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Abstract Human milk provides infant with the required nutrients for growth and development. Due to working 

mothers cannot breast feed their babies, storing milk is the answer to somewhat. The aim of this study was to assess 

the influence of different temperatures and storing durations on macro- and micronutrients contents of breast milk. 

The samples were also subjected to microbiological investigation. This research was an experimental study with a 

complete randomized design. Mature breast milk samples were obtained from 20 volunteer lactating mothers 

residing in Cairo, Egypt, at least 3 months after they delivered their babies. Samples were divided into three 

treatment-groups of storing temperatures: room (RT), refrigerator (4˚C) and freezer temperatures (-18: -20˚C). The 

measurement (protein, fat, lactose, vitamins as A, E, and C; and minerals as Zn content) were done on the 0 time 

(Fresh RT); 1st (refrigerator) and 15th day (Freeze) for micro-, macro nutrients and also were investigated for 

microbiological contamination. A non significant decrease in protein and fat were observed while lactose shows a 

significant decrease. Vitamins A, E and C and Zn showed a significant decrease but vitamin C is more affected 

where decrease reach 65%. Based on this research, breast milk can be safely stored  up to  24  hours  in  the 

refrigerator  or  freezer  temperature to  keep  the  nutrient  contents intact.     

Keywords human milk, essential minerals 

Introduction 

Exclusive human milk feeding for the first 6 months of life, with continued breastfeeding for 1 to 2 years of life is 

the normal situation for infant feeding as the sole source of nutrition for infants in the first 6 mo [1-3]. Human milk 

is suited to the human infant feeding for its unique composition and valuable nutrition elements as it contain 

bioactive factors as anti-infectious and anti-inflammatory agents, growth factors, and prebiotics; and contribute to 

immune maturation, organ development, and healthy microbial colonization [4].  

The use of expressed breast milk (fresh or frozen) has been noted to provide both nutritional and immunological 

benefits especially if its nutritional value can be conserved [5]. This becomes necessary when babies may be 

separated from mothers due to maternal employment or schooling. In the developing countries due to life style 

change and low economic of most populations, some women works and this sometimes can hinder their ability to 

breast feed their babies. As a way to resolve this problem breast milk can be stored and fed to babies while mothers 

are working, as long as the storing process is carried out properly, but still some mothers might not prefer milk that 
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has been previously stored either in refrigerator or frozen. The ability to store or keep human milk frozen for one’s 

own child helps families around the world every day but still need to confirm, whether nutrients are lost or not in the 

process. Feeding infants with expressed human milk is increasing. Silvestre et al., [6] consider freezing at < –80C 

is the best for long-term freezing of breast milk since it minimizes the loss of its properties but still is too expensive 

for working mothers. Also there is a great fear of possible bacterial contamination and growth of pathogenic bacteria 

which makes stored milk harmful for babies feeding. Hygienic preservation of milk has been a major goal since the 

early days of milk banking [7]. 

Horwood et al., [8] and Isaacs et al., [9] stated that feeding the baby expressed milk rather than substitutes 

significantly improve various IQ parameters as measured at 7 – 8 years old. 

In international guidelines the maximum period for freezing time at < -20C recommended for breast milk is highly 

variable, ranging between 1 and 12 months [10]. 

 

Materials and Method 

Informed consent was taken from all mothers participating in the study. This research is an experimental study with 

a complete randomized design. Mature breast milk samples of full term were obtained from 20 volunteer lactating 

mothers (n=20), at least 3 months after they delivered their babies; aged between 22 to 35 year-old in Cairo, and 

their babies ‘ages 3 months. All mothers were of intermediate socioeconomic groups. Exclusion criteria included the 

presence of any significant maternal disease, malnutrition or the use of any medication during lactation. Before 

sampling, each mother gently washed both areolas with baby soap, rinsed them thoroughly with water, dried the 

skin, and collected the milk with a soft squeeze by her own effort. Samples were collected in sterile containers; 

divided into three groups (each in several small containers) of storing temperatures: room (RT), refrigerator (4˚C) 

and freezer temperatures (-18: -20˚C). The measurement of the contents of lactose, protein, fat, vitamin A, E, C; Zn, 

and microbiological investigation was performed in each sample on the 0 time (Fresh RT); 1
st
 day (refrigerator) and 

15
th

 day (Freeze). Milk were collected between 10-12 O’clock, from both fore-and hind milk. The samples were 

transported in ice packs to the laboratory within 20–25 minutes. One of the 3 samples was analyzed immediately as 

the baseline fresh control one. 

