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Abstract

The present study was conducted by selecting 90 mild to moderate hypertensive and hyperlipidemic male subjects in the age group
of 40-60 years. The subjects were divided into three groups i.e., Control- C; Experient 1 - E1 and Experiment 2- E2 with thirty each
to evaluate the effectiveness of metabiotic drink-based intervention in reducing blood pressure and lipid profile. A dose of 30 ml of
beetroot juice and beetroot based metabiotic drink was supplemented to the Experimental groups E1 and E2 for the period of three
months. Nutrition counselling sessions for both the experimental groups E1 and E2 was done at an interval of 15 days. A brochure
containing information on nitrate rich foods, benefits of beetroot based metabiotic drink and lifestyle modifications was developed
and distributed. The data revealed that the subjects were sedentary workers having family medical history of diabetes followed by
hypertension and hyperlipidemia. The results of intervention showed that beetroot based metabiotic drink significantly reduced the
systolic and diastolic blood pressure in E2 group compared to E1 and control group. Total cholesterol levels varied among groups,
with potential for reduction in the E2 group. HDL levels showed some variations, but the impact of the intervention was not con-
sistent across all groups. Serum triglyceride levels remained relatively stable, with slight reductions observed in the experimental
groups during the first intervention point. Hence, the study suggests that beetroot-based metabiotic drinks need to be popularized

for the prevention and management of hypertension. However, further research is needed to confirm these findings and explore the

long-term effects in such intervention.
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Introduction

Cardiovascular diseases (CVDs) are a prominent contributor
to global mortality and morbidity, placing a significant strain on
healthcare systems [1]. Hypertension and hyperlipidaemia are ma-
jor risk factors for cardiovascular diseases (CVDs), with high blood
pressure and elevated lipid levels contributing to the development
and progression of these conditions [2]. The prevalence of these
conditions remains a significant concern in public health, with car-
diovascular diseases being the leading cause of death worldwide.
Traditional therapeutic approaches for these conditions include
lifestyle modifications, pharmacotherapy, and dietary interven-
tions. However, there is growing interest in exploring natural
and alternative interventions, such as beetroot (Beta vulgaris L.),
which has gained attention due to its rich content of bioactive com-

pounds with potential hypotensive and hypolipidemic effects [3].

Beetroot fermentation is a natural process that preserves the
nutritional content of the vegetable by converting starches into
lactic acid bacteria. This process improves digestion, boosts the
immune system, and promotes gut health. Fermentation has led
to the emergence of “metabiotics,” which are food products that
undergo controlled fermentation to enhance their bioavailability
and bioactivity [4]. Beetroot is rich in dietary nitrates, antioxidants,
and dietary fibers, which have been shown to improve cardiovas-
cular health. The fermentation process can enhance the bioactivity
of beetroot compounds, increasing their concentration, modifying
their chemical structures, and promoting the growth of beneficial

bacteria.

Recent research has investigated the potential of beetroot juice
as a therapeutic intervention for hypertension and hyperlipidemia.

Studies have reported positive effects on blood pressure regula-
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tion, with beetroot juice consumption associated with significant
reductions in both systolic and diastolic blood pressure [5]. Addi-
tionally, beetroot’s bioactive compounds, particularly betalains and
flavonoids, have been shown to possess lipid-lowering properties
through various mechanisms. Beetroot is also believed to have anti-
inflammatory properties, which can help reduce the risk of certain
chronic diseases. Consuming beetroot juice or eating boiled beet-
root can help lower blood pressure, improve exercise performance,
and reduce levels of bad cholesterol. Additionally, beetroot’s pro-
biotic-rich content, created during fermentation, can promote gut
health. Recent research has focused on fermentation processes to
develop beetroot-based metabiotic drinks to enhance its potential

therapeutic benefits [6].

This research aims to explore the hypotensive and hypolip-
idemic effects of a beetroot-based metabiotic drink, combining
the health-promoting properties of beetroot with the potential
benefits of fermentation. By fermenting beetroot juice, bioactive
compounds present in the raw material may undergo biochemi-
cal transformations, leading to the production of metabolites with
enhanced physiological activities. This exploratory investigation
seeks to evaluate the effectiveness of the beetroot-based metabiotic
drink as a therapeutic intervention for individuals with hyperten-

sion and hyperlipidemia.

