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The quantitation of carotenoids from milk has been technically challenging due to the small quantities present, 
insolubility and instability of the carotenoids, and significant inter-and intra-individual variation. Here we report 
methods for extraction and quantitation by high pressure liquid chromatography of the major carotenoids, /3- 
Cryptoxanthin, lycopene, a-carotene, and B-carotene in a normal population of lactating women. Methodology 
to evaluate and protocol to accommodate the significant variation in carotenoids of human milk is also presented. 
Carotenoids present in the highest concentrations in breastmilk of these mothers were lycopene and B-carotene 
at 31.2 and 45. 9 nM respectively, a-carotene and B-carotene concentrations in this population of mothers showed 
the greatest variation, ranging as much as 20fold between individuals. The remaining carotenoids varied fourfold 
to sixfold across individuals. Within individuals, carotenoid concentrations varied from twofold to fivefold when 
measured on separate days. For an individual on a single day, breastmilk carotenoid concentrations vary as 
much as fourfold and are strongly correlated with lipid concentrations. For routine field collections, a collection 
protocol was developed that will approximate 24-hr collections of a population of mothers within 10%. (J. Nutr. 

Biochem. 5:551-556, 1994.) 
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Introduction 

Carotenoids have important functions in immunity both 
independently and as provitamin A compounds? -3 Thus, 
carotenoids may contribute significantly to the immunopro- 
tection that breastmilk provides to the nursing infant. In 
addition, carotenoids are an important source of vitamin 
A in breastmilk. This is particularly important in developing 
countries, where a reliable source of preformed vitamin 
A (retinol) is not consistently available in the mother's 
diet? Total carotenoids in mature human milk have been 
estimated previously using spectroscopic 5,6 and high pres- 
sure liquid chromatography (HPLC) methods, 7 and in 
collaboration with others, we have previously identified 
and quantitated carotenoids of colostrum. 8 We have recently 
reported methodology for isolating carotenoids of mature 
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human milk) Extreme variation in concentrations of carot- 
enoids in human milk, both within and between individuals 
has previously been noted; 6 however, these differences 
have not previously been quantitated. These variations are 
sufficiently large to impose significant constraints on the 
design and interpretation of studies of milk carotenoids. 
Therefore, we present here methods to accurately determine 
the concentrations of the major carotenoids both for popula- 
tions and for individuals. 

Methods and materials 

Subjects 

Subjects were healthy mothers in the Tucson metropolitan area, 
more than 1 month postpartum, and exclusively breast feeding. 
Mothers were over the age of 18, had no chronic diseases, were 
not on any routine medication or steroid contraceptives, had chil- 
dren with normal growth patterns, and were non-smokers. Prior 
to sample collection, subjects signed informed consent forms in 
accordance with regulations of the University of Arizona Human 
Subjects Committee. 
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Sampling procedures 
The complete contents of one breast were collected under subdued 
lighting by electric breast pump (Ameda Egnell, Cary, IL USA) into 
sterile polypropylene containers or glass bottles. To insure that resid- 
ual hind milk did not contaminate breastmilk samples, 2 to 3 hours 
prior to collection, the baby nursed from the breast to be sampled, 
and the breast was then completely emptied using the breast pump. 
For 24-b collections, breastmilk was sampled at every feeding. For 
other collections, sampling occurred twice in the mid-afternoon at 
the normal feeding schedule of the mother. Mothers used the same 
breast for collection of all samples throughout the study. 

Sample analysis 
Milk samples (4 mL) were saponified by addition of 3 mL 50% 
KOH (wt/wt) in 5 mL ethanol for 0.5 h at 25 ° C and extracted 
twice with hexane as previously described. 8 Extracted samples (50 
t~L) were injected onto a YMC (Wilmington, NC USA) reversed 
phase C,~ column using an IBM auto sampler (Model LC/9050 
SE, IBM, Rochester, NY USA). The mobile phase was methanol: 
tetrahydrofuran (THF), (90:10 vol/vol) containing 0.25 g/L butyl- 
ated hydroxytoluene (BHT). Samples were eluted isocratically at 
a flow rate of 1.7 mL/min using a Waters model 510 pump, a 
Milton Roy programmable detector model SM 4000 and a Waters 
Maxima 810 version 3.02 system controller (Waters Associates, 
Milford, MA USA). 