 

Analysis 

All analysis: macro-and micro nutrient, vitamins and minerals were done according to AOAC 2016 method [11]. 

 

Condition of Storing 

Frozen human milk should be stored in the back of the freezer to prevent exposure to different temperature due to 

freezer door opening, and should be kept away from the walls of self-defrosting freezers. All containers with human 

milk should be well sealed to prevent contamination; filled to 2/3
rd

 its volume to allow expansion with freezing and 

labeled with the date of milk expression. Storing human milk in several small containers such as 15mL is a 

convenient way to prevent repeated thawing human milk. Boiling is prevented before storage of milk.   

 

Statistical Analysis 

Data are expressed as means ± SEM. The distribution of data normality was confirmed using Shapiro-Wilk tests. 

Their statistical significance was assessed one way ANOVA followed by post hoc test Duncan using the statistical 

package SPSS 21.0 for Windows (SPSS, Chicago, IL). P < 0.05 was considered statistically significant. 

 

Results and Discussion 

The average age of the women included in the present study were 28 ± 4 years old (22-35y). Of the babies, 60% 

were girls and 40% were boys and the average birth weight for infants was 3.79 ± 0.56 kg.  

Freezing means a series of physicochemical changes in the breast milk components: a rupture in the fat globule 

membrane; formation of casein precipitates and structure of whey proteins are altered [12].  
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I-Macronutrients 

The macronutrient composition of human milk varies within mothers and across lactation [13].  

Table 1: The level of protein, fat and lactose contents in human breast milk during different storage method and 

durations (Mean ± SEM) 

Storage Duration Fresh 24h 15 Days 

Method 

 

Room Temp 

 

Refrigerator 

4˚C 

Freezer 

-18: -20˚C 

 Nutrients 

 

  

  

  

Protein 

g/100ml 

1.70±0.18
a
 1.62±0.22

a
 1.56±0.29

a
 

  -4.25 -8.08 

    -4.00 

Fat 

g/100ml 

3.77±1.11
a
 3.48±0.96

a
 3.11±0.94

a
 

  -7.72 -17.63 

    -10.75 

Lactose 

g/100ml 

5.17±0.86
a
 4.31±0.82

 b
 3.69±0.62

b,c
 

  -16.54 -28.56 

    -14.41 
                    abc

significantly different. 

Table 1a: Macronutrient concentration in human milk as referred in the other literatures and from current study 

 Current 

Study 

Perrin et 

al., 2016 

Glew et al., 

2008 

Glew et al., 

2011 

Butte et al., 

1990 

Nommsen 

et al., 1991 

Protein 1.70±0.18 1.55±0.19   0.92±0.21 1.14±0.15 

Fat 3.77±1.11 3.83±1.94 3.27±2.27 4.53±1.84  3.58±0..82 

Lactose 5.17±0.86 5.67±0.73   6.51±.0.20 7.22±0.17 

Table 1 shows the level of protein, fat and lactose contents in human breast milk during different storage method 

and durations. Analysis of protein and fat contents on 24 h and 15 
th

 day contents in refrigerator and freezer storage 

respectively showed insignificant decreased in comparable to the control (Fresh: 0 day, RT) except for lactose where 

it showed a significant decrease when compared with the fresh one but no significant change between storage at 24 h 

and 15 days. Despite the insignificant change there was a decrease in the content ranging -4 : -8.08% for protein; -7 : 

-17.63% for fat; while for lactose it reach -28.56% (significant decrease for lactose, (3.69±0.62 vs 5.17±0.86)). This 

study indicated that there was no significant effect between the storage temperature and the level of protein and fat 

content of mature breast milk. 

