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ABSTRACT
Hypertension is one of the main risk factors for cardio-
vascular disease. Functional foods containing bioactive 
peptides have been proposed as a strategy to decrease 
blood pressure (BP) in subjects under no pharmacolo-
gical treatment. The aim of this study was to compare 
the effect of low-sodium, low-fat (LSLF) cheese and LSLF 
cheese containing Lactobacillus delbrueckii subsp. lactis 
CRL 581 (LSLF581) on BP in pre-hypertensive and stage 
1 hypertensive subjects. Sixty-one pre-hypertensive and 
stage 1 hypertensive subjects assigned to one of twos (LSLF, 
n= 29 and LSLF581, n= 32) participated in this 12-month 
prospective, randomized, double-blind, crossover trial. 
Twenty-four h ambulatory BP monitoring  was performed 
at the beginning and at the end of each four-week study 
period. Systolic and diastolic BP decreased in both study 
groups, but differences between groups were not significant 
(systolic, -1.78 and -0.2 mmHg; diastolic, -1.54 and -0.42 
mmHg in LSLF581 and LSLF, respectively). Although our 
results could not support a BP lowering effect of LSLF581, 
small BP reductions could favorably prevent cardiovascular 
disease development.
Keywords: Biopeptides; Cheese; Functional foods; Lac-
tobacillus delbrueckii; Pre-hypertension.

RESUMEN
La hipertensión arterial es uno de los principales factores 
de riesgo de enfermedad cardiovascular. Los alimentos 
funcionales que contienen biopéptidos constituyen una 
estrategia útil para disminuir la presión arterial (PA) en 
personas que no están bajo tratamiento farmacológico. El 
objetivo del estudio fue comparar el efecto de un queso 
bajo en sodio y bajo en grasas (BSBG) y el mismo que-
so con Lactobacillus delbrueckii subsp. lactis CRL 581 
(BSBG581) sobre la PA en personas con prehipertensión 
y estadio 1 de hipertensión arterial. Realizamos un estudio 
prospectivo, randomizado, cruzado y doble ciego durante 
12 meses en 61 personas con prehipertensión y estadio 1 
de hipertensión arterial, asignadas a dos grupos: BSBG (n= 
29) y BSBG581 (n= 32). Se realizó monitoreo ambulatorio 
de la PA (MAPA) durante 24 h al comienzo y al final de 

cada etapa del estudio (cuatro semanas).La PA sistólica y 
diastólica disminuyó en ambos grupos, aunque las diferen-
cias entre grupos no fueron significativas (sistólica, -1.78 y 
-0.2 mmHg; diastólica -1.54 y -0.42 mmHg en BSBG581 
y BSBG respectivamente). Aunque nuestros resultados no 
pueden confirmar el efecto hipotensor del queso BSBG581, 
las reducciones moderadas de la PA podrían prevenir el 
desarrollo de enfermedad cardiovascular.
Palabras clave: Alimentos funcionales; Biopéptidos; Lac-
tobacillusdelbrueckii; Prehipertensión; Queso. 

INTRODUCTION
Hypertension is defined as a systolic blood pressure 

(SBP) of 140 mmHg or more, and a diastolic blood pressure 
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(DBP) of 90 mmHg or more. Currently, it is one of the 
main risk factors for cardiovascular disease (CVD) and 
the high associated mortality rate worldwide1,2.

The Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC 7) defines prehypertension as 
SBP between 120-139 mmHg and DBP between 80-89 
mmHg3. Subjects with high-normal BP (SBP, 130-139 
mmHg; DBP, 85-89 mmHg)3 may become hypertensive 
in relatively short periods of time4, thereby presenting 
higher risk of CVD morbidity and mortality5.

The pharmacological treatment of prehypertension 
or high-normal BP subjects does not ensure long-term 
morbidity and mortality reduction6. Therefore, lifestyle 
changes are the main treatment strategy in these subjects. 
Additionally, stage 1 hypertensive subjects (SBP 140-159 
and DBP 90-99 mmHg) with no signs of target organ 
lesion, multiple CV risk factors or diabetes may also be 
treated only with lifestyle changes7.

Among treatment interventions, different diets can 
help lower BP8,9. This is the case of low-fat dairy products, 
probably because they contain calcium, magnesium, 
potassium and vitamin D10,11,12,13,14,15. However, dairy 
products containing bioactive peptides obtained by 
enzymatic proteolysis would provide an alternative 
choice16,17,18,19. A synergistic protective effect would be 
exerted by micronutrients in dairy products and bioactive 
peptides.