Material and Methods
Development of beetroot juice

Beetroot was washed under running water followed up by ster-
ilized washing in lukewarm water that included 0.01% KMS (po-
tassium metabisulphite). Peel was removed and beetroots were cut
into small cubes and juice extraction was done through juicer mix-
er. The resulting juice was placed into sterilized glass bottles after
being twice processed through a muslin filter. Boiled cool water at
same proportion of beetroot juice is added along with 1.5% salt and
7% lemon juice. Further pasteurization at 82.7°C for 10-15 seconds

was done (Figure 1).

Beetroot (1 Kg)

|

Washing with 0.01% KMS solution

|

Peeling and calyx removal

|

Extraction of juice (600 ml)

Boiled cooled water (600 ml)

|

1.5% salt and 7% lemon juice

Pasteurization at 82.7°C for 10-15 seconds

Figure 1: Development of beetroot juice.
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Development of beetroot-based metabiotic drink

The study used a standard procedure [7] to develop a beetroot-
based metabiotic drink, which involved pasteurizing beetroot
juice, inoculating a Lactic consortium co-culture, centrifuging, and

fermenting at 37°C for 48 hours.

Beetroot (1 Kg)
Washing with 0.{1% KMS solution

Peeling and calyx removal
Extraction ofﬂ.lice (600 ml)

Boiled cooled water (600 ml)

1.5% salt and #% lemon juice

Pasteurization at 82.7° C for 10-15 seconds
Selective fermentation by (Lactic consortium)
Pasteurized juice inoculated with S%JV/V] co-culture of Lactic consortium

Incubation at 37°C for 48 hours
{

48 hours grown 108 cfu mL-! inoculum

Bottling and storage in refrigerator at 5°C till further use

Figure 2: Development of beetroot based metabiotic drink.

The beetroot-based metabiotic drink was prepared using a
systematic (7) (Figure 2) and scientific approach. The process in-
volved procuring high-quality beetroot, washing and sterilizing it,
extracting juice, pasteurizing it, inoculating a lactic consortium,
and fermenting it at controlled temperatures. This comprehensive
approach ensures the desired microbial environment and main-

tains hygiene standards.

Selection of the subjects

Atotal of 90 mild to moderate hypertensive (systolic blood pres-
sure ranged between 120-159 and diastolic blood pressure ranged
between 80-99 mmHg)/ hyperlipidemic (Cholesterol 200 mg/
dL to 239 mg/dL; LDL- 130 mg/dL to 159 mg/dL) male subjects
in the age group of 40-60 years were selected from Deepak Heart
Institute, Ludhiana and Delhi Heart Institute and Multi-specialty
Hospital, Bathinda, Punjab. The written consent to participate
in the study was taken from the subjects. The ethical approval to
conduct the intervention study was also granted by institutional
ethical committee. The subjects were divided into three groups i.e.,
C-control group; E,-Experiment 1 and E,-Experiment 2 To check
the efficiency between standardized metabiotic beetroot based
fermented drink and beetroot juice optimum doses of 30 ml were

supplemented to both groups for the period of three months.

The complete study was divided into two periods i.e., pre-
intervention period and postintervention period. All the observa-
tions were kept in record before and after the intervention period.

The study aimed to determine the effectiveness of these treatments.
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Data collection

The demographic information, eating habits, food intake, physi-
cal activity, and anthropometric measurements of individuals were
elicited. Blood pressure [8] and blood samples were analysed for
lipid profile (serum total cholesterol [9], triglycerides [10], and
HDL-C [11]) examined. LDL-C [12] and VLDL-C [12], and anthropo-

metric measurements were recorded.

Educational brochure and nutrition counselling

An educational brochure with special reference to beetroot juice/
metabiotic drink was developed. Special emphasis was given to the
risk factors associated with hypertension/cardiovascular disease,
nitrate rich foods, lifestyle modification and hypotensiveand hypo-
lipidemic effects of beetroot juice and metabiotic drink. Nutrition
counselling session of both experimental groups E, (group supple-
mented with beetroot juice) and E, (group supplemented with
beetroot based metabiotic drink) was done at an interval of fifteen
days for a period of three months which makes a total of 6 sessions
of 15-30 minutes.

