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Generation of antibacterial peptides from
crude cheese whey using pepsin and rennet
enzymes at various pH conditions
Hend A Elbarbary,a,b Akika Ejimaa and Kenji Satoa*

Abstract

BACKGROUND: The current study aimed to prepare antimicrobial agents for food preservation from crude cheese whey. Crude
cheese whey was digested with porcine pepsin, and calf and fungal rennets at various pHs. The digests were assessed for
antibacterial activities against Escherichia coli and Bacillus subtilis.

RESULTS: The calf rennet digest at pH 3.0 showed the highest antibacterial activity. Three antibacterial peptides that acted
against B. subtilis lactoferrin f(20–30), and!-lactoglobulin f(14–22) and f(92–103) were identified in the calf rennet digest. Only
lactoferrin f(20–30) also exerted bactericidal activity against E. coli. LC–MS/MS analysis revealed that the three peptides were
generated by the porcine pepsin at pH 2.5, whereas the calf rennet generated them at a wider pH (pH 2.5–3.5). Fungal rennet
generated only !-lactoglobulin f14-22 at pH 3.5. The pepsin and calf rennet digests at pH 2.5 and 3.0, respectively, reduced the E.
coli and B. subtilis populations by approximately 2 log at 6000!g mL−1 in milk at 4 ∘C.

CONCLUSION: The calf rennet and porcine pepsin digests of cheese whey, at a specific acidic pH, which can be prepared from
food-grade materials, have the potential to be used as natural food preservatives due to the presence of the three antibacterial
peptides.
© 2018 Society of Chemical Industry
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INTRODUCTION
The presence of pathogenic and spoilage microorganisms in
foods, combined with new consumer interest leading to lim-
its on the use of traditional antimicrobial chemical agents, is
pressuring food manufacturers to develop new preservatives.
Natural inhibitors of bacteria, such as isothiocyanate from plants,
represent one of the most recent techniques used in the food
industry.1 In addition to antimicrobial plant extract, cow milk
whey also contains natural bacterial inhibitors.2,3 Whey is the
yellowish liquid extract that is separated from milk after curdling
when rennet or an edible acidic substance is added.4 The whey
prepared using rennet contains some peptides such as glyco-
macropeptide. Crude whey consists of water, lactose, minerals,
fats, and proteins. Whey protein consists of immunoglobulin,
lactoferrin, lactoperoxidase, glycomacropeptide, serum albu-
min, "-lactalbumin and !-lactoglobulin. Some of these proteins,
such as lactoferrin and the lactoperoxidase system, exhibit
antimicrobial activity.5,6 However, crude cheese whey requires
a high concentration exerting antimicrobial activity. Cheese
whey at a concentration of 3380 μg mL−1 could inhibit 93.25%
of E. coli growth.7 In addition, whey protein can be denatured
and precipitated during food processing, which can lead to a
decrease in, or even loss of, its antimicrobial activity. Then crude
cheese whey is not used as food preservative.8 Fortunately, it
has been demonstrated that antimicrobial peptides are liberated
by protease digestion such as trypsin on purified "-lactalbumin,
E1QLTK5 and GYGGVSLPEWVCTTFALCSEK9 (f17–31 S-S f109–114),

!-lactoglobulin, V15AGTWY20, A25ASDISLLDAQSAPLR40,
I78PAVFK83, and V92LVLDTDYK100,

10 and pepsin and calf rennet
from purified lactoferrin, F17KCRRWQWRMKKLGAPSITCVRRAF41,
G149RDPYKLRPV158, R20RWQWRMKKLG30, T1023RVVWCAVG1031,
and K848LLSKAQEKFGKNKSPRSFQL868

11,12 For the generation of
the antimicrobial peptides in those studies, pancreatic enzymes
have been used, with a preference for trypsin and chymotrypsin.10

However, it is difficult to control bacteria growth during pancreatic
protease digestion at neutral pH around 37 ∘C on an industrial
scale. In contrast, pepsin and rennet enzymes have been used to
generate lactoferricin, strong antimicrobial peptides, and other
peptides from the purified lactoferrin under acidic conditions.11,12

Bacteria growth is generally suppressed at an acidic pH compared
to a neutral pH at 37 ∘C. Thus, lactoferricin and other antibacterial
peptides can potentially be generated from low-cost cheese whey
by pepsin- and rennet-mediated hydrolysis. However, there is
limited information available on the preparation and production
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of antimicrobial peptides from crude cheese whey that contains
large amounts of nonprotein compounds.

