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Abstract – During the ripening of cheese, a large number of peptides are formed from casein.
Some of these peptides have been shown to exert an antihypertensive effect due to their
angiotensin-I-converting enzyme (ACE)-inhibitory activity. Recently, several studies have investigated the ACE-inhibiting potential of cheese, and various ACE-inhibiting peptides have been
isolated and identiﬁed from different cheese varieties. The present review focuses on the occurrence
of two tripeptides, Val-Pro-Pro and Ile-Pro-Pro, in cheese. These tripeptides were ﬁrst described in
fermented-milk products and have been demonstrated to exert a blood pressure-lowering effect in
humans with mild hypertension. The inﬂuence of cheesemaking and ripening on the release of
ACE-inhibiting peptides is revealed. Finally, the antihypertensive potential of cheese with high
ACE-inhibitory activity is discussed with regard to the bioavailability of the peptides involved.
ACE-inhibitory activity / ACE-inhibiting peptide / tripeptide / VPP / IPP / cheese / cheese
ripening
摘要 – 不同干酪品种的 ACE 抑制活性与 ACE 抑制肽○ 干酪成熟过程中，酪蛋白被分解成
大量的蛋白肽○ 其中有的已被证明具有降血压的功能，因为它们有血管紧张素-I-转换酶 (ACE)
抑制活性○ 最近，有研究发现了干酪的 ACE 抑制活性，并从不同品种的干酪中分离得到
了各种 ACE 抑制肽○ 本文主要讨论了干酪中的两个三肽 Val-Pro-Pro (VPP) 和 Ile-Pro-Pro (IPP)
的产生，他们首次在发酵乳制品中被发现，而且证实了对轻度高血压人群具有降低血压的
功能○ 同时，综述了干酪加工与成熟过程对 ACE 抑制肽产生的影响○ 最后，应用肽的
生物利用度讨论了高 ACE 抑制活性干酪的降压能力○
ACE 抑制活性 / ACE 抑制肽 / 三肽 / VPP / IPP / 干酪 / 干酪成熟
Résumé – Activité inhibitrice et peptides inhibiteurs de l’ACE dans différentes sortes de
fromage. Au cours de la maturation du fromage, un grand nombre de peptides sont formés à partir
de la caséine. Quelques-uns d’entre eux sont réputés exercer des effets antihypertenseurs en raison
de l’activité inhibitrice de l’enzyme de conversion de l’angiotensine I (ACE). Récemment, plusieurs
études ont examiné le potentiel inhibiteur d’ACE du fromage, et divers peptides inhibiteurs de
l’ACE ont été isolés de différentes sortes de fromage puis identiﬁés. La présente revue porte sur la
présence de deux tripeptides Val-Pro-Pro (VPP) et Ile-Pro-Pro (IPP) dans le fromage. Ces tripeptides sont parmi les premiers à avoir été décrits dans les produits laitiers fermentés et sont réputés
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exercer un effet antihypertenseur chez les patients présentant une légère hypertension. Cette revue
porte aussi sur l’inﬂuence de la fabrication et de l’afﬁnage du fromage sur la libération des peptides
inhibiteurs de l’ACE, sur le potentiel antihypertenseur du fromage avec une activité inhibitrice
élevée de l’ACE de même que la biodisponibilité des peptides en question.
activité inhibitrice de l’ACE / peptide inhibiteur de l’ACE / tripeptide / VPP / IPP / fromage /
afﬁnage de fromage

1. INTRODUCTION
Due to its composition, cheese is of major
signiﬁcance in human nutrition [114]. During
ripening, cheese is exposed to various enzymatic processes, mainly driven by specialized bacteria that contribute to the
characteristic ﬂavour of each variety. The ripening process of different cheese varieties of
Swiss origin, such as Emmental [7, 8],
Gruyère [120], Sbrinz [119], Appenzell
[121], Tilsit [122] and Raclette [108], has
been investigated in detail. Proteolysis is
the principal event of cheese ripening and
starts with the initial breakdown of the caseins through the action of coagulants and
indigenous proteinases in milk. Through the
action of bacterial proteases and peptidases
during secondary proteolysis, a large number
of peptides of variable chain length are
released from the protein [99]. In Emmental,
for example, in a Swiss study [14] more than
100 and in a French study [28] 91 watersoluble peptides were found in cheeses aged
4, 13, 36 and 50 d; similarly, a total of
107 peptides were identiﬁed in protein fractions of artisanal or industrial Manchego
cheese after 4 and 8 months of ripening [34].
Recently, it has been recognized that various speciﬁc peptides that are released by
digestive enzymes or that are present in fermented foods may exert beneﬁcial effects
in vivo. Cheese and milk products have
been found to be a rich source of so-called
bioactive peptides [36, 75]. Depending on
their functionality, bioactive peptides are
divided into various groups, such as casomorphins, angiotensin-converting enzyme

