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Popular scientific summary
Donor milk may damage its nutritional components and immunological factors due to pasteurization, and its clinical effect on very-low-birth-weight infants is questioned.
In this prospective study, feeding very-low-birth-weight infants with preterm donor milk did not affect
the growth, but reduced feeding intolerance, necrotizing enterocolitis, and infection.
By encouraging the mothers of the very preterm infant to donate milk, the benefits for preterm infants
can be made to a greater extent.

Abstract
Background: Preterm human milk has advantages over preterm formula (PF), but it may compromise some
functions after pasteurization.
Objective: To explore the effects of preterm donor milk (DM) on growth, feeding tolerance, and severe
morbidity in very-low-birth-weight infants.
Method: This was a single-center, prospective cohort study that included 304 preterm infants weighing
<1,500 g or of gestational age <32 weeks. If the mother’s own milk was insufficient, the parents decided to
use PF (n = 155) or DM (n = 149). The two groups were uniformly managed according to the standard NICU
protocol. Growth parameters, feeding tolerance, and severe morbidity such as necrotizing enterocolitis, were
compared between the two groups.
Results: The daily weight gain and weekly head growth in the DM group were not different from those in the PF
group (P > 0.05). Feeding intolerance in the DM group was significantly lower than that in PF group (P < 0.05),
and parenteral nutrition time and hospitalization time were also shorter than that in the PF group (P < 0.05). Moreover, the incidence of necrotizing enterocolitis and sepsis was also significantly lower in the DM group (P < 0.05).
Conclusion: The study indicated that preterm DM does not affect the growth of very-low-birth-weight infants.
Further, it significantly reduces feeding intolerance, helps achieve full enteral feeding early, and has protective
effects against necrotizing enterocolitis and sepsis. Thus, compared with formula, preterm DM can lower the
rate of infection in preterm infants and is worthy of promotion.
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H

uman milk is the first choice for all babies, especially for premature infants. A large number of
studies have shown that human milk is particularly important for preterm infants, especially for verylow-birth-weight (VLBW) infants, as it can reduce the
morbidities associated with preterm birth, for example,

