.

Results: Those subjects with riboflavin intakes below recommended (1.6 mg/day) (Group L) showed lower
consumption of milk products (305.2 88.5 g/day) than did those with greater intakes (Group H) (567.9
137.2 g/day). The consumption of riboflavin containing supplements was very low and was seen only in two H
subjects. Transition and mature milk riboflavin levels were significantly higher in H subjects (84800.1
nmol/L for transition milk and 993.8 436.6 nmol/L for mature milk) than L subjects (574t9258.7 nmol/L
for transition milk and 725.4 254.3 nmol/L for mature milk). Subjects wiil#EGR coefficients over 1.2 in
the third trimester showed significantly lower mature milk riboflavin levels (704.241.8 nmol/L) than did
subjects with more satisfacto EGR coefficients (996.4- 302.9 nmol/L).

Conclusion: The influence of maternal vitamin Bstatus during pregnancy on breast milk riboflavin levels
was confirmed.

INTRODUCTION tissue [7] it is needed in considerably increased amounts during
pregnancy for the growth of fetal tissues [5]. Hasteal. [8]
Fetal growth and the secretion of breast milk are processesreport that riboflavin intake during pregnancy is related to the
that require adequate supplies of nutrients [1]. It is possible that birthweight of the newborn. Riboflavin intake is of greater
in well-nourished women the requirements of these processesimportance during the pre- and post-natal periods owing to its
are met by metabolic and physiological adjustments [1]. How- role as a co-enzyme in energy utilisation [9]. Further, when a
ever, nutritional imbalances suffered during these periods could child is born, a rapid change occurs from a relatively hypoxic
be harmful to the mother and the outcome of her pregnancy to a relatively hyperoxic environment, with the concurrent risk
[1-3], and also impair the composition of her breast milk of reactive oxygen species formation. Vitamip &cts mainly
[4-6]. as a cofactor of glutathione reductase, which maintains gluta-
Given that riboflavin is an essential constituent of muscle thione in the reduced state. It can therefore be considered an
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indirect antioxidative vitamin [10]. Biochemical Study
The aim of the present investigation was to study the rela-

tionship between vitamin Bstatus during the third trimester of

pregnancy and levels of this vitamin in maternal milk.

10 mL of venous blood was taken first thing in the morning
from night-fasted subjects. Samples were collected in heparin-
ized tubes and maintained at 4° to 6°C until riboflavin analysis
was performed, (always before the elapse of 48 hours). For the
determination of hematocrit, five mL of heparin-free blood was
transferred to another test tube and analyzed at room temper-
ature within an hour of collection. Vitamin Bstatus was
determined by measuring the activation of erythrocyte gluta-
thione reductase (EGR) (EC 1.6.4.2.) by flavine adenine dinu-
cleotide (FAD) (Boehringer-Mannheim GMbH, Mannheim,
Germany). The activity of the enzyme was measured in basal
conditions and after the addition of excess FAD from hemo-
lyzed blood samples, by spectrophotometric determinations at
340 nm of NADP formed in a spectrophotometer Shimadzu
UV-1203 (Shimadzu Corporation, Kyoto, Japan). The relation-
ship between enzyme activity before and after saturation is
expressed by the saturation coefficient ‘High « coefficients
imply an unfavorable biochemical riboflavin status [16]
(C.V = 4.4%). The hematocrit index, necessary for the calcu-
lation of the a«-EGR coefficient, was determined using a
Coulter S. Plus analyser (Coulter Diagnostics, Hialeah FL
33014, USA) [17].