Quantitation 

As exogenous carotenoids are not uniformly equilibrated in the milk 
matrix, ~ carotenoids were quantitated using external standards. "~ 
Recovery was estimated using the method of exhaustive extraction. 
In five separate experiments, no carotenoids could be detected 
in the third extraction, indicating that extraction was essentially 
complete after two extractions. One breastmilk pool was con- 
structed and analyzed daily to standardize the daily HPLC analyses 
of individual breastmilk samples. To construct the milk pool, freshly 
collected samples were gently stirred to insure uniform mixing and 
4-mL samples were removed and stored at - 70 ° C until analysis. 

Analysis of milk lipids 

Lipid content of the milk was estimated by "creamatocrit" as 
described by Lucas et al." 

Between and within-person variability 

The between and within-subject variability for carotenoids in breast- 
milk was estimated using a variance components estimation proce- 
dure in SAS PC (Cary, 1L USA). Data were I n transformed prior to 
analyses to obtain more normally distributed data. Data were from 
collections on 2 to 8 separate days from 18 lactating women over a 7- 
month period between April and November 1992. For nine subjects, 
milk samples were collected on 2 days. For the remainder of the 
subjects, collections were made on 3 to 5 days. The daily mean carot- 
enoid concentration per individual was estimated either from the av- 
erage of 5 to 7 samples collected over a 24-hr period or from the 
average of two midafternoon breastmilk collections. 

Results 

Carotenoids of mature human milk resolved by HPLC chro- 
matography in our system are shown in Figure 1. The major 
carotenoids were lutein (peak 1), ~ crypto×anthin (peak 
5), trans-lycopene (peak 7), s-carotene (peak 10) and 13- 
carotene (peak l 1). As in serum, [3-carotene and lycopene 

were the most abundant of the milk carotenoids. Relative 
to total carotenoid concentrations, (A452) 13-carotene and ly- 
copene were present in highest concentrations. As can be 
seen in Figure 1, several unresolved fractions are present 
that cannot be quantitated using the present method. 

Concentrations of the major carotenoids in mature milk 
from 18 lactating mothers are presented in Table 1. To control 
for within-day variation, as described below, we obtained 
two samples at midafternoon from each mother on 2 separate 
days and analyzed each of these samples separately. The tour 
samples were averaged to estimate carotenoid concentrations 
for individual mothers. Similar to our earlier studies in colos- 
trum, s we observed a wide range of variability for the indi- 
vidual carotenoids. The concentrations of most of the 
carotenoids varied fourfold to sixfold in this population. 
However, concentrations of c~-carotene and [3-carotene 
ranged up to 20 fold in breastmilk of this population of 
mothers. 

Analyses of within and between-person variability for 
[3-cryptoxanthin, lycopene, s -and  [3-carotene are shown in 
Table 2. For these analyses, samples were collected for 2 to 
5 days over a 7-month period. Within-person variability was 
highest for [3-cryptoxanthin and lycopene, while variability 
between individuals was highest for 13-carotene and or-caro- 
tene. In addition, within person variation was greater than 
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Figure 1 Carotenoids of human milk. Carotenoids were extracted 
from hydrolyzed samples and analyzed on HPLC as described in Meth- 
ods and materials. 1 = lutein; 5 = 13-Cryptoxanthin; 7 = Lycopene; 
10 = c~-Carotene; 11 = 13-Carotene. 

Table 1 Carotenoids of mature human milk 

Carotenoid Range (riM) Mean (riM) Std. 

•-Cryptoxanthin 7,6-40.6 20,0 7.9 
Lycopene 9.9-60.7 31.2 16.9 
c~-Carotene 2.0-34.4 11.1 8.3 
13-Carotene 6.5-127.5 45.9 30.4 

Carotenoids were extracted from frozen milk samples and assayed as 
described in Methods and materials. Two midafternoon samples were 
collected from each mother on two separate days. Each data point 
represents the average of two days' midafternoon samples. Samples 
were analyzed individually prior to averaging to approximate 24-hr con- 
centrations as described in Methods and materials, n = 18 except for 
e-carotene (n = 17). 
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T a b l e  2 Within-person and between-person variances for carot- 
enoids of human milk 

