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ABSTRACT: Milk is traditionally considered an ideal source of the basic elemental nutrients required by infants. More detailed
examination is revealing that milk represents a more functional ensemble of components with benefits to both infants and
mothers. A comprehensive peptidomics method was developed and used to analyze human milk yielding an extensive array of
protein products present in the fluid. Over 300 milk peptides were identified originating from major and many minor protein
components of milk. As expected, the majority of peptides derived from β-casein, however no peptide fragments from the major
milk proteins lactoferrin, α-lactalbumin, and secretory immunoglobulin A were identified. Proteolysis in the mammary gland is
selectivereleased peptides were drawn only from specific proteins and typically from only select parts of the parent sequence. A
large number of the peptides showed significant sequence overlap with peptides with known antimicrobial or immunomodulatory
functions. Antibacterial assays showed the milk peptide mixtures inhibited the growth of Escherichia coli and Staphylococcus
aureus. The predigestion of milk proteins and the consequent release of antibacterial peptides may provide a selective advantage
through evolution by protecting both the mother’s mammary gland and her nursing offspring from infection.
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■ INTRODUCTION

Mammalian lactation and its remarkable product, milk, evolved
over more than 200 million years to nourish and protect the
neonate.1 A large number of milk peptides produced by in vitro
proteolysis have been found to be functional beyond their
simple nutrient provision as amino acids.2 Activities of milk
peptides include immunomodulation,3,4 opioid-like activity,5,6

antimicrobial action7−9 and probiotic action.10−12 These
peptide fragments are not functional when constrained in the

context of intact milk proteins.13 Site-specific proteolysis

releases these encrypted fragments. The best described example

is the in vitro digestion of human lactoferrin by gastric pepsin

that produces the peptide fragment lactoferricin that has potent

and specific bactericidal properties.14
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Most of these peptides are not naturally occurringthey
were produced by in vitro digestion, some with the goal of
recreating peptides that would be produced in digestion. In this
study, we identify the peptides that are naturally occurring in
human milk as the first step in understanding where and when
milk’s peptides can exert specific functions. For this purpose,
we used a novel, streamlined, high-throughput analytical
approach optimized to explicitly capture and identify the
complete set of peptides produced by human in vivo proteolytic
digestion of breast milk. To this point, this study represents the
most complete analysis of naturally occurring peptides in
human milk.
The antimicrobial functionality of some of the peptides we

discovered in our analyses highlights that the predigestion of
human milk proteins we observe in the mammary gland is likely
not of a random nature. The benefit of protecting both the
infant and mother are likely major drivers behind the release of
some of these peptides.

■ MATERIALS AND METHODS

Chemicals and Sample Set

Acetonitrile (ACN), formic acid (FA) and trifluoroacetic acid
(TFA) were obtained from Thermo Fisher Scientific (Waltham,
MA) and trichloroacetic acid (TCA) from EMD Millipore
(Darmstadt, Germany). Insulin chain A from bovine pancreas
was obtained from Sigma-Aldrich (St. Louis, MO).
Milk samples from five mothers who delivered at term were

collected for this study. All milk samples were from day 28 of
lactation. All donors were healthy and gave birth to healthy
infants. None of the 5 mothers had clinical signs of mastitis on
the sampling day. Metadata for the 5 mother−infant dyads are
presented in Supplemental Table 1, Supporting Information.
Milk samples were taken from milk expressed by breast milk
pumps, transferred into sterile plastic containers and immedi-
ately stored in home freezers. Manual expression typically takes
10−15 min during which milk samples were exposed to room
temperature. Milk samples were transported on dry ice to the
laboratory where they were stored at −80 °C until the moment
of the sample preparation. Milk samples were collected with
IRB approval.
Sample Preparation

Milk fat fractionation of the sample was performed according to
method described by Dallas et al.15 Briefly, 100 μL of each
sample was centrifuged at 16000× g for 10 min at 4 °C and the
skim milk infranate was removed from beneath the fat layer by
pipet. The procedure was repeated until no fat was observed.
Proteins were removed by TCA precipitation according to

the method of Ferranti et al.16 Briefly, 100 μL of 200 g/L TCA
in nanopure water were added to 100 μL of skim milk. The
samples were mixed using a vortex mixer, centrifuged at 3000×
g at 4 °C for 10 min and the supernatant was collected. The
peptide-enriched supernatant was cleaned of contaminants,
mainly oligosaccharides, through solid phase extraction (SPE)
with 500 mg bed C18 columns (Supelco). The peptides were
eluted from the column using 80% ACN, 0.1%TFA solution.
Samples were dried and rehydrated for MS injection.
To ensure that peptides identified were not the result of

