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ABSTRACT

orld Health Organization recommends exclusive breastfeeding, for the first six

months of the infant’s life, due to the unique composition of breast milk (BM). For

working nursing mothers, practicing exclusive breastfeeding can be a challenge.
Obijectives: To assess the effect of storing BM at different temperatures and durations on
selected macronutrients and micronutrients content. Methods: Sixty BM samples were
collected in sterile polypropylene containers from twenty mothers at the National Nutrition
Institute. Samples from each mother were divided into 3 sets: the first was analyzed
immediately, the second were analyzed after storage in refrigerator first shelf (4:6 <C) for 24
hours, the third were analyzed after storage in the freezer (-4:-8 <C) for one week. Results:
Refrigeration resulted in a statistically significant decrease in the Vitamin A and C content
of BM while freezing resulted in a statistically significant decrease in Lactose, Vitamin A, C,
and E content of BM. Despite all declines in the studied macronutrients and micronutrients,
their concentrations remained within the acceptable international reference ranges.
Conclusion: Breastfeeding practice should not be stopped or replaced. Changes found in
stored BM were found to be of little significance from the nutrition point of view.
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INTRODUCTION:

Breast milk has all the
nutrients newborn demands in the first
six months of his life. Along with
breastfeeding,  practice  provides
countless health benefits for the
mother as well as her infant. The
World Health Organization (WHO
2011 & 2019) considers human Breast
milk as the optimal nutrition and ideal
mix of nutrients that can be delivered
to every full-term healthy infant for at
least 6 months. Therefore, WHO
recommends that infants must be
exclusively breastfed for the first six
months of their lives to aid in their
proper growth and development and
to serve as the foundation of health
throughout their life. The concept of
‘Exclusive breastfeeding” depends on
feeding infants aging from zero to six
months oldonly human breast milk
with nofluids — not even water —nor
any food items with the exception of
medications and supplementations
such as oral rehydration solution, or
drops/syrups of vitamins and minerals
when needed (WHO 2011 & 2019).
According to the Egyptian
Demographic Health Survey (EDHS
2014), it was revealed that even
though 96% of infants are ever
breastfed; but, only 13% of infants are
exclusively breastfed (EDHS 2014).

A huge challenging situation that is
facing almost all employed nursing
mothers is how to balance between
sustaining breastfeeding in general. In
addition, exclusive breastfeeding in
particular and their paid work, thus
increasing the possibility of early
termination of breastfeeding
(Guendelman et al., 2009). Several
factors contribute and guide a
woman’s decision to exclusively
breastfeed, for an example; short
maternity leave, early return to work,
strict work schedule and working
hours, lack of privacy and support at
work (Walingo et al., 2014; Zhang et
al., 2015; and Thu et al., 20009.
Another raised obstacle to maintain
successful lactation is separating a
mother from her infant due to illness,
hence the importance of finding
alternatives to feed the separated
infants and to maintain breast milk
secretion and storage! (Ogbuanu et
al.,  2011).  Nevertheless, the
temperature of storage, the storage
container and the heating process may
influence the nutritional components
of human milk (Hamosh et al., 1996;
and Lawrence et al., 1999).

! The pediatrician
breastfeeding. Breastfeed Med. 2010;
5(5):235-236 pmid: 20942709

supports
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Investigating the impact of storing
breast milk on its nutrients’
concentration is necessary for the
welfare of breastfed infants. It is
important to understand that once
human milk is collected, stored,
frozen, and thawed, it may go through
qualitative and quantitative changes
that render it significantly different
from milk obtained by an infant
during normal suckling (Vieira et al.,
2011). The present study aimed to
determine the effect of storage of
breast milk for different durations and
temperatures, on a number of its
chemical constituents, namely total
proteins, total fats, lactose, vitamin C,
vitamin A and vitamin E.

METHODS

This research was an in-vitro
experimental study design conducted
at National Nutrition Institute from
January till mid-February 2016.