(ACE = dipeptidyl carboxypeptidase; EC
3.4.15.1)-inhibiting peptides, phosphopeptides, immunopeptides, casoplatelins (with
antithrombotic effects) and antimicrobial
and cytomodulating peptides [9, 50]. Due
to their hypotensive effect, ACE-inhibitory
peptides are of special interest, as hypertension is a major risk factor for both coronary
heart disease and stroke, and represents
an increasing health problem in Western
countries. Different medical drugs, including ACE inhibitors, antagonists of angiotensin II type 1 receptors, betablockers,
calcium antagonists and diuretics, have been
developed for the treatment of hypertension.
According to Nussberger [83], more than
40 million patients are treated worldwide
with ACE-inhibiting drugs, such as
Captopril or Enalapril, that are structurally
related to the ACE-inhibiting peptides present in snake venom [18, 29]. Smaller reductions in average blood pressure may be
obtained by nutritional measures, such as
reducing sodium intake or increasing daily
consumption of ACE-inhibitory peptides.
The results of a large meta-analysis indicate
that even a 2 mm Hg-lower usual SBP
would involve about 10% lower stroke mortality and about 7% lower mortality from
ischaemic heart disease in middle age [96].
ACE is part of the rennin-angiotensin
system that regulates peripheral blood
pressure. It catalyses the conversion of
angiotensin I into the potent vasoconstrictor
angiotensin II and, simultaneously, the
degradation of bradykinin, a vasodilatory
nonapeptide. These two reactions cause
a contraction of the blood vessels and
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a consequent increase in blood pressure.
ACE-inhibiting drugs prevent both the conversion of angiotensin I and the degradation
of bradykinin, and thus induce an antihypertensive effect [53]. Apart from drugs and
snake venom, several dietary peptides, as
well as other food components, such as
calcium [63], γ-aminobutyric acid [39],
exopolysaccharides from Lactobacillus [L.]
casei [2], polyphenols in cocoa and tea
[124] and nitrate from vegetables [135] or
a diet rich in fruits, vegetables and low-fat
dairy products [5], have been reported to be
effective in lowering blood pressure. Using
in vitro or in vivo experiments, ACEinhibiting activity has been found in a large
number of products, such as fermented milk
[27, 42, 49, 52, 76, 79, 80, 109, 138], hydrolysed food proteins [53], soya [54], zein
[71, 141], corn gluten meal [140], sorghum
[45], potatoes [58, 91], sesame [81], peanuts
[98], algae [112], eggs [67, 68, 97], beef
hydrolysates [40], porcine skeletal muscle
[46, 47], chicken breast muscle [104],
chicken collagen hydrolysate [103], ﬁsh
[20, 60], sardine muscle [61], oysters
[134], haemoglobin [70], royal jelly [62],
coffee [101] and wine [93].
2. ACE-INHIBITORY ACTIVITY
IN CHEESE
2.1. Determination of ACEinhibitory activity in cheeses
Cushman and Cheung [21] developed an
in vitro assay for the determination of ACE
inhibition using hippuryl-histidyl-leucylOH (HHL) as a substrate. Incubation with
ACE leads to the formation of hippuric
acid that can be measured at 228 nm in a
spectrophotometer. Parrot et al. [90] used a
modiﬁed method for the investigation
of ACE-inhibitory peptides in Emmental
cheese. In this assay, ACE-inhibitory activity is measured in the presence of a watersoluble cheese extract, and inhibition of
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ACE is expressed as percentage of reduction
in the ACE-inhibitory activity as compared
to the blank sample. Additionally, the determination of the half-maximal inhibitory concentration (IC50) of individual peptides and
drugs allows a direct comparison of their
ACE-inhibitory potential. An alternative
and faster method for testing the ACE-inhibitory activity of peptides uses furanacryloylphenylalanyl-glycyl-glycine (FAPGG) as
the substrate. ACE hydrolyses this substrate
to the corresponding amino acids FA-Phe
and the dipeptide Gly-Gly, and the rate of
decrease of absorbance is measured at
340 nm [133]. Shalaby et al. [111] compared the in vitro assays using HHL and
FAPGG as substrates. Although a similar
relative standard deviation between replicate
samples of around 7% was obtained for both
methods, the results of the two assays did
not correlate for all samples. This discrepancy underlines the importance of good control of the ACE-inhibitory activity in the
assay and the use of reference substances,
such as Captopril, with known blood pressure-lowering effects.
Okamoto et al. [85] measured the ACEinhibitory activity in various fermented
foods, such as ﬁsh sauce, sake, soy sauce,
vinegar and cheese. Among all investigated
foods, the highest activity was obtained in
Camembert and Red Cheddar, which was
explained by the presence of casein-derived
peptides. However, lower activity was
found in Blue cheese and none in Cottage
cheese (Tab. I). In several other studies,
similar in vitro experiments were performed
using the water-soluble extracts of other
cheese varieties, such as Harz, Camembert,
Roquefort, Tilsit, Gouda, Edam, Leerdam,
Emmental and Parmesan [64]; Italian
cheeses of short and medium ripening time,
including Mozzarella, Italico, Crescenza
and Gorgonzola [118]; Gouda, Emmental,
Blue, Camembert, Edam and Havarti
[105]; Norvegia, Jarlsberg, Cheddar and
Blue [123]; Cheddar, Feta, Roquefort and
English hard cheese [4]; Spanish cheese
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Table I. Determination of the ACE-inhibitory activity in various cheese varieties.
Cheese

ACE-inhibitory activity
IC50
(mg·mL−1)

Mozzarella
Italico
Crescenza
Gorgonzola
Red Cheddar
Camembert
Blue
Cottage
Gouda (8 months)
Gouda (24 months)
Emmental
Blue
Camembert
Edam
Havarti
Norvegia
Jarlsberg
Cheddar
Blue
Emmental
Idiazabal
Manchego
Roncal
Mahon
Goat cheese
Cabrales
Gamalost
Castello
Brie
Pultost
Port Salut
Norvegia (3 months)
Norvegia (9 months)
Kesam
Traditional cheeses (n = 44)
Herb- and fruit-enriched cheeses
(n = 8)
Cheddar probiotic (36 weeks)
Control
L. casei 279
L. casei LAFTI® L26

WSE
(%)

Reference

WSE < 1000 g·mol
(%)

59
82
37
80
0.16
0.16
0.27
Not detected
75.5
78.2
48.8
49.9
69.1
56.2
72.7
61.7
41.7
66.0
39.3
27.6 ± 8.4a

1.0 ± 0.2b
1.1 ± 0.2b
1.3 ± 0.3b
1.3 ± 0.5b
1.4 ± 0.1b
1.6 ± 0.2b
1.7 ± 0.6b
7.7 ± 1.4b
2.0–29.5a

87.5 ± 2.5
70.6 ± 1.5
85.8 ± 0.5
76.8 ± 5.6
72.8 ± 7.7
74.7 ± 2.1
0.61 ± 0.14c
0.12 ± 0.03c
0.11 ± 0.01c
0.17 ± 0.07c
0.09 ± 0.01c
0.08 ± 0.01c
0.09 ± 0.03c
0.01 ± 0.003c

68.5
65.3
70.4
56.6
59.4
76.1

±
±
±
±
±
±

2.4
2.0
1.9
4.6
4.6
1.5

25–74

0.37
0.23
0.25

≈ 80
≈ 82
≈ 82

−1

[118]
[118]
[118]
[118]
[85]
[85]
[85]
[85]
[105]
[105]
[105]
[105]
[105]
[105]
[105]
[123]
[123]
[123]
[123]
[90]
[35]
[35]
[35]
[35]
[35]
[35]
[95]
[95]
[95]
[95]
[95]
[95]
[95]
[95]
[16]
[4]

[86]
[86]
[86]
[86]
continued on next page
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Table I. Continued.
Cheese

ACE-inhibitory activity
IC50
(mg·mL−1)

Cheddar with different
starter bacteria

0.28 (control),
0.13–0.19

WSE
(%)

Reference
−1

WSE < 1000 g·mol
(%)

[88]

a

IC50 per mg equivalent cheese per mL.
IC50 per unit weight ethanol-soluble fraction (ESF) is expressed as mg ESF·mL−1.
ACE-inhibitory potential per unit cheese weight is expressed as mg captopril equivalents·kg−1 cheese.
WSE = water-soluble extract.

