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INTRODUCTION

Hazard Analysis and Critical Control Points (HACCP) is an 
internationally recognised system widely used in the food 
industry. HACCP aims to identify, prevent, eliminate or reduce 
any biological, physical or chemical hazards that would be likely 
to occur in food operations to an acceptable level (CAC, 1997). 
The Ministry of Health Malaysia (MOH) has introduced the 
HACCP system to be implemented in hospitals’ kitchens of all 
government hospitals in Malaysia because of high concern about 
the level of food safety served to the high-risk group (patients) in 
hospitals (MOH, 2010). 
 Most admitted patients received meals that has been 
prepared by hospitals’ kitchens except for patients warded in the 
special ward such as the neonatal intensive care unit (NICU). 
Neonates and infants in the NICU only receive nutrition (milk) 
that has been prepared commonly at the NICU. The safety of 
milk feedingthe  in NICU is very important because infants have 
a low immune system and easily expose to the risk of infection 
as they are premature and sick newborns. Expressed breast 
milk is known as not sterile milk and can transmit pathogenic 
bacteria either from the mother or the NICU environment (Law et 
al., 1989; Jones, 2001). Many cases were reported of bacterial 
contamination of breast milk in NICU (Boo et al., 2001; Karimi 
et al., 2013; Gad et al., 2021). A case of bacteremia among 
premature infants caused by contaminated expressed breast 
milk was reported in 1999 in this NICU (Boo et al., 2000) 
and also meningitis cases were also reported in the NICU of 
Pennsylvania in 2016 due to contaminated breast milk with 
Cronobacter sakazakii (Bowen, Wiesenfeld & Kloesz, 2017). 
Bacterial contamination of milk feeding also occurred in this 
NICU with Acinetobacter, Bacillus spp., Citrobacter freundii and 
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ABSTRACT

The implementation of a Hazard Analysis and Critical Control Point (HACCP) system in infant milk preparation 
can prevent and reduce the risk of bacterial contamination in infant feedings. Therefore, it is very important to 
determine the sensitive raw materials (SRM) in a milk room of a neonatal intensive care unit (NICU) to prevent 
contamination that can affect the safety of milk feeding. This study was conducted to identify the SRM at the 
milk preparation room of a NICU in the Canselor Tuanku Muhriz Hospital, Cheras, Kuala Lumpur, Malaysia. 
SRM were identified via HACCP system decision tree by the Malaysian Standard (MS1480:2007). The results 
showed that donor expressed breast milk (DEBM), expressed breast milk at home (EBMH), freshly expressed 
breast milk (FEBM) and powdered infant formula (PIF) were identified as SRM. Expressed breast milk (DEBM, 
EBMH, FEBM) were known as non-sterile milk which were able to transmit pathogenic microorganisms such 
as Klebsiella pneumoniae and Pseudomonas aeruginosa derived from the mother or donor. PIF is also not 
sterile that are associated with Cronobacter sakazakii and Salmonella infections causing serious illnesses 
among premature and infants. Ready to feed milk (RTF) is classified as non-sensitive material as it is sterile, 
free from bacterial contamination and safe for high-risk infant’s feeding compare to PIF. Preventive measures 
were applied to control the significant hazards in all identified SRM to ensure the final product (milk) is safe for 
consumption.
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Klebsiella found in expressed breast milk (Mahirah, 2022). 
The milk feeding in the NICU is mainly prepared in a separate room (centralised milk room) instead 

of at the bedside. It is found that a centralised milk room can reduce the risk of microbial milk contamination 
incidence than the bedside (Steel et al., 2008). The milk room is a specific room in the NICU which is 
allocated for infant milk storage and preparation (ADA, 2011). The HACCP system has been suggested to be 
implemented in infant milk feeding preparation room to minimize and prevent the risk of potential bacteria that 
can contaminate the milk feedings (Best, 2008; Bankhead et al., 2009; Almeida et al., 2009). This concludes 
the importance of implementing the HACCP system in NICU.

