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Abstract

Objective: Endorphins (EPs) present in human colostrum may be relevant for immediate postnatal
fetal adaptation because this compound is involved in stress response and adaptation mechanisms.
Endorphin levels in human colostrum are two-fold greater than corresponding maternal plasma
levels; however, the high endorphin levels in human milk decrease as lactation continues. The aim
of this study was to determine the ␤-EP concentration in colostrums of women residing in Burkina
Faso and Sicily. In addition, we investigated the source of potential differences in ␤-EP levels
between these populations, especially ethnic sources of these deviations.
Methods: The concentration of ␤-EP was determined in the colostrum from the first 3 d subsequent
to delivery by an enzyme immunoassay as immunoreactive material (IRM).
Results: The production of ␤-EP in the colostrum was significantly higher in Burkinabe mothers
(0.83 ⫾ 0.04 ng/mL) than in Sicilian mothers (0.31 ⫾ 0.02 ng/mL) at 24 h after delivery. Colostrum
levels of ␤-EP declined progressively during the first 3 d after delivery in both populations (0.64 ⫾
0.1 and 0.28 ⫾ 0.015 ng/mL, respectively, at 72 h). The level of ␤-EP-IRM correlated significantly
with pain and psychological involvement during and after delivery. In addition, the correlation
between ␤-EP-IRM and length of stage II of labor was significant (P ⬍ 0.0001) in the colostrums
of Sicilian mothers who received ergot derivatives, episiorrhaphy, and child birth preparation. The
correlation between ␤-EP-IRM and length of stage II was less significant (P ⬍ 0.001) in the
colostrums of Burkinabe mothers who received neither ergot derivatives nor child birth preparation.
Conclusion: During the first 3 d after labor the ␤-EP-IRM concentration in the colostrums of
Burkinabe mothers differs from that of Sicilians. In addition, because Burkinabe women produce a
larger volume of colostrum, their newborns receive, during the first days of life, a larger absolute
amount of ␤-EP-IRM, likely resulting in better postnatal fetal adaptation. © 2008 Elsevier Inc. All
rights reserved.
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Introduction
Human milk contains a multitude of substances that
augment the adaptation of newborns to extrauterine life and
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whose concentrations are regulated by a biological watch
modulated by neuroendocrine and immune factors [1–3].
␤-Endorphin (␤-EP), a pro-opiomelanocortin fragment
released from the pituitary gland, is involved in stress response and adaptation mechanisms [4]. It likely participates
in the adaptation of the immune system, which is relevant
for tissue reconstitution after injury (e.g., “wound healing”)
[5]. The role of ␤-EP in the relation between mother and
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newborn is complex and continues after delivery. ␤-EP is
released in relatively large amounts into the maternal and fetal
circulations during labor in response to stress and pain [6].
The ␤-EP concentration begins to increase in maternal
plasma at the 28th week of pregnancy, reaching a peak
during labor and delivery [7]. Moreover, ␤-EP concentrations are highest during the expulsion phase of delivery and
may help women to tolerate acute pain [8]. The concentration of ␤-EP in maternal plasma decreases drastically immediately after childbirth and the puerperium phase [9].
The ␤-EP in newborn plasma is important for the development of several adaptive functions such as analgesia,
steroid genesis, and cardiovascular and endocrine functions
[7,8,10] and in the adaptation to extrauterine stress [11]. In
fact, mean fetal ␤-EP concentrations are significantly lower
than values measured in newborns but significantly higher than
mean maternal values. Although the fetal pituitary gland is
likely the primary source of circulating fetal ␤-EP, a maternal
or placental contribution has not been excluded [12].
Moreover, ␤-EP represents a physiologic agonist of
- and ␦-opioid receptors by modulating the regulation of
endogenous Ca2⫹ levels [13,14] and contributing to adaptive function through analgesia.
After delivery, when lactation begins, ␤-EP is secreted in
human milk at a level twice that of maternal plasma by an
unknown mechanism [15]. Although the adaptive and nutritional values of human milk have been thoroughly studied
[1–3], few studies have addressed ␤-EP levels and function
in human milk [15,16].
Zanardo et al. [15,16] in 2001 reported that ␤-EP levels
progressively decrease during the maturation phases of lactation, suggesting that this peptide has its maximum effect
on neonates during the first days of lactation. However, the
volume of milk ingested by infants increases during the
early phase of lactation, supporting the hypothesis that total
daily transfer of ␤-EPs could remain constant during lactation.
This study aimed to determine ␤-EP concentration in
human colostrum produced during the first 3 d postpartum
and to correlate ␤-EP levels with anthropologic characteristics of the mothers, the modality and pain of deliveries,
and the psychological involvement by Burkinabe and Sicilian mothers.

