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ABSTRACT 
 
The use of expressed breast milk has been advocated as an effective way of 
encouraging and maintaining lactation when the mother is separated from the baby for 
a while. However, prospects of storage of expressed breast milk for any considerable 
period of time is hindered by the possibility of bacterial contamination and growth of 
infectious pathogens in the stored milk. Previous research worldwide has focused on 
optimal conditions for storing expressed breast milk. This study investigated bacterial 
growth in expressed breast milk stored at two different conditions and time periods. A 
total of 240 randomly selected lactating mothers participated in a survey used to elicit 
information on their practices concerning expressed and stored breast milk. Out of 
this, 20 lactating mothers were willing to donate their breast milk, which was used for 
microbial studies. Using antiseptic procedures, breast milk samples were collected 
from these 20 lactating mothers by manual expression and put into sterile containers. 
One half was stored at room temperature (30oC), while the other half was immersed in 
a container of water (26oC) for 0, 3, 6 and 9hrs. The samples at different time periods 
in both storage conditions were plated on three different culture media (Nutrient agar, 
MacConkey agar and Chocolate agar) and incubated for 24hrs. Bacterial load was 
enumerated and isolates were characterized and identified. Data was analyzed using 
one way ANOVA and presented as frequencies, percentages means and standard 
deviations. Results showed that in all the culture media, bacterial load was higher in 
breast milk samples stored at room temperature for up to 9hrs compared to that 
immersed in water (p<0.05). However, the average colony counts were within 
acceptable limits (<104CFU/ml). Enterococcus faecalis, Escherichia coli and 
Staphylococcus aureus were the predominant bacteria isolated in the breast milk 
samples under both storage conditions. The findings from this study revealed that 
storage of breast milk either at room temperature or immersed in a container of water 
appeared to be safe for up to 9 hours of storage in a tropical environment. Generally, 
the number of microbes was within levels considered acceptable in expressed breast 
milk. 
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INTRODUCTION 
 
The World Health Organization’s [1] definition of exclusive breastfeeding is that an 
infant receive only breast milk from its mother or a wet nurse or expressed breast milk 
and no other liquid or solids with the exception of drops of syrups consisting of 
vitamins, mineral supplements or medicines. The practice of exclusive breastfeeding 
for six months requires that mother and infant be in close proximity for this period 
[2]. Expressed breast milk is advised to be given to the baby if the mother is to stay 
away from the child for long. However, the period of maternity leave in Nigeria lasts 
for only three months and at the same time crèches are not provided in the work 
places to promote exclusive breastfeeding. Mothers are thus encouraged to express 
breast milk and store it in containers [3]. If the nutritional value of the milk is to be 
conserved and infections prevented, it has to be stored within appropriate temperature 
range [4]. The length of time expressed breast milk can be stored at room temperature 
has thus been a cause for concern by mothers in this part of the world [3]. 
 
Achievement of optimal breastfeeding practices is further limited by the 
misconception that exists about expressed breast milk. Abosede and Esanbodo [5] 
noted that the practice was culturally unacceptable to Yoruba mothers, because they 
perceived that breast milk could easily be contaminated, poisoned or bewitched. A 
similar study noted that Yoruba fathers would not recommend expressed breast milk, 
because they believed it would become stale and sour [5]. 
 
Again, storage conditions may often not be optimal especially in a developing country 
like Nigeria, with tropical weather conditions. Storage (refrigeration and freezing) 
conditions may often not be optimal due to unreliable power supply. Moreover, 
majority of Nigerian mothers, particularly the rural and urban poor cannot afford 
refrigerators and freezers. They are thus limited to storage at room temperature. Most 
research on breast milk storage worldwide has focused on optimal conditions for 
storing breast milk [6,7]. To allay the fears of many mothers, this study assessed 
bacterial load in expressed breast milk under two storage conditions and length of 
time breast milk can be stored under these two storage conditions.  
 
MATERIALS AND METHODS 
 
Samples 
The study was conducted among a group of lactating mothers attending immunization 
clinics for their infants at Community Medicine Department of the Federal Medical 
Centre (FMC), Umuahia. A total of 240 mothers consisting of mother-infant pairs 
who participated in a larger study on “Effect of maternal nutrition and body 
composition on lactation performance and breast milk composition” [8] were 
randomly selected. Oral and written consent was obtained from all mothers before 
commencement of the study. Ethical approval was obtained from the ethics committee 
of the Federal Medical Centre, Umuahia.  
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Methods 
A structured questionnaire was distributed to the 240 randomly selected mothers. The 
questionnaire was used to elicit information on their practices concerning expressed 
and stored breast milk. 
 
