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Abstract: Functional foods are increasingly becoming a part of our daily diets, as they not only
provide essential nutrients but also help protect the body against non-communicable diseases,
offering a range of additional health benefits. The bioactive compounds responsible for these effects
are typically derived from plants. This study aims to investigate the potential of Senna occidentalis leaf
and seed extracts in enhancing the nutritional and functional properties of yogurt. Its ethanolic
extracts were obtained using ultrasonic water bath and cold maceration techniques, with 70% ethanol
yielding the highest total phenolic content (TPC) in the leaf extracts (55.44 + 0.1 mg GAE).
Phytochemical screening confirmed the presence of flavonoids, tannins, saponins, and reducing
sugars. The antioxidant activity of the extracts reached 91.65%, with the macerated seed extract
performing best. Yogurt fortified with varying concentrations of these extracts was evaluated over
21 days for pH, titratable acidity, syneresis, antioxidant activity, and sensory properties. The fortified
yogurts showed increased acidity and syneresis, while their antioxidant activity decreased over time.
Sensory evaluation revealed that the higher the extract concentrations, the lower the acceptability,
with the 5% leaf extract yogurt scoring the lowest. These findings support the incorporation of S.
occidentalis extracts as functional ingredients in dairy products, though extract concentration must be
optimized for consumer preference.

Keywords: antioxidants; functional foods; fortified yoghurt; bioactive compounds

1. Introduction

Functional foods have garnered significant interest from governments, healthcare professionals,
researchers, and the food industry due to their reported antioxidant, antimicrobial, and anticancer
properties. This growing attention is driven by the increasing demand for products that support a
healthier lifestyle and improve quality of life [1]. Functional are defined as those foods that provide
health benefits beyond basic nutrition, often because they have been enriched to improve the health
of consumers [2]. As such, functional foods reduce the risk of chronic disease and delay the onset of
serious conditions such as cardiovascular disease (CVD), cancer, and osteoporosis [3]. Their
enrichment involves the incorporation of bioactive compounds derived from various sources,
including plants. Through advances in biotechnology, scientists aim to produce safe and effective
food products enriched with naturally occurring health-promoting substances [4].

Plants, particularly those rich in polyphenols, are important components of functional foods.
They serve as an abundant source of antioxidants that help mitigate the harmful effects of free
radicals, which are linked to the development of numerous diseases [5]. Polyphenols can be classified
as flavonoids and phenolic acids based on the presence of a phenyl ring or phenol, respectively.
Flavonoids consist of compounds such as flavones, flavanols, flavanones, isoflavones, and
anthocyanins, while phenolic acids include hydroxycinnamic and hydroxybenzoic acids [6]. Flavones
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and catechins have been associated with a reduced risk of cancer and cardiovascular-related
mortality [5], while isoflavones from soybeans have shown the ability to inhibit atherosclerosis [7].

Senna occidentalis is a medicinal plant with a long history of traditional use [8]. In recent years,
various parts of the plant have been investigated for their pharmacological activities, including
antioxidant, neuroprotective, anticancer [9], anti-osteoarthritic [10], antimicrobial, and anti-
inflammatory effects [11]. Despite these promising findings, there is limited research on the plant’s
physicochemical composition and nutritional properties, particularly in the context of food
applications. Most existing studies have focused on its medicinal uses, leaving a gap in
understanding its potential as a functional food ingredient. This study aims to address this gap by
analysing the total phenolic content (TPC) and physicochemical properties of S. occidentalis extracts,
with a view to their application in food systems—specifically yogurt fortification.

Plant extracts can be incorporated into yogurt using methods such as direct addition, infusion,
or encapsulation [12]. Direct addition, which involves mixing yogurt with the extracts during
production, is the most straightforward approach. Plant-derived compounds enhance the functional
profile of yogurt and support the growth and activity of beneficial microbes in starter cultures [13].
These extracts can improve the microbiological, physicochemical, and sensory qualities of yogurt
[14]. However, factors such as extract stability, interactions with other yogurt components, and the
impact on sensory attributes must be considered.

