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tract as a natural functional
ingredient: effects on texture, antioxidant activity,
and shelf- life stability of jelly formulation
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and Kitipong Assatarakul *a

This study demonstrates the potential of Sesbania javanicaMiq. flower extract (SFE) as a sustainable, plant-

based ingredient for enhancing the functional and preservative qualities of carrageenan-based jelly. Jelly

formulations were prepared with varying SFE concentrations (1%, 3%, and 5% w/w) and evaluated over 30

days of refrigerated storage at 4 °C. The 5% SFE jelly exhibited the highest levels of bioactive

compounds, including total phenolic compound content, TPC (9.63 ± 0.29 mg GAE per g dw) and total

flavonoid content, TFC (5.27 ± 0.28 mg QE per g dw), and significantly greater antioxidant activity

(DPPH: 14.04 ± 0.20 mM Trolox per g dw; FRAP: 8.81 ± 1.53 mM Trolox per g dw) compared to the

control (TPC: 1.22 ± 0.42 mg GAE per g dw; TFC: 0.89 ± 0.03 mg QE per g dw; DPPH: 2.48 ± 0.95 mM

Trolox per g dw; FRAP: 1.17 ± 0.94 mM Trolox per g dw). Textural analysis revealed reduced hardness

(3.26 ± 0.58 N in 3% SFE jelly) with preserved springiness and cohesiveness. Importantly, the 3% and 5%

SFE jellies inhibited microbial growth throughout the storage, whereas the control spoiled by day 24.

Color stability was influenced by SFE, with DE reaching 11.29 ± 0.52 in the 5% jelly at day 30. These

findings highlight SFE's multifunctionality as a natural ingredient supporting antioxidant protection,

textural modification, and microbial stability in gel-based foods, contributing to sustainable food product

development.
Sustainability spotlight

This research showcases Sesbania javanica (Sesban ower) extract as a sustainable, plant-based alternative to synthetic additives in gel-based foods. By
enhancing antioxidant activity, inhibiting microbial growth, and extending shelf life, this underutilized botanical offers a clean-label solution that reduces
chemical preservative use. Its multifunctionality not only improves product quality but also supports biodiversity, promotes local resource utilization, and
contributes to a more resilient and environmentally responsible food system.
1 Introduction

In recent years, the growing awareness of health and wellness
has led consumers to seek food products that provide not only
basic nutrition but also additional health benets. This shi
has spurred signicant interest in the incorporating natural
bioactive compounds into food formulations. Among these
compounds, plant extracts have emerged as promising sources
of antioxidants, which are vital in combating oxidative stress,
a contributing factor to various chronic diseases such as cancer,
cardiovascular disorders, and neurodegenerative conditions.1,2
of Science, Chulalongkorn University,
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the Royal Society of Chemistry
Carrageenan, a sulfated polysaccharide derived from red
seaweed, is a critical gelling agent widely used in jelly formu-
lations due to its ability to form elastic and cohesive gels at low
concentrations.3 Its interactions with other food ingredients
can inuence texture, water-holding capacity, and stability,
making it central to the quality of gel-based products.

Sesbania javanica Miq., commonly known as Sesban ower,
is a leguminous plant native to Southeast Asia, traditionally
used in both culinary and medicinal contexts. The owers are
rich in bioactive compounds such as avonoids, phenolic acids,
and polysaccharides, which have been reported to exhibit
antioxidant, antimicrobial, and anti-inammatory properties.4,5

Despite these attributes, its utilization as a functional ingre-
dient in gel-based food systems has not been fully explored.

Jelly is a widely consumed confectionery product admired for
its appealing texture and vibrant colors. However, traditional
jelly formulations oen lack signicant nutritional value and
are susceptible to microbial spoilage, leading to concerns about
Sustainable Food Technol., 2025, 3, 1865–1879 | 1865
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shelf life and health impacts among consumers.6 Although the
bioactive properties of Sesbania javanica (Sesban ower) extract
(SFE) have been well documented, its application in gel-based
food systems such as jelly remains underexplored. Incorpo-
rating SFE into jelly formulations offers the potential to
enhance nutritional content, improve sensory attributes, and
extend shelf life, representing an innovative strategy for func-
tional food development.

Despite existing research on plant extracts in functional
foods, no prior study has systematically evaluated how Sesbania
javanica extract affects the antioxidant capacity, texture, color
stability, and microbial safety of gel-based products like carra-
geenan jellies. This study uniquely lls this gap by investigating
the multifunctional role of SFE in enhancing physicochemical
quality and shelf-life stability, contributing new insights to the
development of sustainable, plant-based food products.

This study aims to explore the effects of varying concentra-
tions of optimized SFE on the quality and shelf life of jelly.
Specically, it aims to identify the optimal concentration of the
extract that maximizes antioxidant potential while maintaining
desirable sensory properties in the jelly. Furthermore, this
research assessed the stability of the jelly over a 30-day period at
4 °C, providing valuable insights into the application of bioac-
tive extracts in food products.

Through this research, we aim to contribute to the
advancement of functional food development, offering inno-
vative solutions that align with consumer preferences for
healthier and more nutritious products.
Table 1 Formulations of jellya

Ingredient

Formula (%w/w)

Control J1% J3% J5%

Water 93.40 92.40 90.40 88.40
2 Materials and methods
2.1 Chemicals and reagents

All chemicals, reagents, and solvents used in this study were of
analytical grade. The jelly gelling agent was carrageenan powder
derived from Gracilaria sheri, supplied by KC Krungthepchemi
Co., Ltd (Thailand; F013CG). Other materials included ferric
chloride, methanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Tro-
lox), sourced from Ajax Finechem (Australia). Aluminum chlo-
ride was obtained from Ajax Finechem (New Zealand). Ethanol,
Folin–Ciocalteu reagent, gallic acid, glacial acetic acid, hydro-
chloric acid, quercetin, sodium carbonate (Na2CO3), and tri-
pyridyltriazine (TPTZ) were purchased from Merck (Germany).
Sodium acetate trihydrate (CH3COONa$3H2O) was also
acquired from Ajax Finechem (Australia).