Within-person Between-person Ratio 
(w) (b) (w:b) 

[?,-Cryptoxanthin 0.201 0.135 1.48 
Lycopene 0.213 0.189 1.13 
13-carotene 0.184 0.555 0.33 
c~-carotene 0.183 0.663 0.25 

Between and within-subject variability was estimated using a variance 
components estimation procedure in SAS PC. Samples were collected 
on 2 days for nine subjects, on one subject for 3 days, on five subjects 
for 4 days, and on three subjects for five days. Samples were collected 
over the 7 months between April and November 1992. Daily mean 
carotenoid concentrations were calculated from either a 24-hr or two 
midafternoon breast milk collections as described in Methods and 
materials. Data are In transformed, n = 18 except for s-carotene (n 
= 17). 
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F i g u r e  2 C o n c e n t r a t i o n s  of 13-carotene in individual mothers over 24 
hr. Milk samples were collected at each nursing episode over a 24-hr 
period in six mothers. Carotenoids were extracted from hydrolyzed 
samples and analyzed on HPLC as described in Methods and materials. 
(Time 0 = midnight.) 

between person variation for [3-cryptoxanthin and lycopene, 
while the reverse was true for a-carotene and [3-carotene. 

To measure changes in milk concentration over a 24-hr 
period, samples were obtained from six mothers at each 
nursing episode over a 24-hr period. Although all four carot- 
enoids were quantitated, for simplicity, data for [3-carotene 
only is presented in Figure 2. Patterns of variation in carot- 
enoid concentrations over 24 hr differ in individual mothers. 
The maximum concentration of carotenoids occurs in mid- 
morning for four of the six mothers. However, the maximum 
concentrations occurred in early morning for one mother 
(Figure 2E) and late evening for another (Figure 2C). 

As shown in Figure 3, for a given mother, all four carot- 
enoids follow essentially the same concentration profile over 
a 24-hr period. As for Figure 2, although all four carotenoids 
were measured for six mothers, only three representative 
profiles are presented. 

Milk carotenoids: Giuliano et al. 

Figure 4 shows concentrations of [?,-carotene over 24 hr 
in one mother on 3 days separated by approximately 2 weeks• 
These data show that concentration profiles of carotenoids 
can vary significantly from day to day within individual 
mothers. In this example, the maximum concentration was 
shifted by approximately 8 hours over this 3-day period. 

Collectively, the data in Figures 2--4 clearly demonstrate 
that a single midmorning sample cannot be assumed to be 
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Figure 3 Concentrations of breastmilk carotenoids in three mothers 
over  24 hr. Milk was collected over 24 hr from three women (panels 
a, b, and c). Carotenoids were extracted from hydrolyzed milk samples 
as described in Methods and materials. • = Cryptoxanthin; • = Lyco- 
p e n e ; •  = s-Carotene; * = 13-Carotene. 
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F i g u r e  4 Concentrations of 13-carotene in breastmilk of one mother 
on 3 days. Carotenoids were extracted from hydrolyzed milk samples 
and analyzed on HPLC as described in Methods and materials. Collec- 
tions were made over 24 hr on 3 days every other week. • = Day 1 ; 
• = Day 20; * = Day 31. 
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representative of  an individual mother's total daily carot- 
enoid production. However, in most cases it is impractical 
to collect breastmilk samples over an entire 24-hr period. 
Therefore, we designed experiments to develop practical 
abbreviated protocols to approximate 24-hr carotenoid con- 
centrations for an individual mother. In these experiments, 
samples were obtained at each feeding over 24 hr, the sam- 
ples assayed separately, and the results averaged to obtain 
a 24-hr average for an individual mother's 13-carotene con- 
centration. As shown in Figure 5, in seven separate experi- 
ments, the average concentrations of  13-carotene in milk in 
two midafternoon collections for an individual was strongly 
correlated with the concentration of  that mother's 24-hr aver- 
age (r = 0.98, P < 0.001). A single midafternoon collection 
was only slightly less representative of  24-hr 13-carotene 
concentrations in these mothers (r = 0.97), while two mid- 
morning samples (r = 0.78) and one midmorning sample 
(r = 0.76) were less well correlated. 

