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ABSTRACT 
 

Hypertension is a disease that affects more than 70% of the worldwide population. In 
Mexico, panela cheese is one of the most consumed cheeses and determinating the 
antioxidant activity, and angiotensin-converting inhibition effect was the main objective of 
this study.  

We analyzed two different cheese types (A, B) for 15 days and then classified them in 
7 samples. The samples were treated and obtained in two fractions, nitrogen soluble in 
ethanol (ETOH-SN), and nitrogen no-soluble in ethanol (EOTH-NSN). After the 
treatment, we did the detection of ACEI using HPLC, and the antioxidant activity by DPPH 
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method at different concentrations (0.01,0.05,0.12,0.25,0.5 y 1) using a dose-response 
curve to calculate the IC50.  

Our results demonstrate that the ETOH-SN fraction does not present significative 
differences between batches, but there is a difference compared with ETOH-NSN (P < 
0.05). Additionally, we determined the antioxidant activity of batch A ETOH-SN, in which 
sample A3 has a higher inhibition.  

We can infer with the antioxidant activity, and the inhibition of ECA that the 
consumption of panela-type cheeses might be considered a valuable tool against different 
human diseases, so including this Mexican cheese in the diet could be a good alternative 
for patients with cardiovascular treatments, such as hypertension. 
 

Keywords: angiotensin-converting, protein hydrolysates, antioxidant activity, panela 
cheese, hypertension, cheese 
 
 

INTRODUCTION 
 
Cardiovascular diseases (CVD) contribute mostly to morbidity and mortality 

worldwide (Alwan et al. 2000), and among these, ischemic heart disease is the leading 
cause of death according to WHO, (2016) included Hypertension that is a significant risk 
factor for CVD, and it was estimated that 16.5% of all deaths could be attributed to high 
blood pressure (BP) (Lim et al. 2012). From prospective observational studies, it was 
estimated that if there is a reduction of 5 mmHg in diastolic blood pressure, it will reduce 
the risk of stroke by 34% (MacMahon et al. 1990).  

Hypertension is mainly treated with drugs that help stabilize or regulate pressure 
(Chen, 2018). Within the pharmacological treatment for hypertension are beta-blockers 
(Wiysonge et al. 2017); the use of ACE inhibitors is preferred due to the reduction of 
adverse effects in patients (Solomon and Taler 2018). ACE is a dipeptide that activates 
angiotensin II, which has a vasoconstrictor effect, so there is an increment in blood flow 
and, as a consequence, an increase in blood pressure (Nilsen et al. 2016; Ali et al. 2017; 
Stuknyte et al. 2015). On the other hand, there are more alternatives than pharmacological 
treatment of pressure, such as changes in lifestyle, diet, weight reduction, and low sodium 
consumption (Solomon and Taler 2018). Those alternatives are useful in the prevention 
and treatment of hypertension (Appel et al. 2006). This set of changes can be applied to 
everyday life and used as a preventative strategy for managing not only hypertension but 
also other diseases related to bad daily habits (Pisano and González 2014).  

The detection of healthy habits at an early age could be solved through proper patient 
education (Sosa-Rosado 2010). Among the most significant changes include maintaining 
regular weight control, reducing alcohol consumption, eliminating the use of tobacco, 
changing dietary habits, compliance with nutritional patterns or diets that help lower blood 
pressure (Soto 2018). The main nutritional plan currently used for patients with 
hypertension is the DASH diet (Dietary approaches to stop hypertension) (Steinberg, 
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Bennett, and Svetkey 2017). This diet emphasizes the consumption of fruits, vegetables, 
healthy fats, and low-fat or non-fat dairy products (Appel et al. 2006; Wiysonge et al. 
2017). The increase of fruits, vegetable consumption for their fiber, and the reduction of 
red meats, starches, added sugars, processed foods are the premises of this diet (Bes-
Rastrollo 2017), all this in conjunction with a decrease in sodium intake that will be 
important for the treatment and prevention of hypertension (Sacks et al. William 2001). 
There are other diets such as the Mediterranean, which shares a similarity in terms of its 
composition with the DASH (Sánchez-Tornel 2017) since it also promotes the varied 
consumption of foods of vegetable origin. Olive oil is used in the Mediterranean diet, as 
the primary and only lipid source for culinary preparations, the wine consumption is 
moderate and distributed throughout the week, and dairy products such as yogurt and 
cheese are consumed (Bes-Rastrollo 2017). The Mediterranean diet has shown a reduction 
in the risk of CVD, as well as prevention and reduction of blood pressure (Zanuy-Válero 
2013). The vegetarian diet also uses olive oil as a lipid content, promotes the varied 
consumption of vegetables (Morales-Valdez et al. 2015), in addition to adding eggs and 
dairy to its composition, it has a positive impact on blood pressure due to its contribution 
of fiber, vegetable protein and nutrients such as magnesium and potassium (Richter et al. 
2015). 

The consumption of dairy products is a common factor and can be found among the 
diets recommended for the prevention and treatment of hypertension. Commonly, the 
global population consumes these products for their content of proteins, minerals (calcium, 
magnesium, phosphorus, and potassium) and vitamins (D, folates) (McGrane et al. 2011; 
Sacks et al. 2001). Currently, some studies support non-pharmacological therapeutic 
interventions (ITNF), based on the restriction of dietary sodium consumption (Zanuy-
Válero 2013). Antihypertensive treatment that uses drugs has had low success in reducing 
vascular complications (Nguyen et al. 2010), on the other hand, non-pharmacological 
measures are cheap and generate benefits that promote a better state of health (De La Sierra 
et al. 2008). Also, the excellent contribution of nutrients provides us amino acids that, 
through digestion produced by the action of a combination of proteases of milk and 
protease secreted by the intestinal tract release fragments of proteins (peptides) that can 
present specific biological activities (Beverly, Underwood, and Dallas 2019).  

Bioactive peptides (BP) are short-chain peptides derived from the intact protein and 
have multiple physiological functions (Aslam et al. 2019) presented in cheese fraction. 
These peptides presented in cheese fractions can be used as functional food ingredients, or 
nutraceuticals and pharmaceuticals to improve human health. These activities include 
immunomodulatory, anti-hypersensitive, antimicrobial, osteoprotective, and opioid 
functions. The effects of these peptides are associated with their specific content and the 
constitution of amino acids (Zanutto-elgui et al. 2018; Aslam et al. 2019). 
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For this reason, the benefits of the consumption of dairy products should not only be 
attributed to the nutrient content but also due to the release and function of the bioactive 
peptides in the body.  

The release of these peptides varies depending on the types of cheeses, their 
manufacturing process, the external components added, and the stage of digestion (Akbari-
adergani 2019). Concerning bioactive peptides that have antihypertensive activity, among 
its main health benefits is the inhibition of the angiotensin-converting enzyme (ACE) (Han, 
Maycock, and Murray 2018; Stuknyte et al. 2015).  