Plate Count Agar (PCA; Oxoid, UK) was used for total plate
counts. Potato Dextrose Agar (PDA; Merck, Germany) was
employed for yeast and mold enumeration. Salmonella Shigella
Agar (SSA; Merck, Germany) was used for detecting Salmonella
spp., and Mannitol Salt Agar (MSA; HiMedia, India) was utilized
for Staphylococcus aureus analysis. All media were prepared and
sterilized according to the manufacturers' instructions.
Carrageenan 1.50 1.50 1.50 1.50
Sugar 5.00 5.00 5.00 5.00
Citric acid 0.10 0.10 0.10 0.10
SFE 0.00 1.00 3.00 5.00

a SFE: Sesban ower extract.
2.2 Sesban ower extract (SFE)

Sesban (Sesbania javanica Miq.) owers were purchased from
a local market in Bangkok, Thailand. Aer cleaning, drying, and
1866 | Sustainable Food Technol., 2025, 3, 1865–1879
grinding, the owers were extracted using an ultrasound-assisted
extraction (UAE) method optimized via response surface meth-
odology (RSM) technique using a Box–Behnken design in our
previous study.7 The extraction was performed in an ultrasonic
bath (Elmasonic E 70H, Elma Schmidbauer GmbH, Singen,
Germany), operated at a frequency of 50/60 Hz with an output
power of 520W, at 40 °C for 20minutes using 70% ethanol as the
solvent. The resulting extract was centrifuged and evaporated
using rotary evaporator (BÜCHI, Switzerland), re-dissolved in
distilled water, and stored at 4 °C until further use.
2.3 Jelly preparation

The jelly formulations were prepared with varying concentrations
of SFE (0%, 1%, 3%, and 5%) to investigate the impact of the
extract on the jelly quality and stability over a 30-day period.
These concentrations were chosen based on preliminary studies,
which indicated that higher concentrations (>5%) resulted in
unsatisfactory color attributes, such as excessive pigmentation,
while lower concentrations (<1%) provided limited enhancement
in antioxidant properties. Furthermore, selecting these concen-
trations aimed to balance the efficient utilization of the extract
with its functional benets. Jelly was prepared following
a method adapted from ref. 8, with modications. Briey, carra-
geenan powder (1.5% w/w) sourced from Gracilaria sheri (KC
Krungthepchemi Co., Ltd, Thailand; F013CG) was dissolved
together with 5% sugar and 0.1% citric acid in distilledwater. The
mixture was heated to boiling (90–95 °C) under continuous stir-
ring until fully dissolved. The solution was then cooled to
approximately 50 °C, at which point the appropriate concentra-
tion of SFE was added, ensuring thorough mixing. The jelly
mixtures were poured into plastic molds and refrigerated at 4 °C
for 24 hours to set. The control jelly contained no extract, while
the experimental formulations (denoted as J1%, J3%, and J5%)
incorporated increasing amounts of SFE. The detailed composi-
tion for each formulation is shown in Table 1. Jellies were eval-
uated for physicochemical, antioxidant, and microbiological
properties over storage at 4 °C, sampled on days 0, 6, 12, 18, 24,
and 30. The carrageenan concentration of 1.5%was chosen based
on the manufacturer's recommended range (0.2–3.0% w/w) for
achieving suitable gel rmness and texture.
2.4 Color

Color was assessed using a colorimeter (Minolta CR-400 color
meter, Osaka, Japan) with silicone photocell detector, D65
© 2025 The Author(s). Published by the Royal Society of Chemistry
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illuminant, 10° standard observer, and aperture diameter of 8
mm, measuring L* (lightness), a* (red-green), and b* (yellow-
blue) values over the 30-day period.

2.5 Water activity (aw) and moisture content

Water activity (aw) was measured using a water activity meter
(Aqualab 3TE, USA) at 25 °C to monitor the potential for
microbial growth and its impact on jelly texture. The moisture
content was determined in triplicate using a moisture analyzer
(Mettler Toledo, Greifensee, Switzerland).

2.6 pH and total dissolved solids (°Brix) measurements

Two grams of jelly sample were homogenized in 18 mL of
distilled water and centrifuged at 4000 rpm for 10 minutes. The
pH of the jelly samples was measured using a digital pH meter
(Mettler Toledo FE20-Kit FiveEasy™ Benchtop pH Meter, Swit-
zerland). Changes in pH were monitored over the 30-day period
to assess the potential impacts on taste, texture, and microbial
stability. The soluble solids content of the jelly was measured
using a digital refractometer (HI96803, Africa). The results were
expressed in degrees Brix (°Bx).

2.7 Texture analysis

Texture properties, including rmness, springiness, cohesive-
ness, gumminess, and chewiness, were analyzed using a texture
analyzer TA.XTplus Texture Analyzer (Stable Micro Systems,
England). Texture Prole Analysis (TPA) tests were performed
on jelly samples using a cylindrical probe (P/100) with a diam-
eter of 100 mm. The pre-test speed was set at 1 mm s−1, both the
test speed and post-test speed were set to 5 mm s−1. Each jelly
sample was cut into uniform cubes of 1 × 1 × 1 cm3. The
samples were compressed twice (double compression cycle) to
50% of their original height to obtain TPA parameters, simu-
lating the mastication process. Measurements were performed
in triplicate at room temperature (∼25 °C).

2.8 Determination of bioactive compounds

2.8.1 Bioactive compounds extraction. The jelly extraction
for bioactive analysis was performed according to the previous
method study9,10 with slight modications. 5 g of jelly was di-
ssolved in 25 mL of methanol/water solution (8 : 2, v/v) with 1%
(0.25 mL) of 37% HCl. The dispersion was heated at 55 °C on
a hot plate and stirred with magnetic stirrer for 30 minutes and
then centrifuged at 15 000×g for 10 minutes. The supernatant
was collected for the determination of bioactive compounds.

2.8.2 Determination of total phenolic compound content.
Total phenolic compound content (TPC) was determined using
the Folin–Ciocalteu method as previously described by ref. 7 with
slight adjustment. Briey, 30 mL of properly diluted extract
solution was added with 1.2 mL distilled water and mixed with
2 mL of Folin–Ciocalteu reagent, which was pre-diluted 10-fold,
with distilled water. Aer standing for 5 minutes at room
temperature, 1.5 mL of (7.5% w/v) sodium carbonate solution
was added. The solutions were mixed and allowed to stand for
1 hour at room temperature. Subsequently, the absorbance was
© 2025 The Author(s). Published by the Royal Society of Chemistry
measured at 765 nm, using a UV-visible spectrophotometer
(GENE-SYS™ 20 Visible, Thermo Fisher Scientic, USA). A cali-
bration curve was prepared, using a standard solution of gallic
acid (0–150 mg L−1). Results were reported as mg gallic acid
equivalents per gram dry basis (mg GAE per g db) using the gallic
acid standard curve equation (y = 0.0034x − 0.0124, R2 = 0.99).

2.8.3 Determination of total avonoid content. Total
avonoid content (TFC) was conducted using aluminum chlo-
ride colorimetric method according to the procedure outlined
by ref. 11 with slight adjustments. Briey, 1 mL of each diluted
extract was mixed with 1 mL of 2% AlCl3 methanol solution.
Aer a 30-min incubation period, the absorbance was measured
at 430 nm using a spectrophotometer (Thermo Fisher Scientic,
GENESYS™ 20 Visible, U.S.A.). Flavonoid contents were calcu-
lated from a calibration curve (y = 0.0069x + 0.032, R2 = 0.99) of
quercetin standard solution (0–160 mg L−1) and expressed as
milligrams of quercetin equivalent per gram of dry basis (mg QE
per g db).