According to a recent study, incorporating plant extracts into yogurt is increasingly popular due
to their health-promoting effects. Specific compounds from plants, such as monosaccharides, formic
acid, and various phenolic acids like hydroxycinnamic, chlorogenic, and caffeic acids, can stimulate
the growth of yogurt bacteria, enhancing fermentation and product quality [15]. Furthermore, plant
extracts can serve as natural stabilisers to reduce water separation and improve yogurt texture and
consistency [16].

The primary objective of this study is to extract and quantify the total phenolic compounds from
the leaves and seeds of S. occidentalis and evaluate their effectiveness as fortifying agents in yogurt.

2. Materials and Methods

Eppendorf centrifuge model 5810R, (Thermo Fisher Scientific Inc, Finland); Shimadzu UV-1800
Spectrophotometer, (Shimadzu Tokyo, Japan); Thermostat water bath LT-105a, (Loip, Closed Joint
Stock Company, Saint Petersburg) were used in this work. The yoghurt maker Vitek yoghurt maker
VT2601, (PK LLC “Golder-Electronics” Moscow) was used for the yoghurt production.

Similarly, Folin & Ciocalteu’s phenol reagent, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), gallic
acid, and ascorbic acid reagent grade were obtained from (Sigma-Aldrich, Germany); ethanol lab
grade was obtained from (Constanta Farm M LLC, Moscow). All other chemicals used were of
analytical grade.

Additionally, ultra-pasteurised milk “Farmer’s Compound” 3.2 % fat was obtained from
(Khladokombinat LLC, Blagoveshchensk) was used for the yoghurt production using a starter culture
based on GOST 34372-2017 obtained from (Samokvashino Food Service LLC, Russia).

Senna occidentalis leaves and seeds were collected from Malam Inna, Gombe, Gombe State,
Nigeria, in September and October 2022, respectively. Plant identification was performed at the
Herbarium Unit of Gombe State University. Samples were air-dried at room temperature and ground
into fine powder using a blender [14].

For water ultrasonic bath extraction, two sample groups each of crushed leaves and seeds,
weighing 0.5 g and 5 g, were transferred to 5 ml and 25 ml of ethanol at different concentrations (50%,
70%, and 95%) and heated at 70°C for 10 minutes and (70% and 95%) ethanol for 30 minutes,
respectively. For maceration extraction, 25 g of crushed seeds and leaves were weighed separately
and dissolved in 200 mL of 95% ethanol. The mixture was used with modifications for the cold
extraction method (maceration) for six hours using a magnetic stirrer. For the qualitative secondary
metabolites” identification, standard protocols were used to detect flavonoids, tannins, saponins, and
reducing sugars following the method of Baliyan et al. (2022) [19].
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The total phenolic content of the extracts was estimated using the Folin—Ciocalteu method
according to the method of Tanashkina et al. (2021) with modifications [14]. The absorbance of
extracts and gallic acid was measured at 765 nm using a UV/vis spectrophotometer against a blank.

Total phenolic content was quantified from the extracts based on a standard curve of gallic acid.
The results obtained from the optical densities were expressed as percentage w/w and calculated
using the following formula, as described by Madaan et al. (2023) [20]:

Total phenolic content = (GAExVxDx10%x100)/W, (1)

where: GAE: gallic acid equivalent (ug/ml); V - Total volume of sample (ml); D - Dilution factor; W:
sample weight (g).

All the samples’ free radical scavenging activity was evaluated using DPPH assay according to
the previously reported method by Tanashkina et al. (2021) [17]. Radical scavenging activity was
calculated using the following formula:

Radical Scavenging Power (%): = (Ac—Ao)/Acx100, ()

where: Ac = Absorbance of control; Ao = Absorbance of sample.

The measurements were performed three times, and the scavenging effect was calculated based
on the percentage of DPPH scavenged.