b
c

varieties [35]; as well as various cheese
varieties of Swiss origin [16]. Further investigations on water-soluble cheese extracts
were carried out with probiotic cheeses,
such as Festivo (a ripened low-fat cheese
containing a total of 12 different strains of
Lactococcus [Lc.] sp., Leuconostoc sp., Propionibacterium sp., Lactobacillus sp., and
L. acidophilus and Biﬁdobacterium [B.]
sp.) [102]; Cheddar with the addition of probiotic L. casei 279 or LAFTI® L26 [86]; and
Cheddar manufactured with starter lactococci (Lc. lactis ssp. lactis, Leuconostoc lactis
ssp. cremoris), B. longum 1941, B. animalis
ssp. lactis LAFTI® B94, L. casei 279 and
L. acidophilus 4962 or LAFTI® L10 [88].
Similarly, Pripp et al. [95] investigated the
ACE-inhibitory potential of ethanol-soluble
fractions of Gamalost, Pultost, Norvegia,
Castello, French Brie, Port Salut and Kesam
cheeses. Table I contains a summary of the
results obtained from studies with cheese
using in vitro experiments to determine
ACE-inhibiting potential. Due to methodological differences and the lack of common
reference substances, inter-study comparisons of the ACE-inhibitory activity of individual cheese varieties should be avoided.
However, the results of several studies
indicate that large variations exist in the
ACE-inhibitory potential of different cheeses
and that in vitro experiments are a helpful tool
to identify cheese samples with high ACEinhibiting activity.

2.2. ACE-inhibitory activity during
cheese ripening
Several studies investigated ACE-inhibitory activity during cheese ripening. In a
study including young, medium-aged and
mature Gouda, the strongest ACE-inhibitory activity was found in the medium-aged
Gouda [64]. In contrast to this, Saito et al.
[105] reported a slightly higher ACE inhibition in Gouda aged 24 months (78.2%)
than in 8-month-old Gouda (75.5%). In
Festivo cheese, ACE inhibition reached a
value of 10% after 6 weeks of ripening,
increased to 50% at week 13 and decreased
to roughly 30% after 20 weeks [102]. The
ACE-inhibitory activity of control and probiotic Cheddar cheeses (L. casei 279 and
L. casei L26) increased in the ﬁrst 24 weeks
of ripening and remained rather stable in the
subsequent 12 weeks. The IC50 value of the
control cheese at 24 weeks was signiﬁcantly
higher than those of the probiotic cheeses.
However, after 36 weeks of ripening, it
was not signiﬁcantly different [86]. In Cheddar cheeses produced with different probiotic strains, the ACE-inhibitory activity
increased mainly during the ﬁrst six weeks
and was inﬂuenced signiﬁcantly by ripening
temperature, showing more increase at 8 °C
than at 4 °C [88]. A further study [87] investigated the ACE-inhibitory activity during
ripening of Cheddar cheese manufactured
with three different combinations of cultures
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Figure 1. Development of ACE-inhibitory activity during ripening of extra-hard, hard and semihard cheeses of Swiss origin [66].

ACE-inhibiting peptides in cheese

and ripened at temperatures of 4, 8 and 12 °C
over a period of 24 weeks. Control cheeses
were made with starter lactococci; cheeses
L10 with starter lactococci and L. acidophilus
L10; and cheeses H100 with starter lactococci,
L. acidophilus L10 and L. helveticus H100.
An increase in ripening temperature
from 4 to 8 and 12 °C accelerated proteolysis and had a positive effect on the development of ACE inhibition. Cheeses H100
with L. helveticus had already reached
an optimum degree of ACE inhibition
after 12 weeks, whereas the other cheeses
showed maximal ACE inhibition at the
end of the ripening period. In a previous
study [66], the authors investigated
the development of ACE inhibition in seven
cheese varieties from Switzerland during the
period of commercial ripeness. Three loaves
of each variety manufactured in different
cheese factories were investigated at
constant intervals, as follows: Tête de
Moine
and
Vacherin
fribourgeois
(60–210 d), Appenzell ¼ fat and Tilsit
(90–300 d), Emmental and Gruyère (120–
540 d) and Hobelkäse from the Bernese
Oberland (= Bernese Hobelkäse) (360–
720 d). Among the three loaves of Bernese
Hobelkäse, ACE inhibition showed a large
variation, but it remained rather stable in
the individual loaves over the whole investigation period (Fig. 1). In Emmental, ACE
inhibition increased continuously after an
initial drop and reached a plateau after about
400 d. In contrast to this, Gruyère showed
its highest ACE inhibition during the initial
period of commercial ripeness and a continuous decrease after 9 months of ripening. In
the semi-hard cheeses, ACE inhibition
increased during ripening, except in an
Appenzell ¼ fat loaf. However, considerable differences were found among the different varieties, as well as among the
individual loaves of the same variety. For
example, Tilsit showed optimum ACE inhibition after about 7–9 months of ripening,
while the rate of increase in ACE inhibition
varied considerably in individual loaves of
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Tête de Moine and Vacherin fribourgeois
and Appenzell ¼ fat. In summary, the
obtained results indicate that development
of ACE inhibition is inﬂuenced mainly by
the individual manufacturing conditions
and to a lesser extent by the variety itself.
3. ACE-INHIBITING PEPTIDES
IN CHEESE
3.1. ACE-inhibiting cheese peptides
showing in vitro activity
3.1.1. Isolation and identiﬁcation of
ACE-inhibitory cheese peptides
Proteolysis is the principal event that
occurs during cheese ripening. The continuous breakdown of αs1-casein (199 amino
acids), β-casein (209 amino acids) and para
κ-casein (105 amino acids = f1–105 of
κ-casein) during cheese ripening into polypeptides and their further degradation into
oligopeptides and free amino acids leads
to the formation of a vast number of peptides in cheese. The observable changes in
ACE inhibition during cheese ripening are
related to the release and degradation of
peptides with an ACE-inhibitory capacity.
High-performance liquid chromatography
(HPLC), combined with different mass
spectrometry (MS) techniques, has been
successfully applied in several studies for
the identiﬁcation and quantiﬁcation of
ACE-inhibiting peptides in cheese [1, 16,
35, 84, 132]. However, due to the large
number of different peptides present in
cheese, the isolation, identiﬁcation and
quantiﬁcation of ACE-inhibitory peptides
remain labour-intensive tasks. Some of the
59 identiﬁed ACE-inhibiting peptides originating from αs1-, β- and κ-casein [65] have
already been found in various cheeses. The
peptides listed in Table II were identiﬁed in
various studies investigating cheese varieties of Italian [118], Spanish [31, 35] and
Swiss [15, 16, 66] origin; in cheeses that
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Table II. Identiﬁcation of different ACE-inhibiting peptides in cheese.
Cheese
Crescenza
Festivob