2.8.4 Antioxidant activity. Antioxidant activity of the jelly
samples was analyzed on extracts obtained according to Section
2.8.1. Thus, all measurements represent the antioxidant
capacity of SFE incorporated into the jelly matrix and subse-
quently extracted.

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was per-
formed following the method of ref. 12, with modications to
adapt the protocol for jelly matrices. A DPPH stock solution was
prepared by dissolving 0.024 g of DPPH in methanol and
adjusting the volume to 100 mL. Before use, the DPPH solu-
tion's absorbance was measured and adjusted to approximately
1.1 at 515 nm. For analysis, 0.2 mL of jelly extract was mixed
with 2 mL of the prepared DPPH solution, vortexed, and incu-
bated in the dark at room temperature for 30 minutes. The
absorbance was measured at 515 nm using a spectrophotom-
eter (Thermo Fisher Scientic, GENESYS™ 20 Visible, USA) with
methanol as a blank. The initial absorbance of the DPPH
solution (Ainitial), and the absorbance of the sample (Anal) were
measured aer incubation. The difference in absorbance (Adiff)
was calculated as:

Adiff = Afinal − Ainitial (1)

Antioxidant activity was determined from a Trolox calibra-
tion curve (y= 0.0016x + 0.0312, R2= 0.99) and expressed as mM
Trolox equivalents per gram dry weight. The method was
previously tested to conrm suitable linearity and matrix
compatibility for jelly extracts.

The ferric reducing antioxidant power (FRAP) assay fol-
lowed,13 with validation for jelly matrices. The FRAP reagent was
pre-warmed to 37 °C for 6 minutes, aer which 2.85 mL of FRAP
reagent was mixed with 0.15 mL of jelly extract, vortexed, and
incubated in the dark at room temperature for 30 minutes.
Absorbance was measured at 593 nm against distilled water as
a blank. Adiff was calculated as:

Adiff = Afinal − Ainitial (2)
Sustainable Food Technol., 2025, 3, 1865–1879 | 1867
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Antioxidant capacity was determined from a Trolox calibra-
tion curve (y= 0.0009x− 0.0203, R2= 0.99) and expressed as mM
Trolox equivalents per gram dry weight. Validation experiments
conrmed the assay's linearity and reproducibility for jelly
extracts.
2.9 Microbiological analysis

Jelly sample (10 g) was aseptically weighted into a sterile bag
and homogenized with 90 mL of sterile water for 3 minutes.
Serial dilution required for sample plating were prepared in
9 mL of sterile water. Pour plating were prepared using the
following media and culture condition. Plate count agar for
total plate count, potato dextrose agar for yeast and mold
counts, salmonella-shigella agar for Salmonella spp., and
mannitol salt agar for Staphylococcus aureus, and then incu-
bated at 37 °C for 24 hours, 30 °C for 48 hours, 37 °C for
24 hours, and 37 °C for 48 hours, respectively.
2.10 Data analysis

The results were expressed as mean ± standard deviation (SD)
in triplicate. Statistical analyses were conducted using SPSS 29.0
soware (SPSS Inc., IL, USA). Statistical analysis was conducted
using ANOVA followed by Tukey's post hoc test to determine
signicant differences between treatments. A p-value of less
than 0.05 was considered statistically signicant.
3 Results and discussion
3.1 Physicochemical properties

3.1.1 pH stability during storage. The initial pH values of
all jelly formulations ranged from 3.91 to 4.06 (Table 2),
consistent with typical acidied gel-based products. Over the
30-day refrigerated storage period (Fig. 1a), only minor pH
uctuations were observed. The uctuations were likely due to
gradual acidication caused by enzymatic or oxidative reactions
producing organic acids in the jelly matrix.14 The control jelly
exhibited a gradual decrease, reaching approximately 3.70 by
day 30, whereas the SFE-enriched formulations (J1%, J3%, and
J5%) maintained more stable pH values throughout the study.
Table 2 Initial physicochemical properties and texture attributes of jelly f

Properties Control J1%

Lightness (L*) 41.14 � 0.66a 38.24 �
Greenness (a*) 1.08 � 0.07a 1.11 �
Yellowness (b*) −0.84 � 0.01d 0.40 �
pH 3.91 � 0.05a 3.92 �
Water activity (aw) 0.988 � 0.02a 0.993 �
Moisture (%) 88.54 � 0.47a 89.66 �
°Brix 0.80 � 0.02ab 0.60 �
Hardness (N) 11.05 � 0.06a 6.36 �
Springiness (mm) 0.35 � 0.01a 0.45 �
Cohesiveness 0.03 � 0.00a 0.03 �
Gumminess 0.33 � 0.01a 0.22 �
Chewiness 0.12 � 0.01a 0.09 �
a Control: jelly with no SFE, data presented in mean ± SD. Different lette

1868 | Sustainable Food Technol., 2025, 3, 1865–1879
Similar pH stability trends have been reported in jellies incor-
porating hibiscus and rosemary extracts, where plant poly-
phenols contributed to maintaining acidity levels during
storage.8 Compared to those systems, SFE-containing jellies in
our study maintained pH within an even narrower range, sug-
gesting a potentially superior buffering capacity.

The observed pH stability in SFE-containing jellies could be
partly attributed to antioxidant activity mitigating oxidative
processes that can lead to acidication in food systems.
Although polyphenolic compounds have been reported to help
stabilize internal pH indirectly by scavenging reactive oxygen
species and reducing the formation of acidic byproducts,15 there
are currently no published studies that directly quantify or
conrm a specic buffering capacity for Sesban ower extract
itself. Therefore, the notion of SFE exerting a direct pH-
buffering effect in jelly remains a hypothesis based on its
biochemical prole rather than a proven mechanism.

Maintaining a stable pH is critical for preserving jelly quality,
as it directly affects microbial growth, gelling behavior, color,
and avor prole. The reduced pH dri in the SFE formulations
further supports the potential multifunctional role of Sesban
extract in improving the physicochemical and microbial
stability of acidied food products.14

3.1.2 Water activity (aw). The initial water activity (aw)
values across all jelly formulations were high, ranging from
0.988 to 0.994 (Table 2), reecting the moisture-rich nature of
the gel matrix. Over the 30-day storage period (Fig. 1b), aw values
increased slightly in all samples, approaching 0.999 by day 30.
This upward trend was most prominent in the control jelly,
while the SFE-enriched formulations (J1%, J3%, and J5%)
exhibited more stable aw values over time. Water activity
increased slightly during storage, possibly as a result of water
redistribution from bound to free states within the gel network,
a common phenomenon in gel-based products.16 Similar
studies involving rosemary or hibiscus extracts in gels also
noted reduced water activity uctuations, attributed to inter-
actions between polyphenols and the gel matrix.17 Our ndings
align with these observations, indicating that SFE may function
similarly in limiting water mobility.
ormulations with varying concentrations of Sesban flower extract (SFE)a