Variations in carotenoid concentrations relative to volume 
and lipid content were evaluated in samples of  complete 
breast emptying collected over a 24-hr period for seven 
mothers as described above (Figures 2-4). Total milk vol- 
umes for the 24-hr period were recorded for each mother and 
13-carotene and total lipid concentrations measured. Figure 6 
shows data for one mother that is representative of  the seven 
we measured. As shown in Figure 6, when measured as 
percent of  change from the first sample of  the day, variation 
in the data is greatest when only 13-carotene concentrations 
(nmol/L) are considered. When variability due to changing 
volumes is eliminated (total nmol), variation is substantially 
decreased, reflecting the fact that 13-carotene concentrations 
in milk are highest when volumes are lowest. There is the 
least variation over the 24-hr period when 13-carotene concen- 
trations are expressed relative to lipid (nmol 13-carotene/g 
lipid). 

D i s c u s s i o n  

As reported earlier by us 8,9 and by others, 6 there is significant 
intra- and inter-individual variability in milk carotenoids 
(Tables 1 and 2). These variations apparently are related 
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Figure 5 Correlations between two midafternoon samples and 24- 
hr 13-carotene concentrations• Samples were collected as described 
in Figures 2-4, Points represent the averages for seven individual moth- 
ers. * = The same mother sampled on 3 separate days. 
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Figure 6 Percent change in breastmilk !8-carotene concentrations 
over 24 hr in one mother, expressed as: ("), nmol/L 13-carotene; ( . ) ,  
total nmol; (A), nmo113-carotene/g lipid. Complete breast emptyings 
were collected over a 24-hr period for seven mothers as described in 
Figures 2-4• Total milk volumes for the 24-hr period were recorded for 
each mother and 13-carotene and total lipid concentrations measured 
as described in Methods and materials. 

to dietary intake of these carotenoids? 2 and vary signifi- 
cantly across populations. 6 In addition, because e~-carotene 
and B-carotene are provitamin A carotenoids, there may be 
individual variation in bioconversion of  these carotenoids 
to retinoids. B-carotene is typically measured to assess carot- 
enoid status. Given the variability in the concentrations of 
this carotenoid in milk, particularly when individuals or 
small populations are being measured, it is recommended 
that measurements of other carotenoids, or at a minimum 
total carotenoids, be included. 

The distribution of major carotenoids in breast milk was 
qualitatively similar to those observed us 9 and by others ~3-~6 
in serum. The carotenoids in highest concentration in our 
population were lycopene and B-carotene. It has previously 
been reported 6 that the majority of carotenoids in human 
milk have no vitamin A activity. In contrast, in our mothers, 
13-carotene was the carotenoid present in highest con- 
centration on average (Figure 1, Table 1). In addition, 13- 
cryptoxanthin contributed significantly to total carotenoid 
concentrations in milks of  some mothers. Therefore, we 
conclude that human breastmilk carotenoids are a good 
source of  vitamin A for the nursing infant. 

Breastmilk carotenoid concentrations in our population 
were 10- to 20-fold lower than those in serum./3-t6 In earlier 
studies,5 7.17-19 significantly higher quantities of total milk 
carotenoids (0.40 to 1.25 tXM) were reported. Using the 
extinction coefficient for 13-carotene, we estimate an average 
concentration of 0.25 ~M total carotenoids for this popula- 
tion of  mothers. Logistics of milk sampling, particularly 
where 24-hr samples are collected, are complex. For this 
reason, most studies, including the present one, have used 
small sample sizes. As shown in Table 2, individual variation 
undoubtedly explains some of  the differences observed by 
various investigators. In addition, some studies may have 
included mothers in early stages of  lactation, in which case 
carotenoid concentrations can be as high as 10 fold those 
in mature milk. 7,8 

In contrast to carotenoids, milk retinol concentrations are 
essentially the same as those in serum. 4~ Thus carotenoids 
and retinoids are handled differently by the mammary gland. 
Carotenoids are presumed to enter the mammary epithelial 



cell in lipoproteins? ° Although this has not been studied in 
humans, in monkeys, retinol is apparently delivered to the 
cell via retinol binding protein. 21 In addition, secretory mech- 
anisms may differ for secretion of carotenoids and retinoids 
into milk. Further studies are needed to describe the mecha- 
nisms regulating the transport of carotenoids and retinoids 
into the mammary gland and secretion into milk. 

