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ABSTRACT

Yogurt is one example of a functional food that can improve health and reduce the risk of
diseases. Certain ingredients, such as probiotic bacteria and roselle extract, are added to yogurt to
enhance its benefits. The utilized probiotic, Lactobacillus plantarum IIA-1A5, provides notable
antimicrobial benefits. Additionally, the incorporated roselle extract is established to possess
antioxidant and antihypertensive properties. This study aims to analyze the characteristics,
antioxidant, and antihypertensive activities of probiotic Greek yogurt (PGY) and probiotic Greek
yogurt with roselle extract (PGYR). The roselle extract added to the Greek probiotic yogurt was
3%, and the bacteria used in the fermentation process for both treatments were S. thermophilus
IFO 13957, L. bulgaricus IFO 13953, and L. plantarum IIA-1A5. Each treatment was replicated three
times in duplicate. The results showed that the addition of roselle extract to probiotic Greek yogurt
significantly influenced (p<0.05) the antioxidant and antihypertensive activity, water activity (a ), pH,
total acidity (TAT), and the color aspect in the hedonic test and the flavor, color, and aroma aspects
in the hedonic quality test. The antioxidant activity and antihypertensive activity tests yielded
significantly different results. The antioxidant activity increased from 29.32% (PGY) to 44.93%
(PGYR), while the antihypertensive activity increased from 35.68% (PGY) to 81.36% (PGYR). This
study concluded that the characteristics of PGYR have met the SNI standards and have a higher
antioxidant and antihypertensive activity value than PGY. PGYR also has a promising potential for
commercial development due to its health benefits.
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INTRODUCTION

Yogurt is a globally popular functional food
(Kumar ef al.,, 2015). Greek yogurt is known for its thick
and smooth texture and often contains higher counts
of probiotic bacteria than traditional yogurt (Moineau
et al., 2020). In response to the increasing demand
for healthier food, modifications include beneficial
ingredients. Probiotics like Lactobacillus plantarum
IIA-1A5 offer health benefits, enhancing immunity and
regulating antimicrobial and cholesterol levels (Arief et
al., 2013; Arief et al., 2015). Roselle is added to yogurt to
boost its bioactive components, with studies confirming
its antidiabetic, antioxidant, and antihypertensive
properties (Wihansah et al., 2018; Suharto et al., 2016;
Arief et al., 2016).

Functional foods with antioxidant and antihyper-
tensive activities are sought after by consumers due to
their potential health benefits. Antioxidants protect cells
from damage caused by free radicals, slowing aging,
and preventing degenerative diseases (Tayel & El-Tras,
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2012). Furthermore, the symbiotic relationship between
foods with antioxidant properties and antihypertensive
drugs can effectively manage hypertension by influenc-
ing vascular function and oxidative stress regulation
(Sorriento et al., 2018). Based on the bioactive compo-
nents in roselle extract and the proteins in Lactobacillus
plantarum, this mixture has excellent antioxidant activity
potential (Wu ef al., 2018; Suharto et al., 2016). Besides
that, the advantage of Greek yogurt is that it has a
higher nutritional content than regular yogurt (Bridge
et al., 2019). However, there has never been an analysis
of antioxidant and antihypertensive activity in probiotic
Greek yogurt with probiotic L. plantarum 1IA-1A5 and
roselle extract. This study is the first research to analyze
the potential antihypertensive and antioxidant activities
of probiotic Greek yogurt with probiotic L. plantarum
IIA-1A5 and rosella extract. It aims to analyze the char-
acteristics, antioxidant and antihypertensive activities
of probiotic Greek yogurt (PGY) and probiotic Greek
yogurt with rosella extract (PGYR).
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MATERIALS AND METHODS