Sample Collection:

Demographic data were collected
using an interview-guided
questionnaire  for an  example;
maternal age, parity, maternal BMI,
gestational age of the infant, infants’
ages and ordering of the child.

Twenty human breast milk samples
were collected from twenty
anonymous mothers attending breast-

feeding clinic at the National Nutrition
Institute. All participants provided
informed consent. Milk samples were
collected from the mothers who have
babies aged 4 weeks to 24 weeks (6
month). All donors were healthy and
gave birth to healthy infants. Simple
random sampling method was the used
sampling technique to obtain human
breast milk samples of the research
subject (mothers who fulfilled the
research requirements). Each
participant mother was instructed to
wash her hands carefully with soap
and water before collecting milk
samples, then to express some of her
breast milk -from either the left or
right breast- into labeled sterile hard
glass containers (60 ml each) by a
sterilized electric expression pump.
The samples came from just one
extraction (60 ml). Immediately
following extraction- within 20-25
minutes, the samples were transferred
in an igloo (ice mate) to the analytical
laboratory in  National Nutrition
Institute for chemical analysis and
storage.

Sample Preparation and Storage:

The breast milk samples were
collected in sterile hard glass
containers, covered with tight
caps.The collected expressed breast
milk (EBM) samples from each
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mother were divided into 3 sets, each
set were divided into another 2 set as
one of them is wrapped with
aluminum foil as follows:

1) The first sample (20 ml) was
analyzed immediately to be
considered as the control
sample (the baseline for
analysis at zero hour).

2) The second sample (20 ml)
was stored immediately in the
refrigerator, first shelf (4-
6°C) for 24 hours then
analyzed.

3) The third sample (20 ml) was
stored immediately in the
freezer (-4 to -8°C) for one
week then analyzed.

Sample Analysis:

For vitamin analysis, the containers
were dark or wrapped with aluminum
foil to avoid exposure to light. Milk
was analysed for its proximate
composition: moisture, ash, fat and
protein according to AOAC 2016
standard methods (AOAC 2016).
Carbohydrate was estimated by
difference [100-(Protein+ fat+
moisture)]  while  fatty  acids
composition were determined
according to the method of Morrison
and Smith 1964, 1SO 15304 /2002,
ISO 12966-2 /2011 and Santos et al.,
2015. The content of minerals and

vitamins was assayed by means of the
AAS flame technique, using a Unicam
929 apparatus (AA Spectrometer
Unicam) and HPLC (Shimadzo)
respectively using standard methods
of AOAC 2016, Analysis was done in
triplicate.

Data Analysis:

Descriptive statistical analysis is
presented for the six outcome
variables (total fat content, total
proteins content, lactose content, and
concentrations of Vitamin A, vitamin
C and vitamin E).

Data were analysed using SPSS
software, specifically using the
independent  ttest and one-way
analysis of variance (ANOVA).
Significant differences were defined
asP wvalue<0.05 with a 95%
confidence level.

RESULTS:

Twenty breast milk samples were
obtained from 20 healthy mothers.
Mean age of the mothers was 28.7
years (SD +5.98). Ninety percent of
the mothers were living in urban
areas. Nine out of the twenty
participating mothers gave birth by
Caesarean section. Mean gestational
age of their children was 39.10 weeks
(SD +1.21). Sixty percent (n=12) of
the infants were females and their
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mean age was 87.70 days (SD
+47.18).

Table (1): demonstrates that the
researchers at the start compared the
baseline fresh breast milk nutrient
mean values (at Zero Hour) samples
for all the twenty participants mothers
with international reference Milk
nutrient mean values
formacronutrients, vitamins. Although
the mean of the baseline values of
macronutrients and vitamins studied
breast milk samples, were lower than
the international mean reference
values; but still the nutrient content
values were within the international
reference nutrient ranges for mature
breast milk (Curran et al., 2000).