continued proteolytic digestion during sample preparation,
fresh milk was exposed to two treatments and analyzed. Fresh
milk was provided by a healthy mother with no clinical signs of
mastitis. Pumping took 10 min and was delivered to the lab on
ice within 2 min thereafter. The first treatment was exactly as

the above protocolsamples were immediately frozen and
later thawed for sample preparation. The second sample was
first boiled for 5 min to deactivate any protease activity. After
boiling, this sample was frozen like the other sample and then
subjected to the same sample preparation method.

Mass Spectrometry Analysis

Samples were rehydrated with 20 μL of nanopure water prior to
mass spectrometry analysis. Samples (2 μL/injection) were
analyzed on an Agilent (Santa Clara, CA) nano-LC-chip-Q-
TOF MS/MS (Chip-Q-TOF) with an Agilent chip C18
column at a flow rate of 0.3 μL/min. The gradient elution
solvents were (A) 3% ACN/0.1% FA and (B) 90% ACN/0.1%
FA. The gradient employed was ramped from 0−8% B from 0−
5 min, 8−26.5% B from 5−24 min, 26.5−100% B from 24−48
min, followed by 100% B for 2 min and 100% A for 10 min (to
re-equilibrate the column). The capillary pump was set to 3.5
μL/min and 0% B throughout the analysis. Ion polarity was set
to positive. The peak collection thresholds were set at 200 ion
counts or 0.01% relative intensity for MS spectra and 5 ion
counts or 0.01% relative intensity for MS/MS. Data were
collected in centroid mode. The drying gas was 325 °C and
flow rate was 5 L/min. The required chip voltage for consistent
spray varied from 1850 to 1920 V. Automated precursor
selection based on abundance was employed to select peaks for
tandem fragmentation with an exclusion list consisting of all
peptides identified in previous analyses in this study. The
acquisition rate employed was 0.63 spectra/s for both MS and
MS/MS modes. The isolation width for tandem analysis was
1.3 m/z. The collision energy was set by the formula (Slope) ×
(m/z)/100 + Offset, with slope = 3.6 and offset = −4.8. Five
tandem spectra were collected after each MS spectrum, with
active exclusion after 2 MS/MS for 2 min. Precursor ions were
only selected if they had at least 1000 ion counts or 0.01% of
the relative intensity of the spectra. Mass calibration was
performed during data acquisition based on an infused calibrant
ion with a mass of 922.009789 Da.

Data Analysis

Agilent Mass Hunter Qualitative Analysis Software (Santa
Clara, CA) was used to analyze the data obtained. Molecules
identified in the spectral analysis were grouped into compounds
by the Find by Molecular Feature algorithm, which groups
together molecules across charge state and charge carrier. All
tandem-MS from each data file were exported as Mascot
Generic Files (.mgf) with a peptide isotope model and a
maximum charge state of +9.
Peptide identification was accomplished using both the Mass

Spectral-Generating Function Database (MS-GFDB)17 (via a
command-line interface) and X!Tandem18 (using the down-
loadable graphical user interface). The human milk library used
in both searches was constructed based on results from
proteomic studies of human milk.19−21 A human milk protein
library was employed because of the smaller number of proteins
involved: because the search required nonspecific cleavage,
using the whole human protein library took too long. These
were exported to FASTA file format. For MS-GFDB, peptides
were accepted if p-values were less than or equal to 0.01
corresponding to a 99% confidence level. No p-values exist in
X!Tandem, so a closely related statistic, e-value, was used for
the X!Tandem search. The e-value threshold selected was 0.01.
In both programs, masses were allowed 20 ppm error. No
complete (required) modifications were included but up to four
potential modifications were allowed on each peptide. Potential
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modifications allowed included serine, threonine and tyrosine
phosphorylation; methionine and tryptophan oxidation;
asparagine and glutamine deamidation; and glutamine dehy-
dration. A nonspecific cleavage ([X]|[X]) (where X is any
amino acid) was used to search against the protein sequences.
For MS-GFDB, the fragmentation method selected in the
search was CID and the instrument selected was TOF. For X!
Tandem, there was no option for fragmentation type and
instrument selection. Because the instrument did not always
select the monoisotopic ion for tandem fragmentation, isotope
errors were allowed (allowing up to one C13). No model
refinement was employed in X!Tandem.