The Procedure of Making Probiotic Greek Yogurt with
Roselle Extract Addition

Yogurt production begins with the culturing of
starter bacteria, which include S. thermophilus IFO 13957,
L. bulgaricus TFO 13953 (Stock Culture from Gadjah
Mada University) and L. plantarum IIA-1A5 (Accession
Number: OR47328-1; Irma Isnafia Arief's collection
culture), to activate dormant bacteria for reuse. The
extraction of roselle flowers is made by soaking dried
roselle flowers in hot water (63-65 °C) for 30 minutes,
with a ratio of 20g:100 mL (Suharto et al.,, 2016), and
evaporating the extract to 15% of the initial volume.
Evaporation is done so that the extract becomes thick,
does not contain solvent liquid, and does not change
the texture of the Greek yogurt. Greek yogurt is made
by mixing milk, water, pectin, skim milk, and starch at
55 °C for 30 minutes, followed by pasteurization at 90
°C for 3 minutes, then poured with NDC (Non Dairy
Creamer). Next, inoculate with starter bacteria in a ratio
of 1:1:1 and incubate for 18 hours until it has a solid
texture, then mix with 3% roselle extract and 10% sugar
solution.

Sample Analysis

Yogurt characterization analysis. This study analyzed
yogurt samples for physicochemical characteristics:
water activity (aw), pH, viscosity, and TAT (total acid
titrate). Proximate analysis determined protein, fat, ash,
and moisture content, following AOAC (2005) methods.
Viscosity was measured with a rational viscometer,
water activity with an Aw meter, and TAT was assessed
using AOAC (2007) guidelines. Total lactic acid bacteria
(LAB) were determined using the pour plate method by
Fardiaz (1993).

Organoleptic analysis. This analysis was conducted by
a panel of semi-trained panelists based on the method
proposed by Badan Standardisasi Nasional (2006), with
a panel of 35 individuals, and all participating panelists
already have filled out the informed consent form.
Organoleptic samples were tested hedonically, which
shows the level of favorability of the panelists, and
hedonic quality, which shows the physical attributes of
the samples. Sample attributes that panelists have tested
are taste, aroma, color, and texture of PGY and PGYR.

Antioxidant assay. The DPPH antioxidant activity
test has been a well-established method for over 50
years (Molyneux, 2004). Notably, researchers such as
Tangkanakul ef al. (2009), Almey et al. (2010), Dingoglu
et al. (2023), and Baliyan et al. (2022) have conducted
general procedures of DPPH for measuring antioxidant
properties. This research adopted Tangkanakul et al.
(2009) modified method based on Ohnishi et al. (1994)
approach. The DPPH test added 0.15 mL of sample
into 0.9 mL of DPPH solution. The mixture was
incubated in a water bath in the dark at 37 °C for 20
minutes. Next, the absorbance was measured using a
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spectrophotometer at a wavelength (A) of 517 nm until
a constant reading was obtained. A standard curve
was prepared using the same procedure, replacing the
samples with vitamin C (ascorbic acid) at concentrations
of 0.0, 0.5, 1.0, 1.5, 2.0, and 2.5 mg per 100 mL.
Antioxidant activity was calculated using the following
formula:

% Antioxidant activity= [(A Blanko - A Sample)/

A Blanko] x 100%

Calculation of antioxidant capacity was conducted
using the vitamin C equivalent antioxidant capacity
(VCEAC) method using the following formula (Zang et
al., 2017):

VCEAC =[(I-b)/a] x V x (100/W) xn

Where: I is inhibition of sample, b is the intercept of the
standard curve, a is the slope of the standard curve, V is
sample volume, W is the weight of the sample, and n is
dilution time.

Antihypertensive assay. The antihypertensive activity
was tested using the method described by Hayes et
al. (2007) with the HHL (hippuryl-histidyl-L-leucine)
substrate enzyme. The first step is sample extraction,
where the prepared sample was centrifuged at 6000
g for 10 minutes at 4 °C, and the resulting supernatant
was collected. Ultrafiltration will then be performed
using a 10 kDa filter tube (Amicon Ultrafilter Brand)
to separate proteins below 10 kDa. This filtration is
necessary to isolate the target proteins with a molecular
weight below 10 kDa. Subsequently, ultrafiltration was
conducted at 4000 xg for 30 minutes at 4 °C, and the
resulting fraction was used in the ACE (Angiotensin
Converting Enzyme) inhibitor or antihypertensive assay
(Chusman & Cheung, 1971).