These peptides mainly acquire their effect by the inhibition of the angiotensin-
converting enzyme (ACE) (Stuknyte et al. 2015). The angiotensin-converting enzyme 
(peptidyl dipeptide hydrolase, EC 3.4.15.1) is an exopeptidase that cleaves the C-terminal 
dipeptides of several oligopeptides. As part of the renin-angiotensin system. ACE 
hydrolyzes angiotensin I, an inactive decapeptide, to the potent vasoconstrictor angiotensin 
II. It also activates the bradykinin vasodilator, which participates in the control of blood 
pressure (Korhonen and Pihlanto 2006). 

 
Table 1. Composition of several fresh brands of panela cheese (%) 

 
Mexican brands Moisture (±0.5%) Fat (±0.5%) Protein (±0.5%) Calcium mg/100g 
Aguascalientes 52 22 22 818 
Alpura 54 22 19 716 
Chilchota 51 26 19 688 
Ixtacalco 56 22 19 633 
Caperucita 54 23 18 644 

(National Laboratory for Consumer Protection 2007). 

 
Recent research shows interest in the study of Latin American cheeses due to their 

latent content of bioactive peptides (Fuentes-García 2017; Martin and Deussen 2017). 
Cheese is one of the derivatives of milk more frequently consumed worldwide. Cheese is 
easy to digest and well-tolerated; it is estimated that each person consumes around 15.5 kg 
of cheese per year (42.5 g/d) in the United States and 19.7 kg in Europe (49.0 g/d) 
(Canadian Dairy Information Centre 2014). In addition to this, other studies indicate that 
an approximate consumption between 50-60 g/d can provide a cardioprotective effect 
(Chong et al. 2016).  

Among the cheeses that stand out are the fresh cheeses like the panela-type fresh 
cheese, also known as “panela style” or “panela basket.” The cheese is obtained from the 
separation of the casein from whey by the action of the rennet and/or specific enzymes, 
which gives rise to a soft substance called curd, which, once stable, is pressed and drained 
to finish separation of the whey.  
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Panela cheese is one of the most popular and consumed cheeses in Mexico due to its 
mild slightly salty taste, and because consumers consider it “healthy” due to its low-fat 
content (National Laboratory for Consumer Protection 2007). Compared to the different 
Mexican brand of panela cheeses and the nutritional composition, there all have similar 
nutritional composition regardless of the Mexican brands, Table 1. 

The fresh Mexican cheese is characterized by being high in moisture content, having a 
mild-milky flavor, a soft and creamy texture, and a very short shelf-life (Van Hekken et al. 
2010). This type of cheese has a moisture content of 63.4 ± 3.8%, the protein content of 
15.63 ± 1.35%, the fat content of 15 ± 3.16%, and a pH of 6.0 ± 0.2 (Torres-Llanez et al. 
2011). As we mentioned before, the bioactive peptides presented in cheese fraction has an 
IECA activity, and this peptide is produced during the manufacturing process and even 
after their useful life (Tarango-Hernández et al. 2015). Based on all the above, we can infer 
that, when treating diseases such as hypertension, it is essential to include several foods to 
our diet, following the different diets mentioned such as DASH, Mediterranean and 
vegetarian diet (Pérez-fuentes 2015). Besides, we should include in our natural diet dairy 
milk products like cheese (Rowland et al. 2002), for its nutritional value and the presence 
of biologically active components as α-lactalbumin, β-lactoglobulin, lactoferrin, 
lactoperoxidase and serum albumin (Ebringer, Ferencik, and Krajcovic 1986). 

Finally, fresh cheese presented also an antioxidant activity, which plays a protective 
role, reducing the formation of free radicals that help to control and prevent degenerative 
diseases such as arteriosclerosis, diabetes, hypertension and cancer, whose common 
etiological factor is oxidative stress (Tarango-Hernández et al. 2015; Torres-Llanez et al. 
2011).  

Given that, at present, foods play a fundamental role in the prevention and treatment 
in the field of medicine, cheese is addressed as possible source of dietary antioxidants 
(Herrera, Betancur, and Segura 2014). This research aims to determine antioxidant activity 
and antihypertensive activity of bioactive peptides generated in fresh panela cheese. 

 
 

MATERIALS AND METHODS 
 

Samples 
 
The samples considered in the present study were panela type cheese randomly 

collected from different markets of Querétaro City, México. We analyzed two types of 
cheese A: Chilchota (23 samples) and B: Caperucita (28 samples) for 15 days. The cheeses 
A and B were classified into seven samples. These samples were from a mixture of cheeses 
from the same type. The number of cheeses used in each sample is shown in Table 2. 
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Table 2. Cheese number per batch 
 

Type A (23) Type B (28) 
Code Cheese (n) Code Cheese (n) 
1A 8 1B 1 
2A 3 2B 3 
3A 7 3B 9  
4A 
5A 

2 
1 

4B 
5B 

4 
1 

6A 2 6B 7 
7A 1 7B 4 

 
 

Treatment of Samples/Proteolysis of Samples 
 
The cheeses samples were treated with water and then homogenized, incubated, and 

centrifugated to obtain the precipitated residue as a Non-Fat Cheese fraction Figure 1, 
according to the methodology of Guerra-Martínez et al. 2012. This residue was stored at  
-80°C (Guerra-Martínez, Montejano, and Martín-Del-Campo 2012). The fractionation 
obtained of the Crude Nitrogen yielded three fractions: Acid Soluble Nitrogen (ASN) at 
pH 4.6, Non-protein Nitrogen (NPN), and 70% Ethanol-soluble Nitrogen (EtOH-SN), 
which were evaluated for antioxidant and ACE inhibitory activities (Figure 1).  

 

 

Figure 1. Fractionation of fresh cheese panela type of Queretaro city, México.  
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Evaluation of the Inhibitory Activity of the Angiotensin-Converting  
Enzyme (ACE) 

 
To determine the enzyme inhibition in fresh cheese, we used the method of Wang et 

al. (2013) with some modifications. The method is based on the release of hippuric acid 
(HA) from hipuril-histidyl-leucine (HHL) catalyzed by the angiotensin-converting enzyme 
(ACE), the mobile phase consists of 70% A (TriFluoroacetic Acid 0.05% in HPLC water) 
and 30% B (100% acetonitrile) using a C18 Agilent Technologies column in an HPLC with 
diode detector, with isocratic flow (70:30 A / B) 0.5 ml/min. The wavelength was 226 nm; 
the column temperature was controlled at 25°C, a blank with 100% HHL equivalent to 
100% ACE was used; HHL and ACE (0.5 U pig kidney) was dissolved in 100 mM borate 
buffer (pH = 8.3) supplemented with 300 mM NaCl, at a concentration of 0.1 U / ml. 0.025 
ml aliquots of the ETOH-SN and ETOH NSN fractions were taken by pre-incubating them 
with 0.025 ml of ACE at 37°C for 10 min, then 0.025 ml of HHL was added, and it was 
incubated at 30°C for 30 min. The reaction was stopped by adding 0.0835 ml of 0.1 M 
HCL. We used as a negative control of functioning enzyme the angiotensin and as positive 
control the drug captopril, which inhibits the angiotensin-converting enzyme between 90 
and 100% of the ACE concentration used (Vargas-León et al. 2018). 