Collection of breast milk samples 
Samples of breast milk were collected from 20 lactating mothers who willingly 
donated expressed breast milk samples. Inclusion criteria for participating in the study 
was that the mothers must have been lactating for a period of three months or more 
and have not been placed on antibiotics for up to six weeks before sample collection. 
The breast milk samples were collected by manual expression. The mothers were 
asked to wash their hands and nipples before expressing their breast milk. Each milk 
sample (10mls) was divided into two potions and put in labeled sterile sample bottles. 
Half of each fresh sample was stored at room temperature (30oC), the prevailing room 
temperature during the study period, while the other half was immersed in a container 
of cold water (26oC). The two storage conditions used were based on survey results of 
mothers on their mode of storing expressed breast milk. The samples were analyzed 
for types of bacteria and bacterial load after 0, 3, 6 and 9 hours of storage. 
 
Culture media 
The culture media used included nutrient agar, MacConkey agar and chocolate agar. 
The media were prepared according to the manufacturer’s specifications. These media 
were sterilized in an autoclave at 121ºC for 15 minutes.  
 
Isolation of microorganisms 
One (1) ml of each breast milk sample was serially diluted (10-1, 10-2, 10-3and, 10-4). 
The dilution was properly shaken and a dilution of (10-2) was inoculated on sterile 
media for colony counting. Nutrient agar was used to isolate non fastidious 
organisms; chocolate agar was for isolating fastidious organisms, while MacConkey 
agar was used to differentiate between lactose and non-lactose fermenting organisms. 
These were incubated at 37oC for 24 hours. After 24 hours, a sterile wire loop was 
used to pick isolates from the plate and was streaked on freshly prepared nutrient 
agar, MacConkey and chocolate agar and then incubated for 24 hours at 37°C in order 
to get pure culture. After incubation, all colonies from a section of incubated plates 
were examined microscopically for Gram reaction, cell morphology and motility [9]. 
Biochemical analysis included catalase, oxidase and urease activities as well as indole 
test and patterns of sugar utilization. The isolates were identified based on the results 
obtained from biochemical characterization and microscopic examinations. 
 
Determination of pH 
A pH meter (JENWAY 3505) was used to determine the pH levels of breast milk at 
different storage times under the two storage conditions according to methods of 
Onimawo and Egbekun [10]. 
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Statistical analysis 
Data obtained was subjected to statistical analysis using SPSS version 15.0. Data was 
analyzed using one way ANOVA and presented as frequencies, percentages means 
and standard deviations. P< 0.05 was considered as statistically significant.  
 
RESULTS 
 
Table 1 shows the socio-demographic characteristics of the nursing mothers. More 
than two thirds (71.3%) of the mothers were between the age range of 26-35 years. 
Few mothers (7.9%) had primary education. Others (42.9% and 49.2%) had 
secondary and tertiary education, respectively. About one third (37.5%) of the 
mothers were employed in the civil service, 21.7% were full time housewives, and 
4.6% were farmers. A high percentage (73.8%) of mothers had between 1-3 children, 
23.3% had 4-6 children, 1.7% had 7-9 children and only 1.3% had between 10 and 12 
children. 
 
Practices of mothers on use and storage of expressed breast milk as shown in Table 2 
revealed that most of the mothers (40.8%) normally expressed breast milk and stored 
it whenever they had to leave their babies at home, while, 34.2% reported that they 
always go out with their babies. Others (25%) reported that they use other liquids or 
semi solids in feeding their babies when away from home. 
 
About 79.6% of the mothers reported that they used a feeding bottle, while 20.4% 
used a cup and spoon for feeding their infants. The expressed breast milk was 
commonly stored in the refrigerator by over half (52%) of the mothers. Others stored 
by immersing the container of breast milk in cold water (37.8%) or at room 
temperature (10.2%). About half (55.1%) stored for 1-2 hrs, over one third (35.7%) 
stored for 3-4 hours, 6.1% for 5-6 hours and 3.1% for 7-8 hours. 
 