Creation of Exclusion List

All masses fragmented in the first round of MS/MS were
incorporated into an exclusion list for the following round of
mass spectrometry. This exclusion list was composed of mass-
to-charge signals, charge state and retention times of the
previously fragmented compounds. Ions on the exclusion list
were ignored by the instrument and hence were not fragmented
again. A ±20 ppm error window was employed. The retention
time window was set at ±0.5 min. Each sample was run with
MS/MS four times. Placing these peaks on the exclusion list
allowed the instrument to fragment peaks of lesser abundance
that coeluted with these unidentified compounds. This
approach allowed deeper exploration of the data, namely,
identification of peaks at low abundance.

Library Search

A complete library of the masses and retention times of all
unique peptides found from all MS/MS runs in all samples was
compiled. This list was applied back to the MS-only data file for
each sample with the Find by Molecular Feature compound-
search function of Agilent Qualitative Analysis. This approach
allowed extraction of peak volumes for each identified peptide.
Find by Molecular Feature was performed with the following
parameters: target data type: small molecules (chromato-
graphic); peak height minimum: 1000 counts; retention time
restriction: 0−35 min; protonated ion species; peptide isotope
model; maximum charge: +7. Extracted compounds were
matched to library peptides if they had masses within 40 ppm.
Matches were removed if the difference in retention time

between the compound and the library was outside ±3 min.
For the boiling versus not boiling experiment, a separate library
was created only from the X!Tandem results from a single MS/
MS run on each sample. This library was applied to the MS
only runs of the boiling versus not boiling experiment.

Search for Known Functional Peptides

To uncover breast milk peptides that overlap with existing
functional peptides in the literature, identified peptides were
compared to sequences from four functional peptide databases:
BIOPEP,22 PeptideDB,23 CAMP,24 and APD2.25 We merged all
four databases and parsed this data set to remove duplicates.
Because hormone peptides in these databases could be very
large, the new database was restricted to hormonal peptides less
than 60 amino acids in length.
Each breast milk peptide was searched against the database

using protein−protein BLAST (BLASTP). For each query, a
known functional peptide was retained if e-values were less than
0.5 and at least 50% of the query sequence was covered by the
library sequence. This high e-value was chosen to counter-
balance the effect of the small size of the milk peptides, which
as an effect will have higher e-values. The high e-value threshold
allowed for discovery of overlapping sequences that would be
missed with a smaller e-value threshold. The BLASTP output
was parsed to remove false positives.

Antimicrobial Assays

For the antimicrobial assays, peptides were obtained from the
TCA precipitation method for peptide isolation. These peptides
were tested for antimicrobial activity against Escherichia coli (E.
coli), strain D31 and Staphylococcus aureus (S. aureus) as
previously described.26 In summary, the bacteria were grown
aerobically, pelleted by brief centrifugation, washed and
resuspended with 10 mM sodium phosphate buffer, pH 7.4.
The experiments were performed in triplicate, using either 5 ×
104, 5 × 105, or 5 × 106 CFU of bacteria. The bacteria were
inoculated into the underlay medium, which contained 0.03%
Trypticase soy broth (TSB), 1 wt %/vol low electroendosmosis
(EEO) agarose (Sigma), 0.02% vol/vol Tween-20 dissolved in
10 mM phosphate buffer, pH 7.4. The media was poured into a
polystyrene culture dish and allowed to solidify. Once the
agarose solidified, 3 mm diameter wells were punched in the

Figure 1. Example extracted compound chromatograms from identified peptides. The numbers indicate the position in the protein sequence the
peptides were derived from. P1 indicates the peptide has 1 phosphorylation. Polyimmunoglobulin receptor, PIGR; β-casein, B-CN; butyrophilin,
BTN.
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plate. On the E. coli plate, holes B2, B4, C3 and C5 were loaded
with 4 μL of the peptide mixture at different concentrations (6
μg/μL, 0.6 μg/μL, 0.06 μg/μL and 0.006 μg/μL, respectively),
well F1 was loaded with 1 μg/μL maganinan antimicrobial
peptideas the positive control, well F4 was loaded with 1 μg/
μL human defensin-6 as the negative control, and well D6 was
loaded with nanopure water as another negative control. For
the S. aureus assay, wells C5 and D2 were loaded with 4 μL of
the human milk peptide mixture at different concentrations (8
μg/μL and 4 μg/μL, respectively), F2 was loaded with 1 μg/μL
maganin, well F4 was loaded with 1 μg/μL human defensin-6,
and well E3 was loaded with nanopure water. Then, the plates
were incubated for 3 h at 37 °C. The plate was then overlaid
with 6% TSB, 1% (w/v) low EEO agarose dissolved in 10 mM
phosphate buffer, pH 7.4. After solidifying, the plates were
incubated overnight at 37 °C. Expansion of areas with no
bacterial growth around the well demonstrates inhibition of
bacterial growth from the compound in that well.

