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Effect of evaporation and pasteurization in the
biochemical and immunological composition
of human milk

Lucylea P. M. Braga,! Durval B. Palhares?2

Abstract

Objective: To assess the effects of evaporation and pasteurization of human milk on its biochemical and

immunological composition and on its osmolarity.

Methods: The samples of mature human milk were categorized into four study groups: in natura human milk,
pasteurized human milk, human milk evaporated at 70% of the baseline volume and human milk pasteurized and
evaporated at 70%, with 12 different samples of milk in each group. The samples were used to determine the
concentrations of sodium, potassium, calcium, phosphorus, magnesium, protein, fat, lactose, immunoglobulin A and

osmolarity.

Results: The pasteurization of human milk did not show statistically significant changes in the concentration of
sodium, potassium, calcium, phosphorus, magnesium, protein, fat, lactose, or in osmolarity; however, it showed

remarkable reduction in the mean concentration of immunoglobulin A. Evaporation had a mean increase of 38% in the
concentration of sodium, potassium, calcium, phosphorus, magnesium, protein, fatand lactose and mean reduction of
45% in the concentration of immunoglobulin A, without significant change in osmolarity in unprocessed milk.

Conclusion: By evaporation at 70% of the baseline value of human milk, it is possible to obtain human milk that
meets the nutritional requirements recommended for preterm infants, except for calcium and phosphorus.

J Pediatr (Rio J). 2007,;83(1):59-63: Human milk, evaporation, nutritional requirements.

Introduction

The nutrition of preterm infants was not an interest in
many cultures, since these infants were seen as weak or
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unacceptable, with a frequently fatal outcome. Improve-

ment in neonatal care of preterm infants and the
establishment of intensive care units provided these infants
with better chances of survival, requiring greater concern
with their nutrition and development. The nutrition of these
children plays an important role in neonatal care in that itis
responsible for their immediate survival and for their
growth and development in the medium and long run.!
Specific formulas for very-low-birth weight infants have
been developed to meet the requirements of this

population, in which failure to thrive is quite common.2

Several studies have demonstrated that preterm infants
fed nonfortified human milk, after hospital discharge, show
a lower growth rate and lower bone mass density than
formula-fed infants.>
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In addition to the concern with growth, the effect on
brain development of preterm infants is of paramount
importance. Diets containing long-chain polyunsaturated
fatty acids have yielded good results at the early stage of
development. Only human milk provides adequate
amounts of fat and essential fatty acids for children’s
development.*

Studies have shown that nutrients in human milk do not
provide sufficient amounts of protein, sodium, phosphate
and calcium to sustain the proper growth of these preterm
infants.>® This has encouraged the development of new
nutritional options for these infants, especially using human
milk as a way to maintain their biological value.

Dialysis and ultrafiltration have been used as fractioning
method and later fortification of human milk;”® however,
these methods are complex and require sophisticated and
costly equipment.

Evaporation of human milk consists in removing some
amount of water, thus increasing its concentration. Santos,
in 1994, used the evaporation technique and, later,
precipitation and removal of lactose, to use the end product
as human milk additive.®

Human milk is stored in milk banks after pasteurization,
which consists of thermal treatment and quick cooling of
expressed human milk, in order to inactivate 100% of
pathogenic microorganisms and 99.9% of the saprophytic
microbiota.

Given the importance of maintaining the properties of
human milk in the nutrition of preterm infants, the aim of
the present study was to assess the effects of pasteurization
and evaporation of human milk on its biochemical and
immunological properties and on its osmolarity. Moreover, it
aimed to assess whether evaporation at 30% of its water
could make milk meet the nutritional requirements of
very-low-birth weight infants.

Methods

This was an experimental study carried out at the Milk
Bank of the Teaching Hospital of Universidade Federal de
Mato Grosso do Sul (UFMS), Brazil, at the Food Technology
Laboratory of UFMS and at the Animal Nutrition Laboratory
of Embrapa and at the Laboratory of Immunology of
Faculdade de Ciéncias Médicas de S&o Paulo, Brazil.

The milk samples were obtained from a pool of
volunteering donors, collected by manual expression, with
a minimum lactation period of 30 days. Twelve different
random samples of human milk were included in the study.
Each sample was divided into four aliquots, resulting in four
study groups: in natura (INHM), pasteurized (PHM),
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evaporated at 70% of the baseline volume (EHM) and
pasteurized and evaporated at 70% (PEHM).

