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For many decades, researchers 
have isolated milk proteins, 
cleaved them with added en-

zymes in vitro, and examined the 
resulting peptides for function in 
a variety of assays. These experi-
ments revealed that milk proteins 

give rise to hundreds of functional 
fragments with actions including 
antibacterial, opioid, anti-hyper-
tensive and anti-cancer. 

Recently, dairy products have 
been shown to contain a large 
number of naturally occurring 

peptides. Naturally occurring pep-
tides are released from intact milk 
proteins by enzymatic digestion 
in the mammary gland, during 
digestion in the consumer or dur-
ing product processing and aging. 
These peptides can only now be 

discovered because of advances 
in instrumentation – high resolu-
tion chromatography and high ac-
curacy mass spectrometry – and 
computational analysis. These 
advances allow for hundreds of 
peptides to be identified from 
complex dairy matrices within a 
single experiment. For example, a 
2013 paper identified 159 peptides 
in Holstein cow milk, demonstrat-
ing that enzymatic degradation of 
milk proteins begins in the mam-
mary gland1. Computational anal-
ysis revealed that many of these 
peptides closely matched known 
functional milk peptides. 

Many cheeses contain a large 
variety of naturally occurring pep-
tides. These peptides are released 
from milk proteins, likely by the 
rennet enzymes or bacterial en-
zymes during manufacture and 
ripening of cheeses. Researchers 
have examined cheddar2-8, Par-
migiano-Reggiano9-10, Emmen-
tal11-12, and Manchego13-16 chees-
es and revealed that each contains 
around 100-200 peptides (see 
figure 2). Some of these peptides 
have beneficial functions, such as 
the ability to lower blood pressure.

Functional Properties
Much of dairy peptide research 

is motivated by the need for im-
proved treatments for prevalent 
chronic diseases. Some dairy pep-
tides have shown significant anti-
hypertensive and anti-cancer ac-
tivities, which may allow for these 
peptides to be used in therapeutic 
applications.

ACE-Inhibitory Activity: Many 
dairy peptides are promising as an-
tihypertensive therapeutics. These 
peptides inhibit the angiotensin-
converting enzyme (ACE), which 
otherwise contributes to increased 
blood pressure. Experiments that 
aim to identify ACE-inhibitory 
peptides usually cleave bovine 
milk proteins with the digestive 
enzymes pepsin and trypsin. This 
approach has identified numerous 
dairy peptides that inhibit ACE at 
micromolar concentrations17-21. 
The most potent ACE-inhibitory 
milk peptides identified to date 
are derived from the casein family; 
peptides derived from whey pro-
teins generally show lower inhibi-
tory activity. 
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Table 1: IC50 Values for Selected Studied Bovine Milk Peptides

Sequence Protein ACE IC50 (μM) Reference

FFVAP αs1-casein (38-42) 6.0 17

ALPMHIR β-lactoglobulin (142-148) 42.6 18

TTMPLW αs1-casein(209-214) 51 20

LAYFYP αs1-casein (157-162) 65 20

WLAHK α-lactalbumin (104-108) 77 19

DAYPSGAW αs1-casein (172-179) 98 20

AVPYPQR β-casein (177-183) 274 20

YQQPVL β-casein (193-198) 280 20

VGINYWLAHK α-lactalbumin (99-108) 327 19

YGL α-lactalbumin (50-52) 409 19

ALPMH α-lactalbumin (142-146) 521 19

VAGTW β-lactoglobulin (15-19) 534 19

GLDIQK β-lactoglobulin (9-14) 580 20

LAHKAL α-lactalbumin (105-110) 621 20

LDAQSAPLR β-lactoglobulin (32-40) 635 19

CMENSA β-lactoglobulin (106-111) 788 19

VLDTDYK β-lactoglobulin (94-100) 946 19

VFK β-lactoglobulin (81-83) 1029 19

VAGTW β-lactoglobulin (15-19) 1054 19

LAMA β-lactoglobulin (22-25) 1069 19

VAGTWY β-lactoglobulin (15-20) 1682 20

EMPFPK β-casein (108-113) 423,000 20

DairyPeptides.indd   44 25-4-2014   13:44:52



46     THE WORLD OF FOOD INGREDIENTS APRIL/MAY 2014

Figure 2: Number of Peptides Identified in Manchego13-16, 
Emmental11-12, Cheddar2-8, and Parmigiano-Reggiano9-10 Cheeses

A comparison of bovine caseins 
and whey proteins digested in vitro 
with pepsin and trypsin revealed 
that peptides from αs1-casein were 
the most potent ACE inhibitors20. 
IC50 values (peptide concentra-
tions at which ACE activity was 
inhibited by 50%) ranged from 51 
to 98μM for peptides from αs1-
casein, as compared to greater 
than 500μM for peptides from the 
whey proteins α-lactalbumin and 
β-lactoglobulin. For comparison, 
captopril, a common antihyper-
tensive medication, has an IC50 
value of 0.007μM. IC50 values for 
this study and other bovine milk 
peptide studies are summarized in 
table 1. 