■ RESULTS

Peptide Identification and Protein Source

Extensive peptidomic analysis of milk yielded a large number of
naturally occurring milk peptides. Figure 1 shows an image of
several overlapping extracted compound chromatograms
(ECC) of peptides enriched from the pooled breast milk.
After sequence identification, peptides were matched to their
extracted compound chromatograms and labeled in Figure 1.
Peptides were identified with the software X!Tandem18 and
MS-GFDB17 with a database search of the MS/MS spectra
using tandem MS spectra such as that shown in Figure 2. The
analysis is performed using an accurate determination of the
intact mass of the peptides and the sequence as determined by
MS/MS. This novel method allowed the identification of 328
unique peptide sequences from human milk. The sequences for
all peptides identified are shown in Supplemental Table 2,
Supporting Information.
Three hundred twenty-eight peptides were identified, with

the majority (59%) derived from a single protein, β-casein
(Figure 3), which is an abundant protein in milk. However, the
representation of other proteins does not appear to follow the
natural abundances strictly. For example, other highly abundant
proteins such as α-lactalbumin (the most abundant) and
lactoferrin are not represented. Other contributors to peptide
fragments included polymeric immunoglobulin receptor,
butyrophilin, αs1-casein, osteopontin and mucin-1. Overall, 37
proteins with at least one unique peptide (meaning unique

sequence, protein of origin and number of phosphorylations) at
p-value (MS-GFDB) or e-value (X!Tandem) ≤ 0.01 were
identified. Peptides ranged in length from 10 to 44 amino acids
with the average peptide length around 22 amino acids. The
length corresponded to peptide masses between 1171 and 4486
Da, with an average of approximately 2383 Da.
Twenty-three percent of peptides identified were phosphory-

lated at serine, threonine or tyrosine (76 unique peptides). We
provide the number of phosphorylations within the protein
because tandem MS could not distinguish many of the sites.
Interestingly, the unique peptides identified were not

randomly distributed across the overall protein sequence
(Figure 4). For butyrophilin, osteopontin, mucin-1, perilipin-2
and polymeric immunoglobulin receptor, the peptides origi-
nated from a specific point on the protein. β-casein is unique in
this regard as almost the entire sequence was represented,
suggesting no specific points of enzymatic digestion.
In order to ensure the identified peptides were not the result

of continued protease activity during sample preparation, we
compared a sample that was denatured by heat (100 °C for 5
min) directly after expression to one that was not. Both samples
were generated from fresh milk (less than 15 min after
expression at the time of sample preparation initiation). Boiling
for 5 min should eliminate most or all of the protease activity in
milk. After boiling, both samples were immediately frozen and
later extracted by the same method as the previous samples and
analyzed for peptides. A new peptide library based on the
results of only one round of MS/MS for each sample was

Figure 2. Example tandem mass spectrum of peptide RETIESLSSEESITEYK from B-CN identified by both X!Tandem and MS-GFDB.

Figure 3. Number of unique peptides identified by protein of origin.
PIGR, polymeric immunoglobulin receptor; BSAL, Bile salt-activated
lipase; COHA1, collagen α-1(XVII) chain; MRC1, Macrophage
mannose receptor 1; PRB1P, Proteins represented by one peptide.
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created and applied to the MS-only runs of each sample. The
results indicate that no perceivable effects were observed upon
heating, as 96% of all unique peptides identified in this sample
set were found to overlap (Supplemental Table 3, Supporting
Information). The results suggest that little to no proteolytic
action occurs during our normal sample preparation procedure.

Putative Peptide Functions

The peptides were compared against a database of functional
peptides from BIOPEP,22 PeptideDB,23 CAMP,24 and APD2.25

Of the 328 peptides found, 59 shared homology with functional
peptides. The high sequence overlap between the endogenous
milk peptides with those in the database suggests the likely
function of these peptides. Forty-one of these peptides matched
known antibacterial sequences and eighteen peptides matched
immunomodulatory sequences (sequences shown in Table 1).
These peptides, representing about 18% of the total, are
primarily from β-casein and κ-casein (Table 1) because they
have been the subjects of earlier significant interests. The
remaining 82% of the peptides have, as of yet, unknown
function. We plan to investigate these peptides in the future for
their functions.