For yogurt production, the Russian (GOST 31981-2013) protocol was used. Briefly, ultra-
pasteurized milk “Farmer’s Compound,” based on GOST 31450-2013 [21] was used for the yogurt
production according to the protocol based on GOST 31981-2013 [22]. For the production, a starter
culture containing live lyophilized strains of lactobacilli—Streptococcus thermophilus, Lactobacillus
delbrueckii subsp. bulgaricus, and maltodextrin, based on GOST 34372-2017, was used, according to
Palmeri et al. (2019) [23] with modifications. One liter of milk was heated up to 82.2°C, then left to
cool down to 37.8°C, measured safely with an all-purpose food thermometer. Before adding the
starter to the milk, 50 ml of the milk was taken and mixed with the starter cultures based on the
manufacturer’s manual; the main mixture was then mixed with the milk and poured into the cups
labelled A-F. After that, the plant extracts were then added at 1 %, 3%, and 5%; a control was left
without any extract. The mixture was cultured for 6 hours at around 43°C. After production, the
yogurts were kept in a refrigerator at 4°C for 21 days and subjected to analysis at intervals of 7 days.

Afterwards, the titratable acidity of the samples was determined according to GOST R 51455-99
and GOST 31976-2012 with modifications [24]. The titratable acidity was determined using the
following equation:

Lactic acid (mg)/100mL of milk = (0.9V)/m, (3)

where V = volume of NaOH solution added, 0.9 = equivalent weight of lactic acid, and m = volume
of yogurt used for titration.

The yogurts were tested for their hydrogen potential (pH) after they were retrieved from the
refrigerator and after reaching 25°C using a digital pH meter [25].

Synereses were determined according to GOST R 51331-99 with modifications [27]. The syneresis
index was calculated using the following equation:

Syneresis Index (%) = (weight (supernatant) / (weight (sample)) x 100, 4)

Sensory evaluation of yogurt samples was conducted by 12 untrained panellists using a 9-point
hedonic scale adopted from Halal & Tagliazucchi (2018) with modifications [28]. The panelists’ ages
ranged from 25 to 33. They were recruited from master’s students majoring in biotechnology and
public health at the Far Eastern Federal University. The sensory evaluation followed GOST ISO
11036-2017 [29], GOST ISO 5492-2014 [30], and GOST ISO 8586-2015 [31] standards for sensory
evaluation in Russia.
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All experiments were conducted in triplicate. Results were expressed as mean + standard
deviation. Statistical analysis was performed using Microsoft Excel (v2302) and GraphPad Prism
(v9.5.1). Regression analysis was used to derive the calibration curve for TPC estimation.

3. Results

3.1. Phytochemical Screening

Qualitative phytochemical screening of S. occidentalis extracts revealed the presence of
flavonoids, tannins, saponins, and reducing sugars in both leaves and seeds.

3.2. Total Phenolic Compounds

Quantitative determination of total phenolic compounds was performed twice based on
standard curves of gallic acid. The first phenolic content determination (Figure 1A) was done using
0.5 g of the samples in a water bath with different ethanol concentrations. The following slope was
obtained: y = 0.0136x + 0.0439, with a linearity of the calibration curve achieved at r2 = 0.9986. The
second phenolic determination, Figure 1B, was carried out using 5 g of the sample for water bath
extraction and 25 g for maceration extraction. The linearity of the calibration curve was achieved at
r2=0.9936. The ethanolic extract fraction contained different total phenolic contents (Figure 1).
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Figure 1. Total phenolic concentration in Senna occidentalis seed and leaf extracts: (a) Extraction using an
ultrasonic water bath at 70°C for 10 minutes with varying ethanol concentrations. (b) Extraction utilizing an

ultrasonic water bath at 70°C for 30 minutes with ethanol concentrations of 70% and 95%, as well as maceration.