population of 11–12 million people consists of several ethnic groups including the Mossi, Peuhul, Gurunsi, and Bobo.
They are primarily shepherds or non-nomadic farmers and
live in sod-and-thatch huts in small, rural villages. Their
socioeconomic status is poor and their hygienic/sanitary
conditions are defective with a bad water supply.
Colostrum samples from 30 Sicilian women were collected between October and November 2002 at the Maternity Ward of St. Bambino Hospital of Catania, which is
located in east Sicily, Italy.
All samples were from mothers who delivered vaginally
at term. Ethical approval for the study was received by the
institutional review board at the CMSC and St. Bambino
Hospital.
Subjects
Data on anthropologic characteristics of mothers including age, number of deliveries, gestational age, child birth
preparation, assistance to delivery, length of delivery periods, obstetric complications such as episiorrhaphy, infections, requirement of antibiotics, and pain or psychological
involvement were collected from all participants in the
study. Information regarding socioeconomic status (home
conditions) was also collected on admission to the maternity
wards in Ouagadougou and Catania. Sicilian mothers attended child birth preparation sessions, usually with the
help of a midwife who also attended the delivery. No child
birth preparation was made by Burkinabe women. Sicilian
mothers received a single injection of an ergot derivative
(0.2 mg), a powerful vasoconstrictor, immediately after
delivery.
The exclusion criteria included human immunodeficiency viral infection, sexually transmitted diseases, and
mastitis.
All individuals participating in the study signed informed
consent forms.
No epidurals or other types of analgesia were given to
mothers of either country.
The psychological involvement in childbirth was quantified by a binary variable within the first 24 h after delivery
defined as follows.
Category 1

Material and methods
Study area
Colostrum samples from 53 Burkinabe women were collected between July and October 2002 at the Maternity
Centre Medical Saint Camille (CMSC) in Ouagadougou
(Burkina Faso), where 25–30 deliveries occur daily.
Burkina Faso (formerly Upper Volta) was once a French
colony but it gained its independence in 1960 and is currently one of the poorest countries in West Africa. The

Category 1 corresponds to moderately severe, mechanical low back pain, which was accepted by mothers as a
natural consequence of delivery.
Category 2
Category 2 corresponds to pain in all parts of the abdomen, which was considered a psychological ailment of the
mother.
Maternal nutrition was in accord with the traditional
habits of their respective countries.
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Milk sample collection

Results

Donation of colostrums by mothers occurred in their
respective maternity wards. Samples were collected at 24,
48, and 72 h postpartum by the same teams in Italy and in
Burkina Faso using a standardized procedure: before breastfeeding their babies, breast milk was collected for 10 min by
hand squeezing and transferred into a sterile polystyrene
tube in 2-mL fractions.
This procedure was repeated for 3 consecutive days at
24-h intervals.
Colostrum samples after collection were immediately
refrigerated at 4°C, transported on ice to the local laboratory, and stored at ⫺20°C. Subsequently, the samples were
transferred on dry ice to the Laboratory of Institute of Food
Science, National Research Council, Avellino, Italy. After
thawing, colostrum samples were first centrifuged at 680g
for 10 min at 4°C. The liquid component was removed and
recentrifuged at 10 000g for 30 min at 4°C. The floating
lipid layer and cellular sediments were removed. After separation, the milk serum fraction of colostrum samples was
stored in 1.5-mL polypropylene tubes and frozen at ⫺20°C
for subsequent use in our assays.