HACCP system implementation also has been recommended in human milk bank operation for the 
safety and quality assurance of donor milk (NICE, 2010; HMBASA, 2011; HMBANA, 2020) Several studies 
reported that HACCP system has been implemented for on-site hospital preparation of infant formula in Brazil 
(Almeida et al.,1999) and for expressed breast milk in NICU of Belgium hospital (Cossey et al., 2011). A 
study by Cossey et al., (2011) suggested the implementation of a (HACCP) system can improve the safety 
of EBM in the NICU. However, Malaysia hospital has not yet implemented HACCP system in the milk room 
of NICU. The hospital in this study practice safe milk preparation and handling based on Standard Operating 
Procedure (SOP). Thus, the HACCP system should also be implemented in the milk room of NICU in Malaysia 
to ensure the milk fed to the high-risk infants is safe for feeding. HACCP system consists of seven principles 
which are: Principle 1 - conduct a hazard analysis, Principle 2 - determine the critical control point (CCP), 
Principle 3 - establish critical limit (CL), Principle 4 - establish a monitoring system to control the critical control 
point, Principle 5 - establish the corrective action to be taken when the critical control point is out of control, 
Principle 6 - establish verification procedures to ensure that the HACCP system is effective, and Principle 7 - 
establish record keeping and documentation procedures (CAC, 1997). These seven principles aim to prevent 
hazards and address food safety throughout the preparation process instead of inspecting the final product. 
This systematic approach is important to assess risks in NICU setting and results to produce high-quality and 
safety of milk feeding to infants. 

Hazard analysis (Principle 1 of HACCP) consists of hazard analysis of raw materials and processes. 
Hazard analysis aims to determine the potential hazards that are reasonably likely to occur and to identify 
the significant hazard that occur in an operation. Potential hazard consists of biological, chemical or physical 
contaminants in food that can risk the consumer and cause adverse health effect (FAO, 1998). Meanwhile, 
significant hazard analysis is based on severity and the likelihood of occurring. Severity is the consequence 
of hazards which categorised as high-severlife-threatening, moderate-severity hazards (severe or chronic) 
and low-severity hazards (moderate or mild). The likelihood of a hazard is the probability that the hazard will 
contaminate human milk (PATH, 2019).  It can be categorised as high, moderate or low. Significant hazards 
are identified with severity/likelihood (high/high, high/moderate, or moderate/high risk) (FAO, 1998). Principle 2 
in HACCP is a CCP determination at the process or step to eliminate, prevent and reduce food safety hazards 
to an acceptable level (FAO, 1997). At these CCPs, failure to follow the standard operating procedures could 
result in unsafe milk and harm to infants (PATH, 2019). Sensitive raw material (SRM) is also identified at this 
stage by using decision tree for raw material or packaging. SRM can be a material forming part of a product 
(additives, primary produce, packaging) and similar materials that could result in an unacceptable food safety 
risk to consumers and need to be controlled (MS 1480:2007). Therefore, SRM identification is very important 
to ensure the final product is safe and HACCP plan is applied correctly (effective).

The purpose of this study was to identify the SRM in a milk room by referring to MS 1480:2007 
decision tree for materials. Codex guidelines only provides the decision tree for the process step whereas MS 
1480:2007 provides both decision tree for sensitive materials and processes. According to MS 1480:2007, the 
sensitivity of raw materials must be identified as SRM or non-SRM and not as a critical control point (CCP) or 
control point (CP) which has been practiced by many industries (Mohd Bakri et al., 2017). Determination of 
SRM in the milk room is very important to decide which raw material is sensitive and needs to be controlled. 
Any hazards that are not properly controlled can cause serious effects on infant’s health. Lataf et al. (2020) 
stated that SRM identification can prevent product spoilage that could influence food safety. Identification of 
the SRM in this study can prevent bacterial spoilage of milk feeding and increase the level of milk safety in the 
NICU. There are no reported studies on identification of SRM in milk preparation room of NICU hospital. Many 
previous studies discussed the importance of proper handling and preparation of milk in NICU (Steel & Short, 
2008; Turck, 2012) and did not specifically discuss on SRM in NICU milk rooms. Therefore, this study was 
conducted to identify the SRM in the milk preparation room of NICU. 