Table 3 shows the pH values for breast milk samples stored at different times. As 
presented, pH of samples stored at room temperature was not significantly different 
from those immersed in a container of water (p>0.05). There was no significant 
difference in the pH of samples stored for different hours (p>0.05). 
The results of average number of colonies with respect to time and storage conditions 
are represented in Table 4. There were significant differences (p<0.05) in colony 
counts of samples stored both at room temperature and immersed in water using the 
three media at 0, 3, 6 and 9 hours. At baseline (0 hours) using the three media, no 
bacterial growth was detected under the two storage conditions. However, after 3 
hours of storage, bacterial growth was evident in the samples under both storage 
conditions especially for those stored at room temperature. The result further showed 
that as the length of storage increased, bacterial load increased significantly especially 
between 0 and 9 hours of storage (p<0.05). Average colony counts (CFU) were in the 
range of 0.00±0.00 to 22.5±3.2 x 102 CFU/ml and 0.00±0.00 to 7.8±5.6 x 102 CFU/ml 
for samples stored at room temperature (30oC) and immersed in water (26cC), 
respectively.  
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Characterization and identification of samples as presented in Table 5 showed that the 
predominant organisms isolated were Staphylococcus aureus, Escherichia coli and 
Enterococcus faecalis. The biochemical analysis showed that Staphylococcus aureus 
is Gram positive, motile and indole negative, catalase and coagulase positive and has 
sugar fermenting abilities. Escherichia coli is Gram negative, indole positive and 
coagulase negative, while Enterococcus faecalis is Gram positive, motile and 
coagulase negative, catalase negative and ferments glucose. 
 
DISCUSSION 
 
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 [4]. This becomes necessary when babies may be separated from the 
mothers due to maternal employment or schooling. In Nigeria, the period of maternity 
leave for working mothers lasts three months. Nursing mothers thus have to return to 
work after maternity leave, but some are not usually allowed by their employers to 
carry their infants to their places of work. Even where they do, no crèches are 
provided to enable the mother to breastfeed. It is thus encouraging in this study to find 
that some of the mothers would express breast milk and keep for their babies, while 
they are away from home. The use of expressed breast milk by some of these mothers 
is in line with WHO [1] definition of exclusive breastfeeding, and would go a long 
way to help maintain lactation, and encourage practice of exclusive breastfeeding for 
up to 6 months. 
 
Contrary to findings of this study, a study among lactating women in Jos, Nigeria by 
Igbogboja et al. [11] observed that the mothers would not use expressed breast milk, 
because they believed that stored breast milk was unsafe after 6 hours of storage. 
Similarly, another study among the ‘yoruba’ tribe in Nigeria [5] reported that the 
practice of storing breast milk was culturally unacceptable to the group of mothers 
they studied, because the mothers perceived that stored breast milk could easily be 
contaminated, poisoned, bewitched or become stale and sour. However, it is possible 
that the populations used in these studies were less educated than those in the present 
study. Moreover, time difference may also be a factor, since there is now more 
information on Baby Friendly Hospital Initiative (BFHI) [12]. 
 
The expressed breast milk was more commonly stored in the refrigerator by over half 
(52%) of the mothers. Others stored by immersing the container of breast milk in cold 
water (37.8%) or at room temperature (30oC) (10.2%). Studies [13,14] have shown 
that the best method of storing expressed breast milk is in a refrigerator (at 4oC) 
especially in hot climates. However, in a developing country like Nigeria, 
refrigerators are not usual household equipment in many homes. This, coupled with 
the epileptic electricity supply in these areas, makes this recommendation unrealistic, 
hence the necessity for alternative methods. This probably informed mothers to resort 
to storing breast milk in container of cold water. Other studies [6,15,16] have been 
carried out under optimum conditions of storage and they noted that expressed breast 
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milk could last for up to 3-8 days in the refrigerator. Nigeria is characterized by 
relatively high temperatures throughout the year. The average annual maximum 
temperature varies from 35oC in the North to 31oC in the South, while the average 
annual minimum temperature in the South is 23oC [17]. 
 
The results on bacterial load revealed that breast milk samples analyzed immediately 
(0 hrs) had no bacterial growth in all the media used as well as under the two storage 
conditions. After the 3rd hour of storage, bacterial growth was evident in samples 
stored at room temperature (30oC), while none of the samples immersed in container 
of water (26oC) had any form of growth in the three media used.  By the 6th and 9th 
hour, however, bacterial growth was evident in all the samples on the different media 
under both storage conditions. The breast milk samples stored at room temperature 
(30oC) and immersed in water (26oC) had bacterial counts in the range of 0.00±0.00 to 
22.5±3.2 x 102 CFU/ml and 0.00±0.00 to 7.8±5.6 x 102 CFU/ml, respectively. The 
bacterial load was, however significantly lower in breast milk samples immersed in 
container of water (P<0.05). This implies that storage of breast milk samples under 
both conditions is good, but immersing in a container of cold water (26oC) reduced 
bacterial growth. It is thus possible that the water used for storage had ability to 
inhibit bacterial growth within the first 3 hours of storage. This helped to delay or 
reduce bacterial growth in the breast milk samples. Similarly, Nwankwo et al. [18] 
reported that storage of expressed breast milk samples at room temperature would be 
of practical value to lactating women who do not have access to refrigerators, while 
Barger and Bull [19] reported that it would give poor lactating mothers the alternative 
of storing their breast milk out of refrigerators, at least for a limited period of time. 
 