In light of these facts, the objectives of the present study were to
optimize cheese whey hydrolysis by pepsin and rennet enzymes
at various pH conditions to obtain appropriate peptide profiles
regarding antibacterial efficacy, not only in simple broth and on
agar plates but also in real food systems.

MATERIAL AND METHODS
Materials
Escherichia coli (E. coli) NBRC 3301 and Bacillus subtilis (B. sub-
tilis) NBRC 3026 strains were obtained from NITE (Biological
Resources Center, Chiba, Japan). They were used as represen-
tative of gram-negative and positive bacteria. Tryptic soy agar
(TSA) and tryptic soy broth (TSB) were purchased from Wako
Chemicals (Osaka, Japan). Porcine pepsin was obtained from
Nacalai Tesque (Kyoto, Japan), calf rennet (food processing grade)
was obtained from Casa Nord (Iwamizawa, Japan), and micro-
bial rennet from Mucor miehei (EC 3.4.23.6) was obtained from
Sigma-Aldrich (St Louis, MO, USA). Solvents used for peptide purifi-
cation were of HPLC grade and purchased from Wako Chemicals.
Fluorenylmethoxycarbonyl (FMOC) amino acid and FMOC-amino
acid-bound Wang resin were obtained from Watanabe Chemicals
(Hiroshima, Japan).

Bacterial culture conditions
Bacterial strain stocks were maintained in 1:20 dimethyl sulfoxide:
phosphate-buffered saline (PBS) at−80 ∘C. Cultures were obtained
by transferring a loopful of stock culture to TSA, incubating at
37 ∘C overnight, and then transferring a single colony to 10 mL
of TSB. Inoculated TSB were incubated at 37 ∘C for 16–20 h and
then 0.5 mL of the pre-cultured TSB was inoculated into 10 mL
fresh TSB, and the mixtures were incubated for another 6 h. The
cultures were then added to 5 mL of 1/15 M PBS at pH 7.4. Bacteria
were harvested by centrifugation at 800 × g for 10 min, washed,
and resuspended in TSB.

Preparation of cheese whey hydrolysates
First, fresh cheese was prepared on a small scale to obtain crude
cheese whey using the method reported by Kavas et al.13 Pasteur-
ized milk was preheated at 30 ∘C before the addition of commer-
cially available yoghurt starter cultures (Meji, Tokyo, Japan). This
was followed by the addition of 0.02 g 100 mL−1 calcium chloride.
The milk was incubated at 37 ∘C for 30 min before addition of lactic
acid (0.2 g 100 mL−1) and calf rennet (0.04 g 100 mL−1). The reac-
tion mixture was kept at 40 ∘C for 2–3 h. The resultant curd and
whey were separated by filtration through sterile cheese cloth.
Crude whey was collected and then freeze dried. The same amount
of cheese whey was acidified by using 1 mol L−1 HCL to adjust pH
to 3.0 and the rest was used for the following experiment.

Cheese whey hydrolysates were prepared using porcine pepsin,
calf rennet, or fungal rennet, according to the method reported
by Bellamy et al.11 and Mota et al.14 Briefly, enzymes were added
to a final concentration of 3 g 100 g−1 (w/w of substrate) at differ-
ent pHs (2.5, 3.0, 3.5 and 4.0). The pH was adjusted by adding a
few drops of 1 mol L−1 HCl. The reaction mixtures were incubated
at 37 ∘C for 4 h. The reaction was terminated by heating at 80 ∘C
in a water bath for 20 min. The pH of the solutions was readjusted
to pH 7.0, using a few drops of 1 mol L−1 NaOH. After cooling, the
hydrolysates were centrifuged at 3300×g for 20 min. The resulting

supernatants were freeze-dried and then their antibacterial activi-
ties were assessed.

Fractionation of peptides by autofocusing
Peptides in calf rennet digest of the cheese whey at pH 3.0, which
showed the strongest antibacterial activity, were first fractionated
by autofocusing. This technique relies on preparative isoelectric
focusing based on the amphoteric nature of sample peptides. Aut-
ofocusing was carried out using a commercially available prepara-
tive isoelectric focusing apparatus with 20 cells (Rotofor, Bio-Rad,
Hercules, CA, USA) following the method reported by Yata et al.15

Six autofocusing fractions (I–VI) were collected on the basis of pH
profile, neutralized, and freeze-dried for further experiments.