Table (2) shows the results came out
when the researchers analyzed the
second patch of the collected breast
milk samples after being stored for 24
hours in refrigerator at (4-6°C) and
compared it with the Baseline Mean
Values of Breast Milk. Nutrients at
Zero Hour, a statistically non-
significant reduction in fat, protein
and lactose content as well as in
vitamin E concentration were found,
while a highly statistically significant
reduction in vitamin C concentration
and statistically significant reduction
in vitamin A concentration were

revealed in relation to the baseline
fresh breast milk sample at zero hour.

Table (3): displays the comparative
results as the researchers analyzed the
third patch of the collected breast milk
samples after being stored for one
weekin freezer at (-4 to -8°C) and
compared it, a statistically non-
significant reduction in fat, protein
and lactose content as well as in
vitamin E concentration were found.
While a highly statistically significant
reduction in vitamin C concentration
andstatistically significant reduction
in vitamin A concentration were
revealed in relation to the baseline
fresh breast milk sample at zero hour.

DISCUSSION

The present study provides
information on the impact of storage
temperature and duration on selected
human breast milk. Nutrients (total
proteins, total fats, lactose, vitamin C,
vitamin A and vitamin E) as several
studies showed that storage of human
milk for later use has impacts on its
constituents and may influence it’s
nutritional components (Hamosh et
al., 1996; Lawrence et al., 1999;
Chang et al, 2012; and
Thatrimontrichia et al., 2015).
Uunlike milk formula, which has a
limited standard range of nutrient
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composition. Human breast milk
composition varies between nursing
mothers according to several maternal
and environmental factors. Hence the
wide range of international references
for nutrient concentrations of mature
breast (Curran et al., 2000; Hamosh
et al., 1996; Lawrenceet al., 1999;
Chang et al., 2012; Chung et al.,
2014 and Thatrimontrichia et al.,
2015). Despite the fact that there was
a significant difference between most
of the mean values of the studied
EBM nutrients and the international
reference mean values yet the nutrient
content values in all the samples were
found to be within the international
reference nutrient ranges for mature
breast milk. Learning all about human
breast milk composition and its
dynamics is considered an essential
tool to be able to understand the
potential impact of storage and for
proper management of infant feeding
(Chung et al., 2014).

With reference to all of the above;
variations in  human breast milk
composition may be related to one or
more of the following factors;
maternal age, maternal diet, parity,
breast-feeding routine, stage of
lactation, in  addition  toother
environmental factors such as regional
differences and may be seasons of the

year (Prentice 1996; and Pham et
al., 2020).
According to Howard & Gusterson
2000 and Neville et al., 2001 human
breast milk is divided into four stages
according to its composition and
volume of milk produced. The first
three to five days postpartum is the
stage of the “colostrum”. Then until
the end of the second week, it is the
stage of the “transitional milk”.While
afterwards and during full lactation
period it is the stage of the “mature
milk”; then a fourth stage is added at
the end of lactation which is the
“involution milk” (Howard and
Gusterson 2000 and Neville et al.,
2001). In the current study, mature
EBM samples were obtained from
nursing mothers, whose infants’ ages
ranged from 30 days up to 180 days.
Regarding fat content in
refrigerated  breast milk, results
revealed a non-significant decline in
fat content of breast milk after
refrigeration, in the first shelf (4-6C),
for 24 hours (P = 0.71), as well as a
non-significant decline in fat content
of breast milk after freezing (-4 to -
8C), for 1 week (P = 0.43). Both
declines were considered not effective
from the nutritional point of view, as
the mean values of fat content in both
the 24 hours refrigeratedbreast
milkand the 1 week frozen breast milk
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samples were still within the
international reference nutrient ranges
for mature breast milk.For mature
breast milk. Similar findings were
reported by a number of researchers
(Pardou et al., 1994; and Ezz EI-Din
et al., 2004) who attributed these
results to the lipolysis occurring
during storage, lipid peroxidation or
most likely due to the adherence of
breast milk to the container wall
(Chang et al.,, 2012). In contrast,
Pramitasari et al., 2019 reported an
increase in the fat content of the
refrigerated and frozen breast milk
samples under same circumstances,
but it was also considered not
clinically relevant and was attributed
to using different tools and techniques
(Pramitasari et al., 2019).