Milk samples were taken between 10 and 11 o’clock in the
morning by manual expression of a five mL sample from each
breast at the beginning and end of feeds. The protocol for both
the collection and subsequent handling of milk has been pre-

Food intake was recorded by keeping a food record booklet viously described [11,12].
for five days, including a Sunday. Kitchen scales were provided Milk samples were subjected to complete acid hydrolysis by
to all subjects in order to facilitate the weighing of food. After autoclaving the sample in 0.1 N HCI (Merck, Darmstadt
the questionnaire was completed, the booklets were returned inD-6100 Franfurter Strasse 250, Germany). The proteins were
person. A qualified nutritionist inspected the records to ensure removed by adjusting the pH to 4.5 with NaOH (Merck) and
that they were complete and that sufficient detail had been centrifuging. Extract was acidified with glacial acetic acid
recorded. In the same interview, a “food frequency intake” (Merck) and oxidized with potassium permanganate (Merck);
guestionnaire was completed in order to contrast subjects’ the excess of the oxidizing agent was destroyed with hydrogen
answers with the results of their five day dietary record and an peroxide (Merck). Riboflavin levels then determined by flu-
explanation was requested if answers were inconsistent. Theorometry (Perkin EImer MPF-2A, Beconsfield, UK). Fluores-
details of the dietetic method used have been published previ- cent measurements were made at the excitation and emission
ously [11,12]. wave lengths of 440 and 565 nm, respectively, on sample

The vitamin B, contents of consumed foods were calculated solutions containing an internal standard (Riboflavine Merck)
using “Tables of Food Composition” published by the Instituto and on samples treated with 20 mg of sodium hydrosulphite
de Nutricion [14]. The recommended intake of riboflavin ac- (Merck) as a blank to correct for postoxidation remnant fluo-
cepted in this study was that for women in the second half of rescence [18]. The coefficient of variation was found to be
pregnancy as established in the “Tables of Recommended 3.8%.

Energy and Nutrient Intakes for the Spanish Population” [15] In order to establish normality limits for the-EGR coef-
(0.6 mg/1000 kcat 0.2 mg, with a minimum provision of 1.6  ficients, the criteria of the following authors were taken into
mg/day). Given that no subject showed high energy intakes, account: Vuillemieret al. [16] and Dostbova[19], who regard
recommended intake (RI) was established as 1.6 mg/day. coefficients 0f<1.20 as an indicator of low risk, those between

The intake of supplements was recorded by asking subjects 1.20 and 1.29 as indicators of moderate risk and those above
what and how much they had taken during their pregnancy. 1.29 as a high risk of deficiency; Batesal. [4], who consider
This was then added to the quantity of riboflavin provided by levels to be deficient when-EGR is >1.30; Vir et al. [20],
their diet. The adequacy of the diet with respect to riboflavin who consider the same when this coefficienti$.20; Adkurt
was determined by comparing this figure to that recommended. et al. [9] and Keller and Salkeld [21], who considerEGR

MATERIALS AND METHODS

The pregnancies and lactation periods of 57 women were
followed. The characteristics of the subjects and criteria of
inclusion/exclusion have been reported in previous papers
[11,12]. The study subjects had normal pregnancies and were
free of diabetes, renal diseases or cardiac or liver dysfunction.

The study protocol was approved by the Cond&Inves-
tigacion de la Facultad de Farmacia, Universidad Complutense
de Madrid and by the Coniitético del Hospital del INSALUD
de Cuenca.

During their third trimester of gestation (between weeks 32
and 36), dietary, anthropometric and biochemical studies were
made. After subjects gave birth, the study was continued. The
composition of the now lactating subjects’ maternal milk was
analyzed at days 13 to 14 (transitional milk) and 40 (mature
milk) [13].

Dietary Survey
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coefficients of>1.52 as indicators of high risk, those between
1.44 and 1.52 as indicators of moderate risk antl.44 to
represent low risk.

