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1.  Human milk fortifiers based on 
bovine milk 

 

Human milk fortifiers (HMF) are commonly used as a dietary supplement when babies are 

born prematurely, particularly among those born at under 33 weeks. For babies over 33 

weeks gestation, breastmilk in sufficient volume (220ml/kg/day) is considered nutritionally 

adequate, although some vitamin and mineral supplements may be needed (Shaw, 2015).  

 

 

Commercial representatives may offer free samples of human milk fortifiers and may 

believe these are not covered by the WHO Code. However, accepting any gift from a 

commercial representative is discouraged for those who work within the WHO Code, and 

human milk fortifiers can share brand names with breastmilk substitutes 

 

Human milk fortifiers have been developed to provide additional nutrients to expressed 

breastmilk, particularly protein, calcium, and phosphate as well as vitamins and trace 

minerals. A Cochrane review considering evidence for the role of human milk fortifier in 

enhancing growth (Kuschel and Harding, 2004) reported that, whilst supplementation of 

human milk with multicomponent fortifiers was associated with short-term increases in 

weight gain, and in linear and head growth, no effect on serum alkaline phosphatase levels 

was observed. The authors concluded that there were insufficient data to evaluate long-

term neurodevelopmental and growth outcomes, although there appears to be no effect on 

growth beyond 1 year of life and insufficient evidence to be reassured that there are no 

deleterious effects. A further Cochrane review in 2016 (Brown et al, 2016) reported that 

multi-nutrient fortification of human milk for preterm infants was associated with small 

increases in length gain and head growth during neonatal admission. However, the authors 

again report limited data of any benefit beyond infancy and that there is little consistent 

evidence of other potential benefits or harms of fortification including effects on risk of 

feeding or bowel problems.  

 

A review of the fortification of human milk for preterm infants acknowledges the challenge in 

providing adequate nutrition to very low birthweight infants and suggests three strategies for 

fortification (Radmacher and Adamkin, 2017).  

 

1. Standard fortification: the most widely used strategy is based on the assumption that the 

human milk being fortified has a protein content of 1.5g/100ml. A fixed dose of fortifier is 

added to milk over the entire fortification period and does not account for any changes in 

the energy and nutrient content of the milk being fortified. Evidence suggests that variations 

in the nutritional content of human milk make this an imprecise method. 

 

2. Adjustable fortification: this method uses serial measurements of the urinary nitrogen 

levels to assess protein nutrition and the amount of fortifier that might be required. 
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3. Targeted fortification: this method uses infrared spectroscopy to analyse human milk in 

real time and assess the additional energy, protein and nutrient needs. It has been shown 

that the nutrient profile of human milk varies between women and within the same woman 

and challenges assumptions that standard amounts of fortifiers are needed. Periodic 

human milk analysis could be helpful in supporting the nutritional plan for each infant and 

prevent growth faltering in the critical NICU period. 

 

The authors point out in this review that adding standard fortifiers to human milk, when it 

may be that protein is the nutrient that is needed, increases the amount of other nutrients 

and this may impact on osmolarity.  

 

It is currently advised that HMF be added to the minimum amount of breastmilk possible, 

and that this is used before fortifying any more milk to avoid prolonged storage, since the 

HMF may impact on the breastmilk’s immunological components (although this has yet to 

be quantified) (Shaw, 2015).  

 
 

Osmolarity and osmolality  

 

It should be noted that osmolarity and osmolality are expressed in different units, and when 

reading papers or comparing products it can be confusing if different figures are given. 

Osmolality is the concentration of a solution in terms of osmoles of solute per kilogram of 

solvent, expressed as mOsm/kg. 

Osmolarity is the concentration of a solution in terms of osmoles of solute per litre of 

solution, expressed as mOsm/L.  

 

In the UK we provide information on the osmolality (mOsm/kg) of products, but not all 

products, even when marketed here, provide information on this. Studies from other areas 

frequently use osmolarity (mOsm/L) as a measure, so this needs to be considered when 

comparing recommendations. 