Proteolysis is the main event during cheese ripening, 
starting with initial lysis of casein by coagulants and 
proteases present in milk. A second proteolysis occurs by 
action of proteases and peptidases of lactic acid bacteria, 
which is used as starter culture with proteolytic activity18.

I t  has been repor ted that  some s t rains of 
Streptococcusthermophilus, Lactobacillushelveticus, 
Lactobacillusdelbrueckii subsp.  bulgaricus and 
Lactobacillusdelbrueckii subsp. lactis may release bioactive 
peptides with angiotensin I-converting enzyme (ACE) 
inhibitory activity20,21,22,23,24. Ile-Pro-Pro (IPP) and Val-
Pro-Pro (VPP) are two casein-derived peptides known 
to lower BP18,25,26. These bioactive peptides are released 
by different strains and may be used in the formulation 
of functional foods and nutraceuticals, representing a 
healthier and natural alternative for regulating BP. 

Several antihypertensive peptides, including IPP 
and VPP, have been recently characterized after α and 
β casein hydrolysis by L.delbrueckii subsp.lactis CRL 
58122,27. However, the effect of L.delbrueckii subsp.lactis 
CRL 581 on BP has not been demonstrated in human 
clinical trials.

The aim of this study was to compare the effect of 
consuming low-sodium, low-fat cheese and the same 
cheese containing a strain with functional properties as 
L. delbrueckii subsp. lactis CRL 581, on BP in subjects 
with prehypertension and stage 1 hypertension without 
pharmacological treatment or indication of such a treatment.

SUBJECTS AND METHODS
Study design

The study was a randomized, double-blind, crossover 
trial performed in subjects with prehypertension and 
stage 1 hypertension according to the JNC 7 classification 
(SBP, 120-159 mmHg and DBP, 80-99 mmHg), without 
antihypertensive drug treatment3.

Participants
Participants were recruited from the Cardiometabolic 

Disease Unit of San Martin University Hospital, La Plata, 
Argentina, between July 2015 and July 2016. From a total 
of 350 patients attending the Unit, 82 were assessed for 
eligibility and included in the study protocol (Figure 1). 
We restricted the study population to subjects with the 
above-mentioned BP values because they did not have 
indication for antihypertensive drug treatment in the short-
term according to the current guidelines, and because 
a trial based on lifestyle modifications is an acceptable 
therapeutic approach.

Structured interviews were conducted during office visits 
a week before participant allocation to the interventions. 
Three BP measurements at 1-min intervals were taken by 
specially trained nurses after a 15-min rest period, using 
OMRON HEM 705 CP devices (OMRON HEALTHCARE 
Co., Kyoto, Japan). Exclusion criteria were hypertension, 
evidence for target organ lesion, diabetes, pregnancy, prior 
or current treatment with an antihypertensive agent for any 
indication, or any abnormal laboratory determination. At 
initial evaluation, fasting blood samples were drawn for 
creatinine, glucose, uric acid and lipid profile assessment.

After this initial evaluation, 61 individuals were 
selected and assigned by random allocation (EPIDAT 3.1; 
1:1 allocation ratio) to one of two groups: low-sodium, 
low-fat cheese (LSLF, n= 29) and LSLF with L. delbrueckii 
subsp. Lactis CRL 581 (LSLF581, n= 32). Participants 
consumed 100 g/day of the corresponding cheese during 
four weeks, followed by a four-week washout period and 
a final four-week crossover. 

As already mentioned, patients from the Cardiometabolic 
Disease Unit diagnosed with prehypertension or stage 1 
hypertension did not receive antihypertensive drugs. Instead, 
they were advised regarding different lifestyle changes 
they should make, such as dietary sodium reduction, but 
they were not followed-up.

BP assessment
BP testing was performed in all patients who accepted 

participation in the study at each of the four office visits. 
Primary testing was the mean of all recordings in the 24-h 
ambulatory BP monitoring (ABPM). At the beginning and 
at the end of each of the four-week treatment periods, 
ABPM was performed with a SpaceLabs 90207 monitor 
(Spacelabs Healthcare, Issaquah, WA, USA) programmed 
to read BP at intervals of 20 min during the day and 30 
min at night. Day-time and night-time record intervals 
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were defined according to the information recorded in the 
patient ś diary. Mean 24-h SBP and DBP values and mean 
day and night readings were compared at the beginning 
and at the end of each study period.