With respect to riboflavin levels in maternal milk, 800
nmol/L was established as the lower normal limit [22].

differences between means was calculated using Student’s
test. Where the distribution of results was not normally distrib-
uted, the Mann-Whitney test was applied. Analysis of covari-
ance was used to eliminate the influence of variables, such as
age, that could modify the results. Differences were considered

significant if p < 0.05 [24].
Anthropometric Study

All data were collected in the morning. Weight and height
were measured with subjects in bare feet and underwear, using

a digital electronic weighing scale (Seca alpha; Rue Lavoisier Subjects’ data are presented with respect to whether their
91430, Igmy, France; range: 0.1-150 Kg) and a digital stadi- jtakes were below that recommended (Group L) or above
ometer (Harpenden Pfifter 450; Badem, Padum Aveny, Carls- (Group H) (Tables 1-3). Table 1 shows both the mothers’ and
tadt, NJ, USA; range 70-205 cm), respectively. Body mass pewhorns’ demographic and anthropometric data and reveals
index (BMI) (kg/n¥) was calculated from these data. All data  hat 4 subjects were older than L subjects. No other significant
were collected by trained personnel following norms set out by ifferences were found with respect to these parameters.
the World Health Organisation (WHO) [23]. Table 2 shows the riboflavin intake during the third trimes-

To measure changes in anthropometric values during preg- ter of pregnancy. L subjects showed significantly lower intakes
nancy, the values of these variables at the beginning of preg- of milk products (305.2+ 88.5 g/day) than did H subjects
nancy (4 to 8 weeks of gestation) were obtained from subjects’ (507.9 = 137.2 g/day). These differences are probably the
clinical records. Weight and length of the newborn were mea- reason for the greater intake of riboflavin seen in H subjects
sured immediately after birth. (Table 2).

Only two H subjects took a riboflavin-containing supple-
ment during the third trimester and even then in very small

The maternal gestation age at delivery was calculated from amounts (2 mg/day). The dietetic results are, therefore, hardly
the agreed delivery data recorded from the last menstrual modified when supplements are taken Into account (Table 2).

period and early ultrasound examination data. Data such as age Table 3 lists riboflavin status during the third trimester and

parity and use of tobacco were recorded in a questionnaire levels of riboflavin in transition and mature milk. Though H
during the first interview subjects showed more satisfactory serarEGR coefficients

than did L subjects, this difference was not significant. How-
ever, subjects with riboflavin intakes 6f1.4 mg/day (25th
percentile) showed less adequat&GR coefficients (1.32¢

Mean values and SD are shown. Where the distribution of 0.40) than did those with greater riboflavin intakes (187
results was normally distributed, the degree of significance of 0.16) (p<< 0.05).

RESULTS

Other Data

Statistical Analysis

Table 1. Demographic and Anthropometric Data of Subjects and their Newborn

Riboflavin Intake< RI Riboflavin Intake= RI

n 25 32
Age, years 26.3 3.2* 28.5+ 4.0*H
Anthropometric data in 1st trimester

Weight, kg 56.8+ 7.1 57.4+9.0H

Height, cm 161.3+- 5.9 159.3= 5.2 H

Body mass index, kg/f 21.6+ 2.3 221+ 2.1H
Anthropometric data in 3rd trimester

Weight, kg 65.0+ 7.1 66.6+ 8.9 H

Height, cm 161.3: 5.8 159.3+ 5.1 H

Body mass index, kg/fn 248+ 2.1 25.6+ 2.5H
Weight gain in first two trimesters, kg 8228 8.8+ 2.8H
Parity, n 0.54* 0.66 0.62+ 0.73 H
Length of pregnancy, weeks 39:31.1 395+ 1.1H
Weight of newborn, g 327% 458 3312+ 357H
Length of newborn, cm 50.6: 1.8 50.1+ 1.2 NH
Smokers subjects (%) 24 31.3
Cigarettes smoked, n/day 6:45.9 7.2+ 4.1 H

Values are meansSD, * p < 0.05: significant differences between the established groups. RI: Recommended intakes (1.6 fdédaygigarette consumption is given
for smokers only. H: Homogeneous distribution of results, NH: Non-homogeneous distribution of results.
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Table 2. Riboflavin Intake during the Third Trimester of Pregnancy

Riboflavin intake< RI Riboflavin intake= RI

(n = 25) (n=32)

