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Abstract: Target fortification (TFO) reduces natural macronutrient variation in breast milk
(BM). Daily BM analysis for TFO increases neonatal intensive care unit work load by
10-15 min/patient/day and may not be feasible in all nurseries. The variation of
macronutrient intake when BM analysis is done for various schedules was studied. In an
observational study, we analyzed 21 subsequent samples of native 24-h BM batches, which
had been prepared for 10 healthy infants (gestational age 26.1 + 1.3 weeks, birth weight:
890 = 210 g). Levels of protein and fat (validated near-infrared milk analyzer), as well as
lactose (UPLC-MS/MS) generated the database for modelling TFO to meet
recommendations of European Society for Paediatric Gastroenterology Hepatology and
Nutrition. Intake of macronutrients and energy were calculated for different schedules of
BM measurements for TFO (n = 1/week; n = 2/week; n = 3/week; n = 5/week; n = 7/week)
and compared to native and fixed dose fortified BM. Day-to-day variation of macronutrients
(protein 20%, carbohydrate 13%, fat 17%, energy 10%) decreased as the frequency of milk
analysis increased and was almost zero for protein and carbohydrate with daily
measurements. Measurements two/week led to mean macronutrient intake within a range of
+5% of targeted levels. A reduced schedule for macronutrient measurement may increase
the practical use of TFO. To what extent the day-to-day variation affects growth while mean
intake is stable needs to be studied.
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1. Introduction

Breast milk is recommended as the first choice of nutrition for very low birth weight (VLBW, birth
weight <1500 g) infants [1,2]. However, its nutritional composition may need to be optimized in order
to meet the high demand for protein and energy required by premature infants due to their faster growth
rates (15-22 vs. 6-9 g/kg/day in term infants) [3,4]. Currently, breast milk composition is enhanced by
adding commercially available fortifiers. At the recommended dosage, common products provide extra
protein (1-1.1 g/dL), but the amount and composition of non-protein calories vary considerably by the
manufacturer (from 0 to 1 g/dL for fat and 0.4 to 3.4 g/dL for carbohydrates) [5,6]. The fixed dosage
approach to fortification was developed assuming an average content of macronutrients and energy in
breast milk. As such, it does not take into account the significant inter- and intra-individual variation of
breast milk composition [7-13]. Due to this large real-life variation, the exact macronutrient intake of
VLBW infants fed fortified breast milk in clinical practice is unknown. According to available
published evidence, fixed dose fortified breast milk does not meet the recommended intake in
approximately 25%-40% of VLBW infants due to inadequate low breast milk content for protein and/or
calories [7,10,14]. These findings might contribute to the observation that up to 58% of VLBW infants
fed fortified breast milk still experience postnatal growth restriction [15].

The aim of target fortification of breast milk is to individually tailor macronutrient content based on
regular analysis of breast milk. Hence, it aims to “standardize” the composition of breast milk and
provides infants with a consistent and defined intake [7]. However, the evidence base on short- and
long-term outcomes, including growth and neurodevelopment achieved with target fortification of breast
milk, is weak. In a previous study, we were able to show that weight gain is closely related to ingested
volume of target fortified breast milk (r> = 0.68), but not of standard fortified breast milk (r> = 0.02) [7].
Growth rates seemed to be independent of milk intake in infants with standard fortified breast milk. We
speculated that this was an effect of the natural variation of breast milk on growth rates [7].

Implementing target fortification adds additional workload to the neonatal intensive care unit (NICU)
team. The total time required to analyze breast milk composition is approximately 5 to 7 min per sample.
Additionally, time is needed for the calculation of target fortification, documentation and printing of the
fortification prescription, which amounts to 5 to 10 min per sample [7]. In a 50-bed NICU with typically
80% of the infants on target fortified breast milk, this would lead to 7 to 12 h/day of additional workload
for daily measurements. Hence, a reduced frequency of macronutrient measurements would help to make
target fortification more practically in clinical routine. It is therefore the aim of the present study to
model the impact of various frequencies of breast milk analysis measurements on the effective
macronutrient intake of VLBW infants.