 

The osmolality of human milk is about 300mOsm/kg but this can be increased when 

fortifiers, nutritional supplements or medications are added. The present guidelines of the 

American Academy of Pediatrics recommend that osmolarity should be no more than 

400mOsm/L for breastmilk or infant formulae to minimise the risk factors for necrotising 

enterocolitis. In the UK it has been recommended that osmolality should be kept below a 

maximum of 500mOsm/kg in normal conditions but that this should drop below 

400mOsm/kg  in malabsorptive states (Shaw, 2015). A recent systematic review on milk 

feed osmolality looking at whether this caused adverse gastrointestinal events in newborn 

and low birthweight infants concluded that there was no consistent evidence that 

differences in osmolality in the range 300-500 mOsm/kg are associated with adverse 

events in neonates (Ellis et al, 2019). In this review they found seven studies which showed 

no difference in adverse events with varying feed osmolalities, one study that reported 

delayed gastric emptying with feed osmolality of 539mOsm/kg, one which reported higher 

NEC incidence with feed osmolarity of 650mOsm/L compared with a feed of 359mOsm/L, 

but one study that found that NEC incidence was higher with a lower osmolarity feed.   
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A study looking at the impact of human milk fortifier on osmolarity of human milk samples 

(in this study human milk had a median osmolarity of 297mOsm/L) reported that adding 

fortifier increased osmolarity up to 436mOsm/L (95% confidence interval 431-441mOsm/L) 

(Kreissl et al, 2013). The authors noted that the increase in osmolarity observed in this 

detailed study was significantly greater than the increase claimed by the manufacturer of 

the product they used, and urged caution in using fortifiers until a rate of feed has been 

established which will minimise feeding difficulties (suggested by them as 100ml/kg/day). 

The authors also noted that processing of milk impacted on osmolarity, with thawed 

breastmilk/fortifier mixtures showing the highest osmolarity. The paper, published by 

ESPGHAN, provides a detailed review of impacts on osmolality when a range of fortifiers 

and micronutrients are added, and discussion of these findings should be part of the 

decision-making process around the fortification of breastmilk.  

 

Guidance on using human milk fortifiers safely, prepared by Imperial College Healthcare 

NHS Trust, can be found in section 3.  

 
Human milk fortifier comes in sachets, and currently there are two brands available: Cow & 

Gate Nutriprem Human Milk Fortifier, which is provided in 2.2g sachets of powder; and SMA  

Breast Milk Fortifier which comes in 1g sachets of powder. Both brands of HMF provide 

information on the impact of the HMF on the composition of breastmilk but give marginally 

different values for breastmilk as they use different reference values. The nutrients in HMF, 

and the nutritional composition of breastmilk per 100ml with the addition of HMF, are shown 

in Table 1.   
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TABLE 1. The nutritional composition of bovine human milk fortifiers for 

preterm and low-birthweight infants, suitable from birth 
 

Nutrients per 100ml Cow & 
Gate 

Nutriprem 
Human 

Milk 
Fortifier * 

SMA  
Breast 

Milk 
Fortifier * 

 

Cow & Gate 
data used 
for 100ml 
preterm 

breastmilk1  

SMA data 
used for 

100ml 
preterm 

breastmilk2 

Preterm 
breastmilk 

(100ml) plus 
Cow & Gate 
Nutriprem 

Human Milk 
Fortifier 

Preterm 
breastmilk 

(100ml) 
plus SMA  

Breast 
Milk 

Fortifier 

       

MACRONUTRIENTS       

Energy kcal 15 17.2 67 68 82 85.2 

Protein g 1.1 1.4 1.6 1.6 2.7 3.0 

Whey:casein ratio 50:50 100:0 NS NS NS NS 

Carbohydrate g 2.7 1.3 7.3 7.3 10.0 8.6 

– of which lactose g 0 NS 7.3 7.3 7.3 NS 

Carbohydrate 
source  

Malto-
dextrin 

 