MATERIALS AND METHODS
This study was conducted with ethics approval (UKM 1.5.3.5/244/FST-2015-013) and the milk room NICU 
can be accessed to monitor the milk preparation and handling and interviewed the nurses and milk handlers. 
The milk preparation room is situated in the NICU of the Canselor Tuanku Muhriz Hospital (HCTM). The 
activities in this room were observed with the head of nurses and milk handlers to get the information regarding 
milk preparation starting from receiving of raw materials, storing, pasteurising, warming and feeding. All raw 
materials information was collected for hazard analysis. The preparation of milk feedings in the milk room is 
handled by a milk handler. Milk handler is fully responsible in the milk room to store and prepare milk before the 
nurses collect milk during feeding time.

Hazard analysis and determination of SRM were based on the international report, standard 
requirement, scientific data of journal articles and guidelines. A hazard analysis worksheet for raw material/
packaging material (MS 1480:2007) was used to conduct a hazard analysis of raw material (Table 1). The first 
column in this worksheet was used to list all raw materials in the milk preparation room of the NICU and then 
identified all the potential hazards (biological, chemical or physical) that were reasonably present in the raw 
materials in the second column. The rationality for the inclusion or exclusion of potential hazards as hazards 
were presented in column 3. The information provided for the rationale of hazard inclusion or exclusion was 
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adopted from a previous study (Bakri et al., 2015). The significant hazards were determined by evaluating the 
severity and likelihood of occurrence (risk analysis) and presented in the column. The preventative measure 
(column 5) is a control measure that was applied to control the hazard. The significant hazards in raw materials 
were then determined as SRM or non-SRM the via decision tree (MS 1480:2007) in column 6.

The determination of SRM in this study was referred to in the decision tree for raw materials 
(MS1480:2007) (Figure 1). This decision tree for raw materials consists of three questions; Question 1 aims to 
identify the significant hazards in all raw materials and prevent missing potential hazards in hazard analysis. All 
raw materials involved in the preparation of milk feeding must be identified. Question 2 describes the process 
that needs to be done to eliminate hazards such as heat treatment, chilling or radiation (Wallace et al., 2011).  
Question 3 explains about cross-contamination risk to raw material during storage, processing and handling. 
The SRM was then identified as SRM, not as CCP (critical control point).

RESULTS AND DISCUSSION
During the observation at the milk preparation room, it was found that donor expressed breast milk (DEBM), 
freshly expressed breast milk (expressed at NICU, FEBM), expressed breast milk at home (EBMH), powdered 
infant formula (PIF), ready to feed milk (RTF), supplements (human milk fortifier, protein powder, Carborie 
and medium-chain triglyceride (MCT) oil and water were identified as raw materials in this NICU. DEBM and 
FEBM will undergo pasteurisation and turn into pasteurised expressed breast milk (PEBM) as the final product. 
Packaging materials such as milk bottles and pacifiers were also included as raw materials (packaging) and 
were not determined as sensitive materials, as there were no biological hazards found in cleaned bottles and 
pacifiers in this NICU. However, control measures should be taken into consideration. Bottles and pacifiers 
were cleaned and sanitised according to the sanitation standard operating procedure (SOP) to prevent the 
presence and occurrence of possible biological hazards.  

Some milk feedings were added with supplements such as human milk fortifier, protein powder, 
Carborie and MCT oil. The types of milk feedings given to the infants were according to the prescriptions from 
the neonatologists/ paediatricians. Based on the hazard analysis of seven raw materials in the milk room of this 
NICU (Table 1), there were four raw materials identified as SRM, which were DEBM, FEBM, EBMH and PIF. 
These four raw materials were considered as SRM because of the serious illnesses related to the pathogens 
in raw materials that could affect the infants in the NICU. 