Nutrients 2015, 7 2299

2. Methods
2.1. Study Design and Study Population

This observational study was performed at the NICU (Level 3) at McMaster Children’s Hospital in
Hamilton, Ontario, Canada. A set of 210 samples were collected from pooled 24-h breast milk batches,
which had been prepared for ten healthy, fully breast fed preterm infants during a 21-day period
(gestational age of 26.1 + 1.3 weeks, birth weight of 890 + 210 g, head circumference of 25.2 £ 3.9 cm,
day of life 30 + 7, maternal age 29 + 7 years). Such batches were usually pooled from one to three
arbitrary samples. Preferably, fresh native breast milk was used. In cases when no fresh breast milk was
available, frozen native breast milk was used by the order it was pumped and by volume to best match
the required fluid amount and minimize discard. The collection of breast milk samples was initiated five
days after the infants had reached full enteral feeds defined as a volume of 150 mL/kg/day (day of
life 30 + 7). Details about the study protocol were previously published [7].

Informed written parental consent was obtained prior to inclusion of infants into the study. The study
was approved by the Research Ethics Board of McMaster University (REB#12-109) and registered at
ClinicalTrials.gov under identifier NCT01305642.

2.2. Milk Analysis

A sample of 2 mL was obtained from each breast milk batch for macronutrient analysis. One milliliter
was subsequently used to analyze protein and fat using a near-infrared milk analyzer (SpectraStar, Unity
Scientific, Brookfield, CT, USA). Results were adjusted according to our detailed validation process as
previously published [13]. In this study, lactose measurements were performed with ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) to overcome the inherent
imprecision of the milk analyzer for lactose [13]. Therefore, the remaining 1 mL of breast milk was
stored at —80 °C and thawed later to measure its lactose content with UPLC-MS/MS. Samples were
analyzed as previously described [16,17] and pipetted with a Biomek® FXP robotic system (Beckman
Coulter, Brea, California) to enhance accuracy. Prior to both methods, near-infrared and tandem mass
spectroscopy, breast milk samples were homogenized for 15 seconds using a sonicator (VCX 130,
Sonic & Materials Inc., Newtown, CT, USA). The stability of lactose content at —80 °C has been
recently reported [13,18-20].

2.3. Definitions

Fixed dose fortification (FDF), which has been also named as standardized (“blind”) fortification, is
the addition of fortifier to breast milk in order to increase the level of nutrients, electrolytes, vitamins
and trace elements in a fixed dose (g fortifier/dL milk). The dose of the fortifier is not dependent on the
individual composition of native breast milk [10].

Target fortification (TFO) is an extension of the concept of fixed dose fortification. Based on
individual breast milk analysis, those macronutrients are identified that still will be deficient after
applying fixed dose fortification. Along with fixed dose fortification, individual modular fortifier
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products (protein and/or carbohydrate and/or fat) are calculated and added to achieve the target
composition [7].

2.4. Calculation of Amount of Modular Fortifier

The amount of modular components (protein and/or carbohydrate and/or fat) needed for target
fortified breast milk was calculated as previously described [7]. This algorithm consisted of three steps.
First, the amount of macronutrients (protein, carbohydrate, fat) was measured in native 24-h breast milk
batches. Second, the amount of macronutrients achieved after fixed dose fortification was calculated by
adding the macronutrient levels measured in the native 24-h breast milk batch and the increment from
the addition of fixed dose fortification at the recommended dosage. For this step, values given by the
fortifier manufacturer’s data sheet were used (Enfamil HMF®, Mead Johnson, Evansville, Indiana,
USA): a recommended dosage of 2.84 g fortifier per dL of breast milk provides an increment of 1.1 g
protein, 0.4 g carbohydrate and 1.0 g fat (all per dL). As a third and final step, the amount of modular
products (protein, carbohydrate and fat) required to achieve target values was calculated.

The following commercially available products were used: Microlipid® (Nestle Health Care Nutrition,
Minneapolis, MN, USA), a safflower oil fat emulsion developed for enteral feedings (0.5 g fat/mL);
Beneprotein® (Nestle, Health Care Nutrition, Minneapolis, MN, USA), an instant whey protein powder
(0.86 g protein/g); and Polycose® (Abbott Nutrition, Columbus, OH, USA), a glucose polymer powder
(0.94 g carbohydrate/qg).