Chromatographic techniques
Size exclusion chromatography (SEC)
The autofocusing fraction with the highest antibacterial activity
was loaded onto a Superdex Peptide 10/30 HR column (GE Health-
care, Amersham Place, UK) equilibrated with 30 mL 100 mL−1 (v/v)
acetonitrile containing 0.1 mL 100 mL−1 trifluoroacetic acid (TFA)
at 0.5 mL min−1. First, the peptides in the active autofocusing frac-
tion were dissolved in this solvent to obtain a 5 g 100 mL−1 concen-
trate, then 200 μL of the sample was injected. The absorbance at
230 nm was monitored. Fractions were collected every 1 min and
then dried under reduced pressure.

Reversed phase-high performance liquid chromatography (RP-HPLC)
Peptides in SEC fractions with potent antibacterial activity
were further fractionated by RP-HPLC, using an Inertsil ODS-3
(4.6 × 250 mm; GL Sciences, Tokyo, Japan). The SEC fraction was
dried under vacuum to remove acetonitrile and then dissolved in
50 μL of 10 mmol L−1 HCl. Binary gradient elution was performed
at a flow rate of 1 mL min−1. Solvent A consisted of 10 mmol
L−1 HCl and solvent B consisted of 10 mmol L−1 HCl containing
80 mL 100 mL−1 acetonitrile. The gradient program was as follows:
0–5 min, 0% B; 5–35 min, 0–50% B; 35–40 min, 50–100% B;
40–45 min, 100% B; 45–55 min, 0% B. The absorbance at 214 nm
was monitored. The column was kept at 40 ∘C. The RP-HPLC
fractions were collected every 1 min.

Amino acid analysis
To identify the amino acid composition of the autofocusing frac-
tions, amino acid analysis was performed according to the method
reported by Bidlingmeyer et al.,16 with a slight modification
according to Sato et al.17

Amino acid sequencing
An automated pulse-liquid peptide sequencer based on Edman
degradation (PPSQ-21, Shimadzu, Kyoto, Japan) was used to
determine the amino acid sequence of the active peptides. All
operations were carried out according to the manufacturer’s
instructions.

Mass spectrometry (MS)
Purified peptide mass was analyzed by MS equipped with electron
spray ionization (ESI) probe, using LCQ (Thermo Electron, San Jose,
CA, USA) or LCMS 8040 (Shimadzu). The sample was directly loaded
to MS by flow injection method.

wileyonlinelibrary.com/jsfa © 2018 Society of Chemical Industry J Sci Food Agric (2018)
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Figure 1. Minimum inhibitory concentrations (MIC) of enzymatic hydrolysates of cheese whey prepared at different pH after 24 h of incubation. NA means
no antibacterial activity.

Synthesis of antibacterial peptides
All identified peptides exhibiting antibacterial activity were chem-
ically synthesized by the FMOC strategy, using a PSSM-8 pep-
tide synthesizer (Shimadzu). Synthetic peptides were purified by
RP-HPLC, using Cosmosil MS-II (10 × 250 mm). The purity of syn-
thetic peptides was checked by amino acid and MS analyses.

Assay for antibacterial activity in TSB
The antibacterial assay was carried out according to the method
described by Branen and Davidson.18 Stock solutions of crude
cheese whey, its acidified form (pH 3.0), and cheese whey
hydrolysates were prepared in sterile distilled water at a con-
centration of 20 000 μg mL−1. The resulting mixture was filter
sterilized (0.45 μm pore-size cellulose acetate) and stored at
−20 ∘C until needed. Further twofold serial dilutions were made in
sterile TSB (10 000 to 312.5 μg mL−1, for the autofocusing fractions,
2400 to 18.7 μg mL−1). The minimum inhibitory concentrations
(MIC) were determined using a temperature-controlled 96-well
plate reader (Model 550, Bio-Rad) by monitoring the optical
density (OD) at 655 nm. Each well contained 120 μL of diluted
compounds and 120 μL of diluted inoculum (E. coli or B. subtilis) to
achieve 4 log10 cfu mL−1. Negative controls contained 120 μL of
TSB in place of peptide solution and positive controls contained
TSB and peptide solution only. The blank control contained TSB
only. The microtitre plate was incubated at 37 ∘C and the OD of
each well was read after 24 and 48 h. Then, 100 μL was taken from
all wells that exhibited inhibitory activity after 48 h and spread on
TSA, and then incubated at 37 ∘C for 48 h for determination of the

minimum bactericidal concentrations (MBC).19 In the same man-
ner, the synthetic peptides were checked for their antibacterial
activity at concentrations ranging from 7.50–120 μg mL−1.