The characteristics of Burkinabe and Sicilian mothers are
summarized in Table 1.
Burkinabe mothers lived in very precarious social and economical conditions (P ⬍ 0.0001) and had a larger number of
deliveries compared with Sicilian mothers (4 versus 2, P ⬍
0.0001). The gestational age was comparable and mothers
in both populations delivered vaginally. Only Sicilian
women received child birth preparation, but all Sicilian and
Burkinabe women were assisted by a midwife during delivery. The duration of labor in Burkinabe women was
medially 7 h (5– 8 h) and the average length of stage II was
30 min (15– 60 min). The duration of labor for Sicilian
women was longer (6 –9 h, median 8 h) and that of stage II
was 45 min (20 –70 min). Episiorrhaphy was performed on
all Sicilian women who also received immediately postpartum an ergot derivative injection.
Results of ␤-EP-IRM determinations (nanograms per
milliliter) are reported in Table 2. Colostrum volumes collected from Burkinabe women were about two to three
times larger than those from Sicilians (Table 2).
The mean ␤-EP-IRM concentration in the colostrums of
Burkinabe women was 0.83 ⫾ 0.04 ng/mL in the first day
and progressively decreased in the second (0.69 ⫾ 0.04
ng/mL) and third (0.64 ⫾ 0.1 ng/mL) days. ␤-EP-IRM
concentration in the colostrums of Sicilian women was
lower (0.31 ⫾ 0.02 ng/mL) than that observed in Burkinabe
women during the first day and remained stable in the

␤-EP assay
The ␤-EP concentrations in colostrums were assayed by
enzyme immunoassay with a commercially available kit
from Peninsula Laboratories Inc., San Carlos, CA, USA
(catalog no. S-1134). Samples were read using the EL-312e
microplate (Bio-Tek Instruments Inc., Highland Park Winooski, VT, USA). Documentation for this kit states that
only ␤-EP immunoreactive material (IRM) is measured
with this assay. The intra-assay coefficient of variation (repetitiveness) was ⫾4.8%, the interassay coefficient of variation (reproducibility) was ⬍14%, and the smallest single
value distinguishable from zero with 95% confidence (sensitivity) was 0.03 ng/mL. A standard sample was added to
each plate; the reported results were the mean of two determinations.
Statistical analysis
Colostrum ␤-EP-IRM levels are presented as mean ⫾
standard deviation. Statistical comparison of ␤-EP-IRM
concentrations between samples collected over 3 consecutive days were performed using non-parametric Wilcoxon
rank test for paired and unpaired samples. The correlation
between ␤-EP-IRM and length of stage I (starting after
cervical dilation to 10 cm until delivery of the infant) was
made through linear regression curve analysis and calculation of r2.
The power of tests conducted at an ␣ level of 0.05 with
Statmate 2 for Windows (GraphPad Prism 4, USA) was
⬎60%. P ⬍ 0.05 was selected for significance in all statistical tests.

Table 1
Anthropometric, obstetric, and delivery characteristics and
socioeconomic status of mothers*
Sicilians
(n ⫽ 30)
Maternal age (y)
Height (m)
BMI (kgm2)
Deliveries (n)
Child birth preparation
Gestational age (wk)
Vaginal delivery
Assistance to delivery
Episiorrhaphy
Length of stage II (min)
Ergotamine injection
Obstetric complications
(infection, antibiotic use)
Homes (%) with
No electricity
No refrigerator or freezer
No private water supply
No private toilets
Radio set
Television set

27.0
1.61
22.3
2
30
40.0
30
30
30
45
45.3
30
0

⫾ 6.8
⫾ 0.06
⫾ 4.5
(1/3)
(39–41)

(20–70)
⫾ 11.53

0
1
0
1
100
99.0

BMI, body mass index; NS, not significant
* Mean ⫾ SD or median (range).

Burkinabe
(n ⫽ 53)

P

26.6 ⫾ 7.0
1.62 ⫾ 0.05
23.0 ⫾ 4.0
4 (1/9)
0
39.5 (38–40)
53
53
0
30 (15–60)
29.66 ⫾ 10.6
0
0

NS
NS
NS
0.0001
0.0001
NS
NS
NS
0.0001

68.2
82.1
73.2
87.0
88.2
26.7

0.0001
0.0001
0.0001
0.0001
NS
0.0001

0.0001
0.0001
NS
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Table 2
␤-EP-IRM in colostrums of Burkinabe and Sicilian women
Samples

Parameter

␤-EP-IRM (ng/mL) and volume (mL/10 min)
1° d

Burkinabe (n ⫽ 53)
Sicilian (n ⫽ 30)

␤-EP-IRM (ng/mL)
Volume (mL/10 min)
␤-EP-IRM (ng/mL)
Volume (mL/10 min)