The target macronutrient concentration was defined as 3 g/dL for protein, 8.5 g/dL for carbohydrate
and 4.3 g/dL for fat. This definition is based on guidelines of European Society for Paediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN) in order to achieve an intake of 4.5 g/kg/day
of protein, 12.8 g/kg/day of carbohydrate and 6.5 g/kg/day of fat at an enteral volume of 150 mL/kg/day [1].
In the case that a macronutrient component after fixed dose fortification already met target amounts,
only the deficient macronutrient components were target fortified.

2.5. Description of Different Scenarios for Weekly Measurement Frequencies

To assess the impact of different workload scenarios in the NICU, five weekly schedules of milk
analysis were simulated: (1) only Monday (n = 1/7); (2) Monday and Thursday (n = 2/7); (3) Monday,
Wednesday and Friday (n = 3/7); (4) all weekdays, but no weekends (n = 5/7); and (5) every day
(n = 7/7). Fortification and achieved intake were calculated for the total of 21 days. Schedules 1-4
assume that macronutrient content will not be measured every day. For days without measurements,
milk analysis data from the most recent preceding day was used as a substitute, taking the likelihood into
account that the true macronutrient contents between these days were different. For example, Schedule 4
assumes that milk analysis is done only on weekdays. In order to calculate the amount of modular
products for TFO on weekends, the measurement of the preceding Friday was used as a substitute.

For the different schedules, the resulting intake using modular fortification was calculated, and all
available data from daily analysis and the average over a period of the entire 21 days were computed.
Energy intake was calculated based on the physiological energy equivalents (Atwater factor) assuming
that fat yields 9 kcal per gram and protein and carbohydrate both yield 4 kcal per gram [21].
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To check whether the targeted levels for macronutrients had been achieved, a deviation within £5%
from the targeted level had been defined as acceptable.

2.6. Statistics

The modeling of different approaches for target fortification and calculation of the mean, standard
deviation, median, interquartile range, percentage and frequencies were done using Microsoft Excel
2013 (Microsoft Corporation, Redmond, WA, USA). Data were tested for a normal distribution using
the Kolmogorov—Smirnov test. Box plots were calculated using the R software package for statistical
analysis Version 3.1.0 (4 October 2014) [22].

3. Results

Table 1 summarizes the macronutrient contents of n = 210 in 24-h breast milk batches, before and
after fixed dose fortification, as well as after target fortification using different schedules for bedside
analysis. In native breast milk, there was considerable intra- and inter-individual variation for all
macronutrients. The ranges were 0.5 to 2.0 g/dL for protein, 3.0 to 10.6 g/dL for carbohydrate (lactose),
2.0 to 6.0 g/dL for fat and 48 to 89 kcal/dL for energy. Fixed dose fortification with Enfamil HMF®
increased macronutrient content by 1.1 g/dL for protein, 0.4 g/dL for carbohydrate, 1 g/dL for fat and
15 kcal/dL for energy. On average, the protein content of fixed dose fortified breast milk was 2.3 g/dL
and carbohydrate was 7.7 g/dL and did not reach the defined target levels (3 g protein/dL and
8.5 g carbohydrate/dL, respectively). Native fat content on average exceeded the target level (4.7 vs.
4.3 g/dL).

In target fortified breast milk, daily measurement precisely met the target intake for protein and
carbohydrates. The day-to-day variation of macronutrients increased as the frequency of milk analysis
decreased. A detailed overview about the distribution of the differences of macronutrient amounts
based on modelling of target fortification on different schedules is illustrated in Table 2 and in
Figures 1 and 2.

Looking closer into protein levels, a reduced number of measurements increased the variation
considerably. For Schedules 2-5, mean protein intake during a 21-day period was within a range of £5%
of the target level. However, when measurement frequency was reduced to once per week (Schedule 1),
30% of the individuals would be at risk for a deviation of intake from the target level alongside a high
day-to-day variation (Figure 1).