From the figure diagram above, from the seed extracts, 95% ethanol yielded 42.10 + 0.5 mg, 70%
ethanol yielded -45.58 + 0.06 mg, and 50% ethanol yielded -35.59 + 0.1 mg per GAE, respectively.
From leaf extracts, 95% ethanol yielded 41.25 + 0.8 mg, 70% yielded -55.44 + 0.1 mg, and 54.64 + 0.9
mg per GAE for 50% ethanol.

The second extraction showed that seeds extracted using 70% ethanol yielded 36.65+1.4 mg
while using 95% ethanol produced 38.13 + 0.8 mg; additionally, maceration of seeds produced 28.89
+ 1.9 mg of total phenolics, respectively. In contrast, the leaves yielded different TPC values. Ethanol
70% yielded 40.88 + 0.5 mg, ethanol 95% produced 40.28 + 0.4 mg, while maceration of the leaves
yielded 33.02+0.1 mg of TPC per GAE, respectively. The ethanolic extract fraction contained different
amounts of total phenolics.

Therefore, from the data presented, we can conclude that the leaves of S. occidentalis showed
higher polyphenol content than the seeds. Ethanol 70% extracts of leaves showed higher polyphenolic
compounds, followed by 95% ethanolic extracts, and then 50% ethanolic extracts. Additionally, leaf
extracts showed higher polyphenol content in the ultrasonic water bath than in maceration

extractions.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0914.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2025 d0i:10.20944/preprints202506.0914.v1

5 of 14

3.3. Antioxidant Activity

The antioxidant activities of the samples were carried out twice, each for the extractions 10
minutes (Table 1) and 30 minutes (Figure 2), extracts of water bath extraction at different
concentrations of ethanol and maceration. The following values were obtained:

Table 1. Antioxidant activities of Senna occidentalis leaf and seed ethanolic extracts obtained from ultrasonic

water bath extraction at 10 minutes .

Sample ID Sample Antioxidant activity
Al Seeds (95%) 63.85 + 0.64
B1 Seeds (70%) 73.90 +3.33
C1 Seeds (50%) 59.17 +1.02
D1 Leaves (95%) 75.84 +0.44
E1l Leaves (70%) 84.09 +0.53
F1 Leaves (50%) 68.20 +2.28
Control Ascorbic acid 93.57 +0.16

The samples showed wide ranges of antioxidant capacities, with ascorbic acid leading the board,
followed by the leaves extracted with 70% ethanol.

The second antioxidant activity was carried out on the second group of the extracts. Samples
A2-F2 are for ethanolic and maceration extraction, respectively. The extracts were diluted from 1 to
4 times. Graphically, the interrelationships between the samples’ antioxidant activities are
represented below:

Concentration M/mol

0 0.2 0.4 0.6 0.8 1
100
—0
90 ®
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o 70
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2 50 —@— Maceration (seeds)
Q
; 40 —®—Maceration (leaves)
ol
[ —8— Seeds 70%
A 30
—@— Ascorbic acid
20
10
0

0 100 200 300 400 500 600 700 800 900 1000

Concentration mg

Figure 2. Antioxidant activities of S. occidentalis ethanolic extracts: Samples were diluted in single to fourfold
serial dilutions, with ascorbic acid serving as a control at concentrations of 1 mM, 0.5 mM, 0.25 mM, 0.125 mM,
and 0.0625 mM.
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As depicted in the diagram, the following antioxidant activities were observed for undiluted
samples: A2 - Seeds (70%) showed 70.23%, B2 - Leaves (70%) showed 84.79%, C2 - Seeds (95%)
showed 83.16%, D2 - Leaves (95%) showed 90.98%, E2 - Leaves (Maceration) showed 85.11%, and F2
- Seeds (Maceration) showed 91.65%. The ascorbic acid control displayed an antioxidant activity of
96.62%. Varying antioxidant activities were also observed for samples and ascorbic acid at different
concentrations. The order of antioxidant activity from highest to lowest is as follows: Ascorbic acid >
F2>D2>E2>B2>C2> A2.

