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Abstract
Conventionally cheese is prepared via conversion of liquid milk into semisolid form using milk coagulating agent i.e., rennet, heat and heat with acid. It can differ 
broadly w.r.t color, flavor, texture, aroma and firmness which largely dependent on the processing conditions employed and storage period. During the period 
of ripening certain biochemical changes leads to the production of several health driven bioactive peptides. Specific sequence of peptides generated during the 
cheese ripening period have demonstrated the various bio functional properties like antioxidant, anti-inflammatory, antimicrobial, immunomodulatory, opioid 
activity and angiotensin-converting enzyme inhibition activity. The present review discussed the specifically antihypertensive peptides present or released during 
the ripening process of different varieties of cheese.
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Introduction
Cheese is rich in essential bioactive components. Peptides with 

variable functionality have been identified in different kinds of 
cheeses. Proteolysis is the principal reaction involved the degradation 
of protein via action of coagulant and indigenous proteinases in milk. 
Bacterial proteases and peptidases undergo secondary proteolysis and 
cause the breakdown of protein into a large number of peptides with 
variable chain length [1]. Fermented dairy products are considered to 
be affluent reserve of peptides [2]. These bioactive peptides are known 
to exert various health effects in vivo [2,3]. On basis of functionality, 
peptides are categorized into different groups like Angiotensin 
Converting Enzyme (ACE), casomorphins, immunopeptides 
antimicrobial and phosphopeptides [2].

ACE inhibitor peptides are of special interest due to their 
hypotensive effects. Hypertension is a major risk factor for heart 
diseases. Various synthetic drugs (ACE inhibitors, beta blockers and 
diuretics) have been developed for the cure of hypertension. Lowering 
in blood pressure might be possible by nutritional supplementation 
like reducing sodium intake or increasing the consumption of 
antihypertensive peptides. Antihypertensive activities have also been 
found in various fermented milk products in vivo and in vitro.

Peptides Generation during Ripening 
Process

The synthesis of bioactive peptides in cheese and fermented milks 
is majorly affected by the conditions of ripening [4-8]. Majority of 
cheese are prepared by rennet or acid with rennet coagulation and 
also with the enzymatic hydrolysis of milk protein [9]. Apart this, 

non starter lactic acid bacteria, also serves as important function in 
secondary proteolysis of cheese [10].

The coagulant used lead to the initial hydrolysis of casein. Starter 
and non starter proteinases result in the release of peptides and free 
amino acids [9]. In cheese, the residual coagulant activity causes the 
initial softening of cheese due degradation of αs1 casein [11]. On the 
other hand, β-casein is resistant to proteolysis by chymosin, however 
hydrolyzed by plasmin to different γ-casein fractions and proteose 
peptone particularly in Gouda and Emmental cheeses up to a certain 
limited extent [12]. Peptides released from casein by the activity of 
chymosin and plasmin is further degraded into smaller peptides by 
the action of starter and non starter proteinases and peptidases during 
the period of ripening [9].

Antihypertensive activity in cheese
The peptides with the affinity to affect the blood pressure have 

been studied in detail. ACE or Angiotensin I converting enzyme is an 
important blood pressure regulator. In a situation of decreased blood 
volume or decreased blood flow, rennin converts the angiotensinogen 
to angiotensin I. ACE then degrades the prohormone angiotensin I 
(decapeptides) to angiotensin II (octapeptide). It results in the increase 
in the blood pressure via vasoconstriction or through increase in 
the systemic resistance and simulated aldosterone secretion which 
results in the increase in the sodium as well as water resorption in 
the kidney. It also inactivates the bradykinin which is a vasodilator 
and endogenous opioid peptide. Ace inhibitory activity in different 
fermented foods like sauce, soy sauce, cheese and vinegar has been 
estimated [13]. In another investigation antihypertensive activity of 
different types of cheeses like Roquefort, Camembert, Gouda, Tilsit, 
Edam, Emmental, Leerdam, and Parmesan was determined [14]. 
Gupta et al. [15] also investigated the ACE inhibitory activity in 
cheddar cheese prepared with the adjunct culture (L. casei ssp casei 
and L. paracasei ssp paracasei). Cheeses prepared with the adjunct 
culture showed the increase in activity up to 3rd month whereas in 
control cheddar cheese activity was increased to the similar level 
after 4th month of ripening. Further studies were also conducted on 
probiotic cheeses like Festive cheese [16].