a

Goudaa
Manchegoa

Manchegoa

Manchegoa

Roncala

Idiazábala

Mahóna

Goat cheesea

Cabralesa

Cheese-like system
of ovine milka,c
Cheese-like system
of caprine milka,c

Many different Swiss
cheesesa
Cheddara

Peptides

Reference

LVYPFPGPIHNSLPQ (β-CN (f58–72))
RPKHPI, RPKHPIK, RPKHPIKHQ (αs1-CN (f1–6), (f1–7),
(f1–9))
RPKHPIKHQ, RPKHPIKHQGLPQ (αs1-CN (f1–9), (f1–13)),
YPFPGPIPN, MPFPKYPVQPf (β-CN (f60–68), (f109–119))
VVAPFPE, FPE, VPSERYL, KKYNVPQ (αs1-CN (f24–30),
(f28–30), (f86–92), (f102–108)), TQPKTNAIPY, IPY (αs2-CN
(f195–204), (f202–204)), VPKVKE, VPKVKET, VRGPFP (β-CN
(f95–100), (f95–101), (f199–204))
VPSERYL, KKYNVPQL (αs1-CN (f86–92), (f102–109)), VRYL
(αs2-CN (f205–208)), DKIHPF, LPQNILP (β-CN (f47–52),
(f70–76)) + other peptides with IC50 values higher than 500 μM
QP, PP, FP, PFP (various fragments), HPIK, HQGL (αs1-CN (f4–7),
(f8–11)), DKIHP, DKIHPF, TGPIPN (β-CN (f47–51), (f47–52),
(f63–68))
QP, PP (various fragments), RPKHP, PKHP, HPIK, HQGL (αs1-CN
(f1–5), (f2–5), (f4–7), (f8–11)), DKIHP, DKIHPF, GPVR (β-CN
(f47–51), (f47–52), (f197–200))
QP, FP (various fragments), NINE, PSE, ERYL, PQL, EIVPK,
AWY (αs1-CN (f36–39), (f87–89), (f89–92), (f107–109),
(f110–114), (f163–165)), DKIHP, DKIHPF (β-CN (f47–51),
(f47–52))
PK, PQ, RI/RL (various fragments), PQEVL, EVLN, NENLL,
ENLL, NLLRF (αs1-CN (f12–16), (f14–17), (f17–21), (f18–21),
(f19–23))
QP, PP (various fragments), RPK (αs1-CN (f1–3)), EEL/EEI (β-CN
(f4–7)/αs2-CN (f68–70)), DKIHP, DKIHPF, PLTQTP, VVVPP,
GVPK, TDVEK, VRGP (β-CN (f47–51), (f47–52), (f76–81),
(f82–86), (f94–97), (f128–132), (f201–204))
PP, MPI/MPL, EVVR (various fragments), REL, DKIHP, DKIHPF,
FPGPIH, PGPIH, GPIH, PVEP, PVEPF (β-CN (f1–3), (f47–51),
(f47–52), (f62–67), (f63–67), (f64–67), (f115–118), (f115–119))
VPKVK, YQEP, YQEPVLGP (β-CN (f95–99), (f191–194),
(f191–198)) + three peaks with sequence not determined
RPK, RPKHPIKH (αs1-CN (f1–3), (f1–8)), YQKFPQY (αs2-CN
(f90–96)), VPKVK, YQEP, YQEPVLGP (β-CN (f95–99),
(f191–194), (f191–198)), + six peaks with sequence not
determined
IPP, VPP (β-CN (f74–76), (f84–86))

[118]
[102]
[105]
[32]

[33]

[35]

[35]

[35]

[35]

[35]

[35]

[115]
[115]

[15, 16]

[86]
RPKHPI, RPKHPIK, RPKHPIKHQ (= fraction 9), FVAPFPEVF,
KKYKVPQLE (= fraction 27) (αs1-CN (f1–6), (f1–7), (f1–9),
(f24–32), (f102–110)), DKIHPF (= fraction 15),
YQEPVLGPVRGPFPIIV (= fraction 28) (β-CN (f47–52),
(f193–209))
continued on next page
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Table II. Continued.
Cheese
Cheddar

Peptides
a

Enzyme-modiﬁed
cheese

ARHPHPH (= fraction 1) (κ-CN (f96–102)), RPKHPI, RPKHPIK,
RPKHPIKHQ (= fraction 4), FVAPFPEVF (= fraction 15)
(αs1-CN (f1–6), (f1–7), (f1–9), (f24–32)), YQEPVLGPVRGPFPIIV
(= fraction 16) (β-CN (f193–209))
LQP, MAP (β-CN (f88–90), (f102–104))

Reference
[88]

[125]

a

Water-soluble cheese fraction.
Ethanol-soluble cheese fraction.
c
Prepared with proteases from Cynara cardunculus.
One-letter abbreviations of amino acids: A = alanine, C = cysteine, D = asparagic acid, E = glutamic
acid, F = phenylalanine, G = glycine, H = histidine, I = isoleucine, K = lysine, L = leucine, M = methionine, N = asparagine, P = proline, Q = glutamine, R = arginine, S = serine, T = threonine, V = valine,
W = tryptophan and Y = tyrosine.
b

are obtainable on the Japanese market
[105]; in probiotic cheeses [86, 88, 102];
and in cheese-like systems of ovine and
caprine milk [115]. Additionally, LQP and
MAP, two ACE-inhibitory peptides derived
from β-casein (f88–90 and f102–104,
respectively), were found in enzyme-modiﬁed cheeses [125]. The obtained results
indicate that a large number and diversity
of peptides contribute to the ACE-inhibitory
effect obtained with cheese extracts during
in vitro experiments. Only few of the identiﬁed ACE-inhibitory peptides seem to represent orally active ACE inhibitors, as most
of these peptides are likely to be further
degraded during gastrointestinal transit.
3.1.2. Quantiﬁcation of ACEinhibiting peptides during
cheese ripening
Several studies have conﬁrmed that the
ACE-inhibitory activity of cheese extracts
is considerably inﬂuenced by cheese ripening. In order to meet the requirements for
the development of an antihypertensive
cheese, a reproducible release of orally
active ACE-inhibitory peptides and a good
control of their concentrations during cheese

ripening would be essential. In a recent
study, Gómez-Ruiz et al. [33] investigated
the formation of ﬁve ACE-inhibitory peptides in four different batches of Manchego
cheese manufactured from raw or pasteurized ovine milk with different cultures during cheese ripening. The ﬁve investigated
peptides, VRYL (for the one-letter abbreviations of amino acids, see Tab. II), DKIHPF,
LPQNILP, VPSERYL and KKYNVPQL,
all showed remarkable ACE-inhibitory
activity (IC50 values 24.1, 256.8, 46.0,
232.8 and 77.1 μmol·L−1, respectively).
The amounts of VRYL, DKIHPF and
LPQNILP were generally higher than those
of VPSERYL and KKYNVPQL and were
highest in raw-milk cheese. However, the
amounts of all ﬁve peptides varied considerably in the individual cheeses over the ripening period of 12 months.
Ong et al. [86] studied the release of
ACE-inhibitory peptides in three variants
of Cheddar cheeses made with starter lactococci (control) and probiotic adjuncts
(L. casei 279 or L. casei LAFTI® L26).
The following seven ACE-inhibitory peptides were identiﬁed in four different fractions: RPKHPIKHQ, RPKHPIK, RPKHPI,
DKIHPF, FVAPFPEVF, KKYKVPQLE