Regarding Protein content in
refrigerated  breast milk, results
revealed a non-significant decline in
Protein content of breast milk after
refrigeration, in the first shelf (4-6C),
for 24 hours (P = 0.46), as well as a
non-significant decline in protein
content of breast milk after freezing (-
4 to -8C), for 1 week (P = 0.39). Once
more, both declines were considered
not effective from the nutritional point
of view, as the mean values of protein
content in both the 24 hours
refrigerated breast milk and the 1-
week frozen breast milk samples were

still within the international reference
nutritive range for mature breast milk.
This was in accordance with what Ezz
El-Din et al., 2004 reported in their
study carried out among 61 healthy
lactating mothers attending Abu EI-
Reesh hospital outpatient clinics and
Qasr EI-Aini neonatal intensive care
unit  follow-up clinic at Cairo
University. Results was in accordance
with what Muhammad et al., 2016
stated that the temperature on
different types of storage did not
affect the levels of protein yet relating
the change to the duration of the
storage not to be more than 72 hours.
Furthermore Lev et al., 2014 revealed
in their research whereas the protein
content remained unchanged among
their participants’ samples. Although
Pramitasari et al., 2019stated a
significant decrease in the protein
content of the refrigerated and frozen
breast milk samples but both results
were still within the international
reference nutritive range for mature
breast milk which makes it clinically
irrelevant. Another study reported
increased concentrations of protein
content which according to their
explanation that it might be due to
water evaporation (volatilization),
sublimation, and the increased
infrared absorbance of protein at the
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5.7-um wave and over time (Chang et
al., 2012).

Regarding Lactose content in
refrigerated  breast milk, results
revealed a non-significant decline in
Lactose content of breast milk after
refrigeration, in the first shelf (4-6C),
for 24 hours (P = 0.270). This was in
agreement  with  several studies
showed no clinically significant
changes in the lactose content of the
refrigerated breast milk sample for 24
hours from the nutritional point of
view (Ezz EI-Din et al., 2004;
Pramitasari et al., 2019; and
Muhammad et al., 2016). However,
results showed a highly significant
decline in Lactose content of breast
milk after freezing (-20C), for 1 week
(P= 0.001), yet the mean values of
lactose content was still within the
international reference nutritive range
for mature breast milk.

Regarding Vitamins, A, C
and E content in refrigerated breast
milk, results revealed a highly
significant decline in Vitamins A and
C with a non-significant decline in
Vitamin E content of breast milk after
refrigeration, in the first shelf (4-6C),
for 24 hours (P = 0.049, P = 0.000 and
P=0.09 respectively). As well as after
freezing for both Vitamins A and C
and a highly significant decline for
vitamin E too after freezing at (-4 to -

8C), for 1 week (P = 0.000, P = 0.000
and P = 0.000 respectively). Again,
declines were considered of less
importance from the nutritional point
of view, as the mean values of both
vitamins content in both the 24 hours
refrigerated breast milk and the 1-
week frozen breast milk samples were
still within the international reference
nutritive range for mature breast milk.
Many studies found similar results
and explained the decline in vitamin C
content because of oxidation of
ascorbic acid during storage. It was
recommended that milk should be
frozen immediately in order to
minimize the oxidation process of
ascorbic acid and accordingly
minimize changes in vitamin C
concentrations (Ezz EI-Din et al.,
2004; Vieira et al., 2011; Lev et al.,
2014; Putu et al, 2019; and
Muhammad et al., 2016). While
Buss et al., 2001 and Soliman et al.,
2020 stated that after 24 hours
refrigeration of breast milk, mean
vitamin C concentration showed a
significant decline reached 65% of the
initial concentration before storage.
Therefore, it was recommended that
storage duration of breast milk in
refrigerator for less than 24 hours.
Usually would preserve 2/3 of the
initial vitamin C concentration. If not
convenient stored milk, vitamin C
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supplementation may be considered,
and according to Hanna et al., 2004
vitamin A, C and D concentrations
were found to be significantly
decreased being stored at both
refrigeration and freezing
temperatures and to preserve these
vitamins in breast milk, storing time
should be limited to 48 hours. In
addition, that refrigeration is better
than freezing and thawing.