An investigation performed for young, medium and mature 
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Gouda cheese; the highest antihypertensive activity was observed in 
the medium aged Gouda cheese [14]. Saito et al. [17] observed the 
high antihypertensive activity in 24 month ripened Gouda cheese 
compared with 8 month ripened Gouda cheese. Cheddar cheese 
prepared with assorted strains of probiotic bacteria exhibited increased 
antihypertensive activity mainly during first 6 weeks and was affected 
considerably by ripening temperature, exhibiting more augment in 
activity at 8°C compared at 4°C [18]. Results of various investigations 
indicated the great variations in antihypertensive activity in different 
cheese verities and this analysis is useful for identification of cheese 
samples exhibiting high antihypertensive activity.

Antihypertensive peptides identified in cheese
Proteolysis in cheese leads to the breakdown of different fractions 

of caseins (αs1, β and κ casein) during the ripening period. Casein 
degraded continuously to form enormous number of peptides 
during ripening process in cheese. Some of the peptides identified 
in cheeses and fermented dairy products are tabulated as (Table 
1). The ace inhibition activity is dependent on the formation and 
degradation of the ACE inhibitory peptides. HPLC in combination 
with mass spectrometry techniques have been used largely for the 
identification and characterization of antihypertensive peptides [19]. 
In silico analysis is also being used widely to characterize the ACE 
inhibitory peptides [20]. A variety of peptides in huge number have 
been identified as ACE inhibitory and observed to be orally active 
ACE inhibitor [21]. Gupta et al. [15] observed the more protein 
degradation in cheese prepared with the adjunct culture (L. casei ssp 
casei and L. paracasei ssp paracasei) than the control cheddar cheese 
as analyzed by electrophoretic and RP-HPLC technique.

Antihypertensive peptides PEQSLACQCL, QSLVYPFTGPI and 
ARHPHPHLSFM from β-lactoglobulin, β-casein and κ-casein have 
been identified from goat milk [22]. Studies have demonstrated the 
antihypertensive activity of water-soluble cheese extract is majorly 
influenced by the cheese ripening. For development of cheese rich 
in antihypertensive peptides, reproducible and controlled release of 
antihypertensive peptides during the ripening process is necessary. 
Cheddar cheese prepared with the starter lactococci and probiotic 
adjuncts (L. casei) have shown the seven ACE inhibitory sequences i.e., 
YQEPVLGPVRGPFPIIV, KKYKVPQLE, DKIHPF, RPKHPIKHQ, 
RPKHPI, FVAPFPEVF and RPKHPIK [23-25]. In another study 
cheddar cheese prepared with different probiotic adjuncts stored 
at 4°C and 8°C/24 weeks exhibited the six ACE inhibitory peptides 
i.e., RPKHPI, ARHPHPH, FVAPFPEVF, YQEPVLGPVRGPFPIIV, 
RPKHPIK, RPKHPIKHQ [13]. VPP (Val-Pro-Pro) and IPP (Ile-Pro-
Pro) have gained more attentiveness recently. VPP and IPP have also 
been identified in fermented milk [5].

Factor affecting the generation of ACE inhibitory peptides
The generation of ACE inhibitory peptides is largely dependent 

on the different factors like starter culture, pretreatment of milk 
and storage conditions. To prepare the reproducible cheese making 
process which yield cheese with maximal concentration of ACE 
inhibitory peptides, knowledge of crucial factors affecting their 
generation is essential.

Conclusion
During the period of ripening in cheese, huge number of ACE 

inhibitory peptides with variable chain length is released. ACE 
inhibitory activity is related to the concentration and amino acids 
sequence of peptide released.

Future research should be focused on whether the utilization of 
cheese enriched with ACE inhibitory peptides would be able to reduce 
the risk of hypertension.
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