56

R. Sieber et al.

and YQEPVLGPVRGPFPIIV (Tab. II).
The total areas of the four fractions were
quantiﬁed after ripening periods of 0, 12,
24 and 36 weeks. The obtained results
showed a rather uniform development for
all three variants of Cheddar cheese. With
few exceptions, the four investigated
fractions reached a maximum ACE-inhibitory effect after 12–24 weeks of ripening.
In a similar study [88], the same research
group investigated the release of ACEinhibitory peptides in seven batches of
Cheddar cheese manufactured with different
probiotic adjuncts (B. longum, B. animalis
ssp. lactis LAFTI B94, L. casei 279,
L. casei LAFTI L26, L. acidophilus 4962
and L. acidophilus LAFTI L10) that were
stored at ripening temperatures of 4 °C and
8 °C for 24 weeks. In this study, a total of
six peptides were identiﬁed in four fractions
of a water-soluble extract: ARHPHPH,
RPKHPIKHQ,
RPKHPIK,
RPKHPI,
FVAPFPEVF and YQEPVLGPVRGPFPIIV
(Tab. II). With few exceptions, all variants
showed similar trends for the release of the
ACE-inhibitory peptides. Most of the ACEinhibitory peptides accumulated in the early
stages of ripening. However, in contrast to
the previous study, the behaviour of the fraction containing the peptides RPKHPIKHQ,
RPKHPIK and RPKHPI differed signiﬁcantly. The obtained results indicate that it
may be difﬁcult to inﬂuence and control the
release of speciﬁc ACE-inhibitory peptides
during ripening.
3.2. ACE-inhibitory peptides VPP
and IPP
3.2.1. Commercial use of the ACEinhibitory peptides VPP
and IPP
Two lactotripeptides, valyl-prolyl-proline
(Val-Pro-Pro, VPP) and isoleucyl-prolylproline (Ile-Pro-Pro, IPP), have attracted
great attention during the past few years

due to their commercial use in hypotensive
milk-drink products, such as Ameal STM
(Calpis Company, Japan) and Evolus®
(Valio, Finland). Several patents have been
ﬁled in order to protect their commercial
use [78, 126]. The two peptides were
initially isolated from milk fermented with
L. helveticus and Saccharomyces cerevisiae.
VPP is located in the sequence f84–86 of
β-casein and IPP in f74–76 of β-casein as
well as f108–110 of κ-casein [79]. According to in vitro studies, they have IC50 values
of 9.13 ± 0.21 and 5.15 ± 0.17 μmol·L−1,
respectively [89]. Comprehensive toxicological studies have been conducted with
no adverse effects found [10–12, 22, 44,
51, 55, 56, 73, 77, 92, 106]. The following
toxicological methods were used: singleand repeated-dose toxicity, 13-week toxicity, fertility and reproductive performance,
micronucleus test, cytotoxicity and clastogenicity, and mutagenicity.
Numerous in vivo studies conﬁrmed the
antihypertensive effect of the two lactopeptides in spontaneously hypertensive rats
(SHR) [27, 80, 116, 117, 138, 139], as well
as in mildly hypertensive patients [3, 37, 42,
72, 74, 109, 110, 128]. Nine studies including 12 randomized controlled trials
published between 1996 and 2005 with a
total of 623 participants were included
in a meta-analysis. Signiﬁcant decreases
of 4.8 mmHg (95% conﬁdence interval
3.7–6.0) in SBP and 2.2 mmHg (95% conﬁdence interval 1.3–3.1) in diastolic blood
pressure (DBP) were found after the pooling
of these trials [136]. Another meta-analysis,
including 15 placebo-controlled clinical
studies, showed a signiﬁcant reduction of
5.13 mmHg in SBP and 2.42 mmHg in
DBP caused by bioactive peptides that were
derived from food proteins [94]. However,
the antihypertensive effect of fermented
milk is still debatable. In three recent human
studies – two of them including multicentre,
double-blind, parallel, placebo-controlled
trials – no blood pressure-lowering effect
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Table III. Sum of the concentration of VPP + IPP in extra-hard, hard and semi-hard cheeses of
Swiss origin (mg·kg−1) [15].
Cheese

n

x

sx

Min

Max

Extra-hard and hard cheeses
Bernese Alpkäse
Bernese Hobelkäse
L’Etivaz à rebibes
Sbrinz
Emmental
Gruyère

11
23
3
7
20
9

121.9
129.8
19.1
37.7
89.6
61.4

148.0
132.0
9.6
27.2
50.9
33.6

10.7
6.8
9.4
1.6
31.3
21.6

424.5
353.0
28.6
90.5
189.5
129.0

6
4
6
6
6

61.5
182.2
96.8
105.3
31.8

27.4
103.6
40.1
49.2
38.8

30.5
66.4
57.2
52.4
6.5

96.0
317.4
150.3
189.8
108.8

Semi-hard cheeses
Appenzell, full fat
Appenzell, ¼ fat
Tilsit
Tête de Moine
Vacherin fribourgeois

was found after administration of a dairy
drink with lactotripeptides [23, 130, 131].
3.2.2. Occurrence of VPP and IPP
in different cheese varieties
Selected strains of L. helveticus have
been shown to be responsible for the release
of the antihypertensive peptides VPP and
IPP [78, 126]. Strains of L. helveticus are
often included in cultures for the manufacture of cheese due to their high proteolytic
activity [48]. The sequence X-Pro-Pro is
likely to be particularly stable against peptidases [19, 59]. Bernard et al. [12] ﬁrst mentioned the occurrence of VPP and IPP in
cheese and indicated a remarkably high concentration of 566.88 mg·kg−1 VPP + IPP
for Blue cheese and varying concentrations
in the range of 9.66–189.15 mg·kg−1 for
Cheddar cheese. Recently, we obtained a
similar concentration of 570.4 mg·kg−1
VPP + IPP in an experimental semi-hard
cheese after 6 months of ripening (unpublished study). In two other studies performed
at our Research Station, we quantiﬁed the
two tripeptides in various cheese varieties
of Swiss and foreign origin. In a ﬁrst study