Bacterial counts of more than 104 CFU/ml are regarded as unacceptable in breast milk 
[20,21]. Based on this, the levels obtained in this study after 9 hours of storage were 
within the acceptable range in breast milk. This implies that breast milk can safely be 
stored for up to 9 hours. Similarly, Moulin et al. [22] observed in their study that 
unprocessed breast milk stored at room temperature could safely be used after 9 hours 
of storage. Igumbor et al. [23] in a study conducted in Zimbabwe recorded colony 
counts of less than 200CFU/ml for breast milk samples stored at room temperature 
(15-27oC) for 8 hours. This was, however, higher than values obtained in this study. 
The bacteria colonies obtained by Ajusi et al. [24] were low (ranging from 0.15-23.1 
x 103 CFU/ml with an average of 5.54 x 103 CFU/ml). Their mean value was, 
however, higher than values obtained in this study.  
 
Some potential pathogens such as Escherichia coli, Staphylococcus aureus and 
Enterococcus faecalis were isolated from the breast milk samples, though the levels 
were lower than recommended in breast milk (<104 CFU/ml). The isolated organisms 
are indicative of faecal contamination. A study [25] carried out on expressed breast 
milk stored in milk banks recorded bacterial growth with organisms such as 
Staphylococcus aureus and Escherichia coli and their presence in the milk samples 
was attributed to faulty milk management. Similarly, another study [24] isolated 
pathogenic microorganisms, such as Escherichia coli (26%), Staphylococcus aureus 
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(6.7%) and Enterococcus faecalis (13.6%), but in small numbers in breast milk 
samples they analysed. In another study conducted in Nigeria that looked at bacterial 
growth in expressed breast milk stored at room temperature (27-32oC) over a 24 hour 
period, the bacterial isolates represented normal skin flora [18]. The study further 
noted that at room temperature, mature milk could be stored for 6 hours without a 
significant increase in bacterial counts, while other studies [21,26] suggested 4 hours 
of storage in hot climates (30-380C). However, samples immersed in a container of 
water in this study were able to stay up to 3 hours, before microbial growth was 
detected. 
 
During breastfeeding, the infant suckles directly from the mother’s breast and this is 
supposedly free from contamination. However, expressed breast milk cannot be said 
to be entirely sterile or free from bacterial contamination [20,21,24,27]. This is 
because bacteria can enter into the milk during expression, through the equipment 
used [28] and even from the skin [18]. Eteng et al. [3] and Pardou et al. [29] observed 
that human milk containing fewer bacteria at the time of expression develops less 
bacteria growth during storage. Poor hygienic practices and improper washing of 
hands have also been implicated as possible sources of transmission of bacteria and 
viruses [3,26,30]. Another possible reason for the contamination in this study could be 
attributed to the warm temperature of the environment, which may encourage 
bacterial growth. Nwankwo et al. [18] noted that warm ambient temperatures were 
associated with faster growing bacterial counts in stored breast milk. 
 
CONCLUSION AND RECOMMENDATIONS 
 
Based on the data, this study has confirmed that storage of breast milk in a container 
of water and at room temperature may be safe for up to 9 hours as far as 
bacteriological quality is concerned. This is due to the low bacterial load encountered 
under both storage conditions. The importance of hygienic practices should however 
be emphasized to mothers during milk expression to avoid the risk of contamination. 
Findings from this study would be useful particularly for working mothers who may 
go back to work after the maternity leave period. This would encourage them to 
express and store breast milk for their babies before going to work and still be sure of 
its safety. It would also be of use to lactating mothers who do not have access to 
refrigerators and freezers for storage. This would encourage the practice of exclusive 
breastfeeding, as well as help maintain and encourage lactation.  
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Table 1: Socio-demographic characteristics of lactating mothers (n=240) 
 

Parameters Frequency Percentages % 

Age of mothers   

16-25 51 21.3 

26-35 171 71.3 

36-45 18 7.5 

Total 240 100 
Mother’s educational 
qualification 

  