The assay involved HHL (hippuryl-histidyl-L-leu-
cine) and ACE solution. An ACE solution (25 mU) was
prepared in sodium borate buffer. Then, 50 uL of the
ACE solution and 50 pL of the sample were mixed and
pre-incubated at 37 °C in a water bath for 10 minutes.
Next, 150 pL of the HHL substrate solution (prepared
by mixing 8.3 mM HHL in 50 mM sodium borate buffer
containing 0.5 M NaCl at pH 8.3) was added, and the
mixture was incubated at 37 °C in a water bath for 30
minutes. The reaction was stopped by adding 250 uL of
1 M HCI. After that, 0.5 mL of ethyl acetate was added,
vortexed, and centrifuged at 800 g for 15 minutes at 4
°C. The resulting solution have two layers, and the ethyl
acetate layer (top layer) was collected (0.8 pL) and trans-
ferred to a clean tube. It was evaporated at 85 °C for 60
minutes, and the obtained residue was dissolved in 1
mL of distilled water. The solution was cooled to room
temperature, and the same procedure was performed
for the control. The absorbance was measured using a
spectrophotometer at a wavelength of 228 nm (Saputri
et al., 2015). The ACE inhibition activity was calculated
using the following formula:

% ACE Inhibitor activity = [(C - A)/(C - B)[ x 100%

Where A is sample absorbance, B is blank absorbance,
and C is control absorbance (Captopril).
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Statistical Analysis

The data generated were analyzed using a
randomized block design with 2 treatments and 3
replicates in duplicate. The treatments are as follows:
PGY= probiotic Greek yogurt with bacteria Lactobacillus
plantarum 1IA-1A5, S. thermophilus IFO 13957, and L.
bulgaricus IFO 13953 without roselle extract, and PGYR=
probiotic Greek yogurt with bacteria Lactobacillus
plantarum 1IA-1A5, S. thermophilus IFO 13957, and L.
bulgaricus IFO 13953 with roselle extract.

The analysis tests conducted were independent
T-Test and Kruskal-Wallis test as a non-parametric test
for organoleptic analysis.

RESULTS
Physicochemical Characteristics of Yogurt

Table 1 displays results for pH, TAT, Aw values,
indicating significant differences (p<0.05). Therefore,
it is concluded that roselle extract significantly affects
these aspects. However, viscosity remains unaffected by
roselle extract. In Table 1, pH and TAT values correlate:
the lowest pH is seen in the second replication of PGYR,
coinciding with the highest TAT percentage in the same
PGYR replication. Viscosity is consistently high and
satisfactory in both treatments, as shown in the average
listed in Table 1.

Proximate Characteristics of Yogurt

Table 1 presents average moisture, ash, fat, and
protein content values. Statistical analysis found no
significant differences, indicating that adding roselle
to probiotic Greek yogurt did not notably impact these
aspects. The ash, fat, and protein content values of both
treatments align with SNI standards. Even the values
of protein and fat contents are very good because these
contents are higher than SNI standards. The water

Table 1. Characteristics of probiotic Greek yogurt and probiotic
Greek yogurt with roselle extract

. Treatments
Variables PGY PGYR
Physicochemical

pH 433+0.03*  3.75+0.06"

TTA (%) 0.63 +£0.10° 1.14 +£0.07°

a 0.87 +£0.01* 0.83 £0.01°

Viscosity (dPa.s) 2.92+0.43 2.80+0.33
Proximate

Moisture content (%) 77.36+0.42  76.83+0.56

Ash content (%) 0.81 +0.09 0.98 +£0.09

Fat content (%) 417 +0.39 426+0.09

Protein content (%) 417 +0.60 3.90+0.20
Microbiological

Total of lactic acid bacteria 8.24 +0.07 8.40 £ 0.06

(Log CFU/mL)

Note: Means in the same row with different superscripts differ signifi-
cantly (p<0.05). PGY= Probiotic Greek yogurt, PGYR= Probiotic
Greek yogurt with roselle extract.

content value is below the SNI standard; the high
viscosity of Greek yogurt causes this.