Determination of active peptides in digests
The generation of the three antibacterial peptides was estimated
by LC-tandem mass spectrometry (MS/MS), using a LCMS 8040
(Shimadzu) in multiple reaction monitoring (MRM) mode. The
cheese whey hydrolysates were dissolved with ultrapurified water
at a concentration of 0.1 g 100 mL−1. Samples were injected into
a column (Cosmosil AR-II C18, 2.1 × 150 mm; Nacalai Tesque),
which was equilibrated with 0.1 mL 100 mL−1 formic acid. Elution
was carried out on a binary gradient, using solvent A (0.1 mL
100 mL−1 formic acid) and B (0.1 mL 100 mL−1 formic acid contain-
ing 80 mL 100 mL−1 acetonitrile) at a flow rate of 0.2 mL min−1.
The elution program was as follows: 0–15 min, 0–50% B;
15–20 min, 50–100% B: 20–25 min, 100% B; 25.1 min, 0% B;
35 min, stop. The column was kept at 40 ∘C and the absorbance
at 214 and 254 nm was also monitored. The MRM condition was
automatically optimized by LC-Lab Solutions version 5.80 (Shi-
madzu) by using synthetic peptides derived from !-lactoglobulin
f(92–103) [VLVLDTDYKKYL], !-lactoglobulin f14-22 [KVAGTWYSL],
and lactoferrin f(20–30) [RRWQWRMKKLG] at a concentration of
100 μg mL−1.

J Sci Food Agric (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 2. Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of enzymatic hydrolysates of cheese whey digested
at various pH conditions. MIC and MBC were determined after 48 h of incubation. NB indicates no bactericidal activity even at the highest concentration
(10 000 μg mL−1). NI indicates no inhibitory activity even at the highest concentration (10 000 μg mL−1). NA indicates no antibacterial activity.

Assay for antibacterial activity in milk
Skimmed milk powder (Meg Milk, Tokyo, Japan) was dissolved in
sterilized distilled water (10%) and subjected to laboratory pas-
teurization. Aliquots (10 mL) of milk were aseptically transferred
into sterilized screw-capped bottles and inoculated with bacterial
suspension of either E. coli or B. subtilis to reach a final concen-
tration of 4 log10 cfu mL−1. The pepsin and calf rennet digests of
cheese whey at pH 2.5 and 3.0, respectively (the best antibacterial
one in each hydrolysate) were then added to reach the required
concentration (3000, 5000, and 6000 μg mL−1). Control mixtures
were prepared without the addition of hydrolysates. Samples were
incubated in duplicate at 4 ∘C for 7 days and at room temperature
(25 ∘C) for 1 day. After incubation, serially diluted mixtures in TSB
were plated on TSA. The plates were incubated at 37 ∘C for 24 h
and then the colonies were enumerated. The experiments were
repeated three times for each sample.

Statistical analysis
Statistical comparisons were made by one-way analysis of variance
(ANOVA) with Tukey’s multiple comparisons, using GraphPad Prism
6. P < 0.05 was considered to indicate a statistically significant
difference.

RESULTS AND DISCUSSION
Antibacterial activity of cheese whey and its hydrolysates
Neither crude cheese whey nor its acidified form exerted antibac-
terial activity against E. coli or B. subtilis at a concentration of
10 000 μg mL−1 (data not shown). This is consistent with the previ-
ous studies.20 It is, therefore, difficult to use intact cheese whey for
food preservative. To generate antimicrobial peptides from cheese
whey proteins in a practical way we selected pepsin and rennet
enzymes, which have been used in food processing. As shown
in Figs 1 and 2, B. subtilis and E. coli were highly susceptible to
pepsin and calf rennet digests, particularly prepared at pH 2.5–3.0
for pepsin and pH 2.5–4.0 for calf rennet at concentrations ranging
from 312.5–2500 μg mL−1 after 48 h of incubation. On the other
hand, fungal rennet digest had weak or no antibacterial activity at
all pH conditions examined (Figs 1 and 2). Similarly, Meignanalak-
shmi and Kumar21 found that the porcine pepsin hydrolysate of
whey protein prepared at pH 2.0 inhibits the growth of E. coli at a
concentration of 2000 μg mL−1. Porcine pepsin cannot be used in
Islamic countries because of religious rules. In contrast, calf rennet
can be used worldwide and its digest prepared at pH 3.0 had the
strongest antibacterial activity after 48 h in comparison to that of
other hydrolysates (Fig. 2). We therefore chose calf rennet digest to
identify antimicrobial peptides.

wileyonlinelibrary.com/jsfa © 2018 Society of Chemical Industry J Sci Food Agric (2018)
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Figure 3. Peptide contents, pH gradient (a), and amino acid composition (b) of autofocusing fractions of calf rennet digest of cheese whey at pH 3.0.
Twenty fractions1–20 were obtained after autofocusing. Autofocusing fraction (Fr.) I is a mixture of 1–4, Fr. II; 5–7, Fr. III; 8–11, Fr IV; 12–13, Fr. V; 14–15,
and Fr. VI; 16–20.