feeding intolerance, necrotizing enterocolitis (NEC),
chronic lung disease, and retinopathy. Human milk can
also improve the neurobehavioral prognosis of preterm
newborn babies and reduce the risk of metabolic syndrome in late adulthood, such as insulin-dependent and
non-insulin-dependent diabetes mellitus, overweight and
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obesity, and hyperlipidemia (1–3). Enteral feeding should
be initiated as early as possible after birth in order to improve tolerance against enteral feeding and prevent intestinal atrophy (4). In particular, the colostrum provides
strong resistance against infection.
However, the colostrum cannot be obtained in the
first few days after birth in most preterm infants. Some
mothers fail to provide adequate milk to meet the infants’
requirements due to various reasons, such as immature
lactation function or even need to interrupt breastfeeding
because of diseases. In such cases, donor milk (DM) is
considered to be a good substitute for mother’s own milk
(MOM).
According to the current recommendations (5, 6),
fresh MOM is the first choice for preterm infants. When
the MOM is not available and sufficient, appropriately
screened and pasteurized DM is recommended. Only
when there is neither MOM nor DM, can preterm formula (PF) be selected. However, while milk banks are
common in European and American countries, most
premature babies in China are mainly fed with unpasteurized MOM or PF in the neonatal intensive care unit.
China’s non-profit milk banks were established only
quite recently. Between March 2013 and December 2016,
14 milk banks were established in mainland China, and
a total of 3,121 mothers donated milk, including 2,828
(90.6%) term mothers (7) . It is not clear whether feeding with DM, especially preterm DM after pasteurization, is as effective as breastfeeding, as there have been
no large-scale controlled studies on the effectiveness of
pasteurized preterm DM in China. In August 2017, we
established the first all-public welfare milk bank in Fujian Province, China, for storage of DM mainly from
preterm infant mothers. The present study conditionally
observes the effects of preterm DM on growth, feeding,
and severe morbidity in VLBW infants.
Methods
Design
This study was a prospective cohort study on the benefits
of preterm DM for VLBW infants whose mothers cannot
provide enough milk, conducted from August 2017 to October 2019. After admission, the infants were given DM
or PF for supplementary feeding, or alternative feeding,
according to the parents’ decision. Those who received
DM were assigned to the DM group, and those who received PF were assigned to the PF group. The inclusion
criteria were birth weight <1,500 g or gestational age <32
weeks, and admission within 24 h after birth. The exclusion criteria were congenital genetic metabolic disease
or congenital developmental malformation (such as cyanotic heart disease and gastrointestinal malformation),
surgical treatment for conditions other than NEC, and
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premature termination of treatment or death before completion of treatment. Additionally, in cases where the feed
was composed of 50% MOM, the infants were excluded.
The ethical approval for the study was obtained from the
Medical Research Committee of Quanzhou Women and
Children’s Hospital. The parents provided their signed informed consent for accepting DM.
Standardized feeding regimen: The PF group received
PF, while the DM group received DM and human milk
fortifier. Both groups received parenteral nutrition, and
enteral feeding was considered to have been achieved
when the feeding volume reached 120~130 mL/kg per day.
Once enteral feeding was achieved, the deep vein catheter
was removed. On the first day after birth, micro-enteral
feeding was initiated. Additionally, an umbilical vein
catheter (UVC) or peripherally inserted central catheter
(PICC) was used to support parenteral nutrition: initial
daily amino acid dose of about 2.0 g/kg (daily increase,
1.0 g/kg; maximum daily dose, 3.5~4.0 g/kg), and addition of fatty acid 24 h after birth at an initial daily dose
of 1.0 g/kg (daily increase, 1.0 g/kg; maximum daily increase, 3~3.5 g/kg). According to the feeding tolerance,
enteral feeding was increased by 10~20 mL/kg daily. In
the DM group, when the enteral feeding volume achieved
50~100 mL/kg daily, human milk fortifier was added. Initially, only 25% of the standard amount of fortifier was
added, and it was gradually increased till the full fortification dose was reached, provided no feeding intolerance
occurred, within 5~7 days. In the later stage, non-nutritive
sucking training and kangaroo nursing were performed.
When the patient’s weight reached 2.0 kg, DM was discontinued and replaced with formula.
DM source
The study was conducted in a large neonatal intensive
care unit at the Quanzhou Women and Children’s Hospital, Fujian Province, China. In 2017, the hospital established the first milk bank in the region and exclusively
collected DM from mothers of very preterm infants
(mostly VLBW infants hospitalized during the same period). All mothers were previously tested to make sure
they were not positive for human immunodeficiency
virus, syphilis, hepatitis B, hepatitis C, and cytomegalovirus. As blood tests ideally need to be done 3~5 days
before donation of milk and colostrum production is
generally low, the milk sources were transitional milk and
mature milk. Preterm DM was collected in a special container (a 150 mL or 80 mL bottle designed to store DM),
pasteurized at 62.5°C for 30 min, and quickly cooled
down to 25°C within 10 min in an ice water bath; it was
then stored in a refrigerator at a temperature of 0~4°C
for 1 or 2 days or frozen at −20°C for 3~6 months. Fresh
DM was preferred over frozen milk. If the total amount
after pasteurization exceeded the requirement for the
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day, the excess was directly frozen after cooling. Frozen
milk was thawed before it was administered to suitable
neonates within 24 h. As of August 3, 2019, we had received 1,466,218 mL of DM from 121 mothers, mean age
29 ± 5 years, and this has benefited 593 preterm infants.
The first donation time was 3.4 ± 2.2 weeks postpartum
(postmenstrual age 32 ± 2 weeks), and the last donation
time was 9.1 ± 4.7 weeks postpartum (postmenstrual age
38 ± 4 weeks), and the duration was 32 (19,52) days. Proportion of donor pool, transitional milk was in 3.4%;
mature milk was in 96.6%; fresh milk was in 61.4%, of
which 12.5% was used within 1–2 h; and frozen milk was
in 38.6%, with frozen time for 0–10 days, 10–20 days,
20–30 days, 30–60 days, and 60–90 days accounted for
13.3%, 50.6%, 14.2%, 16.1%, and 5.8%, respectively
Data collection
General information about the infants, including gestational age, gender, weight, head circumference, Apgar
score, and steroid application during delivery, was obtained. The measurement objects included growth indicators and morbidity, as follows:
1.