Anthropometric measurements
Anthropometric assessments were performed at the 

beginning and at the end of the study while subjects were 
wearing light-weight clothing provided by the institution, 
with shoes removed. Body mass index was calculated 

by dividing the weight in kilograms by the square of the 
height in meters. Waist circumference was measured in 
centimeters midway between the costal margin and the 
iliac crest at the end of a normal expiration.

Cheese characteristics
Cheese was processed with the same coagulant and 

Strthermophilus as commercial fermenting agent. Both 
cheeses had the same nutritional composition (Table 
1) and low-fat, low-sodium content, but one of them 

Figure 1: Flow chart for the study design.
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contained the strain L.delbrueckii subsp. lactis CRL 58121 
obtained from the CERELA culture collection (San Miguel 
de Tucumán, Argentina). Both LSLF and LSLF581 were 
packaged in 500-g average weight units.

ACE-inhibitory activity of peptides was determined 
in both LSLF and LSLF581samples according to the 
technique described by Villegas et al.22. The relative 
percent ACE-inhibition at 0, 15, 30 and 60 days of 
maturation was 13, 24, 37 and 35%, respectively; the 
enzyme showed higher activity in LSLF581 since time 0. 
Since cheese is a fermented milk product, both cheeses 
presented proteolysis, which could lead to the generation 
of bioactive peptides with anti-ACE activity. Therefore, 
the absolute values of inhibition would be greater than 
those shown as relative values.

The potential BP lowering ef fect of LSLF581 
demonstrated by in vitro assays was maintained during 
storage.

Statistical analyses
Quantitative variables are presented as means ± 

standard deviations and qualitative variables are presented 
as percentages. Quantitative variables were tested for 
normality with Kolmogorov-Smirnov with Lilliefors 
correction, showing a normal distribution. The analysis 
of variance for repeated measures was used to determine 
differences over time and to compare the study groups. 
Before-after differences in SBP and DBP within groups 
were assessed with paired Student’s t-test. P values 
<0.05 were considered statistically significant. Data were 
analyzed using SPSS version 19 for Windows.

Ethical considerations
All subjects provided written informed consent 

after performing a face-to-face interview with the staff 
responsible, during which normal BP values and risks 
of hypertension were discussed. The study design and 
consent forms were approved by the Joint Health Research 
Committee of the Ministry of Health of the Province 
of Buenos Aires (file N° 2919/883/14). The principal 
investigator and study staff responsible for patient contact 
were blinded to cheese assignment. 

RESULTS
From a total of 61 subjects enrolled, three abandoned 

the LSLF group and four abandoned the LSLF581 group 
(Figure 1). None of the subjects presented any side effects. 
Baseline characteristics of participants are listed in table 2. 

Table 3 shows the effect of consuming both cheeses 
on SBP and DBP. In the LSLF581 group, SBP and DBP 
were reduced by more than 1 mmHg; the highest decrease 
was observed in night SBP (-2.53 mmHg). However, 
differences between groups were not significant. 

The assessment of each group separately (before 
and after, Student´s t-test) showed that subjects in the 
LSLF581group significantly decreased night SBP (p= 0.022)

DISCUSSION
In our study, the intake of 100-gLSLF581 cheese did not 

have BP lowering effect on adult prehypertension or stage 
1 hypertension among patients without pharmacological 
treatment.

Food strategies to prevent and reduce hypertension, such 
as the DASH diet, the Mediterranean diet or the Nordic diet, 
include low-fat dairy products8,9. For instance, consumption 
of low-fat milk, yogurt and cheese significantly decrease SBP 
but not DBP15, as compared with the intake of fruits without 
dairy products13. Crichton et al.28 suggest that arterial stiffness 
and SBP could be prevented by the consumption of dairy 
products after adjusting for demographic, cardiovascular 
and dietary factors.

Table 2. Baseline characteristics of participants.

Table 1. Chemical composition of 100-g low-sodium, low-
fat (LSLF) cheese and LSLF cheese containing L. delbrueckii 
subsp. lactis CRL 581 (LSLF581).