Beetroot based metabiotic drink intervention

Subjects were divided into three groups of thirty subjects each.
The total subjects were divided into three groups of thirty each. One
group was kept as control (C) without any supplementation. Two
groups were treated as experimental groups. E, and E,. The sub-
jects in group E1 and E2 was supplemented with 30ml of beetroot

juice and 30 ml of beetroot based metabiotic drink respectively.

No. of
Groups subjects | Duration Treatment
(n=90)
C (Control) n =30 12 weeks | No supplementation
E, n=30 12 weeks |Supplemented with beet-
(Experiment 1) root juice and nutrition
counselling was done.
E, n=30 12 weeks Supplemented with
(Experiment 2) beetroot based metabi-
otic drink and nutrition
counselling was done.

Table 1: Distribution of subjects in groups for

intervention purpose.

Statistical analysis

The data on all variables, including the subjects’ anthropometric
measurements, biochemical analyses, and food and nutrition in-
take, were statistically evaluated. For different parameters, mean
values, standard deviations, percentage distributions, and one-
way analyses of variance were determined. The parameters were
compared between the pre- and post-intervention periods using
a paired t-test. To compare the difference between control group,
Treatment 1-Beetroot juice, Treatment -2 - Fermented beetroot
based metabiotic drink LSD test is used after one way ANOVA.
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Results and Discussions
General information

The lifestyle habits of respondents are presented in table 2. The
data showed that the majority of the subjects (64%) belonged to
the age group 50-60 years, while 36 percent of the subjects fell into
the 40-50 age range. Cardiovascular diseases, also known as CVDs,
are the leading cause of death in adults, 65 years of age and older
[13], The proportion of individuals who reported doing clerical,
supervisory, tourism, some form of manual labor and household
tasks was 65, 18, 16, 4, and 31 percent respectively. In addition, out
of the total working individuals, it was found that the majority of
subjects (53%) used cars followed by two-wheelers (13%) to get
to work and only 1 percent of subjects were using public transport
or go by walk. It was observed that 43.4 percent of subjects had
stressful environments at their home or work due to one or the
other reasons. In the present study, 56.6 percent of the participants
experienced restful sleep, whereas the remaining 43.4 percent
were subjected to sleep deprivation. The findings indicate that a
significant proportion of the participants (38.9%) reported sleep-
ing for a duration of 6-7 hours per day. Additionally, 37.8 percent
participants reported sleeping for 7-8 hours, while nearly quarter
(23.3%) reported for sleeping more than 8 hours. There exists a
direct association between sleeping for less than 5 and 6 hours and
the occurrence of Hypertension and Coronary Heart Diseases [14].

Based on the analysis of dietary patterns, it was observed that a

Particulars Number of subjects Percentage
Age(years)
40-50 32 36
50-60 58 64
Work involved in job*
Desk 59 65.6
Supervision 17 18.9
Touring 15 16.8
Physical Activity 4 4.5
Household work 28 31.2
Mode of transport
Two-wheeler 12 13.4
Car 48 53.4
Walk 1 1.2
Home/Work Atmosphere
Stressed 39 434
Peaceful 51 56.6
Sound sleep
Yes 26 28.9
No 64 71.1
Sleep hours
6-7 35 38.9
7-8 34 37.8
>8 21 23.3
Food habits
Vegetarian 30 334
Non vegetarian 53 58.8
Ova vegetarian 7 7.8

Table 2: General information of the subjects (n = 90).

*Multiple responses.
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majority of individuals, including 58 percent, adhere to a non-vege-
tarian diet, but a minority of 33 percent do identify as vegetarians.
Only 7 percent of subjects reported to eat eggs and egg products.
Non-vegetarianism increased the risk of bleeding and stroke by
20 percent while reducing the risk of ischemic heart disease by 13

percent when combined with fish consumption [15].

Anthropometric profile of the subjects

Obesity diagnosis requires considering basic anthropometric
profiles (Table 3) such as height, weight, BMI. The average height
of respondents was 168.092 * 10.09 cm, with no impact from the
intervention. The mean weight of the selected individuals exceeded
the ICMR (2023) reference. The reduction in BMI was 2.3 kg/m?.