2° d

0.83 ⫾ 0.04*
6.0 ⫾ 0.5*‡
0.31 ⫾ 0.02
2.0 ⫾ 0.1*

‡

3° d

0.69 ⫾ 0.04
8.0 ⫾ 0.5†‡
0.31 ⫾ 0.017†
4.0 ⫾ 0.1†
†‡

0.64 ⫾ 0.1‡
10 ⫾ 0.5‡
0.28 ⫾ 0.015
6.0 ⫾ 0.1

␤-EP-IRM, ␤-endorphin immunoreactive material
* P ⬍ 0.0001, 1° versus 2° d.
†
P ⬍ 0.0001, 2° versus 3° d.
‡
P ⬍ 0.0001, Burkinabe versus Sicilian.

second day after delivery before a decrease in the third day
(0.28 ⫾ 0.015 ng/mL; Table 2).
No correlation was found between the level of ␤-EPIRM and the age of the mothers, or the number of pregnancy, in either group.
The level of ␤-EP-IRM was significantly higher in the
colostrums of 10 Sicilian and 16 Burkinabe mothers who
exhibited pain and psychological involvement during and
after delivery (Fig. 1a,b). In the colostrums of Sicilian
mothers who received ergot derivatives, episiorrhaphy, and
child birth preparation, the correlation between ␤-EP-IRM
and length of stage II was significant (r2 ⫽ 0.53, P ⬍
0.0001). This correlation was present at a less significant
level (r2 ⫽ 0.24, P ⬍ 0.001) in Burkinabe mothers who
received neither ergot derivatives nor child birth preparation
(Fig. 2a,b).
Burkinabe women delivered without complications and
came back home after 3 d. The Sicilian mothers did not
show severe delivery complications.

Discussion
The biological effects of elevated ␤-EP content in human
colostrum have not been fully elucidated in newborns. We
report the colostrum ␤-EP-IRM levels in Burkinabe and

Sicilian women after full-term delivery, showing that ␤-EPIRM levels in Burkinabe women are significantly higher
than those found in Sicilian women during the first 3 d of
lactation. The socioeconomic factors may influence ␤-EPIRM colostrum levels, but we do not know the exact mechanism. The child birth preparation and delivery assistance
by a known midwife in Sicilian mothers, which decreased
labor pain and psychological stress, decreased ␤-EP-IRM
level in Sicilian colostrums. In contrast, in the absence of
these facilities the Burkinabe mothers, who delivered without preparation, showed greater labor stress and correspondingly higher ␤-EP-IRM colostrum levels.
The ␤-EP content in human colostrum may be important
in overcoming birth stress and in postnatal fetal adaptation.
In fact, longer delivery periods with more intense pain and
higher stress increase the risk of neonatal tissue injury,
which would subsequently require “stress adaptation,” a
potential role for ␤-EP.
The effect of ␤-EP is not limited to nervous cells, but
also to cells of the immune system [17–19]. In particular,
several studies have reported the presence of ␤-EP receptors
on immune cells. Moreover, ␤-EP was found to interact
specifically with T lymphocytes in several “in vitro” experiments [20,21]. Other studies have shown that ␤-EP enhanced in vitro mitogen-induced T-cell proliferation and
augmented human natural killer cell cytotoxic activity [22].

Fig. 1. ␤-EP-IRM level (nanograms per milliliter) in colostrums of Burkinabe (a) and Sicilian (b) women in the first day of delivery. ␤-EP-IRM, ␤-endorphin
immunoreactive material.
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Fig. 2. Correlation between ␤-EP-IRM levels (nanograms per milliliter) in colostrums of Burkinabe (a) and Sicilian (b) mothers and length of stage II of
labor. ␤-EP-IRM, ␤-endorphin immunoreactive material.