3.4. Yoghurt Analysis

The yogurts produced were analyzed for pH measurements, syneresis, and titratable acidity for
the first, second, and third weeks after production. The antioxidant activities of the yogurts were
quantified for the 1st and 21st days after production.

3.4.1. Yoghurt pH

The yogurts were tested for the level of acidity or alkalinity. It is important to note that the pH
was not manipulated after the production of the product. The yogurts from A3—control; B3—1%
seed; C3—1% leave; D3—3% seed; E3—3% leave; and F3—5% leave showed variations in pH
measurements. The pH was reduced drastically throughout the storage days (Figure 2a). Sample A3,
being a control group, showed the highest pH; yogurts with added leaf extracts showed lower pH
compared to the yogurts containing seeds. The results are graphically presented below:
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Figure 2. Changes in pH and syneresis of yogurt fortified with Senna occidentalis seed and leaf extracts: (a) The
pH values of fortified yogurt were initially highest in the control group during the first week. Across all samples,
the pH of the yogurts decreased over time, with a noticeable reduction after the third week. No significant
difference was observed between fortification and pH decrease over time. (b) Syneresis in the fortified yogurts

increased over time, with the control group exhibiting the lowest values from week 1 to week 3.

3.4.2. Syneresis

The produced yogurts were tested for entangled whey (serum) evacuation from the continuous
yogurt network. The yogurts from A3-F3 showed variations of syneresis measurements, which
increased over time. Sample A3, a control group, showed the lowest syneresis values. Yogurts with
added leaf extracts showed lower syneresis than yogurts containing seeds (Figure 2b).

3.4.3. Titratable Acidity

Additionally, the yogurts were tested for the approximate measurement of their overall acidity.
The yoghurts from A3-F3 showed variations of lactic acidity measurements, which increased over
time. Sample A, which is the control group, showed lower titratable acidity throughout storage time;
yoghurts with added leaf extracts showed higher lactic acid percentages than those containing seeds
(Figure 3). Based on these results, it is concluded that the extracts have increased the viability of
starter cultures or targeted beneficial LAB [32].
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Figure 3. Titratable acidity of the produced yogurt: The yogurt was immediately subjected to a titratable acidity
test AP = Immediately After Production) to determine its acidity as per the standards of the Russian Federation.

The remaining yogurt samples were tested after one week, two weeks, and three weeks.

3.4.6. Antioxidant Activity of the Fortified Yoghurts

The yogurts were tested for overall antioxidant activities on the first day and the last day of
production. The yogurts from B3-F3 showed variations of antioxidant measurements, which
decreased over time. As the control group, Sample A3 showed the opposite by increasing throughout
storage time; yogurts with added leaf extracts showed higher antioxidant percentages than yogurts
containing seeds (Table 2).

Table 2. Antioxidant activity of the fortified yoghurts after one day of production and on the twenty-first day of

production.
Yogurt First week AOA (%) Third week AOA (%)
A3 44.19 45.86
B3 48.25 46.16
C3 50.08 47.29
D3 53.05 46.88
E3 55.51 48.51
F3 54.93 49.25

As can be observed, the control had the lowest antioxidant activity of 44.19%, while the highest
value was observed from the 3% leaves extract fortified yogurt, which had 55.51%. The control’s
antioxidant activity increased in the second week. At the same time, the fortified yogurts had a
decrease in antioxidant activity to the highest number of 49.25%, as observed from sample F, which
had 5% leaf extracts.