BMI (Kg/m?) BMI (Kg/m?)
Principal cut-off | Additional cut-off Classifications
points points
<18.5 <18.5 Underweight
<18.5 17.00-18.49 Mild thinness
16.00-16.99 Moderate thinness
<16.00 Severe thinness
18.50-24.99 18.50-24.99 Normal
25.00-29.99 25.00-29.99 Pre-obese
>30.00 >30.00 Obese
>30.00 30.00-34.99 Obese Class |
35.00-39.99 Obese Class I1
>40.00 Obese Class 111

Table 3: International Classification of Body Mass Index (WHO,
2004).
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The body mass index was 28.57 + 11.93 kg/m?, above the rec-
ommended range of 18.5 to 24.99kg/m?.

Biochemical profile of the subjects

Table 4 and Table 5 contains information on the biochemical
profiles of selected subjects. Before and after the procedure, indi-
vidual markers including total cholesterol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and very high-density lipo-
protein (VLDL) and triglycerides is checked. In a study involving 90
subjects, the impact of nutrition intervention on their biochemical
profiles was assessed across three different experimental condi-
tions labelled as Control (C), Experiment 1 (E1), and Experiment
2 (E2), with each group consisting of 30 individuals. The study
measured various parameters before and after the intervention
to evaluate its effectiveness. For systolic blood pressure (BP), the
Control group showed a minor reduction, which was statistically
non-significant (p = 1.69), whereas both E1 and E2 groups exhib-
ited significant reductions (p = 0.002 and p = 0.001, respectively) in
systolic blood pressure. This suggests that the nutrition interven-
tion had a positive effect on reducing systolic blood pressure in the

experimental groups.

Regarding diastolic BP, the Control group again showed a neg-
ligible change (p = 0.05), whereas both E, and E, groups displayed
significant reductions (p = 0.0005 and p = 0.0001, respectively).
This indicates a notable improvement in diastolic BP due to the
nutrition intervention in the experimental groups. When it comes
to lipid profiles, there were significant changes in total cholesterol

levels for E, groups.

Particulars Control (C)n=30 Paired

Experiment 1 (E,) n=30

Paired| Experiment2 (E,)) n=30 |Paired| Stan-

tvalue

Pre Post Pre

tvalue tvalue

dard

Post
value

Post Pre

intervention

intervention

intervention

intervention

intervention

intervention

Systolic BP

142.7 £19.70

138.80 £ 20.75

1.69%

153.36 £ 13.8

138 £ 14.62

0.002*

136.46 +7.9

126.20 £ 6.22

0.001*

120-80

Diastolic BP

89.96 +10.6

89.00 £9.51

0.05"

91.4+5.2

86.86 + 6.26

0.0005*

88.26 £ 4.6

82.13 £5.53

0.0001%

90-60

Total
Cholesterol

214.70 £33.2

214.33 +34.85

0.3218

213.83 +35.6

210.20 + 36.68

0.19N

209.33+29.8

199.06 + 30.68

0.02*

<200*

LDL

116.37 +£38.6

115.76 + 38.25

0.26™

1279 +£30.2

125.03 +35.43

0.28"

116.6 + 25.7

110.86 = 26.05

0.01*

<100?

HDL

47.37 £15.6

47.37 +14.38

0.00s

44.26 + 4.2

44.26 £ 5.34

0.00N

50.93 +15.6

47.46 +16.07

0.3218

40-602

VLDL

50.93 £ 26.3

50.56 £ 27.23

0.25M

41.63 +10.7

48.56 £ 15.08

0.32M

41.72+189

48.23 £ 20.24

0.09"

2-30°

Triglycerides

187.08 £ 60.9

178.08 £ 62.57

0.201s

180.5 £32.5

175.93 £30.85

0.06Ns

174.64 + 24.6

175.40 £
23.09

0.02*

<100*

Table 4: Impact of beetroot based metabiotic drink intervention on the biochemical profile of the selected subjects (n = 90).

Values are Mean + S.D.

**Values are significant at 1% level*Values are significant at 5%; NS- Values are non-significant
a-NCEP (2001)

C-Control group with no intervention, E, Experiment 1 with beetroot juice-based intervention, E, Experiment 2 with metabiotic

drink-based intervention.
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Whereas results were non-significant for control and E, group.
However, for LDL cholesterol, there were no significant changes in
the Control group and the E, whereas E, group showed significant
reductions. HDL cholesterol and VLDL cholesterol levels remained
fairly stable across all groups, with no significant changes. Triglyc-
eride levels also displayed no significant changes in control and E,

groups whereas results were significant for E, group.