2.

3.

The growth indicators were weight and head circumference at discharge, average daily weight gain,
weekly head circumference growth, and duration of
parenteral nutrition (or placement of the central venous catheter).
The signs of feeding intolerance are (1) bloating or
vomiting, (2) gastric retention ≥ 30% of the feeding
amount, (3) obvious bloody stool, (4) bile reflux or
vomiting, and (5) presence of blood-tinged or hemorrhagic substance in the stomach. If these signs were
noted, feeding was discontinued.
The following outcomes were recorded: NEC, defined as Bell stage II and above; retinopathy of prematurity (ROP), defined as ROP stage III or higher;
severe intraventricular hemorrhage (IVH), defined as
stage III–IV IVH and periventricular leukomalacia
(PVL). Sepsis was defined as late-onset sepsis and
included clinical sepsis with negative blood culture.
Bronchopulmonary dysplasia (BPD) was defined
as any oxygen dependence (FiO2 > 21%) exceeding
28 days (or after postconceptional 36 weeks).

Data analysis
After the data collection was completed, the data were
analyzed with SPSS17.0. Normally distributed data
are expressed as χ ± s, non-normal distributed data are
expressed as median (25th percentile and 75th percentile), and count data are expressed as numerical values
and percentages. The t-test and χ2 test were used to
compare differences between the two groups. P < 0.05 was
considered to indicate statistical significance.
Citation: Food & Nutrition Research 2021, 65: 5346 - http://dx.doi.org/10.29219/fnr.v65.5346

Results
From August 2017 to October 2019, a total of 516
preterm infants met the inclusion criteria: 212 were
later excluded, and only 149 preterm infants remained
in the DM group and 155 preterm infants remained in
the formula group. There were no significant differences
in asphyxia (Apgar score at 5 min, <7), gestational
age, gender, birth head circumference, birth weight,
or prenatal steroid use (P > 0.05) (Table 1). None of
the values were significantly different between the two
groups (Table 1).
In terms of growth (Table 2), the average daily weight
gain and weekly increase in head circumference of the
children in the DM group were not statistically different
from those in the PF group, which were 17.9 ± 3.5 g versus
18.5 ± 2.7 g, 0.8 ± 0.4 cm versus 0.9 ± 0.3 cm, respectively
(P > 0.05).
In terms of feeding (Table 3), the feeding intolerance
time, duration of parenteral nutrition, and hospitalization time in the DM group were significantly shorter
than those in the PF group (P < 0.05). In particular, total
enteral feeding was achieved 6.7 days earlier in the DM
group than it was in the PF group.
In terms of severe morbidity (Fig. 1), the incidence of
NEC and sepsis in the DM group was significantly lower
than that in the PF group, which were 2.7% versus 7.7%,
6.0% versus 14.8%, P < 0.05, but the incidence of ROP,
BPD, and severe IVH was not significantly different between the two groups (P > 0.05).
Table 1. Demographic and clinical parameters between the two
groups
Measurement
Male sex

PF group
(n = 155)

DM group
(n = 149)

P

84

81

0.976

1,255 ± 329

1,239 ± 356

0.684

28.9 ± 2.3

29.1 ± 1.9

0.410

Gestational age (week)

30 ± 1.8

30.2 ± 1.6

0.307

Apgar score <7 at 5 min

31

22

0.229

Prenatal steroid use

122

126

0.188

Birth weight (g)
Birth circumference (cm)

DM: donor milk; PF: preterm formula.