J3% J5%

0.04b 35.25 � 0.04c 36.48 � 0.25bc

0.03a 1.09 � 0.04a 0.86 � 0.19a

0.56c 2.13 � 0.19b 6.35 � 0.06a

0.03a 3.92 � 0.01a 4.06 � 0.05a

0.02a 0.994 � 0.02a 0.992 � 0.02a

0.35a 89.87 � 0.33a 89.08 � 0.09a

0.02bc 0.70 � 0.02abc 0.80 � 0.02ab

0.16b 3.26 � 0.58c 6.78 � 1.04b

0.17a 0.34 � 0.03a 0.37 � 0.05a

0.01a 0.03 � 0.01a 0.04 � 0.02a

0.07a 0.11 � 0.05a 0.28 � 0.18a

0.01a 0.04 � 0.01a 0.11 � 0.08a

rs within the row show signicant difference among data (P < 0.05).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Changes in (a) pH, (b) water activity (aw), (c) moisture content, and (d) °Brix of jelly formulations containing varying concentrations of
Sesban flower extract (SFE) (Control, J1%, J3%, J5%) during 30 days of refrigerated storage at 4 °C. Values are means ± SD (n = 3).
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Although high aw values are generally associated with an
increased risk of microbial proliferation, the presence of SFE
may help mitigate this risk due to its antimicrobial property.
Moreover, the relatively smaller increase in aw observed in the
SFE-containing samples suggests potential interactions
between the extract's bioactive compounds and the gel matrix,
potentially enhancing water binding and limiting free water
availability. However, no direct experimental analyses were
conducted in this study to conrm these interactions.

The observed aw stability may also be inuenced by the
hydrocolloids used in the jelly, particularly carrageenan, which
is known for its excellent water-binding capacity and ability to
reduce water mobility in gel matrices.16 It is hypothesized that
© 2025 The Author(s). Published by the Royal Society of Chemistry
phenolic compounds in SFE may form hydrogen bonds or other
molecular interactions with water molecules or the carrageenan
network, contributing to improved water retention. Future
studies using analytical techniques such as differential scan-
ning calorimetry (DSC) or nuclear magnetic resonance (NMR)
spectroscopy could help elucidate these molecular interactions
and conrm the mechanisms underlying water activity control
in SFE-enriched jelly systems.

Maintaining lower aw variability during storage is important
for ensuring microbial stability, texture preservation, and
extended shelf life, particularly in high-moisture products with
minimal or no synthetic preservatives.18
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3.1.3 Moisture content. The initial moisture content of the
jelly formulations ranged from approximately 88% to 90%
(Fig. 1c), typical of high-moisture gel-based products. Over the
30-day storage period, minor uctuations were observed across
all formulations, which likely due to internal water redistribu-
tion. Fluctuations in moisture content reect minor evapora-
tion losses and internal water migration, processes typical
during refrigerated storage of gel-based foods.19 However, the
control formulation exhibited a notable decrease in moisture
content by day 30, suggesting moisture loss likely due to
syneresis or evaporation.

In contrast, formulations containing Sesban ower extract
(SFE) retained signicantly higher moisture levels throughout
storage. This suggests that SFE contributes to improved water-
holding capacity within the gel matrix, likely due to interac-
tions between polyphenolic compounds and the hydrocolloid
network. Several studies have demonstrated that phenolic
Fig. 2 Changes in color parameters of jelly formulations with varying con
(L*), (b) red-green axis (a*), and (c) yellow-blue axis (b*). Values are mea

1870 | Sustainable Food Technol., 2025, 3, 1865–1879
compounds can interact with polysaccharides (such as carra-
geenan) through hydrogen bonding, hydrophobic interactions,
and even covalent linkages, which helps reinforce the gel
structure and reduce water mobility.20–23 These interactions can
create a denser gel matrix, that traps water molecules and
mitigates moisture loss during storage.

Furthermore, plant-derived polysaccharides and bioactive
compounds in SFE may act synergistically with carrageenan to
enhance gel cohesiveness and minimize water migration. For
instance, phenolic compounds have been shown to bind water
molecules directly through multiple hydroxyl groups, forming
hydration shells that improve water retention in food
matrices.24,25 Such interactions contribute to maintaining
desirable texture, preventing structural degradation, and
extending product shelf life.

Overall, the better moisture retention observed in SFE-
treated jellies highlights the multifunctional role of Sesban
centrations of SFE during 30 days of storage at 4 °C: (a) lightness value
ns ± SD (n = 3).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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ower extract in improving both the physicochemical stability
and sensory attributes of gel-based food products.

3.1.4 Total dissolved solid (°Brix). °Brix values, represent-
ing total dissolved solids, exhibited a gradual increase in all
formulations over the 30-day storage period (Fig. 1d). The
control sample reached approximately 0.95 °Brix by day 30,
suggesting a slight concentration of soluble solids due to
moisture loss. In contrast, formulations containing Sesban
ower extract (J1%, J3%, and J5%)maintainedmore stable °Brix
values over time (P < 0.05), indicating better control of water loss
and soluble solid retention.

The increase in °Brix observed in the control may be attrib-
uted to syneresis or evaporation, which concentrates sugars and
other dissolved compounds as water is lost. In contrast, the
greater °Brix stability in SFE-enriched samples suggests that
polyphenolic compounds in the extract may interact with the
gel matrix, enhancing water-binding capacity and reducing
water migration.26–28 Such interactions can form a denser gel
network that restricts the mobility of water molecules, helping
to maintain equilibrium between moisture and dissolved
solids.

Phenolic compounds have also been shown to bind water
molecules through hydrogen bonding, thereby reducing free
water evaporation and maintaining equilibrium between
moisture and dissolved solids.17,29 This stabilization not only
preserves sweetness and consistency but also contributes to
maintaining overall product quality during storage.

Collectively, the results indicate that the incorporation of
SFE enhances the physicochemical stability of jelly, further
supporting its role in improving shelf-life performance and
functional quality.

3.1.5 Color stability (L*, a*, b*, DE). The initial color
parameters (L*, a*, b*) for each formulation (Table 2) varied
signicantly, with J5% sample exhibiting the highest b* (yellow-
blue) values, indicating a strong yellowish tint contributed by
the extract. Over the storage period, uctuations in L* and
b* values were observed across all formulations, with the
control sample generally maintaining the most stable color
prole (Fig. 2). The reduction in lightness (L*) and increase in
yellowness (b*) in higher extract concentrations may be attrib-
uted to pigment oxidation or degradation under storage, as is
common in products rich in natural phenolics.30
Table 3 Color difference (DE) values of jelly formulations during 30
days of storagea

Time (day)

Color change (DE)

Control (J1%) (J3%) (J5%)

0 0.00 � 0.00 0.00 � 0.00 0.00 � 0.00 0.00 � 0.00
6 2.64 � 0.18a 3.71 � 0.20b 6.03 � 0.25c 4.82 � 0.28d

12 2.91 � 0.19a 3.63 � 0.22b 7.19 � 0.32c 6.91 � 0.30d

18 3.02 � 0.21a 4.28 � 0.25b 6.48 � 0.34c 6.21 � 0.35c

24 3.36 � 0.24a 4.30 � 0.28b 8.40 � 0.39c 9.53 � 0.42d

30 4.24 � 0.31a 6.66 � 0.36b 8.98 � 0.46c 11.29 � 0.52d

a Different superscripts indicate signicant differences between values
in the same row (P < 0.05).