On post intervention comparison among different it was ob-
served that results were significant for Systolic blood pressure and
Diastolic blood pressure. For lipid profile parameters results were

non-significant.

Systolic blood pressure

The provided data (Table 6) presents information related to sys-
tolic blood pressure (BP) across different conditions. In terms of
Systolic BP, the control group showed a slight decrease from 142.7
to 138.8 mm/Hg, which was non-significant (NS), while the E, and
E, groups demonstrated significant decreases from 153.36 to 138
mm/Hg and 136.46 to 126.3 mm/Hg, respectively (Figure 3). This
suggests that the intervention had a more pronounced effect on
reducing systolic BP in the E, and E, groups. In total 12 percent
decline of systolic blood pressure in subjects supplemented with
beetroot based metabiotic drink can be seen as compared to con-
trol group. It's noteworthy that the standard systolic BP range typi-
cally falls within 120-80 mm/Hg.

Subjects |Subjects|Systolic blood pressure (mm/Hg) |P value
C(n=30) E, 138+ 14.62 .838NS
E, 126.20 +6.22 .002*
E, (n=30) C 138.80 £ 20.75 .838N8
E, 126.20 +6.22 .003*
E, (n=30) C 138.80 £ 20.75 .002*
E, 138 + 14.62 .003*

Table 6: Comparison on impact of metabiotic based intervention
on the systolic BP among different groups (n = 90).
**Values are significant at 1% level*Values are significant at 5%;
NS- Values are non-significant
C - Control group with no intervention, E, Experiment 1 with
beetroot juice-based intervention, E, Experiment 2 with standard-
ized metabiotic drink-based intervention.

In summary, the data reveals variations in systolic BP across
different conditions, with condition E, exhibiting the lowest mean
systolic BP, followed by condition E,, and the control groupwith the
highest mean systolic blood pressure proves the effectiveness of

beetroot based metabioticdrink.

Diastolic blood pressure

The results of the study in table 7 present the diastolic blood
pressure measurements for three different conditions C (control
group), E1 (Experiment 1: Intervention with beetroot juice), and

E2 (Experiment 2: Intervention with beetroot based metabiotic
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Systolic BP
180 153.36
160 142.7 13881 . 138 136.46
140 . 12631
120
100
80
60
40
20
0
Pre Post Pre Post Pre Post
intervention intervention intervention intervention intervention intervention
n=30 n=30 n=30
Control (C) Experiment 1 (E1) Experiment 2 (E2)

Figure 3: Impact of intervention on systolic blood

pressure in different groups.

drink). The diastolic blood pressure values were found to be within
a relatively narrow range across the conditions. For Diastolic BP,
the C group exhibited a minor decrease from 89.96 to 89 mm/Hg,
which was not statistically significant. In contrast, both E1 and
E2 groups showed significant reductions from 91.4 to 86.86 mm/
Hg and 88.26 to 82.13 mm/Hg, respectively (Figure 4). This indi-
cates that the intervention effectively lowered diastolic BP in both
experimental groups. Notably, the analysis of variance revealed a
significant difference among the control group and beetroot based
metabiotic drink supplemented group with p-value of 0.002. This
suggests that the conditions have a measurable impact on diastolic
blood pressure. It is important to mention that the observed diastol-
ic blood pressure values across all conditions fall within the stan-
dard range of 90-60 mmHg, indicating none of the conditions led to
high or low blood pressure. These findings underscore the potential
influence of different conditions on diastolic blood pressure and
prompt further investigation into the factors contributing to these

variations.

Figure 4: Impact of intervention on diastolic blood pressure in

different groups.

Conclusion

Both experimental groups experienced a significant reduc-
tion in systolic blood pressure, suggesting the efficacy of the in-
tervention. Diastolic blood pressure decreased significantly in
the experimental groups, highlighting the potential benefits of

beetroot-based metabiotic drink. Total cholesterol levels varied
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among groups, with potential for reduction in the E, group. HDL
levels showed some variations, but the impact of the intervention
was not consistent across all groups. Serum triglyceride levels re-
mained relatively stable, with slight reductions observed in the ex-

perimental groups during the first intervention point.

Recommendations

Beetroot based metabiotic drink need to be popularised for
prevention and management of hypertension. Further, doses and
duration of beetroot based metabiotic drink need to be evaluated

intensively for its hypotensive and hypolipidemic effect.
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