Similar to protein, the carbohydrate concentration achieved by target fortification attained precise
target levels with daily measurements. Again, analysis twice a week seemed to be reasonably suited to
supplement the average macronutrient content to the ESPGHAN target levels. Some milk batches
showed a final carbohydrate content that was higher than targeted; however, this concentration was
already achieved after adding the fixed fortifier and was not an effect of target fortification.
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Table 1. Protein, carbohydrate, fat and energy of native breast milk (BM), fixed dose fortified BM and target fortified BM (TFO) for
measurements of macronutrients done on different schedules.

Amount
ESPGHAN . Added by Fixed Dose TFO TFO TFO TFO TFO
Component ) Native BM . e .
Recommendation Fixed Dose  Fortification Mo Mo and Th Mo, We, Fr Weekdays Daily
Fortification
. 12+03* 23+03* 29+03 3.0+0.3 3.0+0.2 3.0+£0.2 3.0+£00
Protein (g/dL) 2.7-3.0%2.3-27* 1.1
1.2(1.0;1.4) 2.3(2.1;2.5) 3.0(27;31) 30(29;31) 3.0(29;3.0 3.0(3.0;3.0)0 3.0(3.0;3.0
Carbohydrate 2788 73+1.1 04 77+11 86+12 86+1.1 86110 85+0.8 8.6+0.3
(g/dL) T 7.4 (6.8;7.9) ' 7.8(7.2;8.3) 85(8.1;9.1) 85(83;9.1) 85(8.5;9.0) 8.5(8.5;8.6) 85(8.5;8.5)
3.7+08* 47+08* 48+08* 48+0.7* 48+0.7 48+0.7 48+0.6
Fat (g/dL) 3.2-4.4 1.0
3.6(3.1;4.2) 4.6 (4.1;5.2) 46 (4.2;52) 4.8(4.3;52) 46(43;53) 46(4.3;52) 4.6(4.3;52)
67+9* 82+9* 89+8* +7* 90+8 907 90+6
Energy (kcal/dL) 73-90 15
67 (62; 73) 82 (77, 88) 89 (83; 94) 89 (85; 95) 88 (85; 95) 88 (85; 94) 88 (85; 93)

Data show the mean + standard deviation, median (interquartile range). Normally distributed values are indicated by *. Though native BM contains only lactose, levels are
labelled as carbohydrates, because fortifiers contain carbohydrates other than lactose. European Society for Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) recommendation have been adjusted for a milk volume intake of 150 mL/kg/day. Protein intake for infants with body weight <1 kg is indicated by * and

1-1.8 kg by #. Mo, Monday; We; Wednesday; Th, Thursday; Fr, Friday.
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Table 2. Number of subjects affected by the deviation of mean macronutrients and energy intake from ESPHGAN recommendations. Data
(n =210 measurements of n = 10 subjects) presented for native breast milk (BM), fixed dose fortified BM and of target fortified (TFO) BM for
measurements done on different schedules for BM analysis.

Component Deviation from Target Native BM Fixed Dose TFO TFO TFO TFO TFO
Composition (%) Fortification Mo Mo and Th Mo, We, Fr Weekdays Everyday
>25
15t0 25
5t0 15 1
Protein +5 (target) 7 10 10 9 10
—5to—15 1 3
—15to —25 4
<-25 10 5
>25
15t0 25
5to0 15 4 1 2
Carbohydrate +5 (target) 1 3 9 8 9 10
—5to—15 7 3 1
—15to 25 2
<25 10
>25 1 1 1 1 1 1
15t0 25 2 2 2 2 2 2
5to0 15 3 3 3 4 4 4
Fat +5 (target) 3 3 3 4 3 3 3
—5to—15 2 1 1
—15to 25 3
<25 2
>25
15t0 25
5to0 15 3 4 5 5 4
Energy +5 (target) 6 7 6 5 5 6
—5to—15 2 3
—15to 25 6 1
<25 2

The routine fortifier for fixed dose fortification was Enfamil HMF®. Numbers of samples have been summarized according to the deviation from target macronutrient levels
(protein 3 g/dL, carbohydrate 8.5 g/dL, fat 4.3 g/dL, energy 85 kcal/dL). Each block of data shows the distribution of the numbers of infants that would have mean or be
cumulative in strata. TFO, target fortification; Mo, Monday; We; Wednesday; Th, Thursday; Fr, Friday.
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In contrast to the modeling observations with protein and carbohydrates, the levels of fat in native
breast milk had a higher variation, and 20% of native breast milk samples already exceeded the target
levels for fat prior to any kind of fortification. After fixed dose fortification, the fat content was above
the 5% tolerance range of the target level in 53% of breast milk samples. Target fortification decreased
the number of fat-deficient samples, while the number of samples with fat amounts above target levels
due to fixed dose fortification remained unchanged. Measurements twice per week eliminated the number
of samples with low fat levels.