The decision to have four study groups allows comparing
the effects of pasteurization and evaporation on human milk
and, later, combining these two processing methods to
obtain pasteurized and evaporated human milk.

For the sake of biochemical analysis (sodium,
potassium, calcium, phosphorus, magnesium, protein, fat
and lactose), the samples were stored in glass vials
previously washed with soap and water and treated with
nitric acid at 5%; for the immunological analysis
(immunoglobulin A - IgA), they were stored in snap-cap
sterile polyethylene vials.

Processing methods included pasteurization!! and
evaporation® at 70%. A rotary vacuum evaporator, which
allows for controlled water removal, was used for
evaporation of human milk. In this study, we opted for a
30% water removal at 40 °C.

For the biochemical analysis of sodium, potassium,
calcium, phosphorus and magnesium, the human milk
samples were submitted to nitric perchloric acid
digestion,*?'3 and readings were made using a flame
photometer (sodium and potassium), an atomic absorption
spectrophotometer, at a wavelength of 422.7 nm (calcium),
photocolorimetry, at a wavelength of 420 nm (phosphorus),
an atomic absorption spectrophotometer, at a wavelength
of 285.2 nm (magnesium).

Protein and fat concentrations were determined by the
method of Nakai & Le;'* lactose concentration was
determined by the method of Barnett & Tawab;° IgA levels
were determined by Mancini’s method.*®

All tests were performed in triplicate.

The osmolarity of human milk was measured by an
Advanced Digimatic Osmometer Model 3DII.

The study protocol was approved by the Research Ethics
Committee of Universidade Federal de Mato Grosso do Sul,
Brazil.

The analysis of variance for repeated measures was
used to compare the mean concentrations of sodium,
potassium, calcium, phosphorus, magnesium, protein, fat,
lactose, IgA and osmolarity across pairs. The Tukey-Kramer
test was used to compare the study groups regarding each
of the nutrients. The significance level was estab-
lished at 5%.

Results

The results for each nutrient are expressed as means
and standard deviations (Table 1).
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The comparison of the mean concentrations of nutrients
between the INHM and PHM groups revealed that
pasteurization did not significantly reduce the mean
concentration of sodium, potassium, calcium, magnesium,
phosphorus, protein, fat and lactose. The reduction in the
mean concentration of IgA in the INHM group comparatively
to the PHM group amounted to 64%, and was statistically
significant (p < 0.05) (Table 1).

The comparison of the results obtained from the INHM
and the EHM groups showed that the evaporation of 30% of
the water increased the mean concentration of sodium,
potassium, calcium, phosphorus, magnesium, protein, fat
and lactose by 38%, with statistically significant difference
for all the nutrients mentioned before. The reduction of
approximately 45% in the mean concentration of IgA
relative to the INHM group was not statistically significant
(p > 0.05) (Table 1).

Pasteurization and evaporation at 70% of human milk,
compared to in natura human milk, yielded statistically
similar results to those of the EHM group.

The osmolarity across the four study groups did not
show statistically significant differences.

Discussion

Human milk provides adequate nutrition for full-term
newborns, resulting in good growth and development, also
increasing their immunity and improving the mother-child
emotional status. Nevertheless, in preterm newborns,
human milk cannot provide a sufficient amount of some
nutrients, and their nutritional requirements are therefore
unmet.t”

In this study, two methods were used for the processing
of human milk: pasteurization and evaporation.
Pasteurization is used for thermal inactivation of pathogenic

microorganisms, allowing its storage in a milk bank. In this
study, a rotary vacuum evaporator was used for the removal
of 30% of the water. Vacuum plays a key role, since the
lower the pressure, the lower the temperature necessary for
the boiling of human milk.'® The temperature used for
evaporation was 40 °C, since at this temperature, the
natural properties of human milk are little affected.®

The samples of mature human milk used for the
analyses were obtained from milk bank donors, without
identifying them and classifying them according to their
nutritional status, socioeconomic background, time of milk
collection, among other factors that could interfere in the
concentration of nutrients.

The comparison between the INHM and PHM groups did
not reveal any significant difference for the nutrients
analyzed, except for IgA, showing that pasteurization
reduces its concentration by 64%.