As predicted by the data in Table 1, there was large 
variability in breast milk a and 13-carotene concentrations 
between individuals, reflecting the -20-fold  range in con- 
centrations observed in these breastmilk carotenoids. As 
shown in Table 2, of the carotenoids we measured, between- 
person variance was highest for milk et- and [3-carotene and 
in fact, was threefold to fourfold higher than within-person 
variance for these carotenoids. These data are consistent 
with results of a study of between- and-within-person vari- 
ability of serum [3-carotene in adult men. 22 As discussed 
above, differences in patterns of variability in the carotenoids 
may be related to variability in dietary intake, bioavailability, 
or bioconversion of carotenoids in individuals. Additional 
experiments are needed to more precisely determine the 
relative contributions of diet, bioconversion, and bioavail- 
ability on the concentrations of these carotenoids in breast 
milk. 

The data in Tables I and 2 show that a single experimental 
protocol may not be appropriate to measure variation in 
carotenoids. For example, due to large within-person varia- 
tion, repeated measurements from the same mother over 
time are required to accurately determine breast milk 13- 
cryptoxanthin and lycopene for that individual. In contrast, 
due to large between-person variation, larger sample sizes 
are needed to accurately measure changes in a-  and [3- 
carotene in breastmilk for a population. For example, to 
document significant differences in small changes, e.g., 25%, 
in breastmilk 13-carotene concentration between two groups 
of mothers, approximately 111 women per group would be 
needed (two-sided t test with c~ = 0.05 and a power of 
80%). In contrast, only 40 women per group would be needed 
to detect the same changes in 13-cryptoxanthin concentra- 
tions. 

Problems with approximating a nutrient by a single sam- 
piing are well documented. 23,24 A number of maternal factors 
influence variations in concentrations of nutrients. The fac- 
tors governing secretion of carotenoids into milk are not 
understood, but appear to be related to stage of lactation, 
maternal dietary patterns, and feeding patterns. In one study, 
milks of German mothers had the highest fat content in the 
afternoon while those of English mothers had highest fat 
contents in the evening. 25 In contrast, of the six mothers we 
surveyed, five had the highest fat and carotenoid contents 
in morning milk (Figures 2-4). In 20 Houston mothers, total 
energy concentrations (kcal/L milk) increased during the 
day and were highest in the evening. 26 Changes in nutrient 
concentrations in breastmilk may also be related to hormonal 
stimulation. 27 In particular, prolactin release is related to 
sleep-awake cycles and may influence feeding patterns of 
the mother-infant pair. 28 

In addition to variations discussed above in carotenoids, 
fat, and energy, variations have been reported in folacin, 29 
v i t a m i n  Br ,  3° cholesterol, 26 and protein 31 over the 24-hr pe- 
riod. For these reasons, it is generally agreed that where 
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possible, 24-hr pools should be analyzed. However, for many 
studies, this will be impractical. Thus we have developed 
abbreviated sampling protocols to approximate total daily 
output of breastmilk carotenoids. The data in Figure 5 show 
that two midafternoon samples will approximate the average 
24-hr carotenoid concentration in breastmilk samples of our 
population. A single midafternoon sample provided an only 
slightly less better approximation in this study. However, 
due to the technical difficulties in uniformly dispersing, 
hydrolyzing, and analyzing milk samples, we recommend 
that when possible, two midafternoon samples be used. Our 
data are consistent with previous recommendations 32 that 
two midafternoon samples be used to approximate the aver- 
age 24-hr lipid concentrations in breastmilk. 

Carotenoids are associated with lipid in milk (Figure 6) 
and therefore enriched in hind milk. For this reason, a com- 
plete breast emptying is preferred when quantitation of total 
breast milk carotenoids is desired. However, when quantitat- 
ing carotenoids in milk samples from partial breast empty- 
ings, carotenoid concentrations are most appropriately 
expressed relative to lipid. In addition, as reported earlier 
for energy concentrations, 26 lipid and carotenoid concentra- 
tions are inversely related to volume. Therefore, the volume 
of milk that the infant will consume as well as the concentra- 
tions of nutrients in the milk should be considered when 
assessing adequacy of breastmilk to supply infant needs. 