Energetic value (Kcal/Kj) 208 / 874
Proteins (g) 25
Total fat (g) 12
Saturated fat (g) 7.7
Monounsaturated fat (g) 3.1
Polyunsaturated fat (g) 0.5
Cholesterol (mg) 36
Sodium (mg) 200
Calcium (mg) 700

 Mean (±SD) n (%)

Age (years) 47 ± 13.7 
Female   34 (62)
Smokers  5 (9)
BMI (kg/m2) 29.3 (4.72)
WC (cm) 96.5 (11.17)
SBP at doctor ś office (mm Hg) 130 (11.6)
DBP at doctor ś office (mm Hg) 82 (9.0)
Creatinine (mg/dL) 0.82 (0.16)
Blood glucose (g/L) 0.95 (0.10)
Cholesterol (g/L) 1.98 (0.31)
HDL-Chol (g/L) 0.43 (0.09)
LDL-Chol (g/L) 1.31 (0.28)
Triglycerides (g/L) 1.24 (0.52)

BMI: body mass index; WC: waist circumference; SBP: systolic 
blood pressure; DBP: diastolic blood pressure; HDL-Chol: high-
density lipoprotein cholesterol; LDL-Chol: low-density lipoprotein 
cholesterol.
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On the other hand, the use of lactotripeptides (LTP) 
in healthy diets has also been suggested for their safe 
and effective BP lowering effect29. Different reports have 
shown the effect of casein-derived LTP(VPP, IPP) on SBP 
and DBP18,25,26 while other studies could not demonstrate 
such effect30,31,32. In our study, we chose a low fat cheese 
matrix to assess the possible effect of LTP on BP in a sample 
of Argentinean subjects with prehypertension or stage 1 
hypertension. 

A recent meta-analysis about changes reported in 30 
trials shows significant reductions in SBP (-2.95 mmHg) 
and DBP (-1.51 mmHg) measured at the doctor ś office33. 
However, when BP was analyzed by ABPM, no significant 
changes could be detected and reductions in both SBP and 
DBP were lower than 1 mmHg. Remarkably, ABPM is an 
accepted method of BP measurement in hypertension trials 
because it is more reproducible than office BP measurements, 
does not show a placebo effect and excludes white-coat 
hypertensive people. Despite discrepancies between 
ABPM- and office-based measurement studies, researchers 
are aware of ABPM advantages, and its use in hypertension 
trials is consequently increasing34,35.

The matrix used as LTP vehicle in the trials evaluated 
in the above mentioned meta-analysis was fermented milk, 

yogurt, fruit juice and tablets, but not cheese33. A study 
carried out in Norway analyzing the effect of Gamalost, 
a typical Norwegian low-fat (1%) and high-protein (50%) 
cheese found no significant differences in SBP and DBP 
reductions, regardless of the frequency of Gamalost intake36. 
Despite differences in chemical composition and frequency 
of intake between the Norwegian cheese and the one tested 
in our study, we could not find significant BP reductions 
with our LSLF581 cheese.

Although the effect of LSLF581 on BP could not be 
currently demonstrated, the trend observed in the before-
after comparison might be confirmed with a larger sample 
size. Regarding diet, despite participants were asked to 
consume low-sodium food, they could not be completely 
followed-up and sodium intake could not be quantified. 
On the other hand, our findings are the first reported in our 
country showing that neither LSLF nor LSLF581 increased 
BP among subjects with prehypertension or stage 1 
hypertension; therefore, we suggest that their consumption 
would be safe for these patients. Furthermore, ABMP proved 
to be accurate to assess changes in BP34,35. Thus, although 
we could not detect significant BP reductions between the 
study groups, small BP drops could favorably prevent CVD 
development37,38.

Table 2. Baseline characteristics of participants.

Table 3. Changes in SBP and DBP (ABPM) in the LSLF and LSLF581 groups.

DBP: diastolic blood pressure; SBP: systolic blood pressure; ABMP: ambulatory blood pressure monitoring; LSLF: low-sodium, low-fat; 
LSLF581: LSLF containing L. delbrueckii subsp. lactis CRL 581.
* Before and after, Student ś t-test, p= 0.022

 LSLF LSLF581 P
 Mean (SD) Diff. Mean (SD) Diff.

24-h baseline 125.9 (7.9) -0.2 126.6 (8.8) -1.7 0.950

 final 125.7 (8.6)  124.9 (9.1)

Day-time baseline 130.4 (7.8) 0.4 130.9 (8.9) -1.0 0.778

 final 130.8 (9.0)  129.9 (9.8)

Night-time baseline 115.8 (9.5) -0.8 115.8(9.0) -2.5* 0.337

 final 115.0 (9.9)  113.3 (10.0)

DBP (ABMP)

24-h baseline 78.4 (7.3) -0.4 79.1 (8.2) -1.5 0.828

 final 78.0 (7.1)  77.6 (7.3)

Daytime baseline 82.6 (7.3) 0.3 84.8 (8.4) -1.3 0.456

 final 82.9 (7.4)  82.5 (7.8)

Nighttime baseline 69.0 (8.7) -0.9 68.4 (7.4) -1.5 0.142

 final 68.1 (7.8)  66.9 (7.2)
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