Identification of antibacterial peptides in calf rennet digest
of cheese whey
To purify and identify some of these antimicrobial agents in whey
digest, the calf rennet digest of cheese whey at pH 3.0 was first
subjected to fractionation, using autofocusing. The resulting 20
autofocusing fractions were collected to six fractions (Fr. I–VI)
depending on their pH values as shown in Fig. 3. As shown in
Fig. 3(a), >75% of peptides were recovered in basic fractions (aut-
ofocusing Fr. IV–VI). These fractions were characterized by higher
basic amino acid content and lower content of acidic ones in com-
parison to both acidic and neutral autofocusing Fr. I–III (Fig. 3(b)).
In addition, the basic autofocusing fractions showed higher
antibacterial efficacy than other autofocusing fractions. Autofo-
cusing Fr. V and VI had significant antibacterial activity at con-
centrations ranging from 75–300μg mL−1 (Table 1) compared to
312.5–2500 μg mL−1 for crude calf rennet digest of cheese whey at
pH 3.0 after 24 h of incubation (Fig. 1). Autofocusing Fr. VI exerted
the strongest antibacterial activity with MIC of 150 μg mL−1 against
both E. coli and B. subtilis after 48 h of incubation and MBC of 300
and 150 μg mL−1 against E. coli and B. subtilis, respectively (Table 1).

Autofocusing Fr. VI was subjected to SEC. The SEC—Frs. 1–5 were
collected as shown in Fig. 4(a). The SEC—Fr. 2 had antibacterial
activity against B. subtilis only, while the SEC—Fr. 3 had the highest
antibacterial activity against both E. coli and B. subtilis as compared
with other fractions (Fig. 4(b)).

Peptides in SEC—Fr. 3 were further purified by RP-HPLC, as
shown in Fig. 4(c). The RP-HPLC-Frs. 1–12 were collected. As shown
in Fig. 4(d), the antibacterial activity was observed in fractions 6, 7,
and 10. Based on amino acid sequence and MS analyses, peptides
in RP-HPLC-Fr. 6, 7, and 10 were identified to lactoferrin f(20–30)
[RRWQWRMKKLG], !-lactoglobulin f(14–22) [KVAGTWYSL] and
f(92–103) [VLVLDTDYKKYL], respectively. Lactoferrin f(20–30) is an

11-residue lactoferricin which was identified in calf rennet digest
of purified lactoferrin.12 The two !-lactoglobulin peptides were
larger than the reported peptides f(92–100) and f(15–20) with
bactericidal activity against gram-positive bacteria.10 To confirm
and validate whether the identified peptides were responsible for
the antibacterial activity of the calf rennet digest of cheese whey,
the three synthesized peptides were tested for their antibacte-
rial activity in TSB. As shown in Table 2, all the identified pep-
tides had bactericidal action against B. subtilis at concentrations
ranging from 15–30 μg mL−1. However, lactoferrin f(20–30) only
could kill E. coli at concentrations of 30 μg mL−1 in comparison with
the inhibitory effect of the other two peptides generated from
!-lactoglobulin f(14–22) and f(92–103). These findings confirmed
that the three peptides exhibited antimicrobial activity with differ-
ent potency. These results agreed with those of Pellegrini et al.10

who reported that antibacterial peptides generated from tryp-
tic digestion of !-lactoglobulin of f(92–100) and f(15–20) were
active mainly against gram-positive bacteria, B. subtilis being the
most sensitive strain. The restriction of bactericidal activity of the
!-lactoglobulin fragments to gram-positive bacteria was related
to their charges. In fact, most of the bactericidal peptides derived
from !- lactoglobulin were negatively charged. This character
explains why they were only weakly active against gram-negative
bacteria whose membranes contain lipopolysaccharide, a nega-
tively charged molecule. Furthermore, in order to enhance the
bactericidal activity to gram-negative bacteria, the amino acid
sequence of peptide fragment f(92–100) is altered by replacing
Asp with Arg and Leu with Lys.10