Sensitive raw materials
Donor expressed breast milk

Donor expressed breast milk (DEBM) is the best alternative mother’s breast milk for sick infants and 
premature infants because some of the preterm mothers were unable to provide a sufficient volume of breast 
milk for their own infants during hospitalisation. However, the potential risk may exist when the milk can be 
contaminated with hazards such as viruses and pathogenic bacteria. Potential biological hazards e.g. Human 
Immunodeficiency Virus (HIV), Human T-cell Lymphotropic Virus (HTLV) type I or II, Hepatitis B or C, Syphilis, 
Pseudomonas aeruginosa, Klebsiella spp. and Staphylococcus aureus (Baumer, 2004; NICE, 2010; PATH, 
2016) and chemical hazards such as nicotine, drug and alcohol can be transmitted to the infants through 
breast milk from the donor (Liston, 1998; Hartmann et al., 2007; NICE, 2010 Donor screening is important to 
prevent potential hazards to infants caused by inadequate donor screening or the donor is a smoker, under 
nicotine replacement therapy (NRT) or taking alcohol and drugs (PATH, 2019).  Nicotine and illegal drugs such 
as heroine, marijuana and cocaine in human milk can cause potential harm to infants. As a result, DEBM was 
identified as SRM. Potential donors with positive HIV, HTLV or II, Hepatitis B or C, Syphilis or a smoker and 
under NRT or taking alcohol and drugs are ineligible to donate milk.

 The risk of potential hazards from pathogenic bacteria and viruses in the donor milk can be reduced 
through pasteurisation. DEBM in this NICU was pasteurised at 62.5 °C for 30 minutes to determine as PEBM 
during final feeding. After pasteurisation, the donor PEBM were stored in a chiller (0-5 °C) before feeding 
time. Although the DEBM in this NICU was pasteurised, the pathogenic bacteria may exist due to several 
factors such as improper storage (storage temperature fluctuation), inadequate pasteurisation resulting from 
pasteuriser malfunctioning and contamination of milk pasteuriser (Roberts & Severn, 1978; Gras-Le Guen 
et al., 2003). Therefore, this DEBM was identified as SRM and needs to be controlled. Assessment test and 
serological test for potential donor are needed as a preventive measure. It is needed to prevent the significant 
hazard from the donor to be transmitted to the infants via contaminated milk. Storage temperature and 
pasteuriser (condition and cleanliness) also should be monitored frequently to prevent bacterial contamination 
during milk preparation. Previous study found that storing breast milk at temperatures above 4°C increased 
the risk of bacterial contamination and infection in hospitalized infants (Lucas et al., 1992) and P. aeruginosa 
contamination risk may occur due to contaminated pasteurizer (Brown et al., 2000; Gras -Le Guen et al., 2003). 

Freshly expressed breast milk (expressed at NICU)
Freshly expressed breast milk (FEBM) is breast milk that was expressed by the infant’s own mother at 

the NICU and been fed to the infants without heat treatment such as pasteurisation. The mothers were unable 
to directly breastfeed because some sick infants or newborns have difficulties sucking and they receive milk 
via feeding tubes. Mother will express milk with an electric pump at a designated area for pumping in the NICU. 
The FEBM can be kept refrigerated at 0-5 °C for up to 48 hours.

FEBM is rarely sterile and normally contains bacteria originating from the maternal skin, mother’s 
nipple and also may contain potential pathogens (Ogundele, 2000). Based on a research review by Jeurink et al. 
(2013), FEBM contains varieties of microorganisms including viruses, pathogenic and non-pathogenic bacteria, 
mycobacteria and fungi. FEBM contamination may occur by several factors such as unhygienic expressing 
and contaminated equipment (breast pump). Furthermore, Gransden et al. (1986) indicated that the breast 
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pump was an important source of bacterial contamination of breast milk. The study conducted by Boo et al. 
(2001) confirmed that manual expression (using hands) had lower risk of contamination than expressed breast 
milk using a breast pump. Enterobacteriaceae spp. such as Klebsiella spp. and Staphylococcus coagulase, 
Escherichia coli and Streptococcus faecalis are reported in mothers’ breast milk via mechanical expression 
(Mense et al., 2013). Klebsiella spp. has been found in human milk at NICU and caused bacteraemia among 
premature infants (Donowitz et al., 1981).