In summary, the major breastmilk carotenoids, [3-cryptox- 
anthin, lycopene, a-carotene, and [3-carotene have been ana- 
lyzed and quantitated in mature breastmilk from 18 normal 
mothers. Concentrations of breastmilk carotenoids are about 
one-tenth those of serum and are strongly related to lipid. 
There is significant variation in carotenoids both within and 
between individuals. The largest variability between individ- 
uals ( - 2 0  fold) was seen with a-carotene and [3-carotene 
in this population, while lycopene and 13-cryptoxanthin var- 
ied the most within individuals. Carotenoid concentrations 
varied significantly over a 24-hr period in an individual and 
the concentration pattern of individual mothers varied from 
day to day. A reliable estimate of 24-hr concentrations is 
provided by two midafternoon samples. 

Acknowledgments 

The authors are indebted to Beverly Blashil for subject re- 
cruiting and sample collection, and to Ellen Graver and Dr. 
Margaret Neville for valuable advice on sample collection 
procedures. We thank Ameda Egnell for making available 
several electric breastmilk pumps. 

References 
1 Sommer, A., Katz, J., and Tarwotjo, I. (1984). Increased risk of 

respiratory disease and diarrhea in children with pre-existing mild 
vitamin A deficiency. Am. J. Clin. Nutr. 40, 1090-1095 

2 Ross, A.C. (1992). Vitamin A status: Relationship to immunity and 
the antibody response. Proc. Soc. Exp. Biol. Med. 200, 303-320 

3 Bendich, A. (1991). Beta-carotene and the immune response. Proc. 
Nutr. Soc. 50, 263-274 

4 Stoltzfus, R.J., Hakima, M., Miller, K.W., Rasmussen, K.M., Dawie- 
sah, S.I., Habicht, J.P., and Dibley, M.J. (1993). High dose vitamin 
A supplementation of breast-feeding Indonesian mothers: Effects on 
the vitamin A status of mother and infant. J. Nutr. 123, 666-675 

5 Jensen, R.G. (1989). Fat-soluble vitamins in human milk. In The 

J. Nutr. Biochem., 1994, vol. 5, November 555 



Methods of Nutritional Biochemistry 

Lipids of  Human Milk, (R.G. Jensen, ed.), p. 167-179, CRC Press, 
Boca Raton, FL USA 

6 Wallingford, J.C. and Underwood, BA. (1986), Vitamin A deficiency 
in pregnancy, lactating and the nursing child. In Vitamin A Deficiency 
and Its Control, (J.C. Bauernfeind, ed.), p. 101-152, Academic Press, 
Inc., Orlando, FL USA 

7 Chappell, J.E., Francis T., and Clandinin, M.T. (1985). Vitamin A 
and E content of human milk at early stages of lactation. Early Hum. 
Dev. 11, 157-167 

8 Patton, S., Canfield, L.M., Huston, G.E., Ferris, A.M., and Jensen, 
R.G. (1990). Carotenoids of human colostrum. Lipids 25, 159-165 

9 Giuliano, A.R., Neilson, E.M., Kelly, B.E., and Canfield, L.M. (1992). 
Simultaneous quantitation and separation of carotenoids and retinol 
in human milk by high-performance liquid chromatography. Meth. 
EnLvm. 213, 391-399 

10 Giuliano, A.R., Matzner, M.B., and Canfield, L.M. (1992). Assessing 
variability in the quantitation of carotenoids in human plasma using 
a variance component model. Meth. Enzym. 214, 94-101 

11 Lucas, A., Gibbs, J.A.H., Lyster, R.L.J., and Baum, J.D. (1980). 
Creamatocrit: simple clinical technique for estimating fat concentra- 
tion and energy value of human milk. Br. Med. J. 1, 1018-1020 

12 Mangels, A.R,, Holden, J.M., Beecher, G.R., Forman, M.R., and 
Lanza, E. (1993). Carotenoid content of fruits and vegetables--an 
evaluation of analytic data. J. Am. Diet, Assoc. 93, 284-296 

13 Stahl, W., Schwarz, W., Sundquist, A.E, and Sies, H. (1992). Cis- 
trans isomers of lycopene and [3-carotene in human serum and tissues. 
Arch. Biochem. Biophys. 294, 173-177 