␤-EP also has been reported to enhance interleukin-2 production in mitogen-stimulated murine splenocytes and in
cloned T-cell lines [23]. ␤eta-EP– derived peptides also
were found to stimulate macrophage digestion of virulent
micro-organisms, to enhance adhesion and spreading of
murine peritoneal macrophages by 20 –30%, and to inhibit
␤-EP binding specifically to non-opioid receptors [24].
Therefore, these peptides may be considered selective agonists of non-opioid receptors for ␤-EP, the effect of which
is particularly relevant for neonates born in African countries, ensuring them a better adaptation to extrauterine life.
Immune effects of ␤-EP may be especially relevant in
Burkina Faso where substandard environmental conditions,
deficits in proper hygiene, and limited obstetric assistance
are the norm.
The higher ␤-EP-IRM levels measured in the colostrums
of Burkinabe women after full-term delivery decreased by
approximately 25% from day 1 to day 3, whereas the initial
lower levels found in Sicilian women showed little reduction in levels.
We cannot exclude that ergot derivatives injected immediately after delivery influenced the colostrum levels of
Beta-EP-IRM. However, the dramatic reduction in colostrum ␤-EP levels on the first day, due to ergot administration, should recover on the second and third days, resulting in large deviations in levels across the 3 d measured. We
observed no such deviations, thus casting doubt on this
hypothesis to explain the differences in ␤-EP levels.
The importance of child birth preparation in the pathogenesis of stress is shown by the lower ␤-EP-IRM content
in Sicilian colostrums and by the significant correlation
between ␤-EP-IRM and length of stage II. This was less
significant in Burkinabe mothers because child birth preparation represents an important determinant in the pathogenesis of labor stress.
However, the potential effects of ␤-EP colostrum concentration are confounded by the fact that Burkinabe women

produce more colostrum (two to three times) than Sicilians.
Therefore, the differences observed between Sicilian and
Burkinabe mothers may be due to the concentration or absolute
amount of ␤-EP. In Sicilian mothers, the volume of colostrums
drawn could be smaller because they received an ergot derivative injection after delivery. An ergot derivative is a dopamine
receptor agonist that inhibits prolactin secretion, milk production, and the initiation of breast-feeding by 2–3 d [25].
However, prolactin levels present in colostrums of Sicilian
and Burkinabe mothers remained stable in the following 3 d,
whereas the content of insulin-like growth factor-1 in colostrum decreased progressively, thus underlining the essential
role of prolactin at the beginning of lactation [26]. In this study
the effect of the ergot derivative injected only to Sicilian
mothers did not seem to influence the prolactin concentration
in colostrum, thus supporting the hypothesis of a racial difference in lactogenesis between these two sets of women.
Ethnic factors may affect the timing of stage II lactogenesis and it is possible that the Burkinabe mothers secreted
milk sooner than the European women [27,28].
These could be convincing explanations for the volume
difference and ␤-EP-IRM content between Burkinabe and
Sicilian colostrums.
Acknowledgments
The authors thank the obstetricians of the Maternity of
Centre Medical St. Camille of Ouagadougou (Burkina
Faso), the Maternity of St. Bambino Hospital of Catania
(Italy), and, in particular, Sister Bernarda Omassi and Elisabeth Tiemtore for their indispensable help in this study.
References
[1] Oddy WH. The impact of breastmilk on infant and child health.
Breastfeed Rev 2002;10(3):5–18.

36

M. N. Ombra et al. / Nutrition 24 (2008) 31–36

[2] Lonnerdal B. Nutritional and physiologic significance of human milk
proteins. Am J Clin Nutr 2003;77(suppl):1537S– 43.
[3] Rodriguez-Palmero M, Koletzko B, Kunz C, Jensen R. Nutritional
and biochemical properties of human milk: II. Lipids, micronutrients,
and bioactive factors. Clin Perinatol 1999;26:335–59.
[4] O’Connor TM, O’Halloran DJ, Shanahan F. The stress response and
the hypothalamic-pituitary-adrenal axis: from molecule to melancholia. QJM 2000;93:323–33.
[5] Porreca F, Lai J, Malan TP.Can inflammation relieve pain? Nat Med
1998;4:1359 – 60.
[6] Khachaturian H, Lewis ME, Tsou K, et al. ␤-Endorphin, ␤-MSH, ACTH
and related peptides. In: Bjorklund A, Hokfelt T, editors. Proteins and
hormones. New York: Elsevier Science; 1985, p. 216 –72.
[7] Fajardo MC, Florido J, Villaverde C, Oltras CM, Gonzalez-Ramirez
AR, Gonzalez-Gomez F. Plasma levels of beta-endorphin and ACTH
during labor and immediate puerperium. Eur J Obstet Gynecol Reprod Biol 1994;55:105– 8.
[8] Goland RS, Wardlaw SL, Stark RI, Frantz AG. Human plasma
beta-endorphin during pregnancy, labor, and delivery. J Clin Endocrinol Metab 1981;52:74 – 8.
[9] Räisänen I. Plasma levels and diurnal variation of beta-endorphin,
beta-lipotropin and corticotropin during pregnancy and early puerperium. Eur J Obstet Gynecol Reprod Biol 1988;27:13–20.
[10] Klein DC, Nambodirii MAA, Auerbach DA. The melatonin rhythm
generating system, development aspects. Life Sci 1981;28:1976 – 86.
[11] Petrucha RA, Goebelsmann U, Hung TT, Haase HR, Lobo RA.
Amniotic fluid beta-endorphin and beta-lipotropin concentrations
during the second and third trimesters. Am J Obstet Gynecol 1983;
146:644 –51.
[12] Radunovic N, Lockwood CJ, Alvarez M, Nastic D, Berkowitz RL.
Beta-endorphin concentrations in foetal blood during the second half
of pregnancy. Am J Obstet Gynecol 1992;167:740 – 4.
[13] Lord JAH, Waterfield AA, Hughes J, Kosterlitz, HW. Endogenous
opioid peptides: multiple agonists and receptors. Nature 1977;267:
495–9.
[14] Assi AA. The influence of divalent cations on the analgesic effect of
opioid and non-opioid drugs. Pharmacol Res 2001;43:521–9.
[15] Zanardo V, Nicolussi S, Giacomin C, Faggian D, Favaro F, Plebani
M. Labor pain effects on colostral milk beta-endorphin concentrations
of lactating mothers. Biol Neonate 2001;79:87–90.