Malto- 

dextrin 

Lactose  Lactose  Lactose, 
malto-
dextrin 

Lactose, 
malto-
dextrin 

Fat g 0 0.7 3.5 3.5 3.5 4.2 

Added LCPs ARA   NA NA   

                      DHA  ✓ NA NA  ✓ 

MCT  ✓    ✓ 

VITAMINS       

Vitamin A µg-RE 232 380 15 14.4 247 395 

Vitamin C mg  12 20 4.4 4.4 16.4 24 

Vitamin E mg 2.6 4.4 0.35 0.26 3.0 4.7 

Vitamin D µg 5.0 4.0 0.2 0.2 5.2 4.2 

Vitamin K µg 6.4 8.8 2.0 2.0 8.4 10.8 

Thiamin (B1) µg 130 160 8.9 9.0 139  169 

Riboflavin (B2) µg 170 200 27 27 197  227 

Niacin µg (mg NE) 2600 1520 210 210 2810 1730 

Vitamin B6 µg 110 120 6.2 6.0 116  126 

Vitamin B12 µg 0.2 0.2 0.02 0.02 0.22 0.22 

Folic acid µg  40  3.1  43.1 

Folate µg DFE  50.2  3.1  53.3  

Biotin µg 2.5 3.6 0.54 0.54 3.0 4.14 

Pantothenic acid µg 760 800 230 230 990 1030 

MINERALS       

Calcium mg 66 76 25 25 91 101 

Chloride mg 25 32 58 58 83 90 

Copper µg 35 40 40 38 75 78 

Iodine µg 11 16.8 17.8 17.8 28.8 34.6 

Iron mg 0.0 1.8 0.09 0.09 0.09 1.89 

Magnesium mg 5.0 4.0 3.3 3.3 8.3 7.3 

Manganese µg  8.0 8.0 0.4 0.4 8.4 8.4 

Phosphorus mg 38 44 14.5 14.5 52.5 58.5 

Potassium mg 23 48 50 50 73 98 
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Nutrients per 100ml Cow & 
Gate 

Nutriprem 
Human 

Milk 
Fortifier * 

SMA  
Breast 

Milk 
Fortifier * 

 

Cow & Gate 
data used 
for 100ml 
preterm 

breastmilk1  

SMA data 
used for 

100ml 
preterm 

breastmilk2 

Preterm 
breastmilk 

(100ml) plus 
Cow & Gate 
Nutriprem 

Human Milk 
Fortifier 

Preterm 
breastmilk 

(100ml) 
plus SMA  

Breast 
Milk 

Fortifier 

Selenium µg 1.7 3.7 2.4 2.4 4.1 6.12 

Sodium mg 35 36.8 28 28 63 64.8 

Zinc mg 0.61 0.96 0.37 0.37 0.98 1.33 

ADDED 
INGREDIENTS 

      

Added antioxidants ✓ ✓ NA NA ✓ ✓ 

Contains soya   NA NA   

Contains fish oil  ✓ NA NA  ✓ 

Contains egg lipid   NA NA   

Suitable for 
vegetarians 

✓  ✓ ✓ ✓  

Halal approved  ✓ NA NA  ✓ 

Osmolality 
mOsm/kg  

  NS NS Approx.450 Approx. 
390** 

 
ARA = arachidonic acid DHA = docosahexaenoic acid  

LCP = long chain polyunsaturated fatty acid MCT = medium chain triglycerides 

NA = not applicable NS = not stated  

 
 

*  The nutrients listed are for the amount of breastmilk fortifier that is recommended for addition to 100ml of 

breastmilk. For Cow & Gate this is 2 x 2.2g sachets of powder, and for SMA 4 x 1g sachets of powder. 
These values have been derived from the given composition per sachet added to the values for breastmilk 
and small differences may be due to rounding of values for product composition provided to us. 

 
**  Value given by SMA is for preterm breastmilk (100ml) plus 4x1g sachets SMA Breast Milk Fortifier. 
 
1  Reference given by Cow & Gate as mean values found in: 

 
Koletzko B et al. Nutritional Care of Preterm Infants. Scientific Basis and Practical Guidelines. World 
Rev. Nutr. Diet, Karger 2014 vol 110: 304-305.  
 

2 Reference given by SMA as:  
 Tsang R, Uauy R, Koletzko B, Zlotkin S (eds). Nutrition of the Preterm Infant. Scientific Basis and 

Practical Guidelines. Second edition. Digital Educational Publishing. 2005. 
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2  Human milk fortifiers based on 
human milk 
 

Human milk fortifiers derived from human milk are commercially available in the UK and 

Ireland, initially from the US Company Prolacta Bioscience, but new companies are starting 

to offer these products. In this section we discuss Prolacta human milk fortifier only. 

 

Prolacta Bioscience is an American life sciences company founded in 1999. It is a for-profit 

company that screens, processes, pasteurises, stores and distributes large quantities of 

human milk which it markets as human milk formula. The human milk formula produced 

may be supplemented with additional vitamins and mineral to 'standardise' the composition 

of the milk.  Different fractions of human milk are extracted and used in other products, for 

example, in breastmilk fortifier, which is the only product that they currently market in the 

UK. Prolacta human milk fortifiers are being used in clinical trials in the UK and the 

company have engaged a public affairs company called RPP. Representatives of the 

company have attended events for health professionals and approached them with 

information about their products and RPP has been in contact with people working in the 

field. Prolacta Bioscience has a dedicated UK and Ireland website 

http://www.prolacta.uk/Home. 