Table 2. Growth between the two groups of children
PF group

DM group

P

Discharge weight (g)

2325 ± 142

2304 ± 131

0.181

Average daily weight
gain (g/d)

18.5 ± 2.7

17.9 ± 3.5

0.095

Head circumference
at discharge (cm)

32.3 ± 0.8

32.1 ± 1.0

0.054

Weekly increase in
head circumference
(cm/week)

0.9 ± 0.3

0.8 ± 0.4

0.217

Measurement

DM: donor milk; PF: preterm formula.
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Discussion
Milk bank is a public institution established for the purpose of collecting, testing, screening, processing, storing,
and rational distribution of DM. At present, there are
approximately 500 regular milk banks from 27 countries
in the world, mainly distributed in Australia, the United
States, the United Kingdom, Brazil, Germany, Norway,
and other countries.
The present study reported the benefits and disadvantages of preterm DM in China. As China only recently established its first non-profit milk bank for storage of DM
exclusivity from preterm infant mothers, the findings of
this study make an important contribution to understanding the effects of DM in VLBW infants.
The findings of the present study showed that DM did
not have a significant effect on the average daily weight
gain and weekly head circumference growth. However,
Madore LS et al. (8) showed that a predominantly DM
diet in preterm infants could impair early weight gain in
the hospital and cause cognitive delays at the age of 1
and 2 years. Their findings indicate that pasteurization
may affect macronutrients and enzyme activity and thus
Table 3. Feeding parameters between the two groups
Measurement

PF group

DM group

P

Feeding intolerance time (d)

8.6 ± 2.9

5.2 ± 2.5

<0.001

Duration of parenteral
nutrition(d)

21.3 ± 2.4

14.6 ± 3.7

<0.001

Duration of stay at the
NICU (d)

39.8 ± 9.3

31.5 ± 8.7

<0.001

DM: donor milk; PF: preterm formula.

result in slow growth. One of the reasons for the difference in the results could be that their DM comes from
milk banks, most of which contain full-term human
milk and mature milk, while our DM comes from mothers of preterm infants who were hospitalized during the
same period, especially VLBW infants, and was used
as soon as possible after pasteurization. The composition of human milk from preterm delivery mother differs from that from full-term delivery mother, because
preterm milk has higher concentrations of protein, lipid,
energy, and immunoglobulin (9). Therefore, the quantity and quality of nutrients of preterm DM are better
than that of full-term DM. This might explain why the
growth rate of preterm infants fed with pooled full-term
DM is slow. Marina showed that pasteurization did not
significantly reduce the macro-nutrients and energy content of DM, but slower milk infusion rates significantly
impacted the final delivery of fat and energy (10). All
of these findings imply that the screening of DM is the
key: The mothers of preterm infants should be prioritized as donors. Further, analysis of DM should be performed, if possible, and high-quality milk sources with
higher protein content and energy should be selected.
Another solution, according to the recommendations of
the American Academy of Pediatrics and the Chinese
Academy of Pediatrics, is the reasonable fortification of
milk to meet the protein and mineral needs of VLBW
infants. Early fortification appears to positively affect
growth in the absence of any adverse effects, as intensive
breastfeeding and PF-fed preterm infants have similar
growth rates during hospitalization and can reach normal in utero fetal growth rates (11, 12). Additionally,