The antibacterial mechanism of peptide hydrolysates is not fully
understood. It is proposed that the positive charges affect the
anionic lipids of the bacterial membrane, causing destabiliza-
tion and destruction of the membrane by changing their lipid

J Sci Food Agric (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 1. Antibacterial activity of autofocusing fractions of calf rennet digest of cheese whey prepared at pH 3

E. coli B. subtilis

MIC MIC

Autofocusing fractions 24 h 48 h MBC 24 h 48 h MBC

I >2400a >2400 >2400 >2400 >2400 >2400
II >2400 >2400 >2400 >2400 >2400 >2400
III >2400 >2400 >2400 >2400 >2400 >2400
IV >2400 >2400 >2400 150 300 600
V 300 300 600 150 300 300
VI 150 150 300 75 150 150

a Means no inhibitory activity even at the highest concentration used (2400μg mL−1).
MIC, minimum inhibitory concentration (μg mL−1).
MBC, minimum bactericidal concentration (μg mL−1).
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Figure 4. Fractionation of peptides in autofocusing Fr. VI by chromatographic techniques. Elution patterns generated by size exclusion chromatography
(SEC) (a). Antibacterial activity of SEC-fractions against E. coli and B. subtilis (b). Elution patterns generated by reversed phase-high performance liquid
chromatography (RP-HPLC) for the active SEC-fraction 3 (c). Antibacterial activity of RP-HPLC fractions against E. coli and B. subtilis (d). C means control.

structure.22 Cationic peptides have been shown to kill bacte-
ria by disrupting or permeabilizing the bacterial membrane by
inducing the uptake of extracellular K+ ions. This uptake of ions
leads to the depolarization of the outer membrane or, in the
case of gram-negative bacteria, permeabilization of the outer
membrane.23 For example, the antibacterial activity of lactoferrin
has been reported in several studies against gram-positive and
gram-negative bacteria due to interaction with lipopolysaccharide
(LPS) in gram-negative bacteria damaging cell walls and reduction
of negative charge on the cell wall of gram-positive bacteria
by binding to anionic molecules.24 However, Pellegrini et al.10

reported that both anionic and cationic hydrophobic bactericidal

peptides derived from the proteolytic digestion of "-lactalbumin
were active against gram-positive bacteria only. This result
suggests that there are other unknown physico-chemical proper-
ties that are more important factors for bactericidal activity than
the charge and hydrophobicity of peptides.

Liberation of antibacterial peptides from cheese whey
hydrolysates
It has been demonstrated that the speed of proteolysis by pepsin
is pH- and substrate dependent. Indeed, !-lactoglobulin shows
more resistance to pepsin digestion at higher pH (4.0) than lower
pH (2.0).14,25 In addition, !-lactoglobulin is a poor substrate for

wileyonlinelibrary.com/jsfa © 2018 Society of Chemical Industry J Sci Food Agric (2018)
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Table 2. Antibacterial activity of synthetic peptides against growth
of E. coli and B. subtilis in TSB

E. coli B. subtilis

MICb MIC

Peptidea 24 h 48 h MBCc 24 h 48 h MBC

A 120 120 >120d 7.50 15 15
B 120 >120d >120d 15 15 30
C 30 30 30 7.50 15 15

a Peptide A is V92LVLDTDYKKYL103, Peptide B is K14VAGTWYSL22, Pep-
tide C is R20RWQWRMKKLG30.
b MIC, minimum inhibitory concentration (μg mL−1 of each peptide).
c MBC, minimum bactericidal concentration (μg mL−1 of each pep-
tide).
d Means no inhibitory activity even at the highest concentration used
(120 μg mL−1).

Standard 
A 
B 
C

Porcine pepsin pH 
2.5 
3.0 
3.5 
4.0 Calf rennet 
2.5 
3.0 
3.5 
4.0
2.5 
3.0 
3.5 
4.0

Fungal rennet 

Total ion chromatograms  

Retention time (min)

Figure 5. Total ion chromatograms of enzymatic hydrolysates of cheese
whey prepared at different pH. Standard peptide A; V92LVLDTDYKKYL103,
B; K14VAGTWYSL22, and C; R20RWQWRMKKLG30.