Table 1a shows fresh macronutrient concentration in human milk as referred in the other literatures and from current 

study. Our result for protein, fat and lactose agree with Perrin et al., [14] and disagree with Glew et al., [15-16] for 

fat, and with Butte et al., [17] & Nommsen et al., [18] for protein and lactose. 

Storage of human milk at 4˚C or -18: -20˚C had no significant effect on protein content since denaturation occurs 

only when there is factors as heat or alcohol treatment (). Protein of human breast milk is not denatured at storage 

temperature of 4 C for 48 h [19]. The storage of breast milk in the freezer does not have a major influence on the 

protein level, so that the milk can be stored safely for 72 hours at a temperature of 4-6 C. The results of this study 

support the previous study stated that the temperature on different types of storage did not affect the levels of 

protein. 

Storage duration influenced the changes in the fat content of breast milk. Breast milk contains the enzyme lipase 

(produced from lipolytic bacteria) which serves to digest fats into diglycerides then monoglycerides [20]. Another 

study also explained that lipolysis runs very fast starting from the first hour of storage and process reached 8% at 24 

hours of storage [21].  

Our results tend to agree with Pardou et al., [22], who observed a non-significant decrease in total lipid content after 

refrigeration at 4–6 °C as well as after freezing at –20 °C for 8 days, which could be due to lipolysis occurring 
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during storage. They reported that this decrease did not exceed 2.0%–6.7% from the initial values of fat in breast 

milk samples. 

Fat is the most highly variable macronutrient of milk. Hind milk, defined as the last milk of a feed, may contain two 

to three times the concentration of milk fat found in foremilk, defined as the initial milk of a feed [23]. A study of 

milk from 71 mothers over a 24- hour period found that the milk fat content was significantly lower in night and 

morning feedings compared to afternoon or evening feedings [24]. Another study found that ~25% of the variation 

in lipid concentration between mothers’ milk may be explained by maternal protein intake [18]. Bertino et al., [25] 

stated that lipid composition and lipase activity remained stable up to 96 hours in the refrigerator. 

The principal sugar of human milk is the disaccharide lactose. The concentration of lactose in human milk is the 

least variable of the macronutrients, but higher concentrations of lactose are found in the milk of mothers producing 

higher quantities of milk. The other significant carbohydrates in breast milk are oligosaccharides (1 g/100 ml) [26]. 

Our results disagree with Iqbal et al [27] where they stated that the storage temperature has no effect on the level of 

lactose, protein and fat contents of breast milk and the duration of storage do not affect the lactose content of breast 

milk but affects the protein and fat content of breast milk. 

Table 2: The level of vit A, E and C contents in human breast milk during different storage method and durations 

(Mean±SEM) 

Storage Duration Fresh 24h 15 Days 

Method Room Temp Refrigerator Freezer 

Nutrients 

 

  

  

  

Vit A 

  

  

0.37±0.04
 a
 0.33±0.04

a,b
 0.27±0.05

c
 

  -8.99 -25.34 

    -17.96 

Vit E 

  

 

1.39±0.07
 a
 1.33±0.08

a,b
 1.25±0.09

c
 

  -4.10 -9.86 

    -6.00 

Vit C 

  

  

3.33±0.87
 a
 2.15±0.62

b
 1.14±0.52

c
 

  -35.43 -65.95 

    -47.26 
                        abc

Significantly different. 

Table 2 shows the level of vitamin A, E and C contents in human breast milk during different storage method and 

durations. Analysis of vitamin A, E and C contents on 24 h in refrigerator showed insignificant decrease in 

comparable to the control (Fresh: 0 day, RT) except for vitamin C where it showed a significant decrease when 

compared with the fresh one where it reach -35.43%; but the opposite was noticed where a significant decrease was 

observed with freezer storage at -18: -20˚C for 15 day for vitamin A, E, and C where % decrease reach -25.34; -9.86 

and -65.95 respectively. Vitamin C is the most vitamins that are affected dramatically. According to Bank et al., [28] 

storage can result in the loss of components sensitive to oxidation, such as the physiologically relevant forms of 

vitamin C, ascorbic acid (AA) and dehydroascorbic acid (DHAA) with a Loss up to 40% of AA and 20% of total 

vitamin C.  