The energy content of breast milk showed a similar pattern compared to single macronutrients. The
day-to-day variation decreased as the frequency of milk analysis increased.

4. Discussion

In this study, we investigated the variation of fat, protein, carbohydrate and energy of pooled native
breast milk, fixed dose fortified breast milk and target fortified breast milk when fortification was based
on different schedules of macronutrient measurements. The main findings of the study were: (1) fixed
dose fortification of breast milk was not sufficient to provide macronutrients at the recommended level
in all preterm infants; (2) target fortification with daily measurements precisely achieved recommended
target intake; (3) the reduction of measurement frequency increased the day-to-day variation;
(4) measurements twice a week assured that, on average, no infant received an intake that was below the
recommended targets; and (5) the higher amount of carbohydrates and fat in some of the batches was
due to the composition of native breast and/or fixed dose fortifier, but not an effect of target fortification.

In this study, we used daily samples of native 24-h breast milk batches collected during a 21-day
period. The 24-h batches had been prepared in the same way as all other routine fortified breast milk
feedings at our NICU. Usually, one to three portions of stored mother’s own milk were used for pooling.
The breast milk analysis showed that the variation of protein, lactose and fat content that we observed
in our study was in the same order of magnitude as previously reported for samples obtained from single
lactations [8,23,24]. We are confident that our breast milk batches reflect real-life routine conditions, as
we used a validated near-infrared milk analyzer for protein and fat, a validated wet chemistry method
for lactose and excluded freezing and storage time as a confounder [13,16,17].

Recently, we demonstrated that growth rates correlated with milk volume intake when infants
receiving breast milk with insufficient macronutrient content were identified and received target fortified
breast milk instead. In infants receiving fixed dose fortification only, growth rates did not correlate with
milk volume [7]. In that recent study, target fortification was based on daily measurements. However, if
breast milk is not measured daily, day-to-day variation of macronutrient intake would rise, thereby
increasing the probability that mean intake will deviate from the target value. In our study, target
fortification ensured that the average intake of macronutrients reached the target levels when breast milk
was analyzed at least twice a week. Currently, it is unknown whether the degree of day-to-day variation
at constant average intake has an impact on metabolic response and growth in preterm infants, as has
been shown in adults [25-27]. A reduced number of meals, but not the total caloric intake, led to higher
fat mass accumulation [25]. Other studies kept the caloric intake constant, but varied protein and
carbohydrate levels and found effects on glycemic response [26,27]. It might be speculated that some
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variation is physiological for mature babies, as in toddlers, it was found that intake of breast milk volume
had an average day-to-day variation of 9% + 5% [28].

Compared to term infants, the metabolism of preterm infants is immature, but supports considerably
higher growth rates. Recent research confirms that the fetus is exposed in utero to a more constant supply
and influx of nutrients [29,30]. Considering these data, it could be speculated that a continuous supply
of nutrients might be desirable to support optimum growth of preterm infants. In contrast, the different
schedules of TFO led to different magnitudes of day-to-day variations. It is of great interest to know
whether an increased uneven influx affects growth, neurodevelopment and body composition of very
premature infants when compared to a more even influx of calories and macronutrients. We feel that this
is a valuable question, particularly in light of the DOHaD (developmental origin of health and disease)
hypothesis and needs further consideration. A randomized controlled trial would be most appropriate to
test if an even influx of nutrients is superior to a regime with a higher variation.