ASN and NPN are analyzed directly in the HPLC, for ETOH-SN, 2 ml were 
concentrated to dryness and then solubilized in 1 ml of 70% ethanol. ETOH NSN 
precipitate was solubilized in 0.5 ml of 50 μM Tris-HCl and 1 μl EDTA. We filtered the 
samples with a 0.45 μm syringe filter. Then we used the following formula to calculate the 
percentage of inhibition: 

 
  

 
where: 

 

 * 100 

 

 *100 

 
*HHL: Hippuryl-histidyl-leucine. 
*HA: Hippuric acid. 
 
 

Determination of Antioxidant Activity by Reduction of DPPH 
 
The 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) is a stable free radical method that is used 

to evaluate the antioxidant capacity. The reduction of DPPH by antioxidant species 
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produces a loss of color with a change from intense purple to yellow when the activity is 
maximum. We used 96 flat-bottom well plates and a standard (BHT, 500 μM) to perform 
the analysis. All the assays were performed in triplicate. 0.2 mL of DPPH 125 μM DPPH 
solution in 80% methanol was added. The plate was kept in the dark place for 90 minutes, 
and then the reading was done in a spectrophotometer at 520 nm. The results were 
expressed as a percentage of discoloration. 

 
The formula for the calculation of the percentage of discoloration was 
 

  
 
A control = absorbance of the control (20 μl methanol + 200 μL) 
A sample = Absorbance of the sample or controls (BHT, gallic acid) 
 
 

Statistical Analysis 
 
All the experiments were performed in triplicates to obtain confinable results. The 

results of the percentage of inhibition of the ACEI and antioxidant activities were analyzed 
using free software R version 3.5.2. For the ECEI results, a Kruskal-Wallis nonparametric 
test was performed, with a confidence percentage of 95%. On the other hand, for the 
antioxidant activity, a dose-response curve was used to determine the minimum inhibitory 
concentration. 

 
 

RESULTS 
 
Based on the evidence, bioactive peptides with the lower molecular weight had a better 

antioxidant effect; we decided to use ETOH-SN and ETOH NSN because of its content of 
bioactive peptides with lower molecular weight and discard fractions with ASN, NPN. The 
fractions with ASN, NPN, according to literature, could contain higher molecular weight 
peptides. Besides, it was decided only to use the sample one, two, and seven due to the 
amount of material to perform the analyzes. 

 
 

ACE Inhibitory Activity 
 
For this part of the study, we determined the inhibitory activity of the ACE in different 

samples of cheese (A, B), and fractions ETOH-SN, and ETOH-NSN. It was decided to 
make a comparison between the samples and the control group. We determined in both 
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samples, inhibitory activity of the angiotensin-converting enzyme (ACE) of the samples, 
with a significant difference between the control group and the samples with a p = 0.006, 
Table 3. In contrast, a comparison between the samples (1A, 1B, 2A, 2B, 7A, 7B) of 
ETOH-NSN presents differences with a value of p = 3.264x10-7 and a percentage range 
between 49 to 69, Table 3. 

The samples of the ETOH-SN fraction did not show differences between them, with a 
value of p = 0.693. This result suggested that all samples of the ETOH-SN fraction have a 
similar action effect of ACEI, ranged between 81 and 91%, as shown in tab 3. Sample 1B 
and 2B showed the highest percentage of inhibition, with 91%. Also, to evaluate the 
efficacy of the analyzed samples, we compared the percentage of inhibition of the ACE of 
the cheese samples with the action effect of one of the most used antihypertensive 
treatments in the pharmaceutical market, captopril with 90%-100% ACEI effect (Vargas-
León et al. 2018), being satisfactory because our results showed a similarity in the ACEI 
effect. 

 
Table 3. The inhibitory activity of the angiotensin-converting enzyme (ACE) of  

the bioactive peptides from the different cheese samples by high-performance liquid 
chromatography (HPLC) 

 
ETOH-SN ETOH-NSN 
Samples  p-value  p-value 
1 A 84 ± 3.16 0.693 49 ± 20.27 3.264x10-7 
1 B 91 ± 6.72 0.693 65 ± 0.23 3.264x10-7 
2 A 86 ± 0.41 0.693 59 ± 7.98 3.264x10-7 
2 B 91 ± 6.72 0.693 50 ± 18.75 3.264x10-7 
7 A 81 ± 11.03 0.693 63 ± 0.27 3.264x10-7 
7 B 90 ± 5.58 0.693 63 ± 0.27 3.264x10-7 
Angiotensin control* 4 ± 0.08 0.00656 4 ± 0.08 5,252x10-8 

*angiotensin control was performed as an internal control to determinate the inhibition of the samples. Results represent the 
average of 3 independent experiments ± standard deviation. 

 
 

Inhibitory Effect of Angiotensin-Converting Enzyme in ETOH-SN  
vs ETOH-NSN -NSN 

 
After analyzing the ACE inhibitory activity of both fractions, a comparison was made 

between the ETOH-SN and ETOH-NSN fractions of all the cheese samples. We 
determinate if the supernatant fraction has a higher inhibitory effect than the non-
supernatant. Figure 2 shows that the percentage inhibition of the ETOH-SN group is higher 
in all the samples analyzed compared to the ETOH-NSN fraction with p-value = 0.02. Due 
to this, we can infer that ETOH-SN samples have a higher ACE inhibitory, potentially will 
be recommended not to use ETOH-NSN samples since the percentage inhibition of this 
fraction is deficient in comparison with the ETOH-SN group. 
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Figure 2. Show the correlation between the supernatant (SN) and precipitate (NSN) of batches. (A) 1 
ANSN vs 1ASN, (B) 1 BNSN vs 1BSN, (C) 2 ANSN vs 2ASN, (D) 2 BNSN vs 2BSN, (E) 7 ANSN vs 
7ASN and (F) 7 BNSN vs 7BSN. The result is shown in percent of ACE inhibition. 

 
Antioxidant Activity Evaluation

 
During the chapter, we did determinate that the cheese fractions have an inhibitory 

effect of ACE, leading to think the possible antioxidant activity of the fraction with higher 
effect, such as ETOH-SN. 
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Table 4. Antioxidant activity (DPPH) of the supernatant fraction (ETHO-SN) from  
the different cheese samples* 

 
 A1 A2 A3 A4 A6 
C1      
0.01 33 ± 38.72 3 ± 8.66 13 ± 0.43 9 ± 0.74 6 ± 9.42 
0.05 17 ± 8.84 6 ± 7.61 39 ± 5.60 10 ± 3.45 9 ± 2.10 
0.125 42 ± 4.40 24 ± 8.88 86 ± 0.20 36 ± 1.13 19 ± 5.89 
0.25 85 ± 4.95 72 ± 14.6 87 ± 0.47 71 ± 2.86 32 ± 8.79 
0.5 107 ± 2.48 92 ± 0.72 86 ± 0.66 83 ± 1.53 71 ± 5.64 
1 95 ± 0.68 92 ± 0.13 87 ± 0.66 82 ± 0.00 84 ± 2.21 

1Concentration is expressed in mg/ml. 
Results represent the average of 3 independent experiments ± standard deviation. 

 
We compare the samples A1, A2, A3, A4, A6 in different concentrations, and 

determinate the DPPH inhibition percentage. As we showed in Table 4, the means and the 
standard deviation of the DPPH inhibition percentage of the samples of lot A are shown. 
Each sample was analyzed at different concentrations to determine which of these has a 
more significant inhibitory effect.  