 

 

Prolacta Bioscience human milk fortifiers 

 

The fortification products are processed human milk based liquid supplements that provide 

calories, protein, and minerals. The energy density of each fortifier is the same although 

they are supplied in volumes of either 10ml, 20ml, 40ml or 50ml. When mixed with human 

milk to a final volume of 100ml, the supplements are expected to increase the energy 

density of the final feed to 82kcal/100ml, 90kcal/100ml, 98 kcal/100ml and 105kcal/100ml 

respectively, and increase the protein content proportionally while keeping the mineral 

content similar. The product may need to be supplemented with some vitamins depending 

on local guidelines. Some of the protein levels could rise above that generally 

recommended. 

 

Each bottle of fortifier contains pooled expressed breastmilk that has been concentrated 

and pasteurised along with added sodium, potassium, chloride, calcium, phosphorus, 

magnesium, copper, and zinc and each bottle has the batch specific nutrients listed on the 

label.  Fortifier is supplied frozen and must be kept frozen until use. Expressed human milk 

must be added to the bottle of liquid fortifier prior to use.   

 

Human milk from which the human milk fortifier is made is purchased from women in the 

US. The Prolacta Bioscience milk banking operation does not comply with NICE guidance 

(CG93, 2010) as milk from different women is pooled. In addition, the handling of the 

human milk following the pasteurisation process does not conform to the NICE guidelines. 

Prolacta Bioscience have estimated the cost of feeding a very low birthweight baby on an 

exclusively human milk diet using human milk-based fortifier is between £94-£131/day.  
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In our opinion the use of a liquid fortifier which replaces a proportion of maternal breastmilk 

is clearly a breastmilk substitute and is therefore covered by the WHO Code of Marketing of 

Breastmilk Substitutes. 

 

Claims made for human milk based fortifiers   

 

Prolacta Bioscience claim on their UK and Ireland website that their fortification product:  

 

• ‘Provides concentrated nutrition to help support the developing immune system and 

provide essential calories, protein, and minerals’ 

• 'Retains human milk oligosaccharide content similar to that of fresh human milk' 

 

No references are given to support these statements. It should be noted however that 

replacing maternal, non-heat treated human milk with a pasteurised product, as happens 

when the liquid fortifier replaces some of the mother’s own milk, will reduce the available 

immune system supporting components. It will also reduce the amount of bile salt 

stimulated lipase the baby receives, potentially reducing fat digestion. 

  

• 'HumavantTM HMF, when used as part of an exclusive human milk diet (EHMD), 

can reduce the incidence of medical complications and interventions.'  

 

The claim that their breastmilk fortifier, HumavantTM HMF, can reduce medical 

complications and interventions as part of an exclusively human milk diet is supported by 

reference to a retrospective cohort study of 1,587 premature infants. The study examined 

rates of necrotizing enterocolitis (NEC), mortality and other morbidities in premature infants 

2-3 years before, and after, the introduction of an exclusively human milk feeding protocol 

(Hair et al, 2016).  

 

Infants with a birth weight <1,250g who received a diet of mother’s own milk fortified with 

bovine fortifier and/or preterm formula (BOV) were compared to infants who received an 

exclusive human milk feeding protocol (HUM).  Statistically significant differences were 

found between the primary outcome measures of NEC and mortality between groups with 

lower rates for both outcomes reported for the group fed an exclusively human milk diet. 

Secondary outcomes included late-onset sepsis, retinopathy of prematurity (ROP), and 

bronchopulmonary dysplasia (BPD). All were reported as significantly lower in the HUM 

group.  

 

There were however a number of methodological limitations to this study. All 4 study 

centres had slightly different feeding protocols resulting in differences in the stage of 

introduction and rate of fortification and the criteria for transition off the HUM diet onto 

receiving bovine milk-based products. The authors reported that an increase in awareness 

of central line infection reduction protocols during the study period may have impacted to 

reduce NEC rates. Furthermore, the bovine group had statistically significant lower 

birthweights and use of antenatal steroids both of which are generally accepted as potential 

risk factors for NEC.  No control group of infants fed unfortified human milk was included. 

The study manuscript was reviewed by the MD of Prolacta and several of the authors were 

affiliated in some way with Prolacta.  
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The relevance of this study to the use of HumavantTM human milk-based fortifiers as part 

of an otherwise exclusively human milk-based diet versus a human milk-based diet with 

bovine milk based fortifiers is limited because of differences in feeding protocols and the 

inclusion of bovine milk based infant formula in the BOV group diet. 