The analysis of fixed dose fortified breast milk showed that 76 out of 210 batches required extra
fortification with fat, but 53% of samples had fat amounts that were higher than the desired target level.
This could be explained by two reasons. First, the fat content of native breast milk is subject to high
variation [13,23]. A considerable number of samples of native breast milk samples already reaches the
target fat content. Secondly, the fat component of the fortifier used in this study is composed such that
the recommended fixed dose fortification to enhance protein content by 1.1 g/dL will also increase fat
content by 1 g/dL. It is of importance to note that the high final concentration of fat was already achieved
by routine fixed dose fortification and was not an effect of target fortification.

One rationale to perform this study was to identify whether the workload associated with target
fortification could be reduced. We feel that two measurements per week provide a reasonable balance
between workload and improving nutrient intake. We further optimized the workload by placing the
homogenizer for milk sample pretreatment and the infrared milk analyzer directly in the milk preparation
room located in the NICU. This infrared milk analyzer works quickly and is simple to use, comparable
to a blood gas machine. Dietician assistants had been trained to analyze samples drawn from pooled
24-h batches. The computation and printing of the prescription for the amount of fat, protein or
carbohydrate needed for target fortification were automated using a predefined Excel sheet. The modular
protein and carbohydrate products for target fortification were in powder form. To avoid the need for a
scale, these products had been prepared in small packages of 0.2 g, 0.5¢g, 1 g, 2 g and 5 g increments.
Fat was provided as a liquid emulsion, which was drawn with a syringe. As a result, the additional
workload on days with breast milk measurements to fortify a 24-h batch was less than 10 min [7]
compared to 1-2 min on days without measurements. Hence, target fortification that measures breast
milk content twice a week will lead to 30 min of extra work per week and per infant, which accumulates
to 2—-4 h for a 4-8-week intervention [7]. In return, improved somatic growth and development reduce
the complications of neonatal care, shorten the length of stay and reduce costs [31-34].

5. Conclusions

The concept of target fortification may enable identifying breast milk batches with low nutrient
content and, therefore, could decrease the risk of inappropriate growth. Implementing target fortification
could be an option to overcome the uncertainty and variability of the macronutrient content of breast
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milk. In regards to the results of this study, we think that target fortification with measurements at least
twice per week would offer an acceptable cost-benefit compromise that would be able to enhance
macronutrient intake in line with current recommendations. Future clinical studies are needed to examine
whether the magnitude of day-to-day variation of macronutrients due to different frequencies of
measurement affects growth, metabolism and neurodevelopment of preterm infants.

Acknowledgments
The study was funded by Canadian Institute of Health Research (CIHR) #MOP-125883.
Author Contributions

All authors have made substantial contributions to all of the following: (1) the conception and design
of the study, discussion and development in the area; (2) acquisition of data or analysis and interpretation
of data; (3) drafting the article or revising it critically for important intellectual content; (4) final approval
of the version to be submitted. Further, the authors contributed as followed: N.R. designed the study
protocol, did the data analysis and interpretation and wrote the manuscript. G.F. did the macronutrient
analysis. B.Z. was involved in macronutrient analysis and data collection and drafted parts of the
manuscript. A.A. was involved in study coordination and macronutrient analysis. S.B. was involved in
data analysis. C.F. initiated the study, developed the study concept and protocol, did the data analysis
and interpretation of data and wrote the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Agostoni, C.; Buonocore, G.; Carnielli, V.P.; de Curtis, M.; Darmaun, D.; Decsi, T.; Domellof, M.;
Embleton, N.D.; Fusch, C.; Genzel-Boroviczeny, O.; et al. Enteral nutrient supply for preterm
infants: Commentary from the european society of paediatric gastroenterology, hepatology and
nutrition committee on nutrition. J. Pediatr. Gastroenterol. Nutr. 2010, 50, 85-91.

2. Eidelman, A.l.; Schanler, R.J.; Johnston, M.; Landers, S.; Noble, L.; Szucs, K.; Viehmann, L.
Breastfeeding and the use of human milk. Pediatrics 2012, 129, e827-e841.

3. Ziegler, E.E. Meeting the nutritional needs of the low-birth-weight infant. Ann. Nutr. Metab. 2011,
58, 8-18.

4. Fenton, T.R.; Kim, J.H. A systematic review and meta-analysis to revise the fenton growth chart
for preterm infants. BMC Pediatr. 2013, 13, 59.