pepsin compared to other substrate proteins such as casein.26

Liberation of the three antibacterial peptides from cheese whey by
three enzymes at various pHs was examined. LC–MS/MS analysis
revealed that !-lactoglobulin f(92–103) and lactoferrin f(20–30)
were generated by pepsin-mediated digestion at pH 2.5 and 3.0,
whereas !-lactoglobulin f(14–22) was generated only at pH 2.5. In
contrast, calf rennet digestion generated the all three peptides at a
wider pH range (2.5–3.5) (Fig. 5). However, fungal rennet digestion
produced only small amounts of !-lactoglobulin f14-22 at pH 3.5
(Fig. 6). This indicated that whey proteins are extensively degraded
to smaller peptides by fungal rennet under all pH conditions used.
On the other hand, the three peptides that were generated from
calf rennet digest are well associated with antibacterial activity.
This indicates that rennin in calf rennet is a good protease for the
production of antibacterial peptides from cheese whey, and can
be used in food processing as well as pepsin.

Antibacterial activities of cheese whey hydrolysates in milk
The effect of cheese whey hydrolysates on the growth population
of E. coli and B. subtilis in milk kept at 4 ∘C and room temperature
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Figure 6. Concentrations of antibacterial peptides in enzymatic
hydrolysates of cheese whey digested at various pH conditions. The
concentrations were determined by LC–MS/MS in multi reaction moni-
toring mode. ND indicates that target peptides could not be detected. A;
V92LVLDTDYKKYL103, B; K14VAGTWYSL22, and C; R20RWQWRMKKLG30.

(25 ∘C) was investigated. Pepsin digest of cheese whey at pH 2.5
(pepsin 2.5) and calf rennet digest of cheese whey at pH 3.0 (calf
rennet 3.0) were used as they exerted strong antibacterial activity
in TSB. In control samples (no hydrolysate), the E. coli population
decreased slightly (0.6 log) at 168 h in milk kept at 4 ∘C (Table 3).
The presence of pepsin or calf rennet hydrolysate at a concentra-
tion of 3000 μg mL−1 did not result in further marked inhibition
of E. coli growth. On the other hand, both hydrolysates at con-
centrations 5000 and 6000 μg mL−1 could decrease the bacterial
population about 2 log after 168 h of refrigeration. At room tem-
perature, regardless of the concentration of pepsin or calf rennet
hydrolysate, the population of bacteria increased approximately
a hundredfold after 24 h incubation in all samples. However, the
bacterial population was significantly decreased tenfold in both
hydrolysates at a concentration of 6000 μg mL−1 in comparison to
those in control samples (Table 3).

The hydrolysates had a greater effect on growth of B. subtilis,
a spoilage organism even at low concentration (3000μg mL−1) at
4 ∘C during 168 h of incubation (Table 4). On the other hand, a
several log fold increase in the population of B. subtilis occurred in
milk kept at room temperature, while the bacterial population was
significantly decreased in both hydrolysates at a concentration of
6000 μg mL−1 in comparison to those of control samples (Table 4).

Most of the previous studies have tested the purified protein
hydrolysate or its synthetic peptides against a wide range of
foodborne pathogens in simple nutrient media.21,27,28 However,
the results presented here demonstrate that pepsin and calf rennet
hydrolysates of crude cheese whey at low pH can limit the growth
or reduce the population of bacteria contaminating milk under
refrigeration and at room temperature.

J Sci Food Agric (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 3. Antibacterial activity of cheese whey hydrolysates against E. coli in milk at 4 ∘C and room temperature (25 ∘C) (log10cfu mL−1)

Concentration of cheese whey hydrolysate (μg mL−1)

Control 3000 5000 6000

Temperature Time (h) No hydrolysate Pepsin 2.5 Calf rennet 3.0 Pepsin 2.5 Calf rennet 3.0 Pepsin 2.5 Calf rennet 3.0

4 ∘C 0 4.03 ± 0.04a,1 4.03 ± 0.11a,1 4.03 ± 0.11a,1 4.03 ± 0.04 a,1 4.03 ± 0.05 a,1 4.03 ± 0.05a,1 4.03 ± 0.05a,1

24 3.76 ± 0.11a,1 3.72 ± 0.05a,1 3.66 ± 0.13b,1 3.88 ± 0.05a,1 3.25 ± 0.12b,1 3.81 ± 0.11a,1 3.21 ± 0.04b,1

72 3.65 ± 0.05b,1 3.51 ± 0.04a,b,1 3.43 ± 0.05a,b,1 3.10 ± 0.13b,2 3.00 ± 0.14b,2 3.22 ± 0.05 b,2 3.52 ± 0.12a,b,1