 

• Early and appropriate advancement of fortification is achievable with an exclusive 

human milk diet (EHMD) and has been associated with weight gain exceeding targeted 

standards. 

 

This claim is supported by an earlier study by Hair et al, 2013.  This single centre 

observational study evaluated growth velocities and the incidence of extrauterine growth 

restriction in 104 premature infants ≤ 1250g birthweight. Fortification was commenced when 

enteral intake reached 60ml/kg/day and was advanced by 20ml/kg/day to reach a goal of 

140-150ml/kg/day. The results were compared to human milk fed cohorts from another 

study that examined the growth of premature infants with a birthweight <1,250g.  

 

The authors reported that weight gain in the study group exceeded targeted growth 

standards and length and head circumference gain met targeted standards. Weight gain 

from birth to discharge was significantly affected by the day of fortification of feeds and the 

total number of days to reach full enteral feeds. Infants achieved greater growth in weight 

and length but not head circumference when compared to human milk fed cohorts from a 

clinical trial reported by Sullivan et al, 2010.  

 

Infants in the Hair et al (2013) study achieved full feeds earlier and had less days on total 

parenteral nutrition as compared to human milk fed cohorts from Sullivan et al, 2010 where 

feeding strategies involved lower intakes of calories and protein.  Whereas the human milk 

fed cohorts in the study by Sullivan et al, 2010 failed to achieve the target growth standard 

of 17-20g/kg/day suggested by ESPGHAN, 2018, infants in the Hair et al (2013) study 

achieved mean weight gain of about 25 g/kg/d. Excessive weight gain, over and above 

standards is not however considered to be desirable and rapid weight gain for premature 

infants, particularly small for gestational infants may be associated with later adverse 

metabolic effects including increased risk of obesity and non-communicable diseases, 

although more evidence is needed (Martin et al, 2016) 

 

Hair et al (2013) reported that their study 'provided data showing that infants can achieve 

and mostly exceed targeted growth standards when receiving an exclusive human milk-

based diet...with early and rapid advancement of fortification of feeds'. There were however 

methodological limitations to this study. It compared results to cohorts of human milk fed 

infants from other studies which means that it is likely that there were methodological 

differences between the groups other than the feeding protocols. Furthermore, weight gains 

were not sustained. At discharge, or 40 weeks gestational age, 43% of infants experienced 

extrauterine growth restriction.   

 

Whilst this study does provide some evidence that target weight gain can be achieved with 

human milk-based fortifiers, it does not support any role for human milk-based fortifiers over 

bovine milk- based fortifiers in otherwise human milk-based diets.  
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Efficacy of human milk-based fortifiers versus bovine milk-based fortifiers  

 

Two recent studies have compared the use of human or bovine milk-based fortifiers in 

otherwise human milk-based diets in order to evaluate their efficacy in terms of feeding 

tolerance and growth. The first of these studies, by O'Connor et al (2018) is a triple blinded 

randomized controlled trial conducted in Canada in which 127 infants with a birthweight 

<1250g were randomised to a feeding protocol including human milk fortified with either 

human milk based fortifier (HMBF) or bovine milk based fortifier (BMBF). 

 

The study outcomes were measures of feeding tolerance. The primary outcome was to 

identify any differences between groups in the incidence of feeding interruptions for > or = 

12 hours or a >50% reduction in feeding volume. Secondary outcomes included days on 

parenteral nutrition (PN), a dichotomous mortality and morbidity index, faecal calprotectin 

as a measure of gut inflammation and growth.    

 

No statistically significant differences were found in the percentage of infants with a feeding 

interruption. In addition, no statistically significant differences were identified between 

groups for days of PN, days to full enteral feeding, and percent of infants who had their 

enteral feeds discontinued with resumption of PN. There were 5 of 64 (8%) infants in the 

HMBF group who discontinued the feeding intervention early because of feeding 

intolerance, compared to no infants in the BMBF group.  