Our results agree with Romeu-Nadal et al., [29] to somewhat as they found that total vitamin C content at 4°C (6 h), 

−20°C (8 mo) and −80 °C (12 mo) was significantly decreased   while vitamin E levels did not change at either 

refrigeration temperature (under 24 h) or at freezing temperatures. Also it agrees with Buss et al., [30]; and Ahrabi 

et al., [31] where they stated that freezer storage affects nearly all vitamins and minerals in human milk. Level of 

vitamin C in this study differs from other studies as that of Buss et al., [30] (3.33±0.87 vs 5.31±1.66). The % 

decrease was higher in Buss et al., [30] study than this study (65 vs 35) for storage for 24 h. In this study vitamin C 

loss is higher with increasing storage time; the decrease increase from -35.43 to -65.95 with increasing time of 

storage from 24h to 15 days and this agree with Buss  et al., [30] where they found that vit C decrease may reach 90-

100% of the initial concentration. The losses of vitamin C are partly due to lactoperoxidase activity [30]. 
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Table 3: The level of Fe and Zn contents in human breast milk during different storage method and durations 

(Mean±SEM) 

Storage Duration Fresh 24h 15 Days 

Method Room Temp Refrigerator Freezer 

Nutrients 

 

Zn 

mg/100mL 

 

0.32±0.09
 a
 0.25±0.07

a,b
 0.20±0.06

b
 

 -20.71 -35.55 

  -18.73 
                         abc

Significantly different. 

Table 3a: Element concentration in human milk as referred in the literature and from current study 

 Current 

Study 

mg/100mL 

Li et al., 

2016 

Micmol/L 

Ezz El 

Din et al., 

2004 

Curran & 

Barness 

2000 

Yamawak

i et al., 

2005 

Shi et al., 

2011 

Björklun

d et al., 

2012  

Andrade 

et 

al., 2014 

Līva et 

al., 2018 

Zn 

mg% 

0.32±0.09 20.0±11.9 0.11±0.01 0.17–3.02 0.10±0.06 0.20±0.10 0.35±0.1 0.36±0.02 0.01-0.34 

0.10 (0.05-

0.15) 

Table 3 shows the level of Zn contents in human breast milk during different storage method and durations. Analysis 

of Zn contents on 24 h in refrigerator showed insignificant decrease in comparable to the control (Fresh: 0 day, RT); 

but the opposite was noticed where a significant decrease was observed with freezer storage at -18: -20˚C for 15 day 

for Zn where % decrease reach -35.55 for Zn.  

Table 3a shows fresh element concentration in human milk as referred in the literature and from current study. Our 

obtained zinc content (0.32 mg /100mL) in breast milk was higher compared to data from Poland (0.16) ([5, 13, 32-

33]; Table 3a). Similar zinc content (approximately 0.11 mg /100 mL) was detected in mature breast milk samples 

among lactating women from Portugal ([34-36]: Table 3a). Līva et al., [37] stated that Zn level range 0.01-0.34. 

Lower zinc content (0.07 and 0.05 mg /100 mL) has only been reported by Domellöf et al., [38] for breast milk 

samples from mothers in Honduras and Sweden, respectively. Overall, it is difficult to compare data between studies 

due to differences in sampling plans, time postpartum, and analytical methods used. The difference between our 

obtained lower zinc results and others could be explained by the fact that we collected both hind- and foremilk 

samples. Doneray et al., [39] observed that zinc content in hind milk was approximately 0.2 mg lower than in 

foremilk; however, other researchers [40] have not observed variations in zinc content between fore- and hind milk. 

Alam et al., [41] identified that mutation in the protein ZnT2 (SLC30A2) that transports zinc can lead to low content 

of this element in breast milk (<0.09 mg/ 100 mL). 

 

Panel Test 

Some of the samples of the stored human milk have a different odor from fresh ones. On a scale of 10 it reaches 8. 

Refrigerated and frozen human milk may have an odor different from fresh milk due to lipase-mediated triglyceride 

breakdown, releasing fatty acids. The odor likely comes from oxidation of these fatty acids [42]. This lipolysis 

process has antimicrobial effects preventing the growth of microorganisms in thawed refrigerated milk [43].  