Microbiological Characteristics of Yogurt

Table 1 presents the average of total LAB values
in PGY and PGYR. Statistical analysis showed no
significant differences. Therefore, it can be concluded
that adding roselle to probiotic Greek yogurt does not
notably impact the total LAB count. This is because the
bacteria used in both treatments are the same.

Organoleptic Characteristics

Hedonic test. Based on the Kruskal-Wallis test results
for the hedonic test (Table 2), it was found that the
addition of roselle extract had a significant effect on the
color aspect (p<0.05). However, it did not significantly
affect the aroma, texture, and taste.

Hedonic quality test. Based on the Kruskal-Wallis
test results for the hedonic quality test (Table 2), it was
found that the addition of roselle extract had a significant
effect on the color, aroma, and taste aspects (p<0.05). In
contrast, it did not significantly affect the texture aspect.

Antioxidant Characteristics of Yogurt

Table 3 presents the average antioxidant activity
and antioxidant capacity for both treatments. Statistical
analysis confirms significant differences (p<0.05),
showing that adding roselle extract notably enhances
antioxidant activity and capacity. The high value is
caused by the anthocyanin content in roselle extract.

Antihypertensive Activity of Yogurt

Table 3 presents the average of ACE inhibition
activity for both treatments. Statistical analysis confirms
significant distinctions (p<0.05), implying that the inclu-
sion of roselle extract notably impacts ACE inhibition
activity in the yogurt samples. The high ACE inhibitor

Table 2. Organoleptic characteristics of probiotic Greek yogurt
and probiotic Greek yogurt with roselle extract

Hedonic attributes

Treatments Color Scent Texture Taste
PGY 1.90 £0.70* 2.02+0.83 1.70+0.61 1.72+0.68
PGYR 1.87+0.79° 1.95+0.75 2.10+0.93 1.50+0.72
Hedonic quality attributes
Color Scent Texture Taste
PGY 4.00+£0.01* 3.27+0.51* 1.85+0.42 2.37+0.49°

PGYR 2.32+0.52* 1.97+0.48> 1.90+0.54 1.80+0.52°

Note: Means in the same column with different superscripts differ sig-
nificantly (p<0.05). PGY=Probiotic Greek yogurt, PGYR= Probiotic
Greek yogurt with roselle extract. Hedonic scale: 1 (Strongly like),
2 (Like), 3 (Neutral), 4 (Dislike), 5 (Strongly dislike); Hedonic
quality scale: Taste: 1 (Very sour), 2 (Sour), 3 (Sweet), 4 (Very
sweet); Texture: 1 (Very thick), 2 (Thick), 3 (Liquid), 4 (Very lig-
uid); Aroma: 1 (Very roselle scented), 2 (Roselle scented), 3 (Yogurt
scented), 4 (Very yogurt scented); Color: 1 (Very purple), 2 (Light
purple), 3 (Purplish white), 4 (White).
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Table 3. Antioxidant and antihypertensive activities of probiotic Greek yogurt and probiotic Greek yogurt with roselle extract

o RPN Antioxidant capacity . . RPN
Treatment Antioxidant activity (%) (mg VCE/100g) Antihypertensive activity (%)
PGY 29.32 +0.80° 62.06 + 3.79° 35.68 +2.13°
PGYR 44.93 +0.72° 135.90 + 3.41° 81.36 +5.34°

Note: Means in the same column with different superscripts differ significantly (p<0.05). PGY= Probiotic Greek yogurt, PGYR= Probiotic Greek yogurt

with roselle extract, VCE= vitamin C equivalent.

value is caused by the anthocyanin content in roselle
extract and the protein content in L. plantarum IIA-1A5.

DISCUSSION
Physicochemical Characteristics of Yogurt

The addition of roselle flower extract causes a de-
crease in pH, which follows previous research, indicat-
ing that roselle flower extract has a low pH of around
two (Purbowati ef al., 2018). The roselle extract used in
this study had a pH of 1.61 + 0.02. This study shows that
the pH value and TAT are interconnected; the lower the
pH value of a substance or solution, the higher the TAT
value produced. This is supported by the statement of
Toffanin ef al. (2015), which states that there is a negative
and strong correlation between TAT and pH. Both treat-
ments yield favorable a  values, indicating the ability
to inhibit yeast and certain bacteria such as Salmonella,
Escherichia, and Clostridia, which require a minimum
a, value of 0.90 for growth. However, the treatments
are still unable to inhibit the growth of yeast, which can
survive at an a  value of 0.61 (Tapia et al., 2020).