We observed a significant variation in the antioxidant activity of the samples in their 
different concentrations, where the A3 sample was the one that showed a higher antioxidant 
effect in most of its concentrations. 

 
 

Inhibition DPPH 
 
The dose-response curve was performed to determinate the inhibition of DPPH using 

the inhibitory concentration. The dose-response curve could be able to identify the sample 
with the higher effect. The inhibitory concentration 50 (IC 50) is the concentration of 
peptides that inhibits the activity of the DPPH by 50%. Within these, we observe that the 
sample A3 is the one that presents the best inhibitory potential of DPPH, and we realize a 
comparative analysis between the means of the samples to obtain p-value with significant 
difference (0.06) as shown in Table 5 and Figure 3. 

 
Table 5. Antioxidative activity expressed as DPPH inhibition  

(IC%50) of different samples 
 

Sample IC50 (M,SD) 
A1 0,16 ± 1.07 
A2 0,17 ± 1.01 
A3 0,06 ± 1.02 
A4 0,15 ± 1.02 
A6 0,33 ± 1.11 

Each sample contains the (mean, m ± standard error, SD) of (n=18). 
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Figure 3. Dose-response of the antioxidant activity (IC%50). We show the samples available of the 
fraction ETOH-SN. Each curve represents a sample. We determinate the IC50 curve with the Log 
(DOSE) vs %Inhibition. The figure was made using, R program. 

 

DISCUSSION 
 
During this chapter, we showed some novel results of how cheese, especially cheese 

fractions, can have a high activity such as an inhibition of ECA and antioxidant. Initially, 
the fractionation of the samples was performed using proteolysis as a method (Guerra-
Martínez, Montejano, and Martín-Del-Campo 2012), once the fractions were obtained, 
they were called supernatant (ETHO-SN) and precipitate (ETHO-NSN). Interestingly, our 
results lead us to determinate that the supernatant is the fraction which has more effective 
results, related to other studies (Qian et al. 2011; Aguilar-Toala et al. 2017). 

The ACE inhibitory capacity of the different fractions was determined, it was observed 
that both fractions had a notable inhibitory effect compared to the control group with a p-
value of 0.006 in ETOH-SN and 5.252x10-8 in ETOH-NSN. Also, we determinate that the 
supernatant fraction had a significative inhibitory effect compared to the precipitated 
fraction with a p-value of 0.02. This result is based on the fact that the hydrolyzed fractions 
with lower molecular weight contain bioactive peptides with higher effect (Qian et al. 
2011; Aguilar-Toala et al. 2017). It is essential to clarify that this fraction (ETOH-SN) was 
chosen to measure antioxidant activity because it was the fraction that had the most 
significant ACE inhibitory effect, but not because it is the fraction that has the highest 
number of peptides. The evaluation of antioxidant activity in this fraction is justified by 
the references described in the presence of antioxidant peptides present in cheeses (Chel-
Guerrero et al. 2009; Aguilar-Toala 2014). We will considered the determination of IC50 
in further studies to understand better the antioxidant activity. Also, we observe that among 
the samples of the ETOH-SN fraction, there is no significant difference with a value of p 
= 3,264x10-7, so we could catalog all samples with good ACEI effect and good antioxidant 
activity. 
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To determine the effect of our study, we collect information from different researches 
(Table 6), generating a comprehensive review of original studies published from 2003 to 
2018 in science direct, PubMed, and google scholar. The search was performed on 
February 8th, 2019, using the terms “bioactive peptides in milk products” “ACE,” “ACEI,” 
“cheese,” “antioxidant” with the filter “publications date” 15 years. Three authors (KG, 
GM, and JM) reviewed the abstract, and standard criteria were used to exclude the 
following publications, with the exclusion criteria “non-lacteous product” and different 
methodology leaving 14 references to analyze. All the authors perform an abstract reading 
focusing on original articles and the antioxidant activity “DPPH” or ACEI activity. The 
Table we divided into different types of Cheese according to the principal activity of 
interest such as IC50 IECA and DPPH antioxidant. Therefore, we included a comment on 
the relevance of the paper and the references. In Table 6, we obtained 41 kinds of cheese 
in which included fresh, panela, Bria, cheddar, blue cheeses. The cheeses analyzed had the 
antioxidant activity and IECA activity similar to our results.  

Most of the cheeses have an inhibitory effect of ACE with values such as 26-96%, with 
an average of 61%. Comparing these percentages with the percentage of our results (90%) 
we can infer that our analyzed samples have a high inhibitory ECA effect. In addition to 
the inhibitory effect of captopril, the examples of the ETOH-SN fraction are similar, having 
the possibility of being considered as a cardioprotective treatment. 

Considering the results of the ACEI analyzed and shown in Figure 2, it was decided to 
work with the supernatant fraction, to identify the antioxidant activity of the samples, so 
we could evaluate if the fraction has the highest content of bioactive peptides. As we shown 
in results, the DPPH free radical method is used for its rapid and direct reaction with 
antioxidant compounds, facilitating the identification of the antioxidant power of the 
samples (Wongmekiat, Thamprasert, and LumLertgul 2007).  

To evaluate the antioxidant effect, we took information from Table 6. We observed a 
fluctuation between 30 and 80% of the DPPH inhibition percentage of samples of different 
types of cheeses, in comparison to result where there was a variation that ranged from 6 to 
107%, where the A3 sample showed a more significant antioxidant effect in most of the 
concentrations analyzed. After this, to corroborate which sample had the most significant 
impact, a dose-response curve was performed, with the A3 example showing the highest 
antioxidant activity with an average IC-50 of 0.06 (mL/dl). 

All these results are due to the role played by microorganisms in the proteolysis of 
cheese peptides, producing bioactive peptides (milk-derived multifunctional peptides, 
lactoferrin-derived peptides, casein-derived phosphopeptides, and chymotryptic peptides) 
obtained from the fermentation with Lactobacillus plantarum strain showed in this research 
(Fitzgerald and Murray 2006; Aguilar-Toala et al. 2017), and therefore we can find a high 
content of bioactive peptides even in fresh cheeses traditionally made (Li et al. 2011). 
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Table 6. Analysis and bibliographic review 
 

Sample Methods Comments Reference 
ACEI (%)* IC† DPPH (%) 

1 Manchego 
cheese 

93.5 ± 1.4*  NA These cheese produce peptides that 
inhibit ACE and can be used as 
cardioprotector. 