Antimicrobial Functions

The antimicrobial activity of the milk peptides was tested in a
radial diffusion assay against a Gram-negative (E. coli) and a
Gram-positive (S. aureus) bacterial species. Triplicate assays
demonstrated that the growth of E. coli was inhibited by 6 μg/
μL of milk peptides as depicted by the zone of clearance in well

B2 of Figure 5. Lower concentrations of milk peptides had no
detectable inhibitory effect on the growth of E. coli. The growth
of S. aureus was also inhibited by the ensemble of milk peptides
(Figure 6) (demonstrated in triplicate). The growth of S. aureus
was inhibited at 8 μg/μL, as seen by the zone of clearance in
well C5 of Figure 6. Similarly to the E. coli assays, with lower
concentrations of the milk peptide ensemble, our assay could
not detect inhibition of S. aureus growth.

■ DISCUSSION
This study used a novel, comprehensive and highly sensitive
approach to identify nearly all naturally occurring peptides from
human milk. By employing an exclusion list on the tandem MS
analysis and four injections of each sample, the number of
unique peptides identified increased by 3−5-fold for each
sample compared to a single tandem identification run. This
strategy probed deeper into peptide data, and could be applied
to many other molecule types. Similar exclusion list strategies
employed for proteomics with offline-LC−MALDI MS/
MS27,28 and ESI−MS/MS29−31 increased the number of
proteins identified; however, this method seems to be most
effective in peptidomics analyses.
Over 300 unique naturally occurring peptides were identified

at 99% confidence using a single analytical platform from over
37 proteins. Previous studies on this topic have focused on the
hydrolytic products of specific milk proteins and lack a
complete description of the complete protein-released
peptidome. Ferranti et al.16 used three different mass

Figure 4. Unique peptides found from all 5 mothers aligned against parent protein sequence for butyrophilin, osteopontin, mucin-1 and polymeric
immunoglobulin receptor.

Journal of Proteome Research Article

dx.doi.org/10.1021/pr400212z | J. Proteome Res. 2013, 12, 2295−23042299

http://pubs.acs.org/action/showImage?doi=10.1021/pr400212z&iName=master.img-004.jpg&w=444&h=342


Table 1. Identified Peptides Containing over 50% of Known Functional Peptide Sequencesa

Journal of Proteome Research Article

dx.doi.org/10.1021/pr400212z | J. Proteome Res. 2013, 12, 2295−23042300

http://pubs.acs.org/action/showImage?doi=10.1021/pr400212z&iName=master.img-005.jpg&w=503&h=629


spectrometers and Edman sequencing to determine the
sequence of around 100 naturally occurring peptides in
human milk from β-, αs1- and κ-casein. Armaforte et al.32

confirmed the presence of low-molecular weight fragments (but
not the exact sequences) of β- and αs1-casein in human milk by
2D-SDS-PAGE followed by trypsin digestion of gel spots and
mass spectrometry.32 Christensen et al.33 found seven naturally
occurring peptide fragments of osteopontin, another common
milk protein, in intact human milk via immunoaffinity
extraction and mass spectrometry.
The unique peptides identified in this study derived from

specific locations on the parent protein. That these peptides are
released from specific foci of each protein suggests that protein
cleavages in the mammary gland are not random events. The
exception is β-casein, which yielded peptides from throughout

the entire length of the protein. Furthermore, the cleavage sites
on the protein commonly matched the site-specificity of
plasmin, an N- and O-linked glycosylated34,35 protease known
to exist and be active in human milk.36−39 Plasminogen, the
inactive precursor (zymogen) form of plasmin, is known to
exist in milk as a free protein and in association with the casein
micelles.40,41 Plasminogen must be cleaved by plasmin
activators to become active as plasmin. Two types of plasmin
activators are present in human milk: urokinase-type plasmin
activators and tissue-type plasmin activators.41 Plasmin
inhibitors, which block plasmin activators from converting
plasminogen to plasmin, are also present in human milk,
including type-I plasminogen activator inhibitor.41 The
presence of β-casein derived peptides as the major degradation
products in milk despite not being the most abundant protein
suggests that there is active casein-bound plasmin that degrade
proteins that associate with the micelle structure. This notion is
supported by the fact that most of the tissue-type plasminogen
activator is associated with casein micelles, as opposed to the
whey fraction, of human milk.41 Moreover, casein micelles have
been shown to effectively increase the activity of plasmin
compared to plasminogen and plasmin activator.41−43 Casein’s

Table 1. continued

aThe overlap between breast milk peptides and the literature peptide is indicated in bolded amino acids. An amino acid mismatch between the
literature peptide and our set of peptides is indicated by a red amino acid. Insertion of an amino acid is indicated in green.