[16], we investigated a total of 44 commercial cheese samples, including extra-hard,
hard, semi-hard and soft cheeses. Twelve
samples of extra-hard and hard cheeses
contained, on average, 100 ± 92 mg·kg−1
VPP + IPP, and another 21 samples of
semi-hard cheese varieties contained
52 ± 50 mg·kg−1 VPP + IPP, while only
minor concentrations of the tripeptides were
found in 11 samples of soft cheese (average
3 ± 6 mg·kg−1 VPP + IPP), probably due to
the lower degree of proteolysis. In a second
study [15], we focused on six varieties of
extra-hard and hard cheeses and ﬁve varieties of semi-hard cheese of Swiss origin that
showed elevated concentrations of VPP +
IPP in the ﬁrst study. The average concentrations of VPP + IPP in extra-hard and hard
cheeses came close to the values in the ﬁrst
study (95.8 ± 102.2 mg·kg−1, 73 samples).
However, a distinctly higher average concentration of 89.3 ± 67.9 mg·kg−1 VPP +
IPP was obtained for the 28 samples of the
selected semi-hard cheese varieties. The values obtained for the individual varieties are
summarized in Table III. The results of
the second study conﬁrmed that various
traditional cheese varieties contain,
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Figure 2. Concentrations of VPP and IPP obtained in individual samples of Bernese Hobelkäse
() and its less-ripened precursor, Alpkäse () [15].

on average, similar concentrations of the two
antihypertensive peptides when compared to
the recently developed fermented-milk
products with blood pressure-lowering properties. However, the individual data for the
11 surveyed cheese varieties indicate that
great variation exists between coeval samples of the same variety. The greatest variations were observed in Bernese Hobelkäse
(minimum ripening time 18 months) and
its precursor, Bernese Alpkäse (minimum
ripening time 6 months). In the case of the
Alpkäse, the values for VPP and IPP were
spread throughout the full range, while in
the Bernese Hobelkäse, two different groups
were found (Fig. 2).
3.2.3. Quantiﬁcation of VPP and IPP
during cheese ripening
Several studies have shown that the
ACE-inhibitory activity in water-soluble
cheese extracts is inﬂuenced by the duration
of cheese ripening [66, 86–88, 102]. In parallel to ACE inhibition (see Sect. 2.2), we

monitored the concentrations of VPP and
IPP in three loaves each of seven cheese
varieties during ripening (see Sect. 2.2)
[66]. The individual values for the
21 cheeses showed obvious parallels
between ACE inhibition and the concentration of VPP and IPP (Figs. 1, 3 and 4). In
contrast to the concentrations of VPP and
IPP, higher levels of ACE inhibition may
occur in the early stages of ripening due
to the release of ACE-inhibiting peptides
other than VPP and IPP. The best agreement
between ACE inhibition and the concentration of VPP + IPP is to be expected at
advanced stages of ripening, due to the
lower susceptibility of VPP and IPP to further degradation. Although both peptides
occur in the sequence of β-casein, the concentration of VPP was always higher than
that of IPP. In the case of Bernese
Hobelkäse and Gruyère, the total concentrations of VPP and IPP decreased during the
period of commercial ripeness. In the three
loaves of Emmental and Tilsit, the total concentrations increased initially and reached
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Figure 3. Behaviour of VPP and IPP during ripening of extra-hard and hard cheeses of Swiss
origin (unpublished data from [66]).

a maximum toward the end of the study
period. However, large differences were
obtained among the individual loaves of
Appenzell ¼ fat, Tête de Moine and
Vacherin fribourgeois (Figs. 3 and 4).
Chemical characterization of the investigated cheeses revealed that qualitative differences in the proteolysis pattern, not
quantitative differences in the degree of

proteolysis, are responsible for the observed
variations in the concentrations of VPP and
IPP.
3.3. Factors that inﬂuence the release
of ACE-inhibitory peptides
The concentrations of ACE-inhibiting
peptides VPP and IPP in cheese seem to
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Figure 4. Behaviour of VPP and IPP during ripening of semi-hard cheeses of Swiss origin
(unpublished data from [66]).
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Table IV. Release of VPP and IPP in differently pretreated skimmed milk after incubation with
L. helveticus strain FAM 12111 at 37 °C for 24 h (mean ± SD; n = 2).
Milk pretreatment
Microﬁltration
Pasteurization
Pasteurization
UHT

Conditions
55 °C, several seconds
78 °C, several seconds
90 °C, 30 min
135 °C, 5 s

be inﬂuenced by various factors, such as cultures, milk pretreatment, scalding and ripening conditions. In order to develop a
reproducible cheesemaking process that
yields cheeses with maximal concentrations
of VPP and IPP, it is essential to investigate
the quantitative impact of the above-mentioned factors on the release of VPP and IPP.
3.3.1. Heat treatments of milk
and cheese curd
Heat treatments applied in the process of
cheesemaking induce various effects that
inﬂuence proteolysis in cheese, due to the
elimination of raw-milk ﬂora, denaturation
of whey proteins, plasminogen activation
or inactivation of milk-clotting and microbial enzymes. The average concentrations
of VPP + IPP obtained in cheese varieties
made from raw milk decreased with increasing scalding temperatures. In L’Etivaz à rebibes (56–57 °C), Sbrinz (57 °C), Gruyère
(57 °C), Emmental (52–54 °C), Bernese
Hobelkäse (50 °C) and Tête de Moine
(46–53 °C), the average concentrations of
VPP + IPP were 19.1, 37.7, 61.4, 89.6,
129.8 and 105.3 mg·kg−1, respectively
[15]. Contrarily, in skimmed milk subjected
to different pretreatments and then incubated with L. helveticus strain FAM 12111
for 24 h at 37 °C, severe heat treatments
promoted the release of VPP and IPP, probably due to changes in the conformation of
β-casein (Tab. IV, unpublished results).
However, under normal cheesemaking

VPP (mg·kg−1)
2.2
4.4
14.2
13.3

±
±
±
±

0.1
0.5
1.3
0.1

IPP (mg·kg−1)
2.0
3.8
7.6
7.9

±
±
±
±

0.0
0.4
0.9
0.6

conditions, conformational changes in βcasein are not to be expected.
3.3.2. Starter cultures
The strains L. helveticus CP790 [57,
137] and L. helveticus LBK-16 [110] have
been successfully applied for the formation
of VPP and IPP in two commercial fermented-milk products with antihypertensive
capacity (Ameal STM and Evolus®). Similarly, other L. helveticus strains such as
NCC 2765 [100], PR4 [69] or 130B4 from
camel milk [113] and in a further study [82]
two highly proteolytic strains of L. helveticus (MI 1198, MI 1263), as well as strains
of Lc. lactis ssp. lactis (CHCC 3906,
CHCC 3923) and Lc. lactis ssp. cremoris
(F3, W5) have been reported to release
remarkable amounts of ACE-inhibitory peptides. Additionally, the potential of other
lactic acid bacterial strains, such as L. delbrueckii ssp. bulgaricus SS1, Lc. lactis
ssp. cremoris FT4 [30], L. rhamnosus in
combination with pepsin and Corolase PP
[38], L. delbrueckii ssp. bulgaricus and
Str. thermophilus + Lc. lactis ssp. lactis biovar diacetylactis [6], has been investigated
in several other studies. Strains of L. helveticus are homofermentative thermophilic and
proteolytic lactic acid bacteria that are frequently used in the manufacture of cheese,
as they contribute to ﬂavour and texture
development and decrease bitterness by
hydrolysing bitter peptides. At least
11 peptidases from L. helveticus have been