Bacterial contamination from the breast pump, mother skin (nipple) and incorrect storage temperature 
are the factors that justify the inclusion of FEBM as a hazard. FEBM may become contaminated by 
microorganisms either through expression with a contaminated breast pump (Gransden et al., 1986; Boo et al., 
2001, Mense et al., 2013) or through contact with the mother’s skin (nipple) and incorrect storage temperature 
(Ogundele, 2000). These factors justify the inclusion of FEBM as a hazard. Therefore, nurses should monitor 
the expression technique of mothers at the NICU to prevent milk contamination (preventive measure). Nurses 
should advise and teach mothers how to express milk aseptically, especially for new mothers. FEBM was 
identified as an SRM because the significant hazards presence in the FEBM needs to be controlled as it does 
not undergo a pasteurisation process to kill the hazards out of the milk. FEBM should be stored refrigerated 
athe t correct temperature (0-5 °C) to prevent bacterial growth in milk.

Expressed breast milk at home 
EBMH is the expressed breast milk that has been expressed at home. The infant’s mother will bring 

the EBMH to the NICU and it will be kept frozen at -18 °C to -25 °C. Rozolen et al. (2006) report that the EBMH 
may not be suitable for feeding infants admitted in Brazil’s NICUs, unless it is pasteurised. The EBMH in this 
NICU was pasteurised at 62.5 °C for 30 minutes, similar to the DEBM.

Klebsiella spp., β-hemolytic Streptococci, S. aureus including MRSA, Proteus spp. and Pseudomonas 
spp. are commonly found in EBM and may infect infants (Novak et al., 2000; Perez et al., 2007; Nakamura 
et al., 2016). P. aeruginosa in breast milk has been linked to nosocomial infection in NICU (Mammina et al., 
2008).  Based on the study by Karimi et al. (2013), about 94.7% of contaminated breast milk is milk expressed 
at home. EBM collected at home by breast pump had high rates of contamination with staphylococci and Gram-
negative bacteria (Boo et al., 2001). Meanwhile, Davidson et al. (1979) also found that milk expressed at home 
had a higher infection than that expressed at the hospital. The contaminated equipment used for expressing 
breast milk at home or during transportation may result in a higher level of bacterial contamination in the milk 
compared to the contamination level found in milk expressed at the hospital.  The microbial contamination 
of EBMH can occur due to unhygienic expressing techniques, improper storage temperature, and during 
transportation (Gad et al., 2021). Additionally, contaminated breast pumps or equipment have been identified 
as another potential source of contamination (Boo et al., 2001; Haiden et al., 2016). These factors justify the 
inclusion of EBMH as a hazard.

The chemical hazard of paraffin in EBMH is excluded as it seldom occurs. Mothers are advised 
to avoid using hand lotion containing paraffin during expressing milk. Pasteurisation is necessary to breast 
milk at home to destroy any harmful bacteria or viruses that may be present in the milk. However, microbial 
contamination can happen if EBM is not well pasteurized or the pasteurised milk is stored improperly. EBMH 
was identified as SRM because serious illness related to potential pathogens could happen to the infants 
caused by inadequate pasteurisation and incorrect storage temperature. It is very important to have a well-
functioned pasteuriser and a validated pasteuriser process to prevent milk spoilage. The temperature of milk 
storage also must be monitored regularly to control bacterial growth. 

Powdered infant formula 
Powdered infant formula (PIF) is made from cow milk or soy milk, water, carbohydrate and additional 

nutrients to provide the same nutrients like human milk (Stevens et al., 2009). It is also considered as milk 
substitute for human milk. PIF is also known as non-sterile milk and may be intrinsically contaminated with 
pathogens that can cause serious illness in infants (Angulo et al., 2008). 