 

Microbiological Investigating 

To the best of our knowledge, only few studied deals with microbiological profile of human milk and they have 

been mainly focused on the identification of pathogenic bacteria [44]. Martín et al. [45] considered breast milk a 

sterile environment which is in contrast with the finding of Deodhar and Joshi [46] where they stated that freshly 

collected milk is not sterile since it contain bacteria either pathogenic or from nipple duct and maternal skin. Some 

of these pathogenic bacteria could damage antimicrobial proteins or convert amino acids into toxic amines [47]. 

Recently Martín et al. [45] considered isolated bacteria from human milk as staphylococci, streptococci, and lactic 

acid bacteria considered as the natural microbiota of breast milk rather than contaminant bacteria. Some of the 
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bacterial strains transferred to the infant gut through breast-feeding have a high probiotic potential and have a 

protective effect against infectious diseases [48]. 

 

Table 4: Microbial count of the fresh and stored breast milk samples (CFU: Colony forming units) 

                   Sample 

Microbial  

Count 

Fresh 

cfu/ml 

Cooling after  

24 hour (cfu/ml) 

Freezing after  

15 day (cfu/ml) 

Total bacterial count 3.0×10
2
 3.0×10

2
 <10 

Coliform -ve -ve -ve          

Staph oureus  1.0×10
2
 1.0×10

2
 <10 

Mold and yeast 5.0×10
2
 7.0×10

2
 <10 

Table (4) shows mean of microbial count of the fresh and stored breast milk samples. It can be seen from the table 

that we found growth of bacterial as noticed from bacterial count, staph. aurous and mold & yeast in the fresh 

samples and in the samples which stored at cooling degree after 24 h, while almost no growth of these 

microorganisms was found in the samples which stored at freezing degree after 15 days.  Bacterial, staph, aurous 

and mold & yeast count was decreased after storing in freezer for 14 days. No coli form was found in either or 

stored samples. 

Our results agree with Lund [49]; Archer [50]; La Leche League International USA [51]; and Martinez-Costa et al., 

[52] who stated that cold storage is an excellent way to preserve bacteria although the final variability depend on 

several factors as bacterial species, medium, concentration, temperature, and time. It is clear that the longer milk is 

stored the greater the risk of deterioration of its essential constituents and of an increase in bacterial contamination, 

even though because human milk is a living tissue, it has numerous immunologic properties that protect it from 

contamination. 

In general: this study agrees with other studies as that of Zinn [53], Lawrence and Lawrence USA [54]; and Tully 

[55] which have been carried out under optimum conditions of storage and they noted that expressed breast milk 

could last up to 3-8 days in the refrigerator. 

 

Conclusion 

In conclusion our results reveal that milk can be stored safely in refrigerator for 24 h and for 2 weeks at -18: -20 in 

the freezer despite the loss of some macro & micronutrients which agree to somewhat with [10]
 
despite they study 

longer duration as seen in table 5 and notes. 

Table 5: Guidelines for healthy full-term babies [10] 

Type Location of storage Temperature Maximum recommended storage duration This Study 

Fresh Room temperature 16–29˚C 4 hours optimal 

6–8 hours acceptable under very clean conditions 

Fresh 

 

Stored Refrigerator 4˚C 4 days optimal 

5–8 days under very clean conditions 

24 h 

 

Stored Freezer <-18--20˚C 6 months optimal 

12 months acceptable 

15 days 

 

Storage of Human Milk  

1. Freshly expressed human milk may be stored safely at room temperature (18–29˚C) for 4 hours; 6–8 hours for 

very clean expressed milk with very low bacterial counts. Warmer ambient temperatures are associated with 

faster growing bacterial counts in stored milk [56-57]. 

2. Milk can be stored safely in refrigerator (4˚C) due to significant decline of bacterial capacity [52, 58-59] for 24-

48h. 

3. Milk can be stored safely in freezer (-18-20˚C) for up to 3 mo since thawed human milk, previously frozen for 

at least 6 weeks at -20˚C has the same bacterial viability and diversity as it did when it was freshly expressed 

[60]. Freezer storage affects nearly all vitamins and minerals in human milk [30, 61]. 
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