 

No significant differences were observed between groups for faecal calprotectin or between 

absolute growth or z scores for growth at day 1 and at the end of the intervention. Infants in 

the BMBF group had more rapid weight gain during the intervention than infants in the 

HMBF group. No significant differences were reported between groups for the dichotomous 

mortality and morbidity index. Although the study was not powered to detect differences in 

individual morbidities, planned exploratory analysis reported no significant differences 

between groups for NEC, late-onset sepsis or chronic lung disease. The incidence of 

severe retinopathy of prematurity was significantly higher in the group fed bovine milk-

based fortifier than in the group fed human milk-based fortifier, however, it is important to 

remember that this data was from an exploratory analysis. The authors concluded that the 

use of HMBF did not improve feeding tolerance or reduce mortality and morbidity compared 

with BMBF. 

 

In a subsequent retrospective observational study in Austria data from the hospital records 

of 192 infants with a birthweight <1000g (extremely low birthweight (ELBW) infants) across 

2 study centres were analysed in order to investigate the impact of human milk based 

fortifier versus a bovine milk based fortifier on growth up to 37 weeks gestational age 

(Eibensteiner et al, 2019). At 32 weeks the group receiving human milk-based fortifier 

transitioned to bovine milk based fortifier. Both groups may have received formula milk after 

32 weeks if insufficient human milk was available. The primary outcome of the study was 

growth. Secondary outcomes included time to full enteral feeds, fortifier tolerance, 

morbidities including NEC, retinopathy and focal intestinal perforation.  

 

No differences in either absolute growth or growth velocity from birth to 32 or 37 weeks of 

gestation were reported, however growth velocity was reported as greater in the group fed 

bovine milk-based fortifier between its introduction and 32 weeks gestational age. Although 
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according to the authors this was the most sensitive time period to detect differences in 

growth velocity, the sample size was not powered to detect differences in growth velocity 

during this time frame but to detect growth velocity from birth to 37 weeks gestational age. 

The authors suggest that although both types of fortifier contained optimal protein-energy 

ratios for growth, the human milk fortifier is characterised by a lower carbohydrate and 

higher fat content than the bovine based fortifier. Intestinal fat digestion in premature infants 

is suboptimal and the carbohydrate to energy ratio of the human milk-based fortifier was 

lower than 10.5g/100kcal recommended by ESPGHAN. The authors suggest that this might 

explain the slower growth velocity observed for infants fed human milk-based fortifier.    

 

Time to full enteral feedings, duration of parenteral nutrition and central line days were 

significantly longer in the group fed human milk-based fortifier than in the bovine fortifier 

group. Signs of feeding intolerance were similar between groups. There was no difference 

in NEC, other major morbidities, and mortality or glucose and fat metabolism between 

groups. The authors concluded that overall, the results of their study, and those of others 

do not support the superiority of human milk-based fortifier over bovine milk-based fortifier. 

 

Cost-effectiveness of Prolacta products  

 

Prolacta suggest on their website that the costs of their products are more than offset by 

savings from a reduced incidence of complications and medical interventions. This claim is 

supported by reference to Assad et al, 2016 and Ganapathy et al, 2012.  The retrospective 

chart review by Assad et al, was carried out independently of commercial interest.  Infants 

were allocated to one of four groups depending on how they were fed and the data was 

used to inform a cost of treatment analysis that reported that total overall charges were 

lowest when infants were fed an exclusively human milk diet, despite the costs involved in 

buying processed human milk and human milk based fortifier. The reliability of the 

outcomes used to calculate costs are questionable as the study had several limitations: it 

was not powered to detect differences between groups for all parameters that were used as 

drivers for the cost calculations and the infants in the formula group were significantly older 

than in the other groups.  

 

The study by Ganapathy et al (2012) was sponsored by Prolacta.  Their analysis evaluated 

the cost effectiveness of a 100% human milk-based diet with human donor milk and human 

milk-based fortifier versus a human milk-based diet fortified with bovine milk-based fortifier.  

The parameters used to develop the cost calculator included the probabilities of developing 

NEC and surgical NEC by feeding regime observed from a key clinical trial (NCT00506584 

reported by Sullivan et al, 2010), costs of the feeding products used and the incremental 

costs of NEC over and above average neonatal intensive care unit costs incurred for an 

extremely premature infant without NEC.  

 

The reliability of the outcomes used to calculate costs are questionable as the study they 

were based upon (Sullivan et al, 2010) had several limitations.  The trial evaluated the 

health benefits of an exclusively human milk-based diet compared with a diet that contained 

both human milk and bovine milk-based products in 207 extremely premature infants. It was 

not powered to be able to detect real differences in the incidence of NEC between study 

groups.  Only a small number of cases of NEC were reported and so the reported 50% and 

90% reductions in cases may not be reliable.  In addition, the incidence of NEC in infants 
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fed according to standard guidelines with mother’s milk, bovine milk-based fortifiers and 

preterm formula when no mothers milk was available, although small in number, was much 

higher than that seen in the UK (Embleton et al, 2013) and so it is likely that the cost 

effectiveness reported is not applicable to the situation in the UK.   