Gómez-Ruiz, 
Ramos, and 
Recio 2002  

2 Mexican fresco 
cheese 

96* NA Mexican cheese manufactured with 
specific LAB strains produces 
peptides with potential health 
benefits, like ACE inhibitors 

Torres-Llanez 
et al. 2011 

3 Milk fermented 
with L. lactis 

74-98* NA Products derived from milk have the 
presence of peptides with 
antihypertensive activity especially 
those that are enriched with 
microorganism as L. lactis 

Rodríguez-
Figueroa et al. 
2010 

4 Gamalost 1.0 ± 0.2+  NA Gamalost with a high degree of 
proteolysis and high protein content 
seems to have a high ACE inhibitor. 
Traditional cheese had per unit cheese 
weight higher ace inhibitor  

Pripp et al. 
2006 5 Castello 1.1 ± 0.2+ 

6 Brie 1.3 ± 0.3+ 
7 Pultost 1.3 ± 0.5+ 
8 Norvegia 

(9months) 
1.7 ± 0.6+ 

9 Port Salut 1.4 ± 0.1+  potential than the rest of cheese type.  

10 Norvegia 1.6 ± 0.2+ 
11 Kesam 7.7 ± 1.4+ 
12 CP Cabot plain 

(cheddar) 
74* 33 The highest ace inhibitors activity was 

shown in plain and herb enriched 
cheddar cheese as well as cranberry 
enriched cheese. 

Apostolidis, 
Kwon, and 
Shetty 2007 13 CH Cabot herbs 

(cheddar) 
73* 58 

14 FP Athenos 
plain (feta) 

71* 26 

15 FH Athenos 
herbs (feta) 

69* 65 

16 R1 Pupilon 
Roquefort 

28* 89 

17 R2 Rosenborg 
Roquefort 

39* 90 

18 R3 Blue stillon 
(Roquefort) 

26* 87 

19 Wensleydale 
(English and 
hard cheese) 
WC 

71* 30 

20 Cheddar cheese NA 0.025% = 47.76 
0.05% = 53.34 
0.075% = 56.32 
0.1% = 68.81 

The antioxidant activity in cheddar 
type cheeses increase with the 
fortification with IBE 

Lee et al. 2015 
 

21 A-Feta type, 
Brazil 

46* NA Among the different types of cheeses 
analyzed, Roquefort type cheese 
demonstrated a better set of bioactive. 

Segalin et al. 
2012 

22 A- Pecorino 
Toscano-Type, 
Brazil 

60days = 72* 
180days = 69* 
270days = 62* 

23 B-Feta-Type, 
Brazil 

60days=74*  Among the different types of cheeses 
analyzed, Roquefort type cheese 
demonstrated a better set of 
bioactivities. 

Segalin et al. 
2012 

24 B- Roquefort 
Type, Brazil 

90days = 80*  



Inhibitory Effect of Angiotensin-Converting Enzyme and Antioxidant Capacity … 189 

Sample Methods Comments Reference 
ACEI (%)* IC† DPPH (%) 

25 C- Pecorino-
type Brazil 

30days = 73*    

26 Pecorino Sardo-
type, Uruguay 

80days = 70* 
120days = 69* 
160days = 56* 

NA 

27 Cerillano, 
Uruguay 

90days = 64* 
120days = 75* 

28 Italico cheese 
 

Fraction26 = 
82* 

NA Cheeses and milk products are a 
potential source of bioactive peptides 
with a multifunctional role; the 
proteolysis may be conditioned by 
inhibitory peptides generated during 
manufacturing and cheese ripening. 

Smacchi and 
Gobbetti 1998 

29 Gorgonzola 
cheese 

Fraction 5 = 80* 

30 Idiazabal 
Cheese 

87.5 ± 2.5* NA The study shows the presence of ace 
inhibitory activity in different Spanish 
cheese made with different  

Gómez-Ruiz et 
al. 2006 

31 Roncal cheese 85.8 ± 0.5* 
32 Mahón cheese 76.8 ± 5.6*  technologies. We found that the 

activity was primarily concentrated in 
the permeate <1000Da. 

 

33 Goat cheese 72.8 ± 7.7* NA The study shows the presence of ace 
inhibitory activity in different Spanish 
cheese made with different 
technologies. We found that the 
activity was primarily concentrated in 
the permeate <1000Da 

Gómez-Ruiz et 
al. 2006 34 Cabrales 74.7 ± 2.1* 

35 Manchego 70.6 ± 1.5* 

36 Burgos type 
cheese 1 

NA 1mg/mL =5.17 ± 2.60  
3mg/mL =22.64 ± 3.32 
6mg/mL =50.64 ± 9.87 
9mg/mL =72.08 ± 4.12 
12mg/mL=77.67 ± 10.03 

Three peptides (derived from casein) 
were identified from Burgos type 
cheese, the cheese manufactured with 
rennet of plant origin contained the 
highest proportion of these peptides. 
Peptides derived from casein have 
already been described as antioxidant 
peptides.  

Petrón et al. 
2014 

37 Burgos type 
cheese 2 

1mg/mL =5.17 ± 2.60 
3mg/mL =22.64 ± 3.32 
6mg/mL =50.64 ± 9.87 
9mg/mL =72.08 ± 4.12 
12mg/mL=77.67 ± 10.03 

38 Burgos type 
cheese 3 

1mg/mL =8.99 ± 2.18 
3mg/mL =24.85 ± 5.57 
6mg/mL =50.16 ± 11.35 
9mg/mL =71.08 ± 11.14 
12mg/mL =82.16 ± 3.29 

39 Cheddar cheese 
1 

0.06+  
0.08+ 
0.30+ 

8 
11 
13 

The preliminary result of this study 
shows that all three cheddar cheese 
peptide extracts exhibit bioactivity, 
the vintage cheese taught the most 
potent inhibitory activity of ACE. 

Pritchard, 
Phillips, and 
Kailasapath 
2010 40 Cheddar cheese 

2 
0.11+ 
0.23+ 

0.14+ 

12 
12 
11 

41 Cheddar cheese 
3 

0.14+ 
0.7+ 
0.13+ 

10 
11 
12 

* Percentage of ACEI, † Half-maximal inhibitory concentration (IC50). 
Not available (NA). 
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It has been shown that products containing different biologically active components 
are associated with nutrition and health benefits (Sah et al. 2014; Ebringer, Ferencik, and 
Krajcovic 1986). Previous research has helped to locate dairy products as foods with a 
possible cardioprotective effect (Pripp et al. 2006; Pripp 2008), this property has been 
attributed to several factors, but now it is known that it is due to the formation of peptides 
with antihypertensive and antioxidant activity (Smacchi and Gobbetti 1998). 

Additionally, in a study conducted by Tohoku University in Japan, working with 
SnowBrand Milk Products Co., Ltd., they proved that cheese whey proteins could have 
beneficial prevention and biological and nutritional health promotion (Erdmann, Cheung 
and Schröder 2008). The amino acid present in this protein, such as tyrosine and cysteine, 
may exert free radical scavenging activity (Korhonen and Pihlanto 2006). 

Finally, to justify these results, it is suggested to evaluate cheese fractions through an 
experimental in vivo study, where the effect of panela cheese consumption in patients with 
hypertension or cardiovascular diseases will be evaluated. Other studies should be 
performed, integrating the possibility of using this food as an alternative treatment for a 
risk group and considering different factors such as the frequency of consumption, the type 
of cheese, and the availability of people to acquire it. Besides, we recommend carrying out 
studies on fresh cheeses and other Ecuadorian dairy products, to identify the possible 
antihypertensive and antioxidant properties that we have mention that exists. 

 
 

CONCLUSION 
 
The samples of Mexican panela cheese analyzed in this study showed the inhibitory 

activity of ACE and antioxidant, especially ETOH-SN that was the one that proved to have 
a more significant effect of action, with a p-value of 0.02 we showed a significant 
difference in comparison to the other fraction analyzed. 