62

R. Sieber et al.

Figure 5. Concentrations of VPP + IPP obtained in individual samples of Emmental of different
ages manufactured from conventional milk (▼), from organic milk (◄), or with the addition of a
traditional whey culture containing L. helveticus (▲).

characterized, including general aminopeptidases PepC and PepN; proline-speciﬁc
peptidases PepX, PepI, PepQ and PepR; dipeptidases PepD and PepV; endopeptidases
PepE and PepO [19]; and, more recently, a
tripeptidase, PepT [107]. The proteolytic
activity of selected strains of L. helveticus
also seems to be a key factor for the release
of VPP and IPP during cheese ripening.
Yamamoto et al. [137] puriﬁed a cell
wall-associated proteinase from L. helveticus CP790 that released 15 ACE-inhibitory
peptides from β-casein and 10 from
αs1-casein. In contrast to this, milk fermented with L. helveticus 791, a variant
defective for proteinase activity, did not
show this activity. Similarly, the results of
our studies [15, 66] suggest that the release
of VPP and IPP requires a speciﬁc breakdown of β-casein. Manufacturing conditions, such as milk pretreatment, scalding
conditions and minimal ripening time, are

usually well standardized for a certain
cheese variety, and thus would not explain
the large variations observed in the concentrations of VPP and IPP within several
cheese varieties of Swiss origin. In addition, we observed distinct higher concentrations of VPP and IPP in various cheeses
that were made with the addition of L.
helveticus. For example, three Emmental
cheeses produced with a traditional whey
culture containing L. helveticus showed,
after ripening periods of 4, 9 and
12 months, a total concentration of the
two lactotripeptides of 139.3, 184.6 and
165.6 mg·kg−1, respectively; the average
concentration in 20 samples of this variety
was 89.6 mg·kg−1 (Fig. 5). However, further studies will have to show whether
interactions of L. helveticus with other lactic acid bacteria that are present in raw milk
or cheese cultures have an inﬂuence on the
concentrations of VPP and IPP in cheese.
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3.3.3. Ripening time and temperature
Cheese ripening has an important inﬂuence on ACE-inhibitory peptides because
proteolysis is continuously increasing [66]
(see also Sect. 3.2.2 and Fig. 1). In ripened
semi-hard, hard and extra-hard cheeses, the
share of free amino acids is usually in the
range of 5–15% [7, 8, 108, 119–122].
Low concentrations of VPP and IPP were
obtained in soft cheeses due to weaker indepth proteolysis. Although overall proteolysis leads to the release of a large number of
water-soluble peptides, ripening per se does
not yield high concentrations of the two lactopeptides, as has been shown for 14 commercial samples of Emmental cheese in
Figure 5 [16]. In recent studies, increased
ripening temperatures were applied in order
to increase the ACE-inhibitory activity of
Cheddar [87, 88]. However, in contrast to
the choice of the culture, the acceleration
of overall proteolysis by increased storage
temperature is likely to be a rather unspeciﬁc measure for the increase of VPP and
IPP in cheese.
3.3.4. Enzymes
There is little information about the
inﬂuence of individual proteases and peptidases on the formation of ACE-inhibiting
peptides in cheese. For the manufacture of
an enzyme-modiﬁed cheese with ACEinhibitory activity, chopped Danish skimmilk cheese was mixed with Lactococcus
starter cultures and subjected to a serial treatment with proteolytic enzyme preparations
(Protease N Amano from Bacillus subtilis,
Umamizyme and Flavourzyme from Aspergillus oryzae). Two ACE-inhibitory peptides
were obtained and identiﬁed as LQP and
MAP, originating from β-casein f88–90 and
f102–104 [125]. Further studies will have to
show whether addition of cell wall-associated
proteases of L. helveticus enhances the release
of orally active ACE-inhibitory lactotripeptides, such as VPP and IPP.
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4. ORALLY ACTIVE
ACE-INHIBITORY PEPTIDES
Bioactive peptides have been deﬁned as
“peptides with hormone- or drug-like activity that eventually modulate physiological
function through binding interactions to
speciﬁc receptors on target cells leading to
induction of physiological responses” [24].
The bioavailability of such peptides is an
important prerequisite in order to obtain
effects in vivo. Only few ACE-inhibitory
peptides isolated from cheese have been
shown to be orally active. Among these peptides, the two lactotripeptides VPP and IPP
have been the subject of various in vivo
studies using fermented-milk products [13].
Additionally, a potent ACE-inhibiting effect
was obtained in both hypertensive and
prehypertensive humans in a double-blind,
placebo-controlled trial with a bovine casein
hydrolysate [17, 127]. The effect was attributed to a longer peptide representing the
sequence f23–34 of αs1-casein [25], but it
remains questionable whether such peptides
can be absorbed in an intact form.
4.1. Digestion and absorption
of orally active peptides
Several studies investigated the impact
of gastrointestinal digestion on the release
and degradation of ACE-inhibitory peptides. According to Hernández-Ledesma
et al. [38], gastrointestinal digestion of fermented milks promotes the formation of
active peptides. Parrot et al. [90] investigated the ACE-inhibitory activity of watersoluble extracts of Emmental before and
after incubation with gastric enzymes. After
digestion by pepsin and trypsin or by pepsin
and pancreatin, the IC50 values decreased
by 33 ± 13% and 32 ± 13%, respectively.
In another study [32], the simulated digestion of 11 ACE-inhibiting peptides yielded
only four resistant peptides (FP, IPY,
LEIVPK and VRGFPF). The same peptides
were previously identiﬁed in Manchego
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cheese (see Sect. 3.1.2). However, for
two peptides, VRYL and KKYNVPQL,
that showed the highest ACE-inhibitory
activity (IC50 values of 24.1 and
77.1 μmol·L−1, respectively), a decrease in
ACE-inhibitory activity was observed during simulated digestion. Ohsawa et al. [84]
treated β-casein and aqueous solutions of
synthetic VPP and IPP with different digestive enzymes in a two-stage in vitro model.
In an initial stage, pepsin, pancreatin or
trypsin/chymotrypsin was used; a second
stage employed Caco-2 cells containing
aminopeptidases N, P and W, dipeptidyl
peptidase IV, endopeptidase-24.11, γ-glutamyl transpeptidase, microsomal dipeptidase and peptidyl dipeptidase A. Synthetic
VPP and IPP were highly resistant to the
effects of the above-mentioned gastrointestinal enzymes, and thus would reach the
small intestine in intact form. Neither VPP
nor IPP was generated from β-casein,
although different larger peptides containing
the VPP sequence were formed. Additionally, various other functional peptide
sequences were released from β-casein by
in vitro digestion. The results of the
above-mentioned studies suggest that the
resistance of peptides to gastrointestinal
digestion is an important prerequisite in
order to obtain physiological effects
in vivo after oral administration of bioactive
peptides. However, the bioavailability of
such digestion-resistant peptides is also
strongly inﬂuenced by their absorption.
Masuda et al. [59] showed that VPP and
IPP reach the abdominal aorta of SHR after
the oral administration of Calpis sour milk
(Ameal STM) and reported a recovery of
4.0% and 5.0% of tripeptides ingested,
respectively. Similarly, in rats, 14C-labelled
IPP was absorbed partially intact. The highest blood concentration of total radioactivity
was observed 2 h after oral administration,
and only 11.8% of the administered radioactivity was excreted at 48 h post-dose [43].
In humans, this peptide was absorbed intact
into the circulation after the consumption of