Primary education 19 7.9 

Secondary education 103 42.9 

Tertiary education 118 49.2 

Total 240 100 
Mother’s employment 
status 

  

Civil servant 90 37.5 

Full time housewife 52 21.7 

Student 37 15.4 

Trader 35 14.6 

Artisan 15 6.3 

Farmer 11 4.6 

Total 240 100 
Parity   
1-3 177 73.8 

4-6 56 23.3 

7-9 4 1.7 

10-12 3 1.3 

Total 240 100 
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Table 2: Practices of mothers on use of expressed and stored breast milk 

Parameters Frequencies Percentages 

Mode of feeding baby  
when mother is away (0-6 months) 

  

Express breast milk 98 40.8 

Go out with baby and breastfeed 82 34.2 

Use other fluids/semi solids 60 25 

Total 240 100 
Container for feeding  
expressed breast milk (n=98)* 

  

Feeding bottle 78 79.6 

Cup and spoon 20 20.4 

Total 98 100 
Mode of storing/preserving  
breast milk (n=98)* 

  

Refrigerator 51 52 

Container with cold water 37 37.8 

At room temperature (on the 
table/shelf) 

10 10.2 

Total 98 100 
Duration of storage of expressed  
breast milk (n=98)* 

  

1-2 hours 54 55.1 

3-4 hours 35 35.7 

5-6 hours 6 6.1 

7-8 hours 3 3.1 

Total 98 100 

*Responses n = 98 
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Table 3: pH values of breast milk samples stored at room temperature (30oC) 
and immersed in water (26oC) at different storage times 

                               

Storage time (hrs) 

                                                pH 

Room temperature (30oC) Immersed in water (26oC) 

   

0 hour 8.1±0.02 8.1±0.01  

3 hours 8.1±0.02  7.9±0.01  

6 hours 8.0±0.01  7.8±0.04  

9 hours 7.9±0.05  7.8±0.02  

P-value 0.09ns 0.07 ns 

    ns =Values along the same column are not significantly different at p<0.05 
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Table  4: Average number of colonies (CFU/ml) with respect to time of storage 
and storage conditions 

Media 

 

     Storage time (hrs)            

                                 Storage conditions 

Room temperature (30oC) 

CFU/ml 

Immersed in water (260C) 

CFU/ml 

   

NA 0 hours 0±0.0a x 102 0±0.0 a  x 102 

NA 3hours 0±0.0 a  x 102 0±0.0 a  x 102 

NA 6hours 19.8±1.9 b  x 102 5.9±5.6 a b  x 102 

NA 9hours 22.5±3.2 bc  x 102 7.8±5.6 bc  x 102 

P-value *0.000 *0.050 

MCA 0 hours 0±0.0 a  x 102 0±0.0 a  x 102 

MCA 3 hours 3.3±2.6 a  x 102 0±0.0 a  x 102 

MCA 6 hours 8.3±2.9 b  x 102 1.8±1.7 b  x 102 

MCA 9 hours 9.8±4.1b  x 102 5.2±0.5 c  x 102 

P-value *0.003 *0.000 

CHA 0 hours 0±0.0 a  x 102 0±0.0 a  x 102 

CHA 3 hours 9.8±1.0 b  x 102 0±0.0 a  x 102 

CHA 6 hours 11.9±4.2 b  x 102 2.8±2.2 ab  x 102 

CHA 9 hours 12.9±4.0 b  x 102 3.7±1.8 bc  x 102 

P-value *0.000 *0.029 

*Values along the same column- for each media with different superscripts are significantly different at 
different storage times,  

NA= Nutrient agar, MCA= MacConkey agar, CHA= Chocolate agar 
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Table 5: Characterization and identification of micro-organisms 

Sample NA MCA CHA 
Gram +ve -ve +ve 
Motility -ve +ve -ve 
Catalase +ve +ve -ve 
Coagulase +ve -ve -ve 
Indole Test -ve +ve NT 
Oxidase sugar -ve -ve -ve 
Glucose +ve +ve +ve 
Sucrose +ve +ve +ve 
Maltose +ve +ve -ve 
Lactose +ve +ve +ve 
Arabinose -ve -ve -ve 
Mannitose +ve +ve +ve 
Sorbitose -ve -ve -ve 
Urease +ve -ve - 
 Staphylococcus 

aureus 
Escherichia  
Coli 

Enterococcus 
 Faecalis 

NA= Nutrient agar, MCA= MacConkey agar, CHA= Chocolate agar 
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