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Evaluation of retinol levels in human colostrum in
two samples collected at an interval of 24 hours
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Abstract
Objective: To evaluate retinol concentration in colostrum samples collected with a 24 hour interval.

Methods:Colostrumwas collected from24 recently-deliveredmothers at two points in time, 0 hours (T0) and 24

hours later (T24), and a pooled sample of colostrum from T0 and T24 was also analyzed. Fat content was determined

by creamatocrit, and retinol assayed by high performance liquid chromatography.

Results:When expressed in terms of volume of milk (µg/dL), retinol levels varied across T0, T24 and the pooled

sample: 94.9±58.9, 129±78.6 and 111.9±60.4 µg/dL, respectively. However, when expressed with relation to fat

content (µg/g), no significant difference was observed.

Conclusions: Retinol assayed in colostrum from a single sample should not be used as an indicator of vitamin A

nutritional status, due to the great variation between samples collected at different times. It is suggested that results

be expressed per gram of fat, in order to minimize variations resulting from the volume of milk.
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Introduction

The composition of human milk varies over the first 2

weeks of lactation, with levels of certain nutrients becoming

constant during the first month after delivery. The substance

initially secreted is colostrum, which is produced for the first

few days after delivery. From the fifth to the 21st day, what is

secreted is known as transition milk, and the milk secreted

thereafter is known as mature milk.1,2 The nutritional

composition of colostrum is particularly distinct, being rich in

liposoluble vitamins.3

In addition to being influenced by the stage of lactation,

the vitamin A contained in breastmilk may be altered by the

fat content, as each feed progresses, and by factors specific

to individual nursing mothers.4-9

Despite the great variation in retinol levels in colostrum,

some authors have suggested that it could be used as an

indicator of vitamin A nutritional status, since analyzing the

nutrient in milk is non-invasive and access is easier.10 The

World Health Organization (WHO) recommends that, for

retinol in milk to be representative, milk samples should be

collected over a 24 hour period and assays should not be

based on casual sampling, since retinol levels expressed per

volume of milk may be sensitive to sampling errors.11 In

practice, however, collecting milk over 24 hours is not viable
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and so there is a need for practical alternative milk sampling

procedures or other means of expressing retinol levels in

order to reduce the variations currently observed.

The objective of this study was to evaluate the

concentration of retinol in colostrumexpressed per volumeof

milk and per gram of fat, based on two samples taken at an

interval of 24 hours.

Methods

This study was approved by the Research Ethics

Committee. The experiment was carried out during January

and February of 2006 and recruited 24 healthy

recently-delivered mothers selected at random from those

who gave birth at Maternidade Escola Januário Cicco, Natal,

RN, Brazil. They were aged from 18 to 40 years, had given

birth to non-twin children at full term with no malformations

andwereenrolledwithin 12hours of delivery. The sample size

calculation was performed using the Statcalc module of

Epi-Info 3.32. Assuming an average of 250 births per month

and aiming at a confidence level of 95%, a minimum sample

size of 25 subjects was estimated.

After free and informed consent had been obtained, a

sample of colostrum was taken and split between two tubes,

one of which was labelled “0 hours” and the other “pool.” A

second milk sample was taken 24 hours after the first. This

was also divided in two with half stored in a tube labelled “24

hours” and the other added to the sample in the “pool” tube

from the first collection.

The colostrumwas collected bymanual expression froma

single breast that had not suckled previously. The first

ejection was discarded in order to avoid fluctuations in the

level of retinol. Sample volumes were from 1 to 3 mL and the

milk was transported to the biochemistry laboratory on ice.

Fat content was determined by creamatocrit.12 The

remaining quantity of milk was then used for retinol

extraction, using the method described by Giuliano et al.13

modified as follows.

The total volume of milk collected was used for retinol

extraction as ameans of preventing the concentration of this

vitamin from reducing, since, when an aliquot of milk is used

for this analysis, a proportion of the retinol may be lost due to

precipitation of fat globules which tend to come out of

emulsion as time passes.14 After the volume ofmilk collected

hadbeenmeasured, potassiumhydroxideat 50%v/v (Vetec)

and ethanol at 95% (Vetec) were added to the sample for the

alkaline hydrolysis stage. The proportions of these reagents

was as follows: for every 1 mL of milk, 2 mL of KOH at 50%

and 1 mL of ethanol at 95% were added. The samples were

thenhomogenized for 1minandagitated in awater bathat 45

ºC for 2 h. The extraction reagent used was 2 mL of hexane

(Merck), repeating the process three times. After each

addition of hexane, samples were agitated for 1 min and

centrifuged at 4,000 rpm for 10 min and the hexane layer

separated into another tube.