Both samples display notably high viscosity
values, with the PGY sample demonstrating the highest
viscosity at 3.4 dPa. This value exceeds the viscosity
range reported by Meilanie et al. (2018), which examines
the characteristics of probiotic yogurt with rosella flower
extract, which ranged from 1.27 to 3.07 dPa. The data
suggests that both samples exhibit excellent viscosity.
The elevated viscosity can be attributed to the presence
of specific additives. Protein affects viscosity by binding
water, creating a soft and thick texture, as observed in
treatments with high protein content (Fatmawati &
Prasetyo, 2013).

Proximate Characteristics of Yogurt

The water content in this study is lower (76%-77%)
compared to SNI: 2981 (Badan Standardisasi Nasional,
2009) (83%-84%), attributed to added ingredients.
Kim et al. (2023) found 79.51%-80.06% water content
in Greek yogurt after 12 hours of fermentation. This
finding is supported by Khusnaini (2014), who stated
that low moisture content results in a dense texture in
yogurt, which is consistent with the results obtained
in this study. The ash content in this study aligns with
SNI standards, but treatments with roselle extract show
higher values due to the extract’s elevated mineral
content, including copper, iron, and zinc (Samadi &
Fard, 2020). Based on Baralabe (2019), the percentage of
water and ash content in dried roselle flowers is 10.50%
and 11.67%.

238  June 2024

The protein and fat content obtained in the study
exceed the SNI standard, which can be attributed to
various factors. One of the factors is the selection of the
dairy base and the addition of ingredients with high
protein and fat content. One of the additives used is
non-dairy creamer (NDC), which contains 33.75% fat
(Ga Young et al., 2019), and skim milk, which contains
35% protein. The value of protein content owned by
roselle calyces is relatively high at 4.10%, while fat
content is 1% (Baralabe, 2019). The high number of
LAB in yogurt also influences the protein content
because the constituent components of LAB are proteins
(Setyoningsih, 2004).

Microbiological Characteristics of Yogurt

Lactic acid bacteria take on an important role in the
yogurt fermentation process as they are able to acidify
milk and produce flavor and texture by converting milk
proteins due to their proteolytic activity (Widyastuti &
Febrisiantosa, 2014). The standard LAB count specified
by the SNI is 7 Log cfu/mL, and both treatments are
observed to exceed this standard. Table 1 shows no
significant difference between the two treatments. This
may be attributed to using the same type of bacteria
during the fermentation process in both treatments.
L. bulgaricus and S. thermophilus support each other’s
growth. S. thermophilus produces beneficial compounds
that stimulate L. bulgaricus growth, while L. bulgaricus
releases amino acids that enhance S. thermophilus growth
(Chen et al., 2018). Additionally, L. plantarum, a probiotic
bacterium known for its acid tolerance and high
antioxidant activity (Arief et al., 2013), was also used in
both treatments. This is further supported by the high
protein content observed in both treatments.

Organoleptic Characteristics of Yogurt

Two tests assessed organoleptics, a hedonic test
and a hedonic quality test, which are related. The
hedonic quality test showed that adding roselle extract
noticeably changed the yogurt’s appearance, giving
it a light purple color. Additionally, the aroma and
taste profiles differed significantly, with a distinct
roselle aroma and a tangier taste compared to the
sample without roselle extract. However, there were
no significant changes in texture after incorporating
the extract. In the hedonic test, consumers preferred
the pale purple color of the yogurt product with roselle
extract. The color is the effect of anthocyanins because
anthocyanins are the main flavonoid group responsible
for the diversity of colors in plants (Grajeda et al.,
2016). Anthocyanins also act as natural antioxidants
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by donating electrons or transferring hydrogen atoms
to free radicals (Suharto et al., 2016). Previous studies
have demonstrated that anthocyanins can reduce the
synthesis of vasoconstricting molecules through ACE
inhibition (Amin et al., 2020; Vendrame & Klimis, 2019).
However, regarding aroma and taste, the liking level
remained similar between the sample with roselle
extract and the sample without it, despite visual
changes. Additionally, the panelists expressed the same
preference for both treatments in terms of texture due to
their equal thickness.