 

In addition, the composition of the bovine milk-based fortifier used in the trial differed from 

those currently in use in the UK in particular the US products are based on whole cows’ 

milk protein while the predominant fortifier in the UK is based on hydrolysed cows’ milk. 

These differences may have had a role to play in the development of NEC. It is not 

surprising that the treatment costs calculated by Ganapathy et al. for extremely premature 

infants fed a diet that included bovine milk-based products were higher than those for 

infants fed only human milk as human milk feeding is understood to be protective against 

NEC and therefore the costs associated with NEC.  

 

In a letter to the editor of the journal in which the Sullivan et al 2010 paper was published, 

Embleton et al, 2013 commented that ‘an unequivocal case for use of a HM fortifier has not 

been determined’ Embleton et al, 2013.  
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3   Protein supplements for 
breastmilk fortification  
 

Cow & Gate offers the only protein supplement for human milk fortification currently 

available on the market. This has been developed to provide additional protein for 

extremely low birthweight babies (less than 1,000g). The supplement may be added to 

either fortified expressed breastmilk or preterm infant milk where the protein content is less 

than the 3.6-4.1g/100kcal (4.0-4.5g/kg/day) as recommended by ESPGHAN (2010).  

 

The ESPGHAN published paper by Kreissl et al (2013) on osmolarity of breastmilk with 

added fortifiers reported that additional protein supplementation increased the osmolarity of 

the breastmilk/fortifier mixture by 23.5mOsm/L per 0.5g step, up to a maximum of 

605mOsm/L. We recommend that those who prescribe and use human milk fortifiers review 

the data in this study, as the authors urge caution when adding a variety of fortifiers and 

micronutrients to breastmilk, and also suggest that regular osmolarity measurements are 

taken to ensure that risks to infants are minimised. 

 

The protein supplement comes in 1g sachets of powder. Information on the nutrients in the 

protein supplement and the impact of the protein supplement on the composition of 

breastmilk and Nutriprem 1 preterm formula milk per 100ml, are provided by Cow & Gate 

and are shown in Table 2.  
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TABLE 2. The nutritional composition of protein supplement for preterm and 

low-birthweight infants, suitable from birth 

 
 Cow & Gate 

Nutriprem 
Protein 

Supplement 
(1g sachet) 

Cow & Gate 
Nutriprem 1 

(100ml)  

Preterm breastmilk 
(100ml) with 4.4g 

Cow & Gate Human 
Milk Fortifier 

(2 x 2.2g sachets) 
and Cow & Gate 

Nutriprem 

Protein Supplement  

(1g sachet)  

Cow & Gate 
Nutriprem 1 

(100ml) with Cow 
& Gate Nutriprem 

Protein 
Supplement* (1g 

sachet) 

     

     

MACRONUTRIENTS     

Energy kcal 3.4 80 85.4 83.4 

Protein g 0.82 2.7 3.5 3.5 

Whey:casein 
ratio 

50:50 60:40 NS NS 

Carbohydrate g 0.02 8.4 10.0 8.4 

– of which lactose g 0.01 5.1 7.3 5.1 

Carbohydrate 
source 

NA Maltodextrin, 
lactose, 

oligosaccharides 

Lactose, 
maltodextrins 

Maltodextrin, lactose, 
oligosaccharides 

Fat g 0.001 3.9 3.5 3.9 

Added LCPs ARA  ✓  ✓ 

                      DHA  ✓  ✓ 

MCT  ✓  ✓ 

VITAMINS     

Vitamin A µg-RE 0 366 247 366 

Vitamin C mg  0 18 16.4 18 

Vitamin E mg 0 4.6 3.0 4.6 

Vitamin D µg 0 3.1 5.2 3.1 

Vitamin K µg 0 6.7 8.4 6.7 

Thiamin (B1) µg 0 140 139 140 

Riboflavin (B2) µg 0 200 197 200 

Niacin µg (mg NE) 0 2400  2810 2400 (3.2) 