A3mLaliquot from thehexanephasewas evaporated in a

nitrogen atmosphere using a water bath at 37 ºC. The

resulting extracts were re-suspended in 1 mL of HPLC-grade

methanol (Vetec).

The concentration of retinol in the samples was

determined by HPLC in an LC-10 AD Shimadzu

chromatograph, coupled to an SPD-10 A Shimadzu UV-VIS

detector and a Chromatopac C-R6A Shimadzu integrator,

with a 4.6 mm x 25 cm LC Shim-pack CLC-ODS (M) column.

The chromatogram was developed under the following

conditions: methanol mobile phase at 100% and flow rate of

1.0 mL/min.

The recovery test was performed by adding retinol

acetate to the milk samples, resulting in more than 99%

yield.

Identification and quantification of retinol from samples

was by comparison with the retention time and area of a

SIGMA all-trans retinol standard. The standard’s concentra-

tionwas confirmedby its specific extinction coefficient (e 1%,

1 cm = 1,750) in absolute ethanol (Vetec) and at a

wavelength of 325 nm.

Concentrations of retinol in milk were expressed in µg/dL

and also in µgROH/g of fat. This second figure was obtained

by dividing the concentration of retinol per volume of milk

(µg/dL) by the concentration of fat (g/dL). Values≤ 30 µg/dL

and≤8µgROH/gof fat are considered indicativeof low retinol

concentration in milk.11

Differences between means were compared using

Student’s t test for dependent samples. Differences were

considered significant at p < 0.05.

Results

When expressed in terms of retinol per volume of milk

(µg/dL), concentrations varied (p < 0.05) between the

collection times (Table 1).

In contrast, when retinol concentrations were expressed

as a function of the fat content of the milk, the level of retinol

was stable, with values of 44.2±38.4, 46.8±38.3 and

43.0±31.9 µgROH/g of fat, for milk taken at 0 hours and 24

hours and pooled samples, respectively (p > 0.05).

No statistically significant differences were detected

between fat concentrations (Table 1).

Discussion

The level of retinol in the colostrum from the women

studied here is in line with values in published literature.15
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There was no deficiency of vitamin A in the breastmilk

according to parameters established by the WHO.2

When retinol concentrations were expressed in terms of

volume of milk, a large variation was observed between

collection times, although the concentrations in pooled

samples were closer to vitamin A levels described in

literature15 (Table 1).

There was no difference in the concentration of retinol

when results were expressed per gram of fat. This method of

expressing retinol concentration in milk is used with the aim

of controlling for variations resulting from sampling and

because of the liposolubility of retinol. In other words, the

volume of milk secreted varies more as lactation progresses

than does the level of fat, which may alter results.11

In contrast with retinol levels, in our study it was possible

to observe that the level of fat remained constant irrespective

of the timeof collection, confirming that lipids aremore stable

in the volume of milk than vitamin A is, despite a large

proportion of the vitamin being foundwithin fat globules. This

has prompted some authors to suggest that these

components enter the colostrum via distinct mechanisms.15

The level of retinol in breastmilk has been used in some

studies as an indicator of vitamin A nutritional status and to

assess the impact of programs to giving mothers vitamin A

supplements.5,9,10

The WHO11 recommends that when it is not possible to

collect allmilk for 24hours, then resultsmust beexpressedas

retinol per gram of fat, since this type of approach is less

subject to variations than when expressed per volume of

milk. Our results confirm this fact.

Rice et al.5 sampled milk casually and found that vitamin

A expressed per gram of fat better reflected the maternal

response to vitamin A supplementation than did values

expressedper volumeofmilk and recommended that the lipid

content of milk samples should always be analyzed.

The results found here are a warning that retinol in

colostrum from one-off samples should not be used as an

indicator of vitamin A nutritional status, due to the great

variability of the nutrient over different sample times. In

order to minimize this problem, it is suggested that pooled

samples be used or that results be expressed per gram of fat,

in addition, for example, to associating retinol assays in milk

with other typesof analysis, suchas serumretinol anddietary

recall methods.
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