3.4.7. Organoleptic Properties of the Produced Yoghurts

Organoleptic experiments were carried out, and the rating scales used by the panelists were
collected and analyzed. The organoleptic test was conducted between yogurts with 1% to 5% extracts.
A control group was regular yogurt produced using the same starter cultures and parameters, but
without the addition of any extract. The yogurts were tested for overall organoleptic properties in
terms of smell, appearance, and colour, among others. The control yogurt had the highest average
score of 7.20, while the fortified yogurts differed with the percentage of extracts in them, whereas the
yogurt enriched with 5% leaves extract performed the worst (Figure 4).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Sensory and organoleptic analysis of the produced yogurts: (a) Yogurt samples, coded A through L,
were assessed based on the following criteria: colour, general appearance, texture, smell, and taste. Participants
rated each attribute using a scale of 1 to 9, with 1 being the lowest rating and 9 being the highest. Note that
participants were not allowed to swallow the yogurt samples during the evaluation. (b) The overall score for

each produced yogurt as calculated based on the participants” ratings.

The yogurts show different average scores. The control had the best score, followed by the 1%
leaves extracted yogurt, the seeds, and so on. The last product was the 5% leaf extract yogurt. The
organoleptic properties of the yogurts showed an exciting result. It was seen that the control yogurts
had the best score of 7.20, followed by 1% seeds and leaves extract yogurts at 6.47, then 6.07 for the
3% seeds and leaves pull yogurts, and the lowest value was observed from 5% leaves extracts that
had a value of 5.72. It is important to remember that the products do not contain any sugar or
sweetener. That feature affected the overall scores of the samples.

4. Discussion

Senna occidentalis, steeped in its traditional medicinal uses, has gained the attention of
researchers for its potential health-promoting properties. In this study, we investigated the
phytochemical composition and antioxidant activity and explored the impact of Senna occidentalis
extracts on the properties of yogurt. Our findings provide a detailed understanding of the
phytochemical profile of S. occidentalis and an uncharted inquisition into how the incorporation of S.
occidentalis extracts into yogurt affects its physicochemical, antioxidant, and sensory characteristics.

Qualitative phytochemical screening revealed the presence of flavonoids, tannins, saponins,
and reducing sugars in both leaves and seeds of S. occidentalis, which aligns with literature, though
variations exist based on the geographic location, plant maturity, and climate conditions. Studies in
Congo DR found phenolic acids and glycosylated flavonoids to be the primary constituents of the
leaves and seeds [33]. Studies in the Ivory Coast showed the presence of saponins but with no
alkaloids, sterols, triterpenes, quinines, tannins, or flavonoids in S. occidentalis stems, leaves, and root
bark [34]. Moreover, we also observed some notable quantitative differences in the total phenolic
content (TPC) and antioxidant activity depending on the extraction method (water bath vs.
maceration) and plant part (leaves vs. seeds).

The total phenolic content (TPC) in S. occidentalis extracts revealed variations compared to
previous studies, highlighting the sensitivity of the concentration of bioactive compounds to factors
such as temperature, time, and extraction method. A case in point is a maceration study by
Rajarajeswari & Kumar that reported the TPC values for different solvents as distilled water (30.15 +
0.37 mg), petroleum ether (17.72 + 0.16 mg), chloroform (43.48 + 0.37 mg), and ethanol (92.45+1.26 mg)
[35]. Moreover, works by Balarabe et al. (2020) and Gali et al. (2016) reported the highest TPC in
aqueous extracts (21.37 + 0.33% dw GAE; dry weight gallic acid equivalent) of leaves, followed by
methanol (16.57 %+ 0.40% dw GAE), chloroform (3.10 + 0.22% dw GAE), benzene (0.95 + 0.69% dw
GAE), and petroleum ether (0.71 + 0.18% dw GAE) extract [36,37]. In contrast to these concentrations,
we report a total TPC of 40 mg (0.8% mg/g per GAE). This discrepancy could be attributable to the
differences in the conditions and methodical approach to the extraction techniques between these
studies.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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These variations inform considerations of extraction parameters and plant source when
evaluating the bioactive and phytochemical constituents of S. occidentalis. The contrast in the
phytochemical results observed between our study and previous reports [33] could equally be
attributed to climate [33], geographical origin of S. occidentalis and the temperature conditions in
which it was grown, plant maturity, agrochemical properties of soil, and extraction techniques [38].