14 Brown, E.D., Micozzi, M.S., Craft, N.E., Bieri, J.G., Beecher, G., 
Edwards, B.K., Rose, A., Taylor, PR., and Smith, J.C. (1989). Am. 
J. Clin. Nutr 49, 1258-1265 

15 Barua, A.B. and Furr, H.C. (1992). Extraction and analysis by high- 
performance liquid chromatography of carotenoids in human serum. 
Meth. Enzym. 213, 273-281 

16 Handelman, G.J., Shen, B., and Krinsky, N.I. (1992). High resolution 
analysis of carotenoids in human plasma by high-performance liquid 
chromatography. Meth. Enzym. 213, 336-346 

17 Ostrea, E.N.M., Balun, J.E., Winkler, R., and Porter, T. (1986). Influ- 
ence of breast-feeding on the restoration of the low serum concentra- 
tion of vitamin E and 13-carotene in the newborn infant. Am. J. Obstr. 
Gynecol. 154, 1014-1017 

18 Hussein, L., Drar, A., Horeyah, A.L., and El Naggar, B. (1987). Lipid 
and retinol contents in the milk of Egyptian mothers with normal 
and sick infants, lnteJ: J. Vit. Nutr. Res. 57, 3-11 

19 Butte, N.E and Calloway, D.H. (1981). Evaluation of lactational 
performance of Navajo women. Am. J. Clin. Nutr. 34, 2210-2215 

20 Erdman, J. (1988). The physiologic chemistry of carotenes in man. 
Clin. Nutr. 7, 101-106 

21 Vahlquist, A. and Nilsson, S. (1979). Mechanisms for vitamin A 
transfer from blood to milk in Rhesus monkeys. J. Nutr 109, 
1456-1463 

22 Tangney, C.C., Shekelle, R.B., Raynor, W., Gale, M.A., and Betz, 
E.P. (1987). Intra- and interindividual variation in measurements of 
13-carotene, retinol, and tocoperols in diet and plasma. Am. J. Clin. 
Nutr. 45, 764-769 

23 Ferris, A.M. and Jensen, R.G. (1984). Lipids in human milk: A 
Review. 1. Sampling, determination, and content. J. Pediatr Gas- 
troenterol. Nutr. 3, 108-122 

24 Jensen, R.G. (1989). Ch. 2: Collection, preparation and storage of 
samples. In The Lipids of  Human Milk. p. 7-24, CRC Press, Boca 
Raton, FL USA 

25 Harzer, G., Haug, M., Dieterich, I., and Gentner, P.R. (1983). Chang- 
ing patterns of human milk lipids in the course of the lactation and 
during the day. Am. J. C. Clin. Nutt: 37, 612-621 

26 Garza, C. and Butte, N.F. (1986). Energy concentration of human 
milk estimated from 24-h pools and various abbreviated sampling 
schemes. J. Pediatr. Gastroenterol. Nutr. 5, 943-948 

27 Curlewis, J.D. (1992). Seasonal prolactin secretion and its role in 
seasonal reproduction--a review. Repro. Fert. Dev. 4, 1-23 

28 Neville, M.C. (1983), Regulation of mammary development and 
lactation. In Lactation, (M.C. Neville, ed.), p. ! 17-120, Plenum Press, 
New York 

29 Udipi, S.A., Kirksey, A., and Roepke, LL.B. (1987). Diurnal varia- 
tions 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. 45, 770-779 

30 Kirksey, A. and West, D.C. (1978). Relationship between vitamin 
B-6 intake and the content of the vitamin in human milk. In Human 
Vitamin B-6 Requirements, National Research Council, National 
Academy of Sciences. p. 238-251, Washington, DC, USA 

31 Prentice, A., Prentice. A.M., and Whitehead, R.G. (1981). Breast- 
milk fat concentrations of rural African women. 1. Short-term varia- 
tions within individuals. Bt: J. Nutr. 45, 483-494 

32 Jackson, D.A., lmong, S.M., Silprasert, A,, Preunglumpoo, S., Leela- 
pat, P., Yootabootr, Y., Amatayakul, K., and Baum, J.D. (1988). 
Estimation of 24 h breast-milk fat concentration and fat intake in 
rural northern Thailand Br J. Nutr 59, 365-371 

556 J. Nutr. Biochem., 1994, vol. 5, November 