Mature human milk contains approximately 7 mEq/L of
sodium.2° In this study, the mean concentration of sodium
in in natura milk (9.1 mEqg/L) and in pasteurized milk (8.6
mEq/L) was higher than that described in the literature,
possibly due to the fact that mothers living in this region
ingest more sodium than the recommended allowance.?!

Evaporation of human milk, obtained through the rotary
vacuum evaporator, is not so complex and has a low cost.
After the removal of 30% of water from human milk, all the
biochemical components analyzed increased by 38%,
showing that more accurate volume meters for control of
evaporated water volume and of evaporated milk are
necessary during the evaporation process.

Evaporation of human milk reduced the mean
concentration of IgA by 45%; however, when compared to
in natura human milk, there was no statistically significant

Table 1 - Mean andstandard deviation of sodium, potassium, calcium, phosphorus, magnesium, protein, fat, lactose, immunoglobulin A and
osmolarity in the in natura, pasteurized, evaporated and pasteurized and evaporated human milk groups

Nutrients Sodium Potassium Calcium

Phosphorus Magnesium Protein Fat Lactose IgA
MSD (mEq/L)  (mEq/L) (mg/L) (mg/L) (mg/L) (g/dL) (g/dL) (g/dL) (mg/dL) mOsm/L

Osmolarity

In natura 9.1+4.2%% 13+3.12 246.5+51.12 122.6+30.02 29.3+8.4° 0.8+0.182 2.8+1.18° 8.4+2.12° 247.5£11.7°2 264.9+£66.2°
human milk

Pasteurized ~ 8.6+2.92  12.9+2.87  236.9+51.1%  123.4+28.12 28.1+7.5  1.1+0.232P 3.6+1.572%P 9.1+2.412P  89.3+60.7®  261.8+38.3?
human milk

Evaporated 12.4+5.8° 19.4+4.2® 320.6+53.6° 163.6+36.8°  39.5+39.5P 1.2+0.27°¢ 3.9%1.73%¢ 11.1+2.73PC  137+102.22  337.4+103?
human milk

Pasteurized 12.6+3.5° 19.5%2.7° 328.3£66.7° 174.4%174.4® 38.6%10.7° 1.4£0.39¢ 5.0+2.11¢ 11.7+2.17¢  197.5+114.8% 321.2+81.22
and

evaporated

human milk

M = mean; SD = standard deviation.
* In the rows, same letters do not differ significantly, Tukey-Kramer, p > 0.05.
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difference. This lack of significance may be due to the small
sample size, since in some comparisons (IgA and
osmolarity), in which the variables had a high standard
deviation, atype Il error (false-negative) was more likely to
happen. For instance, in the case of comparisons of IgA
levels between groups, statistical power decreased to 76%.

The INHM group had a mean osmolarity of 264.9
mOms/L, which is in agreement with the scientific
literature.2? After evaporation of 30% of water from human
milk, mean osmolarity increases to 337.4 mOsm/L, which
may be acceptable for preterm infants.??

According to Schanler, additives increase the osmolarity
of human milk, but do not cause intolerance of these
additives in preterm infants. With the additive, osmolarity
increases to 400 mOsm/L, but the osmolarity of the
gastrointestinal tract contents amounts to approximately
600 mOsm/L.22

In the PEHM group, the results for biochemical elements
and osmolarity were similar to those of the EHM group.
However, the mean concentration of IgA was reduced by
only 20%, when it was expected to have a reduction similar
to that of the PHM and EHM groups. This can be explained by
the number of analyzed samples, since IgA results varied
considerably in this study.

By observing the changes in biochemical and
immunological composition and in the osmolarity of human
milk during its pasteurization and evaporation, and by
analyzing the nutritional requirements recommended for
preterm infants by the American Academy of Pediatrics 2 in
1998 , by the ESPGHAN Committee on Nutrition?* in 2006
and by the Nutrition Committee of the Canadian Pediatric
Society,?® our conclusion is that pasteurized and
evaporated human milk can meet the recommended
requirements of sodium, potassium, magnesium, protein,
fat and lactose, but that it does not meet calcium and
phosphorus requirements.

New studies should be carried out to assess the possible
use of pasteurized and evaporated human milk, and to
evaluate possible effects on the metabolism and growth of
preterm infants submitted to this diet.
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