CONCLUSION

The study confirms the importance of
exclusive breast-feeding for the first
six months infant’s life. In this regards
the results revealed that human breast
milk can be stored safely in
refrigerator (4-6°C) for 24 hours and
in the freezer (-4 to -8°C) for one
week despite the changes of some
macronutrients and micronutrients
that was found to be of little
significance from the nutrition point
of view.
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Impact of storage temperature and duration on nutritive content quality of Human

Breastmilk

Gihan FAhmad, Naglaa M Mostafa, Tayseer MA ElZayat, Ghada Z Soliman1, Eman A Al Morsi and
Eman M Elhabashi

Table (1): Baseline fresh Breast Milk Nutrient Values at Zero Hour Compared with
International Reference Milk Nutrient Values:

Nutrients Baseline fresh Breast Milk | International reference
Nutrient Values (at Zero | nutrient ranges for
Hour) mature breast milk
values (Curran et al.,
2015)
Mean (+SD) | Range Mean Range
Macro- | Fat 3.701(+1.09) | 2.10-6.40 4.54 1.34-8.29
nutrients | Protein 1.83(+0.59) | 1.24-3.51 1.06 0.73-2.0
Lactose 5.81 (+0.38) | 5.20-6.67 7.1 4.9-9.5
Vitamins | Vitamin C mg/dl | 3.46 (+0.90) | 2.10-5.20 5.2 0.0-11.2
Vitamin A mg/L | 0.37 (+0.06) | 0.28-0.49 0.61 0.15-2.26
Vitamin E mg/L | 1.39 (+0.10) | 1.22-1.55 2.4 1.0-4.8

Table (2): Baseline Mean Values of Breast Milk Nutrients at Zero Hour and after 24

Nutrients Mean at Zero | Mean after 24 | P Value*
Hour (+SD) Hours (+SD)

Macro- Fat 3.701 (£1.09) | 3.57 (+1.08) 0.71

nutrients | Protein 1.83 (+0.59) 1.71 (+0.41) 0.46
Lactose 5.81 (+0.38) 5.68 (+0.37) 0.270

Vitamins | Vitamin C mg/dl | 3.46 (+0.90) 2.03 (+0.46) 0.000
Vitamin A mg/L | 0.37 (+0.06) 0.33 (+0.06) 0.049
Vitamin E mg/L | 1.39 (+0.10) 1.33 (+0.10) 0.09

Hours Storage in Refrigerator at (4-6°C):
* P Value is considered significant if <0.05
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Table (3): Baseline Mean Values of Breast Milk Nutrients at Zero Hour and after
one week Storage in freezer at (-4 to -8°C):

Nutrients Mean at Zero | Mean after 1| P
Hour (+SD) week (+SD) Value*

Macronutrients | Fat 3.701 (+1.09) | 3.43(+1.08) 0.43
Protein 1.83 (+0.59) 1.70 (+0.38) 0.39
Lactose 5.81 (+0.38) 5.38 (+0.37) 0.001

Vitamins Vitamin C mg/dl | 3.46 (+0.90) 1.22 (+0.42) 0.000
Vitamin Amg/L | 0.37 (+0.06) 0.27 (+0.06) 0.000
Vitamin E mg/L | 1.39 (+0.10) 1.23 (+0.11) 0.000

* P Value is considered significant if <0.05
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