Figure 5. Antibacterial activity of human milk peptides incubated with
105 E. coli. Wells were loaded as follows: B2, 6 μg/μL milk peptides;
B4, 0.6 μg/μL milk peptides; C3, 0.06 μg/μL milk peptides; C5, 0.006
μg/μL milk peptides; F1, 1 μg/μL maganin; F4, 1 μg/μL human
defensin-6; D6, nanopure water.

Figure 6. Antibacterial activity of human milk peptides incubated with
106 S. aureus.Wells were loaded as follows: C5, 8 μg/μL milk peptides;
D2, 4 μg/μL milk peptides; F2, 1 μg/μL maganin; F4, 1 μg/μL human
defensin-6; E3, nanopure water.
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ability to increase plasminogen activation in the micelle was
hypothesized to be due to either conformational changes in the
micelle associated plasminogen or proximity between the
plasminogen and the plasmin activator.41 We hypothesize
further that the major reason whey proteins such as α-
lactalbumin, secretory immunoglobulin A and lactoferrin do
not yield digested peptides in milk is because they do not
associate with the micelles and because free plasminogen is
blocked from activation by the plasmin inhibitors associated
with the whey.
Structural differences in the milk proteins may also be

responsible for the differences in appearance of degradation
products. More tightly packed protein structures likely have
more resistance to protease activity than looser tertiary
structures. α-lactalbumin and lactoferrin, which were not
found as released peptide fragments, have more tightly packed
globular structures.44,45 β-casein molecules, however, have an
elongated, flexible and rheomorphic (nonfixed) structure46,47

that may be more amenable to proteolytic degradation. The
structural differences between these proteins may be respon-
sible for their abundance as fragments in the milk.
There is a possibility that the peptides found are degradation

products due to prolonged exposure of the proteins in milk to
milk’s enzymes after expression or due to sample treatment.
However, denaturation of the milk proteins appears to have no
effect on the peptide product. Furthermore, the procedures
used are standard to proteomics analysis and have been
optimized to maintain intact peptides. There is a possibility that
the peptides are produced intact in the mammary gland via by
alternative mRNA splicing and differential mRNA editing. An
example of production of different protein products from the
same primary transcript is apolipoprotein B48 (apoB48), which
is produced from the same primary transcript as apoB100, but
with a single nucleotide inserted in the middle of the mRNA
through mRNA editing creating a stop codon, leading to
translation of a truncated protein.48 mRNA data has been
collected for these mothers and we will assess these possibilities
with that data in a future paper.
Peptides isolated from human milk inhibited the growth of E.

coli and S. aureus in triplicate assays. Milk proteases may be
specifically releasing functional peptides from milk proteins to
benefit maternal and infant health by preventing bacterial
infection and guiding the immune system. However, the
presence of these peptides in the milk as opposed to their
release in the gut of the infant suggests they may exert a greater
benefit to the mother. The mother may produce these peptides
to aid in the prevention of bacterially induced mastitis. Mastitis,
a painful inflammation of the breast that can result in blocked
milk ducts, abscesses and septicemia if left untreated or
undertreated, is a common problem in breast-feeding mothers
(estimates range from 3 to 33% of all mothers49−54). The
bacterium most commonly associated with mastitis is S.
aureus,50,55−57 with E. coli association being less frequent.54

The peptide mixtures were inhibitory at 6 and 8 μg/μL for E.
coli and S. aureus, respectively, and this concentration is above
that of milk (the total peptide yield was roughly 0.3 μg/μL of
milk). Because the specific peptides exhibiting antimicrobial
properties are not know, their efficacy cannot yet be
determined. Nonetheless, the large diversity of peptides present
may function against antimicrobial resistance.
In this study, the gross antimicrobial effect of the peptide

mixture was considered; however, current studies involving the
synthesis of key peptides will determine those responsible for

the antimicrobial properties. In addition, whether these
peptides are beneficial to the infant and survive intact in the
infant digestive tract will also be the subject of future
investigations. The presence of such antimicrobial peptides in
the digestive tract could be important in the prevention of
infant gastrointestinal infections, including necrotizing enter-
ocolitis.
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