PIF may be associated with Cronobacter sakazakii and Salmonella spp. infection among infants 
(CAC, 2008). Many cases had been reported related to Cronobacter infections from contaminated PIF (Bowen 
& Braden, 2006). Contamination of PIF can occur at manufacturing facilities, during PIF reconstitution with 
contaminated water, or during inappropriate storage of reconstituted milk (Kalyantanda et al., 2015). Cronobacter 
sakazakii also has been found in PIF with 12.5% prevalence in 72 PIF samples in Malaysia (Norrakiah et 
al., 2014). C. sakazakii has been linked to life-threatening infections in infants such as sepsis, necrotizing 
enterocolitis (NEC), and meningitis (FAO/WHO, 2008; Chenu & Cox, 2009; Hunter & Bean, 2013; Holy & 
Forsythe, 2014). Contamination of C. sakazakii may occur in NICU during reconstituted PIF with contaminated 
water, during feeding (using contaminated bottles and feeding tubes) and at improper temperature for storage 
(Hunter & Bean, 2013). 

World Health Organization (WHO) have recommended the safe preparation, handling, and storage of 
PIF guidelines to minimize the risk of infection (FAO/WHO, 2007). This guideline proposed that the temperature 
of hot water should be more than 70 °C during reconstitution of PIF to eliminate the risk of C. sakazakii 
infection. Meanwhile, Salmonella spp. has also been associated with Salmonellosis among infants that are 
caused by contaminated PIF (Rowe et al., 1987; CDC, 1993; Usera et al., 1996; Threlfall et al., 1998; Park et 
al., 2004). Contamination of Salmonella spp. in PIF possibly occurs during preparation at the hospital with poor 
hygiene practices and incorrect storage conditions of reconstituted milk (FAO/WHO, 2006). PIF contaminated 
with Salmonella was found in an opened package of formula which highlighted the potential for contamination 
by the consumer (Park et al., 2004).

The temperature of reconstituted PIF should not be more than 5 °C to prevent the growth of Salmonella 
spp. during refrigeration. A study by Azevedo et al. (2005) reported that refrigeration storage above 10 °C is 
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an ambient temperature for Salmonella growth in reconstituted PIF. Similar to C. sakazakii, reconstituting PIF 
at a temperature of more than 70 °C would prevent Salmonella infection from PIF (FAO/WHO, 2006). PIF 
is identified as SRM because it is not a sterile product, contains significant hazards and exposes to a high 
contamination risk during milk preparation. Cronobacter sakazakii and Salmonella spp. infection could be life 
threatening to infants can be caused by contaminated PIF.  Human milk including donor human milk, fortifiers 
and infant formula are SRM that may be present in milk room of NICU, thus extra attention on hygiene, safety, 
and quality control are needed for the safety of infants (American Academy of Paediatrics, 2012).

Non-sensitive raw materials
Ready to feed milk 

Ready to feed milk (RTF) is a commercial sterile milk for neonates as an alternative to mother’s and 
donor’s breast milk. RTF is safer than PIF and suitable for high-risk infants such as infant with low birthweight, 
vulnerable to infections and pre-terms (NHS, 2012). 

RTF is the only sterile liquid milk feeding in this NICU and it has three types which are P20/IF, P22, 
and P24. These RTF are special for growing, low birth weight infants and premature infants (Similac, 2022). 
According to the observations in this NICU, the RTF P20 is given to infants born more than 34 weeks (gestational 
age) and 2.5 kg bodyweight. The RTF P22 is special for infants born at 32 to 34 weeks (gestational age) and 
1.7 kg to 2.5 kg and aged until 12 months. RTF P24 is given to infants born less than 34 weeks (gestational 
age), below 1.0 kg bodyweight and age until 3 months. 