Our study indicates that the fraction with the lowest molecular weight ETOH-SN 
showed a better antioxidant and ACEI effect, being able to attribute these results to the fact 
that in this fraction, there is a higher amount of bioactive peptides with a more significant 
impact of the action. 

With all this evidence, we can infer that the consumption of these peptides might be 
considered a valuable tool against different human diseases, so including panela-type 
cheeses in the diet could be a good alternative for patients with cardiovascular treatments, 
such as hypertension. 

 
 
 
 



Inhibitory Effect of Angiotensin-Converting Enzyme and Antioxidant Capacity … 191 

ACKNOWLEDGMENTS 
 
Thanks to ESPOL for the funds given for the research stay in Mexico. Many thanks to 

Tecnológico de Monterrey for lending us the laboratory to carry out the experiments. 
Finally, thanks to the Biotechnology Research Center of Ecuador (CIBE) and faculty of 
life sciences (FCV) of ESPOL. 

 
 

REFERENCES 
 

Aguilar-Toala, J., 2014. “Determination of the Antioxidant Capacity of Bioactive Peptides 
Isolated from Cream Cheese from Chiapas.” https://ciad.repositorioinstitucional. 
mx/jspui/handle/1006/262.  

Aguilar-Toala, J, L Santiago-Lopez, C Peres, C Peres, H Garcia, B Vallejo-Cordoba, A 
Gonzalez-Cordova, and A Hernandez-Mendoza. 2017. “Assessment of 
Multifunctional Activity of Bioactive Peptides Derived from Fermented Milk by 
Specific Lactobacillus Plantarum Strains.” Journal of Dairy Science 100 (1): 65–75. 
doi:10.3168/jds.2016-11846. 

Akbari-adergani, Zohreh Karami Behrouz. 2019. “Bioactive Food Derived Peptides : A 
Review on the Correlation between Structure of Bioactive Peptides and Their 
Functional Properties.” Journal of Food Science and Technology. doi:10.1007/s13197-
018-3549-4. 

Ali, Barkat, Kiran Yasmin Khan, Hamid Majeed, Muhammad Abid, Lei Xu, Fengfeng Wu, 
and Xueming Xu. 2017. “Soymilk-Cow’s Milk ACE-Inhibiting Enzyme Modified 
Cheese.” Food Chemistry 237: 1083–91. doi:10.1016/j.foodchem.2017.06.068. 

Alwan, Ala, Tim Armstrong, Douglas Bettcher, Francesco Branca, Daniel Chisholm, 
Majid Ezzati, Richard Garfi eld, et al. 2000. The Members of the Core Writing and 
Coordination Team Were Contributions Were Also Made. http://www.who.int/about/ 
licensing/copyright_form/en/index.html.  

Apostolidis, E., Y. I. Kwon, and K. Shetty. 2007. “Inhibitory Potential of Herb, Fruit, and 
Fungal-Enriched Cheese against Key Enzymes Linked to Type 2 Diabetes and 
Hypertension.” Innovative Food Science and Emerging Technologies 8 (1): 46–54. 
doi:10.1016/j.ifset.2006.06.001. 

Appel, Lawrence J., Michael W. Brands, Stephen R. Daniels, Njeri Karanja, Patricia J. 
Elmer, and Frank M. Sacks. 2006. “Dietary Approaches to Prevent and Treat 
Hypertension: A Scientific Statement from the American Heart Association.” 
Hypertension 47 (2): 296–308. doi:10.1161/01.HYP.0000202568.01167.B6. 

Aslam, Hajara, Anu Ruusunen, Michael Berk, Amy Loughman, Leni Rivera, Julie A Pasco, 
Felice N Jacka, et al. 2019. “Unravelled Facets of Milk Derived Opioid Peptides : A 



Gloria Bajaña, Andrea Orellana-Manzano, Jorge Pacheco et al. 192 

Focus on Gut Physiology, Fractures, and Obesity.” International Journal of Food 
Sciences and Nutrition 0 (0): 1–14. doi:10.1080/09637486.2019.1614540. 

Bes-Rastrollo, Maira. 2017. “Nutrition and Cardiovascular Disease.” Vol. 21. Spain. 
doi:10.1056/NEJMoa1200303. 

Beverly, Robert L, Mark A Underwood, and David C Dallas. 2019. “Peptidomics Analysis 
of Milk protein-derived Peptides Released over Time in the Preterm Infant Stomach.” 
Journal of Proteome Research. doi:10.1021/acs.jproteome.8b00604. 

Canadian Dairy Information Centre. 2014. “Canadian Cheese Directory.” Government of 
Canada. 2014. 

Chel-Guerrero, L. A., D. A. Betancur-Ancona, A. Martínez-Ayala, G. Dávila-Ortíz, M. A. 
Domínguez-Magaña, and J. G. Torruco-Uco. 2009. “Antihypertensive Peptides, an 
Alternative for Treatment of Natural Origin: A Review.” Food Science and Technology 
6 (2): 158–68. doi:10.1080/11358120809487641. 

Chen, Linda. 2018. Nutritional Aspects of Aging. Volume 2. doi.org/10.1201/ 
9781351075145. 

Chong, Guo, Chen Yan, Wang Xing, Tong Ignatius, and M Y Szeto Gerrit. 2016. “Cheese 
Consumption and Risk of Cardiovascular Disease : A Meta-Analysis of Prospective 
Studies.” European Journal of Nutrition. doi:10.1007/s00394-016-1292-z. 

Ebringer, L, M Ferencik, and J Krajcovic. 1986. “Beneficial Health Effects of Milk and 
Fermented Dairy Products- Review.” The Journal of Prosthetic Dentistry 55 (2): 203–
5. doi:10.1016/0022-3913 (86)90343-4. 

Fitzgerald, Richard, and Brian Murray. 2006. “Bioactive Peptides and Lactic 
Fermentation.” International Journal of Dairy Technology 59 (2): 118–25. 

Fuentes-García, Paula Elena. 2017. “Bioactive Peptides Derived from Bovine Milk and Its 
Physiological Effects in Humans: Functioning of Our Body.” November. 

Gómez-Ruiz, José Ángel, Mercedes Ramos, and Isidra Recio. 2002. “Angiotensin-
Converting Enzyme-Inhibitory Peptides in Manchego Cheeses Manufactured with 
Different Starter Cultures.” International Dairy Journal 12 (8): 697–706. 
doi:10.1016/S0958-6946 (02) 00059-6. 

Gómez-Ruiz, José Ángel, Gonzalo Taborda, Lourdes Amigo, Isidra Recio, and Mercedes 
Ramos. 2006. “Identification of ACE-Inhibitory Peptides in Different Spanish Cheeses 
by Tandem Mass Spectrometry.” European Food Research and Technology 223 (5): 
595–601. doi:10.1007/s00217-005-0238-0. 

Guerra-Martínez, J. A., J. G. Montejano, and S. T. Martín-Del-Campo. 2012. “Evaluation 
of Proteolytic and Physicochemical Changes during Storage of Fresh Panela Cheese 
from Queretaro, Mexico and Its Impact in Texture.” CYTA - Journal of Food 10 (4): 
296–305. doi:10.1080/19476337.2011.653791. 