© 2025 The Author(s). Published by the Royal Society of Chemistry
Formulations with higher SFE levels (e.g. J3% and J5%)
showed greater stability in greenness (a*) values compared to
the control, suggesting that bioactive compounds such as
avonoids may help preserve color integrity by acting as natural
antioxidants.31–33

The DE values, representing overall color difference,
increased over storage period for all samples, with J3% and J5%
showing higher DE values than the control (Table 3). While
elevated DE values indicate more pronounced color changes,
the practical signicance of these changes depends on percep-
tual thresholds. According to,34 a DE value below 1.5 is generally
undetectable to the human eye, whereas values between 1.5 and
3.0 are noticeable but oen acceptable, and values above 3.0
indicate obvious color differences that may affect consumer
acceptance. In the present study, the DE values for the SFE
formulations exceeded 3.0 aer storage, implying noticeable
color changes. However, these changes may still be acceptable if
the yellowish hue is perceived positively as a signal of natural
ingredients or functional properties, as has been documented
in consumer studies on plant extract-enriched jellies.8,17,35

Therefore, while the DE values indicate measurable color
differences, the consumer perception of such color shis
remains context-dependent, inuenced by expectations for
natural coloration in functional foods. Further sensory studies
would be benecial to determine acceptable DE thresholds
specic to jelly products containing SFE.
3.2 Texture prole of jelly formulations

3.2.1 Firmness (hardness). The initial rmness of the jelly
formulations varied depending on the concentration of Sesban
ower extract (SFE). The control sample had the highest hard-
ness value (11.05 ± 0.06 N), while formulations with SFE
showed progressively lower values, with J3% exhibiting the
lowest initial rmness (3.26 ± 0.58 N) (Table 2). This inverse
relationship suggests that the inclusion of SFE contributes to
a soer gel structure. Over the 30-day storage period, rmness
gradually decreased across all formulations (Fig. 3a), likely due
to gel relaxation or internal moisture redistribution. The control
jelly, despite its higher initial rmness, also showed notable
soening by day 30.

The reduction in rmness with increasing SFE concentration
is likely attributable to interactions between phenolic and
polysaccharide compounds in the extract and the gelling
matrix. These bioactive constituents may interfere with carra-
geenan network formation by competing for water or disrupting
hydrogen bonding, resulting in a less rigid gel structure.36,37

Additionally, phenolic compounds may bind weakly within the
gel matrix, contributing to lower gel strength and increased
soness.

Similar reductions in rmness following the incorporation
of plant extracts into gel systems have been reported by ref. 38
and 8, supporting the present ndings. Their studies observed
that natural extracts tend to disrupt polymeric gel formation,
producing soer textures, a desirable trait in products aimed at
children or elderly consumers.
Sustainable Food Technol., 2025, 3, 1865–1879 | 1871
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Fig. 3 Changes in texture profile attributes of jelly samples formulated with SFE during 30 days of storage at 4 °C: (a) firmness (N), (b) cohe-
siveness, (c) gumminess, and (d) chewiness. Values are means ± SD (n = 3).
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Beyond its bioactive and antioxidant properties, SFE appears
to play a textural role in product development. The soer texture
observed at higher extract concentrations may enhance
consumer acceptability by providing a more pleasant mouth-
feel, underscoring the multifunctional potential of SFE in
developing functional gel-based foods.

3.2.2 Springiness. Springiness, which reects the jelly's
ability to recover its original shape aer deformation, showed
minimal variation across all formulations (Table 2). No signif-
icant differences (P > 0.05) were observed between the control
1872 | Sustainable Food Technol., 2025, 3, 1865–1879
and SFE-enriched samples, indicating that the addition of
Sesban ower extract did not adversely affect this textural
attribute.

The consistency of springiness values suggests that while
SFE may alter rmness and reduce gel strength, it does not
compromise the product's elastic behavior. This implies that
the integrity of the gel's three-dimensional network remains
intact despite the presence of extract compounds. Such resil-
ience is essential for maintaining a desirable bite and
© 2025 The Author(s). Published by the Royal Society of Chemistry
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chewiness, especially in gel-based products expected to hold
their form during handling and consumption.

These results are consistent with prior ndings that certain
plant-based ingredients may modify structural rmness
without signicantly disrupting spring-like behavior.39 The
preservation of springiness supports the notion that SFE can be
incorporated into jelly formulations without negatively
impacting the tactile and functional qualities expected by
consumers.

3.2.3 Cohesiveness. Cohesiveness, dened as the degree to
which a gelled product holds together under repeated stress,
showed comparable initial values across all jelly formulations,
ranging from 0.03 to 0.04 (Table 2). However, during storage,
a marked increase in cohesiveness was observed in formula-
tions with higher concentrations of Sesban ower extract (SFE),
particularly in J5%, with peak values occurring around days 6
and 18 (Fig. 3b). The observed uctuations in cohesiveness
during storage could result from temporary rearrangements in
the gel network as moisture redistributes and bioactive
compounds interact dynamically with carrageenan chains.40

This enhancement may be attributed to interactions between
phenolic compounds in the extract, especially phenolic
compounds and the carrageenan gel network. These
compounds may contribute to additional cross-linking or
reinforce structural integrity within the matrix, potentially
improving its ability to recover from mechanical stress and
resist fragmentation.40

The increased cohesiveness in SFE-enriched formulations
suggests a stabilizing effect of the extract on the internal gel
structure. This is particularly valuable during extended storage,
where maintaining gel uniformity and texture is essential for
consumer satisfaction. These ndings underscore the multi-
functionality of SFE, not only enhancing antioxidant and anti-
microbial properties but also contributing positively to the
mechanical strength and structural resilience of jelly
formulations.

3.2.4 Gumminess and chewiness. Gumminess and chewi-
ness values were signicantly higher (P < 0.05) in the control
jelly compared to the SFE-enriched formulations (Table 2). The
control exhibited a gumminess value of 0.33 ± 0.01, while SFE-
containing formulations ranged from 0.11 ± 0.05 (J3%) to 0.28
± 0.18 (J5%). Similarly, chewiness values declined from 0.12 ±

0.01 in the control to 0.04 ± 0.01 (J3%) and 0.11 ± 0.08 (J5%),
indicating that the addition of SFE resulted in a soer texture
that required less effort to chew.
Table 4 Initial antioxidant properties of different jelly formulations: TPC

Formulation
TPC
(mg GAE per g dw)

TFC
(mg QE per g d

Control 1.22 � 0.42c 0.89 � 0.03c

J1% 2.32 � 0.10c 1.50 � 0.18c

J3% 5.08 � 0.68b 3.21 � 0.38b

J5% 9.63 � 0.29a 5.27 � 0.28a

a Data presented in mean ± SD. Different letters with in column show sig

© 2025 The Author(s). Published by the Royal Society of Chemistry
These reductions align with the observed decrease in rm-
ness and suggest that SFE interferes with gel network develop-
ment, thereby weakening the structural density of the jelly.
During storage, gumminess and chewiness values declined
slightly across all formulations, but SFE-enriched samples
consistently maintained signicantly lower values than the
control (Fig. 3c and d). This trend supports the hypothesis that
bioactive compounds in SFE modulate the gel structure
throughout the storage period.