Fig. 1. Severe morbidity in study infants at discharge. The morbidities including NEC, sepsis, ROP, BPD, and IVH/PVL between
PF group and DM group were compared. The total number in PF group was 155 cases and that in DM group was 149 cases.
*P < 0.05. NEC: necrotizing enterocolitis; ROP: retinopathy of prematurity; BPD: bronchopulmonary dysplasia; IVH: intraventricular hemorrhage; PVL: periventricular leukomalacia.
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further research should be conducted on processing
DM through methods such as ultra-pasteurization or
non-thermal methods, as this could further reduce the
loss of fat and nutrients (13).
In this study, the hospitalization period in the DM
group was significantly shorter than that in the PF group.
Therefore, the use of DM might reduce hospitalization
costs. Further, total enteral nutrition was achieved significantly sooner with DM than with PF. This finding is
probably related to the beneficial components of human
milk that are known to persist in DM even after pasteurization (2). These components include amylase, lipase,
protease, growth hormones, and nutrients that promote
digestion, immune tolerance, and maturation of gastrointestinal cells, among other functions. These factors also
help in absorption and reduce the incidence of feeding
intolerance, and this explains why total enteral feeding in
the DM group was reached 6.7 days before it was reached
in the PF group.
NEC is one of the most serious gastrointestinal diseases in newborn, which mainly occurs in premature
infants with immature intestinal tract and imperfect intestinal mucosal barrier. It is especially a serious threat
to VLBW infants; it can lead to systemic inflammatory
response syndrome and can even be life-threatening.
Fortified human milk may interfere with gastric emptying and bowel movements, but does not increase the
risk of NEC (14). Previous randomized trials (RTs) and
meta-
analyses have provided evidence of the relative
advantages of human milk over formula; these studies
have shown that breastfeeding, whether pasteurized DM
or MOM, can prevent NEC and infections and is highly
beneficial for VLBW infants (15, 16). In a randomized
trial on extremely premature infants, when their owe
mother’s milk supply was inadequate, these infants were
given either DM and human milk-based human milk
fortifier, or PF, reported that the incidence of NEC, as
well as surgical NEC, was significantly higher with PF
than with DM (17). Our findings are in agreement with
this previous study, as DM was found to significantly
reduce the incidence of NEC and sepsis and confer protection against infection (Fig. 1). The high osmotic pressure of PF may damage the intestinal mucosa. Although
the precise underlying mechanism is unclear, existing
evidence shows that oligosaccharides, growth factors,
glutamine, l-arginine, lactoferrin, probiotics, and prebiotics contained in human milk can enhance colonization
of intestinal symbiotic bacteria, inhibit the growth of
pathogenic bacteria, maintain the integrity of the intestinal mucosa, and enhance immunity, thereby reducing
the risk of sepsis and NEC. Numerous studies (18, 19)
have shown that the duration of PICC or UVC is associated with bloodstream infections. In our study, the duration of central venous catheter placement was shorter in
Citation: Food & Nutrition Research 2021, 65: 5346 - http://dx.doi.org/10.29219/fnr.v65.5346

the DM group than that in the PF group; this might have
reduced infection in the former.
In contrast to the present findings, recently, a large
multi-center, double-blind randomized clinical trial in the
Netherlands reported that DM did not have a protective
effect against infection and NEC (20). However, in their
study, DM was provided only in the first 10 days after
birth, and the proportion of human milk in the DM and
PF groups was very high (89.1 and 84.5% respectively).
This might have led to a serious bias in the comparison
analysis. Nonetheless, mounting evidence clearly shows
that premature human milk has advantages that no formula can match, and that the benefit for premature infants is directly related to the proportion of human milk
consumed (21).
Previous studies have shown that DM can reduce the
incidence of BPD (22) and ROP (23), but this study did
not find a significant difference between the two groups.
This might be related to recent improvements in the
formula feed and a lack of research on the topic. Therefore, further large-scale research is needed on the delayed
effects of formula.
Limitations
Our research also had some limitations. The study was
observational in nature and was not double-blinded and
also only a single-center cohort study with a sample of
only 304. As a result, there could have been confounders
that affected the validity of the results. Further, the longterm effect of DM and PF on long-term neural development, physical growth, mental development, etc., was not
examined.
Conclusions
We have clearly demonstrated that preterm DM has
more protective effect than formula in VLBW infants,
who showed improved feeding tolerance, a lower incidence of NEC and sepsis, and a shorter length of hospitalization, and no sign of growth retardation. Although
these findings are promising, future research on the
long-term impact of this feed is important to confirm
these findings.
Statement
Although present data from this study and many others
are finding advantageous in several aspects of DM over
PF, however, MOM has incomparable superiority over
DM in every aspect. The European Society of Paediatric
Gastroenterology, Hepatology and Nutrition Committee
on Nutrition recommends the following: The preferred
food for premature infants is fortified human milk from
MOM (24), and only if there is insufficient MOM or the
mother cannot provide breastfeeding, DM becomes the
second choice (25).
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