Regarding the extraction techniques, several studies have explored different approaches and
solvents. Here, a study that used microwave-assisted extraction of S. occidentalis root bark yielded
190 mg of extract per gram, while Soxhlet extraction yielded significantly less (5.33mg of extract per
gram) even after 15 hours of continuous heating [39]. Also, a maximum TPC of 170.87ug equivalent
of gallic acid extraction was obtained with microwave compared to 96.75ug with Soxhlet extraction
[39]. Even though different extraction methods were employed, a lower TPC yield was recorded than
what we report in this study.

Furthermore, the phytochemical profile of S. occidentalis can vary depending on the plant part
and extraction solvent used [39]. A relevant instance can be drawn from a study by Augustine and
Abdulrahman [40] where tannins, alkaloids, saponins, and oxalates were extracted from S. occidentalis
seeds using ether extraction, while Manikandaselvi and colleagues extracted flavonoids, alkaloids,
lignin, tannins, and phenols in the aerial parts using hexane, chloroform, ethyl acetate, ethanol, and
water [41]. Moreover, a study conducted in Congo DR revealed varying TPC values of phenolic acids
and glycosylated flavonoids in flowers, leaves, seed pods, and seeds extracted with 80% methanol
[39], which further confirms that different parts of S. occidentalis yield different extraction results.
Taken together, our findings and the studies highlighted point to the influence of several factors on
the TPC of plant extracts. Of note, the extraction method, the solvent, extraction time, and
temperature cannot be overemphasized [39]. Our study revealed that the water bath extraction
method consumes less time and requires a smaller sample quantity than maceration. This could be
attributed to the use of a heated ethyl alcohol solution and solvent-to-solute ratio [42]. While absolute
methanol is considered the most effective solvent for its ability to solubilize polar and non-polar
compounds [39] the optimal solvent requires careful selection depending on the specific plant
material and the bioactive potential of the target compounds when studying S. occidentalis.

Antioxidant activity of S. occidentalis observed in our study could be mainly due to the presence
of hydroxyl groups seen in the phenolic constituents in the extracts [43] even though other plant
compounds contribute to this. A study by Singh et al. (2023) using different concentrations of 10, 20,
30, 40, and 50 pg/ml found antioxidant percentages of 41.82, 51.2, 63.39, 68.02, and 79.25 against DPPH
[44]. Purushotham et al. also found antioxidant activities of ethanolic extracts of S. occidentalis leaves
to have 84.8%, 84.2%, 85.9%, 83.8%, and 89.4% for 20, 40, 60, 80, and 100 concentrations (pg/ml) [45].
A study found ICso values (ugxmL-1) of S. occidentalis flowers to have 232.27 + 6.51 DPPH scavenging
activity, leaves 216.77 + 9.69, seed pods 535.8 + 99.53, and seeds 566.24 + 176.7, respectively [33]. Our
results aligned with previous findings, demonstrate that S. occidentalis extracts possess significant
antioxidant properties.

The addition of S. occidentalis extracts to yogurt significantly influenced the pH, syneresis,
titratable acidity, antioxidant activity, and organoleptic properties. The dynamics of the decrease in
pH of yogurt continuously with storage time aligns with previous studies. With reference to other
studies, a high-quality yogurt has pH values between 4.2 and 4.4 [46]. This implies that results from
this study, with values (4.2 and 4.5) that match literature, suggest a good quality product following
the addition of S. occidentalis extract.

In the same vein, the increase in syneresis with the addition of S. occidentalis extract corroborates
previous works showing that plant extracts can influence whey separation in yogurt [47]. Syneresis
increase observed in our study could be accounted for by protein-polyphenol interactions that
weaken the gel network of the yogurt [48]. It would likewise be prudent to model the whey protein
content in more detail in future studies. Expectedly, the differences and synergies in plant extracts
from previous studies could be because of the differences in the phytochemical composition of the
extracts. The protein-polyphenol interaction model by Seibert et al. provides a framework for
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understanding these complex interactions. The core of the model suggests that at low concentrations,
the polyphenols stabilise the protein network, while at high concentrations, they can disrupt it,
leading to an increase in syneresis [49]. As such, the increase in acidity found in titratable acidity may
also affect the synergism of the extracts.