5. Rochow, N.; Jochum, F.; Redlich, A.; Korinekova, Z.; Linnemann, K.; Weitmann, K.; Boehm, G.;
Muller, H.; Kalhoff, H.; Topp, H.; et al. Fortification of breast milk in vlbw infants: Metabolic
acidosis is linked to the composition of fortifiers and alters weight gain and bone mineralization.
Clin. Nutr. 2011, 30, 99-105.



Nutrients 2015, 7 2309

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Reis, B.B.; Hall, R.T.; Schanler, R.J.; Berseth, C.L.; Chan, G.; Ernst, J.A.; Lemons, J.;
Adamkin, D.; Baggs, G.; O’Connor, D. Enhanced growth of preterm infants fed a new powdered
human milk fortifier: A randomized, controlled trial. Pediatrics 2000, 106, 581-588.

Rochow, N.; Fusch, G.; Choi, A.; Chessell, L.; Elliott, L.; McDonald, K.; Kuiper, E.; Purcha, M.;
Turner, S.; Chan, E.; et al. Target fortification of breast milk with fat, protein, and carbohydrates
for preterm infants. J. Pediatr. 2013, 163, 1001-1007.

Saarela, T.; Kokkonen, J.; Koivisto, M. Macronutrient and energy contents of human milk fractions
during the first six months of lactation. Acta Paediatr. 2005, 94, 1176-1181.

Weber, A.; Loui, A.; Jochum, F.; Buhrer, C.; Obladen, M. Breast milk from mothers of very low
birthweight infants: Variability in fat and protein content. Acta Paediatr. 2001, 90, 772-775.
Polberger, S. New approaches to optimizing early diets. Nestle Nutr. Workshop Ser Pediatr.
Program 2009, 63, 195-204.

Ereman, R.R.; Lonnerdal, B.; Dewey, K.G. Maternal sodium intake does not affect postprandial
sodium concentrations in human milk. J. Nutr. 1987, 117, 1154-1157.

Lonnerdal, B.; Forsum, E.; Hambraeus, L. A longitudinal study of the protein, nitrogen, and
lactose contents of human milk from swedish well-nourished mothers. Am. J. Clin. Nutr. 1976, 29,
1127-1133.

Fusch, G.; Rochow, N.; Choi, A.; Fusch, S.; Poeschl, S.; Ubah, A.O.; Lee, S.Y.; Raja, P.; Fusch, C.
Rapid measurement of macronutrients in breast milk: How reliable are infrared milk analyzers?
Clin. Nutr. 2014, doi:10.1016/j.cInu.2014.05.005.

Arslanoglu, S.; Moro, G.E.; Ziegler, E.E. Adjustable fortification of human milk fed to preterm
infants: Does it make a difference? J. Perinatol.: Off. J. Calif. Perinat. Assoc. 2006, 26, 614-621.
Henriksen, C.; Westerberg, A.C.; Ronnestad, A.; Nakstad, B.; Veierod, M.B.; Drevon, C.A,;
Iversen, P.O. Growth and nutrient intake among very-low-birth-weight infants fed fortified human
milk during hospitalisation. Br. J. Nutr. 2009, 102, 1179-1186.

Fusch, G.; Choi, A.; Rochow, N.; Fusch, C. Quantification of lactose content in human and cow’s
milk using uplc-tandem mass spectrometry. J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2011,
879, 3759-3762.

Choi, A.; Fusch, G.; Rochow, N.; Sheikh, N.; Fusch, C. Establishment of micromethods for
macronutrient contents analysis in breast milk. Matern. Child Nutr. 2013, doi:10.1111/mcn.12053.
Chang, Y.C.; Chen, C.H.; Lin, M.C. The macronutrients in human milk change after storage in
various containers. Pediatr. Neonatol. 2012, 53, 205-209.

Garcia-Lara, N.R.; Escuder-Vieco, D.; Garcia-Algar, O.; De la Cruz, J.; Lora, D.; Pallas-Alonso, C.
Effect of freezing time on macronutrients and energy content of breastmilk. Breastfeed. Med. Off.
J. Acad. Breastfeed. Med. 2012, 7, 295-301.