Antioxidant Characteristics of Yogurt

DPPH (2,2-diphenyl-1-picrylhydrazyl) is a stable
free radical compound that resists dimerization.
Antioxidant compounds induce reduction reactions
by donating hydrogen atoms (Francenia ef al., 2019).
Roselle’s high antioxidant value is attributed to
anthocyanins, which act as natural antioxidants,
providing electrons or hydrogen atoms to free radicals
(Suharto et al., 2016). With hydroxyl groups (-OH) and
conjugated double bonds, anthocyanins effectively
donate electrons to radicals. The para- and ortho-
phenolic groups in anthocyanins enhance electron
stability (Mattioli et al., 2020). Earlier research noted that
250 ug/mL roselle extract inhibited 86% of DPPH free
radicals. The test also assessed roselle flower extract,
yielding a total phenolic content of 41.07 mg gallic
acid/g (Sirag et al., 2014). Rosella extract concentration
of as much as 7.5 mg/mL has antioxidant activity above
80% (Wu et al., 2018). The sample not given the addition
of roselle extract also has antioxidant activity even
though it is low. Some previous studies have found that
dairy products, such as yoghurt, fermented milk, and
cheese have antioxidant activity due to the functional
activity of the protein components, such as casein and
whey protein (Aloglu, 2013). Jamil et al. (2016) stated
that the hydrolysis process in yoghurt fermentation
will increase hydrophobic amino acids such as valine,
isoleucine, phenylalanine, and methionine, which
contribute to the antioxidant activity of protein
hydrosilicates. Another study also stated that Ala-Tyr
peptide has the greatest antioxidant activity with a low
molecular weight (253.2 Da) (Ngo et al., 2014).

Antihypertensive Activity of Yogurt

Hypertension can be caused by various
mechanisms, including the renin-angiotensin system.
This system, centered on the kidneys, regulates blood
pressure. When blood pressure drops, the body
releases renin, which combines with angiotensinogen
to form angiotensin I. Angiotensin I is inactive until
ACE (Angiotensin Converting Enzyme) in the lungs
converts it to angiotensin II, an active enzyme (Patel
et al,, 2017). Utilizing roselle extract to inhibit ACE
in probiotic yogurt intensifies this effect due to ACE-
inhibiting flavonoids like anthocyanins. Notably,
anthocyanins serve as ACE inhibitors (Ojeda et al.,
2010), working as vasodilators that relax blood vessels
through endothelium-derived relaxing factor (EDRF),

thus aiding blood pressure reduction (Farida & Farasari,
2020). Earlier research outlined anthocyanin’s role in
curtailing the synthesis of blood vessel-constricting
molecules via ACE inhibition (Amin et al., 2020;
Vendrame & Klimis, 2019). Several recent studies
have found a significant inverse association between
anthocyanin intake levels and blood pressure in adults
aged 50 years and older (Igwe et al., 2019). Ndanuko
et al. (2016) state that dietary patterns with food intake
containing natural antioxidants such as anthocyanins
are proven to reduce the risk of high blood pressure.
In addition to anthocyanins, yogurt peptides can also
inhibit ACE. Well-known peptides are Gly-Thr-Trp and
Gly-Val-Trp, with IC50 values of 0.0884 mg/mL and
0.185 mg/mL, respectively (Chen et al., 2007).

CONCLUSION

Probiotic Greek yogurt with the addition of
roselle flower extract has a value that is in line with the
standards listed in SNI, such as pH, TAT, a, viscosity,
ash, fat, protein content, and a total of LAB. It also has
a higher antioxidant and antihypertensive activity
value compared to probiotic Greek yogurt without the
addition of roselle flower extract. The color of probiotic
Greek yogurt with roselle flower extract is preferred
by panellists over probiotic Greek yogurt without the
addition of roselle flower extract. At the same time,
other parameters have similar liking values.
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