Other methods of ACE-inhibi-
tory peptide production also exist, 
including cleavage of milk proteins 
by bacterial enzymes or synthesis 

of peptides from individual amino 
acids. Recently a synthetic pep-
tide from β-lactoglobulin (19-25) 
has shown an IC50 value of 38.3 
μM22. 

In one case, the peptide 
β-casein (58-84), with an IC50 
value of 4 μM, was cleaved using 
a protease from Lactobacillus hel-
veticus CP790, a species often used 
in cheese manufacturing21. Lacto-
bacillus helveticus and Saccharo-
myces cerevisiae have also been 
used in combination to produce 
the peptides IPP (β-casein (89-91) 
and κ-casein (129-131)) and VPP 
(β-casein (99-101)), which have 
IC50 values of 9 μM and 5 μM, re-
spectively23. Taken together, these 
peptides lower systolic blood pres-
sure in mildly hypertensive hu-
mans in a dose-dependent man-
ner24.

Figure 1: Naturally Present Peptides Identified in Holstein Cow Milk. 
Adapted from Dallas et. al.1

While in vitro studies dem-
onstrate that milk peptides have 
ACE-inhibitory activity, in vivo 
experiments must be conducted 
to verify the biological relevance 
of the observed effects: to deter-
mine whether ACE-inhibitory 
peptides can survive digestion in 
a human (or animal) stomach and 
to quantify the effects of varying 
dosages on blood pressure. Some 
in vivo tests have already shown 
that bovine casein hydrolysate can 
lower blood pressure when fed to 
hypertensive rats25. Future testing 
is needed to identify the specific 
peptide sequences responsible for 
the demonstrated antihyperten-
sive effect of the mixture.

Naturally occurring peptides 
with strong ACE-inhibitory ac-
tions also exist in Gouda (RP-
KHPIKHQ, αs1-casein (1-9), IC50 
13.4 μM)26, Manchego (VRYL, 
αs2-casein (205–208), IC50 24.1 
μM)13, 27 and several Spanish 
cheeses (DKIHP, β-casein (47-51), 
IC50 113.1 μM)16. Peptide extracts 
from Gouda cheese decreased 
systolic blood pressure by 24.7mm 
Hg in spontaneously hypertensive 
rats when administered orally in 
doses of 6.1-7.5 mg/kg26.

Anti-Cancer Peptides: A few milk 
peptides kill or inhibit the growth 
of cancer cells at low concentra-
tions. The peptide lactoferricin 
(residues 17-41 of bovine lactof-
errin) has been shown to prevent 
and treat several types of cancer. 
Lactoferricin inhibits gastric can-
cer cell28 and fibrosarcoma cell29 
growth in vitro (half-maximum 
inhibitory concentration (IC50): 
64μM and 165μM, respectively), 
prevents mouse melanoma and 
lymphoma metastasis30, reduces 
colon cancer incidence in rats31 

and kills human leukemia cells32. 
The mechanism(s) by which pep-
tides such as lactoferricin inhibit 
cancer cells growth are unknown; 
however, an interaction between 
the cancer cells’ negatively charged 
membranes and the peptide’s posi-
tive residues and amphipathic na-
ture likely play a role33. Current 
literature shows that lactoferricin 
is non-toxic to human fibroblast 
cells or red blood cells29. Another 
anti-cancer milk peptide is a bo-
vine cathelicidin called Bovine 
Myeloid Antimicrobial Peptide-28 

(BMAP-28). BMAP-28 is cyto-
toxic to human tumor cells, how-
ever this peptide is unlikely to be 
useful as an anti-cancer treatment, 
as it also kills respiring host lym-
phocytes, likely by increasing the 
permeability of the mitochondrial 
membrane34. 

Future Research
The functional peptides cleaved 

from bovine milk proteins show 
potential for translational applica-
tions. Some milk products that uti-
lize the ACE-inhibitory peptides 
IPP (β-casein (89-91) and κ-casein 
(129-131)) and VPP (β-casein 
(99-101)) are already available to 
consumers through the companies 
Valio and Calpis35, and the devel-
opment of such products can con-
tinue as we investigate the fate of 
other functional peptides in vivo. 

Characterization of the pep-
tides released and absorbed into 
the bloodstream as milk proteins 
are digested is key to the formu-
lation of novel functional food 
products. By characterizing how 
proteins are digested and absorbed 
in the consumer, researchers can 
target the released peptides for 
functional analyses. Functional 
products that result from such re-
search could maximize the health 
benefits of dairy products for the 
consumer and provide therapeutic 
alternatives to anti-hypertensive 
pharmaceuticals.

The naturally occurring pep-
tides of other dairy products also 
merit further investigation, as the 
production and ripening of prod-
ucts – such as cheese and yogurt – 
yield peptides that are absent from 
unaltered bovine milk. These pep-
tides should be further explored 
for their potential as functional 
components. Characterization 
of their functions could lead to 
product health claims and novel 
cheese-based therapeutics. t
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