According to CDC (2022a), RTF is a sterile liquid infant formula that is ready to feed without water 
added and is safe to be consumed than PIF. Therefore, RTF is identified as non-SRM because it is sterile milk 
and free from bacteria. Certificate of analysis (COA) of these RTF from a supplier can be a preventive measure 
to confirm that the milk is safe from any hazards. RTF is sterile milk with aseptic packaging (shelf stable) until 
it is opened. RTF milk undergoes a sterilisation process (ultra-heat temperature with 135 °C (2-5 s) (Montagne 
et al., 2009). According to BDA (2016), the unopened RTF is free from microbiological contamination. 

Milk supplements 
Milk supplements in this NICU consist of human milk fortifier (HMF), protein powder, medium-chain 

triglyceride (MCT) oil and Carborie. Premature and sick infants in the NICU require a lot of nutrients during 
hospitalisation and receiving nutrients from breast milk is inadequate even if it is the best feeding (Amissah et 
al., 2018a). Fortification of breast milk with nutrient is necessary to avoid nutrient deficiencies among premature 
infants. HMF, protein powder, MCT oil and Carborie are nutritional supplements that were commonly used 
during fortification of milk. These supplements are added after warming the milk feeding. 

HMF contains extra calories, vitamins and minerals for premature and low birth weight infants (Lin et 
al., 2022). It helps to increase the nutrients in milk for infant’s body weightt and growth (Verma & Yadav, 2018). 
Based on peer-reviewed study, the HMF used in this NICU can preserve the antibacterial activity of human 
milk against E. coli, Staphylococcus, Group B Streptococcus and C. sakazakii (Chan, 2003). MCT oil is a 
saturated fat from coconut or palm oil and helps to increase fat absorption and is suitable for infants with very 
low birthweight (VLBW) (Yamada et al., 1988). 

Carborie is a supplement from maltodextrin (corn) that provides additional calories from carbohydrates 
and promotes infant growth (Valens, 2022a). Carbohydrate supplements are fed to preterm infants after they 
start to consume breast milk (Mangili, 2007). Adding the Carborie to breast milk may help in increasing the 
carbohydrate level in milk. Meanwhile, protein powder (Myotein) has been added to breast milk to provide extra 
protein to infants. Myotein is a whey protein concentrate that is suitable to be used as a protein supplement to 
provide the addition of high-quality protein (Valens, 2022b). It is shown that protein supplementation of human 
milk increased head growth, length and weight gain among preterm infants (Amissah et al., 2018b). 

Certificate of analysis (COA) of these supplements from a manufacturer can be a preventive measure 
to control any hazards in the supplements and to ensure the supplements are safe for milk fortification. 
Supplements (HMF, protein powder, MCT oil and Carborie) in this NICU were identified as non-SRM.

Water
Water is used for reconstituted PIF in this NICU. Pseudomonas aeruginosa is a common pathogen 

found in water and surfaces in the NICU. This pathogen has been found in tap water that has been contaminated 
in the NICU (Bicking et al., 2017). A water filter with a hole size of less than 0.5 μm can remove bacteria. 
Pseudomonas is a rod-shaped bacterium that is 0.5 to 0.8 μm in size and 1.5 to 3.0 μm. Therefore, submicron 
type water filters are needed for filtration. The use of water filters has been found to reduce Pseudomonas 
in the water of ICU wards (Trautmann et al., 2008). The possible chemical hazards in water are pesticide 
residues, chlorine and heavy metals (EPA, 2021). However, these hazards were excluded because the filtered 
water was used for reconstituted milk. In addition, the filtered water was boiled before being used. Boiling water 
for 1 minute is the best method to kill bacteria, viruses, and parasites (CDC, 2022b). Therefore, water was 
identified as non-SRM.

CONCLUSION
The SRM in the milk room of the NICU were identified as DEBM, FEBM, EBMH and PIF milk. SRM must be 
handled very carefully with hygiene practices and stored at an appropriate temperature to avoid milk spoilage. 
The identification of SRM in the milk room will assist the NICU to control the significant hazards in the raw 
materials and prevent contamination of the final product. Thus, staff training on safe milk handling and storage 
temperature monitoring practices should be improved for the safety of milk feeding.  
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Fig. 1. Decision tree for raw material/ packaging material (MS 1480:2007)

Yes
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