Similar observations were reported by ref. 41, who found that
incorporating natural plant extracts into pectin-based jellies
reduced gel rigidity and chewiness. The soening effect of SFE
is likely attributed to phenolic and polysaccharide components
that disrupt carrageenan's ability to form a compact gel
network.42 These compounds may reduce cross-linking density,
resulting in a more pliable and less gummy texture.

The observed decrease in rmness and gumminess in jellies
with higher SFE concentrations may correspond with consumer
preferences for soer gel textures, which are oen perceived as
more palatable, especially for specic populations such as
children and the elderly.38,41 However, this study did not include
sensory evaluation to directly conrm consumer preference.
Future work should incorporate sensory testing to validate
whether the modied texture proles of SFE-enriched jellies are
indeed preferred by consumers.
3.3 Total phenolic compound content (TPC)

The initial total phenolic compound content (TPC) of the jelly
formulations varied signicantly (P < 0.05), with the control
sample exhibiting the lowest value (1.22 ± 0.42 mg GAE per g
dw), compared to formulations containing Sesban ower extract
(Table 4). Among the extract-enriched samples, J5% exhibited
the highest TPC (9.63 ± 0.29 mg GAE per g dw), followed by J3%
(5.08 ± 0.68 mg GAE per g dw) and J1% (2.32 ± 0.10 mg GAE
per g dw), conrming a dose-dependent contribution of SFE to
the phenolic enrichment of the jelly.

During refrigerated storage, TPC declined across all formu-
lations (Fig. 4a). The control showed the steepest reduction,
retaining only 0.74 ± 0.21 mg GAE per g dw by day 30. In
contrast, J5% and J3% maintained signicantly higher TPC
levels (6.12 ± 0.45 and 3.85 ± 0.37 mg GAE per g dw, respec-
tively). These results suggest that higher SFE concentrations
mitigate oxidative degradation, likely due to the stabilizing
effects of its polyphenolic constituents.
, TFC, DPPH, and FRAP valuesa

w)
DPPH
(mM Trolox per g dw)

FRAP
(mM Trolox per g dw)

2.48 � 0.95d 1.17 � 0.94b

7.45 � 0.02c 1.61 � 0.08b

11.01 � 0.29b 4.11 � 0.08b

14.04 � 0.20a 8.81 � 1.53a

nicant difference among data (P < 0.05).
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Fig. 4 Changes in antioxidant properties of jelly samples containing SFE during 30 days of storage at 4 °C: (a) total phenolic content (TPC), (b)
total flavonoid content (TFC), (c) DPPH radical scavenging activity, and (d) FRAP reducing power. Values are means ± SD (n = 3). Different letters
indicate significant differences among formulations at each time point (P < 0.05).
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The degradation of phenolics during storage is a well-
established process driven by oxidation and environmental
stressors such as light, oxygen, and pH.43 However, SFE's
phenolic prole potentially rich in avonols and hydroxycin-
namic acids may offer antioxidant synergy that delays this loss.
Phenolics can act both as radical scavengers and as stabilizers
by interacting with gelling agents, forming complexes that resist
oxidative breakdown.44
1874 | Sustainable Food Technol., 2025, 3, 1865–1879
These ndings underscore the functional potential of SFE
not only as a phenolic source but also as a stabilizer in gel-based
products. The results align with previous studies reporting
phenolic retention and antioxidant stability in food systems
enriched with plant extracts like Moringa oleifera and Rosmar-
inus officinalis.8,41
© 2025 The Author(s). Published by the Royal Society of Chemistry
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3.4 Total avonoid content (TFC)

The total avonoid content (TFC) of the jelly formulations
showed signicant differences (P < 0.05) among samples,
reecting the impact of Sesban ower extract (SFE) concentra-
tions (Table 4). The control sample had the lowest initial TFC
(0.89 ± 0.03 mg QE per g dw), while J5% showed the highest
(5.27 ± 0.28 mg QE per g dw), followed by J3% (3.21 ± 0.38 mg
QE per g dw) and J1% (1.50 ± 0.18 mg QE per g dw). This clear
dose-dependent trend demonstrates the contribution of SFE to
increasing avonoid content in the jelly matrix.

Throughout the 30-day storage period, TFC values declined
across all formulations (Fig. 4b), likely due to oxidative degra-
dation, a common fate of avonoids in aqueous and semi-solid
food systems. By day 30, the control retained only 0.51 ±

0.02 mg QE per g dw, whereas J5% and J3% retained signi-
cantly higher levels (3.92± 0.31 and 2.48± 0.25mg QE per g dw,
respectively; P < 0.05). The higher retention rates in SFE
formulations indicate that the extract's antioxidant environ-
ment may offer protection against oxidation, preserving avo-
noid integrity.

Flavonoids are particularly sensitive to environmental
factors such as light, oxygen, and temperature. However, when
co-existing with other phenolic compounds as in SFE, they may
form synergistic antioxidant systems. Such synergy can enhance
radical scavenging efficiency and delay the oxidation cascade, as
previously noted in studies using polyphenol-rich plant
extracts.45,46 Furthermore, avonoid–gel matrix interactions
may stabilize the compounds via hydrophobic binding or
hydrogen bonding, limiting molecular mobility and
degradation.

These ndings underscore the functional potential of SFE
not only as a avonoid source but also as a stabilizing system
that preserves bioactivity during shelf life. They are consistent
with results from other avonoid-enriched gel-based systems,
such as those formulated with hibiscus, dandelion, or rosemary
extracts.8,17
3.5 DPPH radical scavenging activity

The DPPH radical scavenging activity, a widely used indicator of
antioxidant potential, was signicantly enhanced (P < 0.05) in
jelly formulations containing Sesban ower extract (SFE),
compared to the control (Table 4). The control exhibited the
lowest initial activity (2.48 ± 0.95 mM Trolox per g dw), while
J5% exhibited the highest (14.04 ± 0.20 mM Trolox per g dw),
followed by J3% (11.01± 0.29 mMTrolox per g dw) and J1% (7.45
± 0.02 mM Trolox per g dw). These ndings conrm a dose-
dependent enhancement in free radical scavenging capacity
imparted by the SFE.