Riboflavin supplied by supplements, mg/day 0 048.50" NH
Riboflavin supplied by supplements diet

-Total intake, mg/day 1.3% 0.11* 2.52+ 1.00* NH

-Coverage of RI, % 85.6 6.9* 155.4+ 61.6* NH

-Riboflavin density, mg/MJ 0.170.03* 0.27% 0.10* NH

-INQ of riboflavin (true density/recommended) 0.860.07* 1.57+ 0.62* NH

-% of INQ < 1 100 3.1

Values are meansSD, INQ: Index of Nutritional Quality, RI: Recommended intakéShe mean provision of supplements to H subjects is given: only two took
supplements at levels of 2 mg/day. H: Homogeneous distribution of results, NH: Non-homogeneous distribution of result€5*msignificant differences between the

established groups using the Mann-Whitney test.

Table 3. Riboflavin Status (Determined by Measuring the Activation Coefficient of Erythrocyte Glutathione Reducta&d)
during the Third Trimester and Levels of Riboflavin in Transition (Days 13-14) and Mature Milk (Day 40)

Riboflavin intake< RI Riboflavin intake= RI

(n = 25) (n=32)
Serum data, third trimester of pregnaneyfEGR] 1.21+ 0.35 1.06x 0.16 NH
% of values indicating deficit
> 1.52 16.0 9.4
1.44-1.52 8.0 0
>1.29 24.0 125
>1.2 24.0 125
Riboflavin in milk
-Transition, nmol/L 574.9+ 258.7* 948.1+ 700.1* NH
% low breast milk levels<<800 nmol/L) 24.0 6.3
-Mature, nmol/L 725.4+ 254.3* 993.8+ 436.6* H
% low breast milk levels<€800 nmol/L) 24.0 9.4

Values are meansSD, RI: Recommended intakes, * 0.05: significant differences between the established groups. H: Homogeneous distribution of results, NH:

Non-homogeneous distribution of results.

Transition and mature milk riboflavin levels were signifi-

[6,26,29] given the increased intake of milk products usually

cantly higher in H subjects, while the percentage of subjects seen during pregnancy [26,29], in the present study 43.9% of

with riboflavin levels below the normal limit was greater
among L subjects (Table 3).

Analysis of covariance shows that the differences in transi-
tion and mature milk vitamin Bconcentrations between L and

subjects showed riboflavin intakes lower than those recom-
mended. This was higher than that recorded by Oretgal.

[26] in Guadalajara (Spain), where only 23% showed intakes
below recommended. When supplements were taken into ac-

H subjects are independent of the age difference between thesg,oynt this figure fell to only 3%.

groups (Table 1).

Subjects witha-EGR coefficients>1.2 in the third trimes-
ter showed significantly lower mature milk riboflavin levels
(704.1x 241.8 nmol/L) than did subjects with more satisfac-
tory a-EGR levels (996.4- 302.9 nmol/L).

DISCUSSION

The duration of pregnancy and the anthropometric data of
the mothers and their newborn (Table 1) are similar to those
reported in other studies [9,25-27]. The mean intake of vitamin
B, (Table 2) observed during the third trimester was similar to
that reported by other authors [2,8,26,28-30].

Though mean riboflavin intake is generally satisfactory

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

Heller et al. [31] indicate that riboflavin supplementation is
recommended to prevent subclinical metabolic disturbances of
vitamin-dependent enzyme systems. However, in the present pop-
ulation, the use of riboflavin supplements was scarce (Table 2).

The a-EGR coefficients obtained (Table 2) were similar to
those seen in similar subjects during the third trimester of
pregnancy by Batest al. [4] (1.19 = 0.08 in pregnant women
of Cambridge), Akurt et al. [9] (1.4 £ 0.28) and Dostava
[19] (0.99 = 0.12).