Han, Ruixian, Joanne Maycock, and Brent S Murray. 2018. “Identification of Angiotensin-
Converting Enzyme and Dipeptidyl Peptidase-IV Inhibitory Peptides Derived from 



Inhibitory Effect of Angiotensin-Converting Enzyme and Antioxidant Capacity … 193 

Oilseed Proteins Using Two Integrated Bioinformatic Approaches.” Food Research 
International, #pagerange#. doi:10.1016/j.foodres.2018.12.015. 

Hekken, D. L. Van, M. A. Drake, F. J. Molina Corral, V. M. Guerrero Prieto, and A. A. 
Gardea. 2010. “Mexican Chihuahua Cheese: Sensory Profiles of Young Cheese.” 
Journal of Dairy Science 89 (10): 3729–38. doi:10.3168/jds.s0022-0302 (06)72414-6. 

Herrera, Francisco, David Betancur, and Maira Rubi Segura. 2014. “Bioactive Compounds 
of the Diet with Potential in the Prevention of Pathologies Related to Overweight and 
Obesity; Biologically Active Peptides.” Hospital Nutritional 29 (1): 10–20. 
doi:10.3305/ nh.2014.29.1.6990. 

Korhonen, Hannu, and Anne Pihlanto. 2006. “Bioactive Peptides: Production and 
Functionality.” International Dairy Journal 16 (9): 945–60. hdoi:10.1016/j.idairyj. 
2005.10.012. 

La Sierra, Alejandro De, Manuel Gorostidi, Rafael Marín, Josep Redón, José R. Banegas, 
Pedro Armario, Juan García Puig, et al. 2008. “Evaluation and Treatment of Arterial 
Hypertension in Spain. Consensus Document.” Clinical Medicine 131 (3): 104–18. 
doi:10.1157/13124015. 

Lee, N.-K., R.K.C. Jeewanthi, E.-H. Park, and H.-D. Paik. 2015. “Short Communication: 
Physicochemical and Antioxidant Properties of Cheddar-Type Cheese Fortified with 
Inula Britannica Extract.” Journal of Dairy Science 99 (1): 83–88. doi:10.3168/ 
jds.2015-9935. 

Li, Huan, Natalie Prairie, Chibuike C Udenigwe, Abayomi P Adebiyi, Paramjit S Tappia, 
Harold M Aukema, Peter J H Jones, and Rotimi E Aluko. 2011. “Blood Pressure 
Lowering Effect of a Pea Protein Hydrolysate in Hypertensive Rats and Humans.” 
Journal of Agricultural and Food Chemistry, 9854–60. 

Lim, Stephen S., Theo Vos, Abraham D. Flaxman, Goodarz Danaei, Kenji Shibuya, 
Heather Adair-Rohani, Markus Amann, et al. 2012. “A Comparative Risk Assessment 
of Burden of Disease and Injury Attributable to 67 Risk Factors and Risk Factor 
Clusters in 21 Regions, 1990-2010: A Systematic Analysis for the Global Burden of 
Disease Study 2010.” The Lancet 380 (9859): 2224–60. doi:10.1016/S0140-6736 
(12)61766-8. 

MacMahon, Stephen, Richard Peto, JEFFREY CUTLER, RORY Collins, and PAUL 
SORLIE. 1990. “Blood Pressure, Stroke, and Coronary Heart Disease Part 1, 
Prolonged differences in Blood Pressure: Prospective Observational Studies Corrected 
for the Regression Dilution Bias.” The Lancet 335: 765–74. 

Martin, Melanie, and Andreas Deussen. 2017. “Effects of Natural Peptides from Food 
Proteins on Angiotensin Converting Enzyme Activity and Hypertension.” Critical 
Reviews in Food Science and Nutrition 8398 (December): 1–20. doi:10.1080/ 
10408398.2017.1402750. 

McGrane, Mary M., Eve Essery, Julie Obbagy, Joan Lyon, Patricia MacNeil, Joanne 
Spahn, and Linda van Horn. 2011. “Dairy Consumption, Blood Pressure, and Risk of 



Gloria Bajaña, Andrea Orellana-Manzano, Jorge Pacheco et al. 194 

Hypertension: An Evidence-Based Review of Recent Literature.” Current 
Cardiovascular Risk Reports 5 (4): 287–98. doi:10.1007/s12170-011-0181-5. 

Morales Valdez, Mariebel, Sergio Godoy Medina, Alejandra Chacón López, and Gabriela 
Espinosa Alonso. 2015. “Comprehensive Approach of Diet Importance on Health 
Status of the Mexican Population,” 22–31. 

National Laboratory for Consumer Protection. 2007. “Panela Cheese and Its Limitations.” 
Laboratory PROFECO. Mexico. www.profeco.gob.mx.  

Nguyen, Q., Dominguez, J., Nguyen, L., & Gullapalli, N. (2010). “Hypertension 
management: an update.” American Health & Drug Benefits, 3 (1), 47–56. 

Nilsen, Rita, Are H. Pripp, Arne T. Høstmark, Anna Haug, and Siv Skeie. 2016. “Effect of 
a Cheese Rich in Angiotensin-Converting Enzyme-Inhibiting Peptides (Gamalost®) 
and a Gouda-Type Cheese on Blood Pressure: Results of a Randomised Trial.” Food 
and Nutrition Research 60 (May 2017). doi:10.3402/fnr.v60.32017. 

Petrón, María J., María L. Timón, Julio M. Broncano, Vita Parra, and Jeanette Otte. 2014. 
“Identification of Radical Scavenging Peptides (<3 KDa) from Burgos-Type Cheese.” 
LWT - Food Science and Technology 57 (1): 359–65. doi:10.1016/j.lwt.2014.01.020. 

Pisano, Marta, and Ana González. 2014. “The Modification of Habits and Therapeutic 
Adherence, Key to the Control of Chronic Disease.” Clinical Nursing 24 (1): 59–66. 
doi:10.1016/j.enfcli.2013.10.006. 

Pripp, Are Hugo. 2008. “Effect of Peptides Derived from Food Proteins on Blood Pressure: 
A Meta-Analysis of Randomized Controlled Trials.” Coaction, 1–10. doi:10.3402/fnr. 
v52i0.1641. 

Pripp, Are Hugo, Raymond Sørensen, Leszek Stepaniak, and Terje Sørhaug. 2006. 
“Relationship between Proteolysis and Angiotensin-I-Converting Enzyme Inhibition 
in Different Cheeses.” LWT - Food Science and Technology 39 (6): 677–83. doi:10. 
1016/j.lwt.2005.03.018. 

Pritchard, Stephanie Rae, Michael Phillips, and Kasipathy Kailasapathy. 2010. 
“Identification of Bioactive Peptides in Commercial Cheddar Cheese.” Food Research 
International 43 (5): 1545–48. doi:10.1016/j.foodres.2010.03.007. 