[16] Zanardo V, Nicolussi S, Carlo G, Marzari F, Faggian D, Favaro F,
Plebani M. Beta endorphin concentrations in human milk. J Pediatr
Gastroenterol Nutr 2001;33:160 – 4.
[17] Chuang TK, Killam KF Jr, Chuang LF, Kung HF, Sheng WS, Chao
CC, et al. Mu opioid receptor gene expression in immune cells.
Biochem Biophys Res Commun 1995;216:922–30.
[18] Carr DJJ, Kim C-H, deCosta B, Jacobson AE, Rice KC, Blalock JE.
Evidence for a -class opioid receptor on cells of the immune system.
Cell Immunol 1988;116:44 –51.
[19] Carr DJ, DeCosta BR, Kim CH, Jacobson AE, Guarcello V, Rice KC,
Blalock JE. Opioid receptors on cells of the immune system: evidence
for delta- and kappa-classes. J Endocrinol 1989;122:161– 8.
[20] Gilmar SC, Schwartz JM, Milner RJ, Bloom FE, Feldman JD.
␤-Endorphin enhances lymphocytes proliferative responses. Proc
Natl Acad Sci USA 1982;79:4226 –30.
[21] Gilmore W, Moloney M, Berinstein T. The enhancement of polyclonal T cell proliferation by ␤-endorphin. Brain Res Bull 1990;24:
687–92.
[22] Hsueh CM, Tyring SK, Hiramoto RN, Ghanta VK. Efferent signal(s)
responsible for the conditioned augmentation of natural killer cell
activity. Neuroimmunomodulation 1994;1:74 – 81.
[23] Gilmore W, Weiner LP. ␤-Endorphin enhances IL-2 (IL-2) production in murine lymphocytes. J Neuroimmunol 1998;18:125–38.
[24] Navolotskaya EV, Zargarova TA, Malkova NV, Zharmukhamedova
TY, Kolobov AA, Kampe-Nemm EA, et al. Macrophage-stimulating
peptides VKGFY and cyclo(VKGFY) act through nonopioid betaendorphin receptors. Biochem Biophys Res Commun 2003;303:
1065–72.
[25] Shane JM, Naftolin F. Effect of ergonovine maleate on puerperal
prolactin. Am J Obstet Gynecol 1974;120:129 –31.
[26] Musumeci M, Simporè J, D’Agata A, Malaguarnera L, Carrozza C,
Zuppi C, Musumeci S. Biological substances present in human colostrum demonstrate the evolution of this essential nutrient for growth
and development: IGF-1 and prolactin. Nutr Res 2005;25:133– 42.
[27] De Amici D, Gasparoni A, Guala A, Klersy C. Does ethnicity predict
lactation? A study of four ethnic communities. Eur J Epidemiol
2001;17:357– 62.
[28] Chapman DJ, Young S, Ferris AM, Perez-Escamilla R. Impact of
breast pumping on lactogenesis stage II after cesarean delivery: a
randomized clinical trial. Pediatrics 2001;107(suppl):E94.