Vitamin B6 µg 0 120 116 120 

Vitamin B12 µg 0 0.2 0.22 0.2 

Folate µg DFE     58 53.3 58 

Biotin µg 0 3.6 3.0 3.6 

Pantothenic acid 
µg 

0 840 990 840 

MINERALS     
Calcium mg 5.2 101 96.2 106.2 

Chloride 0.7 86 83.7 86.7 

Copper 0 80 75 80 

Iodine µg 0 27 28.8 27 

Iron mg 0 1.6 0.09 1.6 

Magnesium mg 0.5 7.4 8.4 7.9 

Manganese µg  2.0 6.0 10 8.0 

Phosphorus mg 5.2 63 57.7 68.2 
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 Cow & Gate 
Nutriprem 

Protein 
Supplement 
(1g sachet) 

Cow & Gate 
Nutriprem 1 

(100ml)  

Preterm breastmilk 
(100ml) with 4.4g 

Cow & Gate Human 
Milk Fortifier 

(2 x 2.2g sachets) 
and Cow & Gate 

Nutriprem 

Protein Supplement  

(1g sachet)  

Cow & Gate 
Nutriprem 1 

(100ml) with Cow 
& Gate Nutriprem 

Protein 
Supplement* (1g 

sachet) 

     

Potassium mg 12.3 81 85.3 93.3 

Selenium µg 0.3 4.5 4.4 4.8 

Sodium mg 7.8 70 70.8 77.8 

Zinc mg 0 1.1 1.0 1.1 

OTHER     

Added 
antioxidants 

 ✓ ✓ ✓ 

Contains soya  ✓  ✓ 

Contains fish oil  ✓  ✓ 

Contains egg 
lipid 

 ✓  ✓ 

Suitable for 
vegetarians 

✓  ✓  

Halal approved  ✓   

Osmolality 
mOsm/kg 

40 340 4901 3802 
 

     
*  We have calculated these values based on those for each component as the details for Nutriprem 1 have not been updated 

in the manufacturer's version of this combination of products.  

1 Calculated from preterm breastmilk (100ml) plus Cow & Gate Nutriprem Human Milk Fortifier (Table 1) plus 40 mOsmol/kg 

H20 per 1g of protein supplement powder as published by manufacturer. 

2 Calculated from Cow & Gate Nutriprem 1 (100ml) plus 40 mOsmol/kg H20 per 1g of protein supplement powder as 

published by manufacturer   

 

ARA = arachidonic acid DHA = docosahexaenoic acid  

LCP = long chain polyunsaturated fatty acid MCT = medium chain triglycerides 

NA = not applicable NS = not stated  
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3 Instructions for making up 
breastmilk fortifier 

Instructions for making up breastmilk fortifier (produced by Imperial College 
Healthcare NHS Trust1). 
 
NB This is a guideline only and occasionally an individual plan will need to be made and documented 

 
1. Wash hands   
 

2. Clinell wipe a plastic tray, to be used as the area for milk preparation, and a BMF 
sachet, allow both to dry.  
 

3. Collect milk and equipment – always use single use sterile bottles and syringes. 
 

4. Wash hands and put on gloves. 
 

5. Mix 1 sachet of BMF and 3ml expressed breast milk (EBM) in an expressing bottle; this 
will make a 4ml BMF concentrate. Use this bottle for storing the milk once fortified.  
 

6. Ensure BMF is completely dissolved, may take a few minutes, use the tip of syringe if 
necessary.  
 

7. It is best practice to fortify a maximum of 50mls and use before fortifying more to keep 
storage time to the minimum 
 

8. Make up enough fortified milk to be used within a maximum of 12 hours, preferably 
less.  Mix but do not shake vigorously as the fat globules are disrupted if milk froths. 
 
 For 25ml fortified EBM: ½ strength = 1ml BMF concentrate and make up to 25mls 
 Full strength = 2ml BMF concentrate and make up to 25mls 
 
 For 50ml fortified EBM: ½ strength = 2ml BMF concentrate and make up to 50mls 
 Full strength = 4mls BMF concentrate and make up to 50mls 
         

9. Discard any unused BMF concentrate.      
 

10. Label any unused fortified EBM with patient’s details and time of milk preparation. 
 

11. For milk storage & handling refer to relevant guideline 
 

12. Store unused fortified milk in fridge and use within a maximum of 12 hours. If you 
 calculate that you may have fortified milk stored for longer than 12 hours check with 
 senior medical or nursing staff before discarding. 
 
13. Discard gloves and wash hands. Repeat this process for each individual mother’s milk 

 

 
1  With thanks to Caroline King, Paediatric Dietitian, Imperial College Healthcare NHS Trust.  
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