In the present study, although H subjects showed more
adequate serum-EGR coefficients than did L subjects, the
difference was not significant. Neither was the correlation
between riboflavin intake and-EGR statistically significant.
However, the influence of riboflavin intake anrEGR coeffi-
cients is confirmed since those of subjects with intakes b4
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mg/day (25th percentile) showed less adequate serEGR
coefficients (1.32+ 0.40 compared to 1.0Z 0.16 in subjects
with greater riboflavin intakes) (p< 0.05).

The mean concentration of riboflavin in breast milk (Table
3) was similar to that reported in other studies. Baghjl.[32]
found a concentration of 1095 nmol/L in the transition milk (6
to 30 days) of Indian mothers and 611 nmol/L in their mature
milk. Further, the Committee on Nutrition [33] and the Na-
tional Research Council [34] indicate that the milk of well-
nourished mothers contains riboflavin concentrations of ap-
proximately 930 nmol/L. Similarly, Fomon [35] and Schwarz
[36] report mature milk riboflavin concentrations of 957
nmol/L and 983 mol/L respectively.

In agreement with Fordt al.[37], the present results show
riboflavin values to change little in the weeks following partu-
rition (Table 3). Nailet al. [6] also report that riboflavin values
did not change significantly as milk matured from one to six
weeks postpartum.

Though Nailet al.[6] and Bamijiet al.[32] report that levels
of riboflavin in milk were generally satisfactory; in the present
population, 14% of subjects showed values<@&00 nmol/L in
transition milk and 15.8% showed the same in mature milk.
This should be improved, especially for L women.

Some authors dispute the influence of intake on breast milk
levels. Bamijiet al. [32] report a lack of clear-cut correlations
between the enzymatic indices of vitamin status and milk levels
of the corresponding vitamins. Neither does the Institute of
Medicine [38] find any relationship between maternal intake of
riboflavin and the concentration of vitamin,Bn milk. How-
ever, Nail et al. [6] report that milk riboflavin values were
significantly lower in a non-supplemented group of mothers,
both at one and six weeks postpartum. Bateal. [4] indicate
that lower concentrations found in riboflavin-deficient popula-
tions can be increased by supplementation. In agreement with

the latter authors, the results of the present study show a higher

riboflavin concentration in the milk of H subjects (Table 3).
Though no data is available for riboflavin intake during
lactation, it is probable that the mother’s diet does not change

drastically during after giving birth. This is confirmed by
information that was possible to collect from some of the
lactating subjects. Further, it is very likely that the composition
of transition milk (day 13 to 14 postpartum) is greatly influ-
enced by riboflavin intake at the end of pregnancy. In the
present study, H subjects showed higher transition and mature
milk riboflavin levels than did L subjects.

Breast milk riboflavin levels may have a significant influ-
ence on the nutritional status and health of suckling infants.
Riboflavin is included among the antioxidative vitamins since
it acts mainly as the essential cofactor of glutathione reductase,
representing the most important cellular SH-bearing molecule
[10]. At the moment of birth there is a rapid change from a
relatively hypoxic to a relatively hyperoxic environment, with
the risk of peroxidation reactions occurring which could dam-
age the health of the newborn [10].

328

An adequate supply of riboflavin via the milk may be of
extreme importance in certain clinical conditions. Light therapy
for hyperbilirubinemia of the newborn is a common and readily
employed means of therapy. This phototherapy has been rec-
ognized as a cause of riboflavin deficiency [39]; within 24
hours of phototherapy plasma riboflavin concentration de-
creases by about 50%. Low riboflavin concentrations indicate
insufficient antioxidative protection through insufficient gluta-
thione regeneration [10].

In agreement with Borrucet al. [29], it is probable that
efforts to improve the nutritional status of pregnant and lactat-
ing women would be well served if all women of child bearing
age were encouraged to maximize the nutritional quality of
their diets. It is especially important to recommend an increase
in the consumption of milk products during pregnancy, not only
to raise riboflavin intake, but also that of calcium, the defi-
ciency of which is associated with serious health problems in
both mother and newborn [40-42].
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