120 3.70 ± 0.15a,1 3.30 ± 0.15a,b,1 3.25 ± 0.11a,b,1 3.02 ± 0.20b,2 2.75 ± 0.04c,3 3.00 ± 0.13b,2 2.95 ± 0.11c,2

168 3.47 ± 0.17c,1 3.12 ± 0.05b,1 3.05 ± 0.04c,2 2.04 ± 0.05c,3 2.08 ± 0.11d,3 2.01 ± 0.20c,3 2.00 ± 0.13d,3

25 ∘C 0 4.11 ± 0.12a,1 4.11 ± 0.13a,1 4.11 ± 0.04a,1 4.11 ± 0.05a,1 4.11 ± 0.11a,1 4.11 ± 0.05a,1 4.11 ± 0.04a,1

24 6.45 ± 0.11d,1 6.39 ± 0.11c,1 6.40 ± 0.13d,1 6.49 ± 0.05d,1 6.35 ± 0.14e,1 5.83 ± 0.10d,2 5.72 ± 0.05e,2

a,b,c,d,eValues in the same column having different superscripts differ significantly (P < 0.05).
1,2,3Values in the same row having different superscripts differ significantly (P < 0.05).
Values indicated are the mean of three replicate ± SD (Standard Deviation).

Table 4. Antibacterial activity of cheese whey hydrolysates against B. subtilis in milk at 4 ∘C and room temperature (25 ∘C) (log10cfu mL−1)

Concentration of cheese whey hydrolysate (μg mL−1)

Control 3000 5000 6000

Temperature Time (h) No hydrolysate Pepsin 2.5 Calf rennet 3.0 Pepsin 2.5 Calf rennet 3.0 Pepsin 2.5 Calf rennet 3.0

4 ∘C 0 3.95 ± 0.05a,1 3.95 ± 0.06a,1 3.95 ± 0.06a,1 3.95 ± 0.05a,1 3.95 ± 0.06a,1 3.95 ± 0.06a,1 3.95 ± 0.09a,1

24 3.72 ± 0.11b,1 2.74 ± 0.08b,2 2.85 ± 0.08b,2 2.61 ± 0.11b,2 2.82 ± 0.12b,3 2.82 ± 0.06b,3 2.90 ± 0.05a,b,3

72 3.61 ± 0.12b,1 2.45 ± 0.12c,2 2.65 ± 0.12c,3 2.80 ± 0.19b,4 2.61 ± 0.06b,3 2.91 ± 0.17a,b,4 2.57 ± 0.06b,2

120 3.66 ± 0.04b,1 2.23 ± 0.12c,2 2.00 ± 0.12c,3 2.00 ± 0.09c,3 2.00 ± 0.18c,3 2.00 ± 0.11c,3 1.83 ± 0.18c,1

168 3.41 ± 0.06c,1 2.11 ± 0.09d,2 2.00 ± 0.09d,3 2.00 ± 0.15c,3 1.75 ± 0.11c,3 1.92 ± 0.18c,3 1.07 ± 0.18d,4

25 ∘C 0 4.05 ± 0.11a,1 4.05 ± 0.13a,1 4.05 ± 0.13a,1 4.05 ± 0.12a,1 4.05 ± 0.11a,1 4.05 ± 0.11a,1 4.05 ± 0.11a,1

24 6.92 ± 0.09d,1 6.92 ± 0.08e,1 6.92 ± 0.08e,1 5.93 ± 0.09d,2 6.26 ± 0.08d,1 5.95 ± 0.17d,2 6.02 ± 0.05e,3

a,b,c,d,eValues in the same column having different superscripts differ significantly (P < 0.05).
1,2,3,4Values in the same row having different superscripts differ significantly (P < 0.05).
Values indicated are the mean of three replicates ± SD (Standard deviation).

CONCLUSION
Both the type of protease and pH used for digestion are critical for
the generation of antibacterial peptides from cheese whey. The
calf rennet digest at pH 3.0 displayed antibacterial activities sig-
nificantly higher than other hydrolysates. It generates lactoferricin
and longer and stronger forms of !-lactoglobulin-derived antimi-
crobial peptides. Furthermore, the crude cheese whey digested at
a specific pH can reduce the populations of E. coli and B. subtilis
in refrigerated milk or that at room temperature. This antibacterial
activity could be concentrated and increased by an autofocusing
technique, which can be scaled up and does not require harm-
ful solvents for preparation. Autofocusing fractions therefore have
high potential for food preservation. Further studies on the sup-
pression of growth of spoilage bacteria in foods during storage
by cheese whey hydrolysates and its active fractions are now in
progress.
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