The increase in the titratable acidity concentration levels is consistent with previous reports,
indicating that plant extracts can influence the acidity of yogurt [50]. In comparison, Makinde et al.
indicated that by using S. occidentalis extracts, further acidification can be effectively suppressed,
which can prevent fermentation [51]. This translates into the increase in the shelf life of yogurt with
the extract incorporation.

Regarding antioxidant activity, the addition of S. occidentalis extracts generally increased the
antioxidant activity of the yogurt. Many yoghurt studies have been conducted previously, with
several showing that plain yoghurt has a radical scavenging activity but can be increased depending
on the contents added into the yoghurt [52]. Intriguingly, the control samples’ antioxidant activity
increased with time. However, the highest increase in antioxidant capacity was seen in the 3% leaf
extract-fortified yoghurt, which possibly had properties that contributed to the enhanced
antioxidative properties. In this regard, a 3% S. occidentalis leaf extract yoghurt mix may benefit more.

Furthermore, while the control yogurt received the highest score for organoleptic properties,
this study also suggests that yoghurts with certain added natural products still produce higher-
scoring yoghurt as compared to pepper juice-fortified yoghurt [53].

Although we have established the pivotal impact of our work, our study had some inherent
limitations. To begin with, our work only investigated a limited number of extraction methods and
plant parts, juxtaposed to other studies. Hence, future studies should explore a wider range of
extraction techniques and plant sources to optimize the extraction of the bioactive composition of S.
occidentalis. Additionally, our investigations did not identify the specific phytochemicals responsible
for the observed antioxidant activity. It is therefore crucial to study the key bioactive agents using
advanced analytical techniques to identify and quantify the bioactive components of the extracts.
Lastly, we only evaluated the impact of S. occidentalis extracts on a limited number of yogurt
properties. Consequently, it is important to expand these to include microbiological analysis,
physicochemical properties, toxicity studies, and sensory analysis beyond just organoleptic studies
to provide a comprehensive outlook of the S. occidentalis extracts on the nutritional and functional
properties of yogurt.

All in all, our findings provide valuable insights into the potential of the bioactive compounds
of S. occidentalis in enhancing the nutritional and functional properties of yogurt. Future research
should focus on expanding and optimizing the extraction methods for S. occidentalis and expanding
the scope of characterization to allow for better comprehension for conducting clinical trials to
evaluate the health benefits of S. occidentalis-fortified yogurt.

5. Conclusions

Plant extracts are suitable for the fortification of yogurt due to the phenolic compounds they
contain. Different equipment and techniques can be used for the extraction and fortification of yogurt.
Like many experiments using extracts from other plants, a probiotic yogurt enriched with S.
occidentalis leaves and seeds was produced from this study using the water bath extraction and
maceration extraction. Here, the ingredient rich in polyphenols was added immediately after
injection but before fermentation with selected probiotic strains of Lactobacillus. The specific
biochemical, biological, sensory, and histological characteristics of probiotic-enriched yogurts or their
supernatants were related to the amounts of dose-dependent extracts. However, an investigation of
probiotic yogurt's organoleptic and formative properties revealed that adding 1-3% leaves and seeds
represented the optimal amount.

The enriched yogurts demonstrated antioxidant activities. Supernatants obtained from probiotic
yogurt with the addition of 5% leaves showed better and more desirable antioxidant activities.
Additionally, the addition of 1% seeds and leaf extracts showed better and more desirable textural
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sensory properties and proved critical to the formulation and acceptability of each new product. All
the presented results justify using S. occidentalis extracts to fortify yogurt for human nutrition and
contribute significantly to the general knowledge about implementing enriched yogurts in dairy
production.
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