Qian, Bingjun, Meizi Xing, Lei Cui, Yun Deng, Yuqun Xu, Mini Huang, and Shaohui 
Zhang. 2011. “Activities of Peptide Fractions from Fermented Skim Milk with 
Lactobacillus Delbrueckii Ssp. Bulgaricus LB340.” Journal of Dairy Research, 72–
79. doi:10.1017/ S0022029910000889. 

Richter, C. K., Skulas-Ray, A. C., Champagne, C. M., & Kris-Etherton, P. M. (2015). Plant 
protein and animal proteins: do they differentially affect cardiovascular disease risk?. 
Advances in nutrition (Bethesda, Md.), 6 (6), 712–728. doi:10.3945/an.115.009654 

Rodríguez-Figueroa, J. C., R. Reyes-Díaz, A. F. González-Córdova, R. Troncoso-Rojas, I. 
Vargas-Arispuro, and B. Vallejo-Cordoba. 2010. “Angiotensin-Converting Enzyme 
Inhibitory Activity of Milk Fermented by Wild and Industrial Lactococcus Lactis 
Strains.” Journal of Dairy Science 93 (11): 5032–38. doi:10.3168/jds.2010-3103. 



Inhibitory Effect of Angiotensin-Converting Enzyme and Antioxidant Capacity … 195 

Rowland, I, R Ortega, J Aranceta, and A Renguejo. 2002. “Functional Foods New Trends. 
In Functional Foods Probiotics,” 1–8. 

Sacks, Frank M., Laura Svetkey, and M William. 2001. “Effects on Blood Pressure of 
Reduced Dietary Sodium and the Dietary Approaches to Stop Hypertension (DASH) 
Diet.” 344 (1): 3–10. doi: 10.1056/NEJM200101043440101. 

Sah, B N P, T Vasiljevic, S Mckechnie, and O N Donkor. 2014. “Effect of Probiotics on 
Antioxidant and Antimutagenic Activities of Crude Peptide Extract from Yogurt.” 
Food Chemistry 156: 264–70. doi:10.1016/j.foodchem.2014.01.105. 

Sánchez Tornel, Gloria. 2017. “Influence of Diet on Admissions Due to Decompensation 
of Heart Failure.” University of the Balearic Islands. 

Segalin, Jéferson, Silvana Carro, Daniel Joner Daroit, Ana Paula Folmer Corrêa, Adriano 
Brandelli, Virginia Etges Helfer, and Stela Maris Meister Meira. 2012. “Bioactive 
Peptides in Water-Soluble Extracts of Ovine Cheeses from Southern Brazil and 
Uruguay.” Food Research International 48 (1): 322–29. doi:10.1016/j.foodres.2012. 
05.009. 

Smacchi, Emanuele, and Marco Gobbetti. 1998. “Peptides from Several Italian Cheeses 
Inhibitory to Proteolytic Enzymes of Lactic Acid Bacteria, Pseudomonas Fluorescent 
ATCC 948 and the Angiotensin I-converting Enzyme.” Enzyme and Microbial 
Technology 22 (8): 687–94. doi:10.1016/S0141-0229 (97)00261-5. 

Solomon, Caren G., and Sandra J. Taler. 2018. “Initial Treatment of Hypertension.” New 
England Journal of Medicine 378 (7): 636–44. doi:10.1056/NEJMcp1613481. 

Sosa-Rosado, Manuel. 2010. “Non-Pharmacologic Treatment of Arterial Hypertension” 71 
(4): 241–44. 

Soto, Juan Ramón. 2018. “Non-Pharmacological Treatment of High Blood Pressure.” 
Clinical Journal Las Condes 29 (1): 61–68. doi:10.1016/j.rmclc.2018.01.001. 

Steinberg, Dori, Gary G. Bennett, and Laura Svetkey. 2017. “The DASH Diet, 20 Years 
Later.” JAMA - Journal of the American Medical Association 317 (15): 1529–30. 
doi:10. 1001/jama.2017.1628. 

Stuknyte, Milda, Stefano Cattaneo, Fabio Masotti, and Ivano De Noni. 2015. “Occurrence 
and Fate of ACE-Inhibitor Peptides in Cheeses and in Their Digestates Following in 
Vitro Static Gastrointestinal Digestion.” Food Chemistry 168: 27–33. doi:10.1016/j. 
foodchem.2014.07.045. 

Tarango-Hernández, S., A. D. Alarcón-Rojo, M. Robles-Sánchez, N. Gutiérrez-Méndez, 
and J. C. Rodríguez-Figueroa. 2015. “Short Communication : Potential of Fresco-Style 
Cheese Whey as a Source of Protein Fractions with Antioxidant and Angiotensin-I-
Converting Enzyme Inhibitory Activities.” Journal of Dairy Science 98 (11): 7635–
39. doi:10.3168/jds.2015-9388. 

Torres-Llanez, M. J., A. F. González-Córdova, A. Hernandez-Mendoza, H.S. Garcia, and 
B. Vallejo-Cordoba. 2011. “Angiotensin-Converting Enzyme Inhibitory Activity in 



Gloria Bajaña, Andrea Orellana-Manzano, Jorge Pacheco et al. 196 

Mexican Fresco Cheese.” Journal of Dairy Science 94 (8): 3794–3800. 
doi:10.3168/jds.2011-4237. 

Vargas-León, Enaim Aída, Luis Díaz-Batalla, Leopoldo González-Cruz, Aurea 
Bernardino-Nicanor, Javier Castro-Rosas, Rosalía Reynoso-Camacho, and Carlos 
Alberto Gómez-Aldapa. 2018. “Effects of Acid Hydrolysis on the Free Radical 
Scavenging Capacity and Inhibitory Activity of the Angiotensin-Converting Enzyme 
of Phenolic Compounds of Two Varieties of Jamaica (Hibiscus Sabdariffa).” Industrial 
Crops and Products 116 (February): 201–8. doi:10.1016/j.indcrop.2018.02.044. 

Wiysonge, Charles, Hazel Bradley, Jimmy Volmink, Bongani Mayosi, and Lionel  
Opie. 2017. “Beta-Blockers for Hypertension - Cochrane Review.” Cochrane  
Database of Systematic Reviews, no. 1. doi:10.1002/14651858.CD002003.pub5. 
www.cochranelibrary.com.  

Wongmekiat, Orawan, Kamthorn Thamprasert, and Dusit Lumlertgul. 2007. 
“Renoprotective effect of Trolox against Ischaemia-Reperfusion Injury in Rats.” 
Clinical and Experimental Pharmacology and Physiology, 753–59. doi:10.1111/ 
j.1440-1681.2007. 04651.x. 

Zanutto-elgui, Mirella Rossitto, José Cavalcante, Souza Vieira, Débora Zanoni, Marília 
Afonso, Rabelo Buzalaf, Pedro De Magalhães Padilha, Deilson Elgui De Oliveira, and 
Luciana Francisco Fleuri. 2018. “Production of Milk Peptides with Antimicrobial and 
Antioxidant Properties through Fungal Proteases.” Food Chemistry. doi:10.1016/j. 
foodchem.2018.11.119. 

Zanuy Válero, M. 2013. “Nutrition and High Blood Pressure.” Hypertension and 
Cardiovascular Risk 30 (1): 18–25. doi:10.1016/j.hipert.2012.09.004. 