Vieira, A.A.; Soares, F.V.; Pimenta, H.P.; Abranches, A.D.; Moreira, M.E. Analysis of the influence
of pasteurization, freezing/thawing, and offer processes on human milk’s macronutrient concentrations.
Early Hum. Dev. 2011, 87, 577-580.

Carpenter, K.J. A short history of nutritional science: Part 2 (1885-1912). J. Nutr. 2003, 133,
975-984.

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for
Statistical Computing: Vienna, Austria, 2014.



Nutrients 2015, 7 2310

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Gidrewicz, D.A.; Fenton, T.R. A systematic review and meta-analysis of the nutrient content of
preterm and term breast milk. BMC Pediatr. 2014, 14, 216, doi:10.1186/1471-2431-14-216.
Nommsen, L.A.; Lovelady, C.A.; Heinig, M.J.; Lonnerdal, B.; Dewey, K.G. Determinants of energy,
protein, lipid, and lactose concentrations in human milk during the first 12 mo of lactation: The
darling study. Am. J. Clin. Nutr. 1991, 53, 457-465.

Chapelot, D.; Marmonier, C.; Aubert, R.; Allegre, C.; Gausseres, N.; Fantino, M.; Louis-Sylvestre, J.
Consequence of omitting or adding a meal in man on body composition, food intake, and
metabolism. Obesity 2006, 14, 215-227.

Gunnerud, U.; Holst, J.J.; Ostman, E.; Bjorck, I. The glycemic, insulinemic and plasma amino acid
responses to equi-carbohydrate milk meals, a pilot- study of bovine and human milk. Nutr. J. 2012,
11, 83.

Nilsson, M.; Holst, J.J.; Bjorck, I.M. Metabolic effects of amino acid mixtures and whey protein in
healthy subjects: Studies using glucose-equivalent drinks. Am. J. Clin. Nutr. 2007, 85, 996-1004.
Dewey, K.G.; Heinig, M.J.; Nommsen, L.A.; Lonnerdal, B. Maternal vs. infant factors related to
breast milk intake and residual milk volume: The darling study. Pediatrics 1991, 87, 829-837.
Van den Akker, C.H.; Schierbeek, H.; Dorst, K.Y.; Schoonderwaldt, E.M.; Vermes, A,
Duvekot, J.J.; Steegers, E.A.; van Goudoever, J.B. Human fetal amino acid metabolism at term
gestation. Am. J. Clin. Nutr. 2009, 89, 153-160.

Van den Akker, C.H.; Schierbeek, H.; Minderman, G.; Vermes, A.; Schoonderwaldt, E.M.;
Duvekot, J.J.; Steegers, E.A.; van Goudoever, J.B. Amino acid metabolism in the human fetus at
term: Leucine, valine, and methionine kinetics. Pediatr. Res. 2011, 70, 566-571.

Merritt, T.A.; Pillers, D.; Prows, S.L. Early NICU discharge of very low birth weight infants: A
critical review and analysis. Semin. Neonatol.: SN 2003, 8, 95-115.

Whyte, R.K. Neonatal management and safe discharge of late and moderate preterm infants.
Semin. Fetal Neonat. Med. 2012, 17, 153-158.

Altimier, L.; Eichel, M.; Warner, B.; Tedeschi, L.; Brown, B. Developmental care: Changing the
NICU physically and behaviorally to promote patient outcomes and costs. Neonat. Intens. Care
2004, 17, 35-39.

Melnyk, B.M.; Feinstein, N.F.; Alpert-Gillis, L.; Fairbanks, E.; Crean, H.F.; Sinkin, R.A,
Stone, P.W.; Small, L.; Tu, X.; Gross, S.J. Reducing premature infants’ length of stay and improving
parents’ mental health outcomes with the creating opportunities for parent empowerment (COPE)
neonatal intensive care unit program: A randomized, controlled trial. Pediatrics 2006, 118,
el1414-e1427.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



	1. Introduction
	2. Methods
	2.1. Study Design and Study Population
	2.2. Milk Analysis
	2.3. Definitions
	2.4. Calculation of Amount of Modular Fortifier
	2.5. Description of Different Scenarios for Weekly Measurement Frequencies
	2.6. Statistics

	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgments
	Author Contributions
	Conflicts of Interest
	References