During 30-day storage, a gradual decline in DPPH activity
was observed across all formulations (Fig. 4c). The control
experienced the steepest reduction, retained only 0.92 ± 0.05
mMTrolox per g dw by day 30. In contrast, J5% and J3% retained
signicantly higher activities (9.26 ± 0.38 and 6.83 ± 0.22 mM
Trolox per g dw, respectively), suggesting better antioxidant
preservation in extract-containing jellies.
© 2025 The Author(s). Published by the Royal Society of Chemistry
This trend correlates with the observed decreases in TPC and
TFC over time, supporting the role of phenolic and avonoid
compounds as key contributors to antioxidant activity in plant-
based foods.47 The superior retention of DPPH activity in J5%
and J3% may result from both the quantity and quality of
phenolics in the extract, which actively neutralize free radicals
and interrupt oxidative chain reactions.45

Additionally, the presence of synergistic bioactive
compounds in SFE may enhance antioxidant effectiveness
through mechanisms including electron donation, hydrogen
transfer, and metal ion chelation, thereby extending the
extract's protective effects during storage.46 Similar observations
have been reported in jelly systems fortied with other
antioxidant-rich extracts such as hibiscus and dandelion,8,17

further validating the multifunctional role of SFE in improving
oxidative stability in gel-based food products.
3.6 Ferric reducing antioxidant power (FRAP)

The ferric reducing antioxidant power (FRAP), which reects the
ability of bioactive compounds to reduce Fe3+ to Fe2+, was
signicantly higher (P < 0.05) in jelly formulations containing
Sesban ower extract (SFE) than the control (Table 4). Among
the treatments, J5% exhibited the highest initial FRAP value
(8.81 ± 1.53 mM Trolox per g dw), followed by J3% (4.11 ± 0.08
mM Trolox per g dw) and J1% (1.61 ± 0.08 mM Trolox per g dw),
while the control had the lowest value (1.17 ± 0.94 mM Trolox
per g dw).

Over 30 days of refrigerated storage, FRAP values declined
across all samples (Fig. 4d). The control exhibited the sharpest
reduction, retaining only 0.45 ± 0.02 mM Trolox per g dw by day
30. In contrast, J5% and J3% retained signicantly higher FRAP
activities (6.02 ± 0.25 and 3.25 ± 0.18 mM Trolox per g dw,
respectively), indicating greater stability of reducing agents in
SFE-enriched samples.

The FRAP assay is primarily inuenced by the presence of
reducing compounds such as phenolic acids, avonoids, and
other polyphenols, which donate electrons to neutralize
oxidizing species.48 The sustained FRAP values in SFE-enriched
jellies suggest that these compounds not only enhance initial
antioxidant capacity but also resist oxidative degradation
during storage. The protective effect is likely reinforced by
synergistic interactions among different polyphenols in the
extract.

Previous studies have demonstrated similar trends, where
the incorporation of phenolic-rich plant extracts improved
reducing power and enhanced antioxidant functionality in gel-
based systems enriched with natural extract such as dandelion,
hibiscus, or rosemary.17,49,50 This is attributed to their dual
action: directly scavenging free radicals and maintaining redox
balance by stabilizing the food matrix.46

In summary, the inclusion of Sesban ower extract at higher
concentrations signicantly boosts and sustains FRAP values
during storage, conrming its role as a potent natural antioxi-
dant. These results further support its application as a func-
tional ingredient for enhancing the oxidative stability,
Sustainable Food Technol., 2025, 3, 1865–1879 | 1875
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nutritional value, and shelf life of jelly and other so-textured
food products.

It is important to note that antioxidant measurements in
jelly matrices can be inuenced by matrix effects, such as
entrapment with the gel network of compounds, water activity
variations, and interactions with hydrocolloids such as carra-
geenan. Both DPPH and FRAP assays were selected because they
are widely validated and commonly applied in semi-solid food
matrices, including gel-based systems.12,50 While DPPH
primarily measures free-radical scavenging ability through
hydrogen atom donation, FRAP quanties reducing power via
electron transfer mechanisms. Together, these assays provide
complementary insights into the antioxidant potential of
complex food matrices like jelly.

However, it should be acknowledged that neither assay fully
replicates in vivo antioxidant behavior, and results can be
inuenced by sample solubility and diffusion limitations
inherent in gel systems. To minimize these limitations, our
study included an extraction step from the jelly matrix prior to
assay performance, following optimized protocols adapted for
gel-based foods.9,10 Despite these precautions, some variability
inherent to gel systems may remain. Future investigations
might benet from applying kinetic modeling approaches, such
as zero-order or rst-order degradation kinetics, to standardize
antioxidant decay rates and enable more robust comparisons of
antioxidant retention over storage. Such models could correct
for matrix effects and enhance the interpretation of antioxidant
stability data in gel-based food products, as suggested by ref. 48
and 49.

In addition, it is important to identify the specic phenolic
compounds might be responsible for the observed antioxidant
and antimicrobial effects of SFE. Although this study focused on
functional properties, our earlier work7 identied iso-
rhamnetin, kaempferol, chalcones, avanones, and caaric
acid as key phenolic constituents in Sesbania javanica ower
extract. These compounds are known for their potent
Table 5 Microbiological quality of jelly formulations during 30 days of c

Formulation
Time
(days)

Total plate count
(CFU g−1)

Control 0 ND
6 ND
12 ND
18 1.53 × 102 � 7.64
24 4.51 × 102 � 18.03
30 NDS

J1% 0 ND
6 ND
12 ND
18 ND
24 1.51 × 102 � 8.66
30 5.53 × 102 � 11.18

J3% 0–30 ND
J5% 0–30 ND

a ND: not detected; NDS: not determined due to visible spoilage and mol
microbiological analysis impractical. No specic microbial threshold was

1876 | Sustainable Food Technol., 2025, 3, 1865–1879
antioxidant activity via mechanisms such as hydrogen atom
donation, radical scavenging, and metal ion chelation.44,46

Moreover, avanones, isorhamnetin, caaric acid, chalcones,
and kaempferol contribute to antimicrobial effects by di-
srupting microbial cell membranes, inhibiting bacterial
enzymes, and interfering with quorum sensing pathways.51,52

Their presence likely underpins both the elevated antioxidant
capacity and the microbiological stability observed in SFE-
enriched jelly formulations. Future studies should aim to
quantify these specic compounds within the jelly matrix to
better correlate individual bioactives with functional outcomes.
3.7 Microbiological quality

3.7.1 Total plate count. The total plate count (TPC)
remained undetectable (ND) in all jelly formulations during the
rst 12 days of storage (Table 5). In the control sample, micro-
bial growth was rst detected on day 18, increasing to 4.51 ×

102± 18.03 CFU g−1 by day 24. At this point, visible spoilage and
mold formation were present, and the sample was no longer
suitable for microbiological analysis on day 30 (recorded as
“NDS”: Not Determined due to Spoilage). In contrast, J1%
exhibited detectable microbial growth only at day 30, reaching
5.53 × 102 ± 11.18 CFU g−1, while both J3% and J5% main-
tained undetectable microbial counts throughout the 30-day
storage period.