a lactotripeptide-enriched milk beverage
[26]. Similarly, the use of HPLC-multiple
reaction monitoring mass spectrometry
(HPLC-MRM-MS) conﬁrmed the presence
of the peptides AW, VF, VY, IWR, HLP,
LPP, VPP, LPPR and HLPLP in human
plasma [132]. However, a recent study
[129] investigating the pharmacokinetics
of intravenously or intragastrically administered synthetic IPP, LPP and VPP in pigs
showed that the absolute bioavailability of
intragastrically infused tripeptides was only
about 0.1%, and that half-lives of absorption
and elimination were maximally about
5 and 15 min, respectively. This study concluded that under these conditions, the bioactive effect of these tripeptides would be
rather acute.
4.2. Antihypertensive effects
of cheese in vivo
In recently launched commercial sour
milks that have been shown to be effective
against hypertension, doses of about
5 mg·d−1 VPP + IPP were applied [37, 41,
109, 128]. The discovery of the same orally
active ACE-inhibitory lactotripeptides in
various varieties of cheese in concentrations
up to 566.88 [12] and 570.4 mg·kg−1
(unpublished study) is a promising feature
with regard to nutrition and consumption
of cheese. However, the blood pressurelowering effect of cheese containing high
concentrations of VPP and IPP has not
yet been demonstrated. Nevertheless, a
hypotensive effect was noted in SHR fed
water-soluble peptides of different cheeses
by gastric intubation. After 6 h of oral
administration, the SBP was measured
using the tail-cuff method. Depending on
cheese variety, the following decreases in
SBP (mmHg) were observed: Gouda (aged
8 months) −24.7 (signiﬁcantly different
from control, P ≤ 0.01), Edam −20.7
(P ≤ 0.05), Blue −20.3 (P ≤ 0.05), Havarti
−20.0 (P ≤ 0.01), Gouda (aged 24 months)
−17.2, Emmental −13.0 and Camembert
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−7.1. In contrast to this, in vitro ACE
inhibition of the same cheese extracts
showed a rather different order: Gouda (aged
24 months) 78.2%, followed by Gouda (aged
8 months) 75.5%, Havarti 72.7%, Camembert 69.1%, Edam 56.2%, Blue 49.9% and
Emmental 48.8%. Further, six orally administered peptide fractions (dose 6.1–7.5 mg·kg−1
body weight) obtained from the 8-month
Gouda decreased SBP in SHR in the range
of –10.8 to –29.3 mmHg. Among four identiﬁed peptides (Tab. II) the two chemically
synthesized nonapeptides (RPKHPIKHQ
and YPFPGPIPN) showed antihypertensive
effects on SHR of –9.3 ± 4.8 and –7.0 ±
3.8 mmHg, respectively [105]. In another
study [125], the peptide MAP, isolated from
enzyme-modiﬁed cheese and administered
to SHR at a dose of 3 mg·kg−1 body weight,
reduced SBP by –17 mmHg as measured
by the tail-cuff method 8 h after gastric
intubation.
5. CONCLUSION
During cheese ripening, a large number
of peptides of variable chain length are
released that have been shown to exert
an ACE-inhibitory activity in vitro. The
ACE-inhibitory activity is attributable to a
multitude of unspeciﬁc peptides of variable
chain length and amino acid sequence. Most
of these peptides are to be considered intermediates that are further hydrolysed during
cheese ripening or during gastrointestinal
transit. Several studies have demonstrated
that smaller ACE-inhibitory cheese peptides
are absorbed into blood circulation and exert
an antihypertensive effect in vivo. Among
these peptides, the tripeptides VPP and IPP
have been the subject of various in vivo
studies. In several human studies, doses of
about 5 mg·d−1 VPP + IPP have been
shown to reduce blood pressure in both
hypertensive and prehypertensive subjects.
The discovery of the same orally active
ACE-inhibitory lactotripeptides in various
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cheese varieties in a total concentration of
up to 570.4 mg·kg−1 is a promising feature
with regard to nutrition and consumption
of cheese, but it would require the manufacture of cheeses with constant and reproducible levels of orally active ACE-inhibitory
peptides. Recent studies show that overall
proteolysis in semi-hard and hard cheese
does not necessarily yield high concentrations of the two lactopeptides during ripening. The release of VPP and IPP in cheese
seems to be a rather speciﬁc process that
is, as in fermented milks, strongly enhanced
by the proteolytic action of selected strains
of L. helveticus. However, other factors,
such as pretreatment of cheese milk, scalding and ripening time, have been shown to
inﬂuence the concentrations of these two
tripeptides as well. Although doses of up
to 30 mg of VPP and IPP can be achieved
in a daily portion of cheese, further studies
will have to show whether consumption of
cheeses with high concentrations of orally
active ACE-inhibitory peptides can lower
blood pressure. Recently, rather conﬂicting
results were obtained in three human studies
for VPP and IPP. Additionally, the absorption of ACE-inhibitory peptides may be
delayed or prolonged by the cheese matrix,
and, ﬁnally, depending on the cheese’s salt
content or the presence of biogenic amines,
adverse effects may even occur.
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Appendix
Abbreviation:
ACE
angiotensin-converting enzyme
CN
casein
DBP
diastolic blood pressure
FAPGG furanacryloyl-phenylalanyl-glycylglycine
HHL
hippuryl-histidyl-leucyl-OH
HPLC
high-performance liquid
chromatography
IPP
isoleucyl-prolyl-proline
MS
mass spectrometry
SBP
systolic blood pressure
SHR
spontaneously hypertensive rats
VPP
valyl-prolyl-proline