These ndings highlight the antimicrobial potential of Ses-
ban ower extract, especially at concentrations of 3% and 5%.
The ability of these formulations to inhibit microbial prolifer-
ation suggests that SFE contains bioactive compounds capable
of extending product shelf life by delaying microbial spoilage.
Flavonoids and phenolic acids, abundant in SFE, are known to
exert antimicrobial effects by disrupting bacterial cell walls,
altering membrane permeability, and inhibiting enzymatic
activities essential for microbial growth.51,53

Notably, in many commercial jelly products, synthetic
preservatives such as potassium sorbate or sodium benzoate are
old storagea

Yeast &
mold (CFU g−1)

Salmonella
spp.

Staphylococcus
aureus

ND ND ND
ND ND ND
ND ND ND
ND ND ND
5.04 × 102 � 14.14 ND ND
NDS NDS NDS
ND ND ND
ND ND ND
ND ND ND
ND ND ND
2.54 × 102 � 11.18 ND ND
6.52 × 102 � 18.03 ND ND
ND ND ND
ND ND ND

d, as evidenced by changes in color, texture, and odor, making further
dened; visible spoilage alone triggered termination of further testing.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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commonly used to inhibit microbial growth at levels up to
1000 ppm, from Codex Alimentarius, 2023.54 Although this
study did not directly compare SFE against specic preserva-
tives, the absence of microbial growth in J3% and J5%
throughout 30 days is comparable to performance reported for
chemically preserved gels. Furthermore, food safety standards
typically allow aerobic plate counts up to 104 CFU g−1 in non-
pathogenic confectionery products.55 The counts observed in
the control and J1% remained well below this threshold, indi-
cating microbiological acceptability, though SFE offers addi-
tional protection by keeping counts undetectable.

Additionally, phenolic compounds may chelate essential
minerals or disrupt microbial quorum sensing pathways,
further reducing microbial colonization and growth. The dose-
dependent inhibition observed here supports prior ndings on
the antimicrobial efficacy of phenolic-rich plant extracts in
perishable food systems. Overall, the results suggest that
incorporating SFE at sufficient concentrations may eliminate
the need for synthetic preservatives while maintaining micro-
biological safety.

3.7.2 Yeast and mold count. Yeast and mold were unde-
tectable in all jelly formulations up to day 18 of storage. By day
24, the control sample exhibited a yeast and mold count of 5.04
× 102 ± 14.14 CFU g−1, indicating early fungal contamination.
In J1%, fungal growth was rst detected at day 30, reaching 6.52
× 102 ± 18.03 CFU g−1. In contrast, both J3% and J5% showed
no detectable fungal growth throughout the entire 30-day
storage period, indicating strong resistance to spoilage.

The absence of yeast and mold in the higher extract
concentrations (J3% and J5%) suggests that Sesban ower
extract exerts effective antifungal activity when incorporated
above a certain threshold. Phenolic compounds and avonoids
in the extract are known to suppress fungal proliferation by
disrupting spore germination, increasing membrane perme-
ability, and interfering with key metabolic and enzymatic
pathways.56 For context, regulatory standards typically regard
yeast and mold counts below 103 CFU g−1 as acceptable in
confectionery products (FDA, 2022). The observed counts
remained well below this limit, and the complete inhibition in
J3% and J5% formulations demonstrate SFE's potential to
match or exceed the efficacy of synthetic antifungal agents like
sorbates and benzoates.

These results support the hypothesis that SFE can serve as
a natural antifungal preservative in gel-based food products,
particularly at 3% and 5% concentrations. The dose-dependent
inhibition observed aligns with previous reports on the anti-
fungal potential of phenolic-rich plant extracts in controlling
mold growth in minimally processed foods. Therefore, the
inclusion of SFE not only improves antioxidant performance
but also provides microbiological protection, offering a clean-
label strategy for extending shelf life.

3.7.3 Salmonella spp. and Staphylococcus aureus. Salmo-
nella spp. and Staphylococcus aureus were not detected (ND) in
any of the jelly formulations, including the control, throughout
the 30-day storage period. This consistent absence indicates
that the formulation process, hygienic handling, and storage
conditions were effective in minimizing contamination by these
© 2025 The Author(s). Published by the Royal Society of Chemistry
common foodborne pathogens. It also affirms the safety of the
jelly product under refrigerated storage conditions.

Notably, the inclusion of Sesban ower extract in the
formulations may have contributed additional antibacterial
protection. Phenolic compounds, which are abundant in SFE,
have been reported to exhibit strong antibacterial effects by
compromising bacterial membrane integrity, inhibiting nucleic
acid synthesis, and disrupting enzymatic systems essential for
microbial survival.52 Although not directly benchmarked
against synthetic antimicrobials, the absence of pathogens in
all SFE-containing formulations suggests comparable efficacy in
preventing foodborne hazards.

Overall, the microbiological analysis conrms that SFE,
particularly at higher concentrations, not only delays spoilage
organisms like total plate count and fungi but may also
contribute to a hostile environment for pathogenic bacteria.
Similar microbial inhibitory effects have been reported in jellies
containing rosemary and oregano extracts, though our results
indicate that SFE at 3% and 5% achieved complete microbial
inhibition over 30 days, which compares favorably to those
systems.52 These results highlight the potential of Sesban ower
extract as a natural antimicrobial agent for enhancing food
safety and extending shelf life without reliance on synthetic
preservatives.
4 Conclusions

This study demonstrates the potential of Sesbania javanica
(Sesban ower) extract (SFE) as a sustainable and multifunc-
tional ingredient for enhancing the quality, antioxidant
capacity, and microbial safety of jelly formulations. The incor-
poration of SFE, particularly at 3% and 5% concentrations, not
only improved shelf life and product stability but also provided
a natural alternative to synthetic preservatives, aligning with
consumer demand for clean-label and eco-friendly food prod-
ucts. Moreover, utilizing SFE leverages a locally available,
underutilized botanical resource, contributing to biodiversity
valorization and sustainable food innovation.

However, several limitations remain. This study was con-
ducted at laboratory scale, and scalability for industrial
production has not yet to be evaluated. Consumer acceptability
and sensory evaluation were not performed, leaving the effects
of SFE on taste, color perception, and overall consumer pref-
erence unveried. Additionally, the stability of bioactive
compounds under commercial processing and storage condi-
tions warrants further investigation.

Future research should focus on evaluating sensory proper-
ties and consumer acceptance of SFE-enriched jellies, assessing
the scalability and cost-effectiveness of SFE production, char-
acterizing the specic bioactive compounds responsible for
antioxidant and antimicrobial effects, and testing the stability
and efficacy of SFE under industrial manufacturing and storage
conditions. These investigations will help facilitate the broader
application of SFE as a natural functional ingredient,
promoting innovation, clean label formulation, and sustain-
ability in the food industry.
Sustainable Food Technol., 2025, 3, 1865–1879 | 1877
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