SCARPATHIAN JOURNAL OF FOOD SCIENCE AND TECHNOLOGY

journal homepage: http://chimie-biologie.ubm.ro/carpathian_journal/index.html

DEVELOPMENT AND EVALUATION OF FREE SUGAR JELLY MADE WITH

LEAFY VEGETABLES AS A FUNCTIONAL FOOD

Sara Adel Amer'=Jand Hanaa Sayed Mohamed Abd EI-Rahman?

Agricultural Research Centre (ARC), Food Technology Research Institute (FTRI), Egypt

>4 dsaramer55@yahoo.com.

https://doi.org/10.34302/crpjfst/2023.15.3.3

Avrticle history:
Received: 15 July 2023
Accepted: 17 September 2023

Keywords:

Jelly;

Swiss chard;
Celery; Leek;
Functional foods;
Agar.

ABSTRACT

Commercial jellies are infamous for their excessive sugar content and for
offering no nutritional or functional benefits. Hence, this research is
intended to produce sugar-free, healthy jellies utilizing leafy vegetables,
including leek, Swiss chard, and celery juice. The findings demonstrated that
these products were softer, less gummy, easier to chew, and had nearly the
same range of springiness and cohesiveness compared with commercial
ones. Also, they have an appealing green hue. Besides, these products are
rich sources for manganese, magnesium, iron, zinc, potassium, and calcium,
providing an average of 110, 72, 52, 30, 25, and 22.9% of the daily values
(DV), respectively. They are also considered a moderate source of vitamins
A, C, and B6, giving an average of 16.7, 10.36, and 8.8% DV. Moreover,
they could cover up to 55% of the daily value required from dietary fibers.
Conversely, they have a lower percentage of carbohydrates, energy density,
and glycemic index than the commercial equivalent. Additionally, they
showed a high amount of flavonoids (100-348 mg QE/100 g), total phenolic
components (318-824 mg GAE/100 g), and significant antioxidant activity
(112.91-255.43 mg TE/100 g). Therefore, these novel varieties of jellies
provide a nutritious and multifunctional source to satisfy consumers' desire
for value-added products.

1. Introduction

Malnutrition and weight growth are
significant indicators of health issues in low- and
middle-income countries, as highlighted by the
World Health Organization (WHO, 2020). The
influence of television commercials promoting
unhealthy diets has made children more prone to
making poor dietary choices. This, in turn, has
led to an increase in obesity among children,
which is associated with abnormal lipid profiles,
poor glucose metabolism, and a higher risk of
diabetes (Ibrahim et al., 2020). It is estimated
that 300 million people will develop diabetes
mellitus by 2025 (Animaw and Seyoum, 2017).

Jams and jellies are products containing
sugar, sucrose syrup, or glucose with gelling
agents, acids, aromas, and food colorants (Cano-
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Lamadrid et al., 2020). A high sugar content is a
major health concern. Researchers are working
on finding natural sugar substitutes that deliver
sweetness without harmful effects. Stevia
extract, a natural low calorie alternative from the
Stevia rebaudiana plant, has been studied for its
potential to help individuals with diabetes and
obesity by positively regulating blood glucose
levels (Gao et al.,, 2016). Using stevia as a
substitute for sucrose in food products not only
reduces the calorie content but also provides
sweetness without the negative health effects of
sugar, making it a suitable option for individuals
looking to reduce their sugar intake. Moreover,
the stable nature of stevia allows for a longer
shelf life of the final product (Schiatti-Siso et al.,
2023).
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Recent attempts have been made to make
reduced or free sugar jelly, but in most cases, the
texture of jelly made with gelatin or pectin was
negatively affected (Riedel et al., 2015; Ben
Rejeb et al., 2020). Agar agar, extracted from
red algae, is a high-performance gelling agent.
Its ability to produce clear, colorless, odorless,
and natural gels without the support of other
colloids has been exploited by the food industry
as a stabilizer and gelling agent, as well as in the
manufacturing of confectionery (Stephen and
Phillips, 2006).

The growing public interest in healthy foods
has led to the promotion of leafy vegetables,
which offer essential nutrients like minerals,
vitamins, dietary fibers, and phytochemicals.
These vegetables can restore balance in diets,
address malnutrition and chronic issues, and
contribute to overall health (Ashok et al., 2020).

Among known leafy vegetables is the
Chenopodiaceae plant family member Swiss
chard (Beta vulgaris subsp. Cycla). Which is
considered a rich source of vitamins like A and
C as well as minerals like phosphorus (Gamba et
al., 2020). Additionally, it is used as an anti-
inflammatory, anti-cancer, hypoglycemic, and
hematopoietic system stimulant (Geziginci-
Oktayoglu et al., 2014; Zein et al., 2015).

Another valuable plant is celery (Apium
graveolens), a biennial plant commonly referred
to as karafs. It belongs to the Apiaceae family.
Celery possesses antifungal, antihypertensive,
hypolipidemic, hepatoprotective, and anticancer
effects (Fazal and Singla, 2012). On the other
hand, the leek (Allium porrum L.) displays a
pronounced antioxidant and free radical
scavenging activity owing to the presence of
phenolic acids and flavonoids, especially
rosmarinic acid and quercetin. The ethanolic
extracts of Allium porrum L. showed favorable
antimicrobial and anticancer activity when
applied in vitro (Radovanovi et al., 2015).

Leafy vegetables are often sold in fresh
form, and their products are rarely found in the
market. This scarcity may be due to various
reasons, such as their perishable nature, limited
availability, and shelf life. Hence, this research
investigates the possibility of utilizing leafy
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vegetables to create a sugar-free jelly product
that will not only address the scarcity of such
products in the market but also cater to the
increasing demand for a healthier and more
sustainable alternative to traditional jellies. The
use of Agar-agar as a gelling agent and stevia for
sweetness would make this jelly suitable for
those with dietary restrictions or concerns about
sugar intake. By studying the sensory,
physicochemical, nutritional, and functional
properties of these products, valuable insights
can be gained to ensure their quality and appeal
to consumers.

2. Materials and methods

2.1. Materials
The ingredients utilized were agar-agar
powder (agar-agar food-grade  powder,

Foodchem, China) and Stevia powder (Mozn,
Germany). Celery (Apium graveolens), leeks
(Allium porrum L.), Swiss chard (Beta vulgaris
subsp. Cycla) and peppermint (Mentha piperita
L.) were purchased from the Egyptian market.
All used vegetables were authenticated through
the “Vegetable Crop Department, Faculty of
Agriculture, Cairo University, Egypt”.

2.2. Preliminary formulation

Preliminary palatability tests were carried
out to assess the potential of conjugation to
improve the ratio of agar and the optimal flavor
ratio. This combination comprises stevia (30,
60, and 90 mg/100 mL), lemon juice (1, 3, 5
mL/100 mL), and mint water extract (1, 2, 3
mL/100 mL) (results not disclosed). To
accomplish the sensory attribute, the study used
an acceptable blend of these additives combined
with a variety of vegetable juices (10, 20, and
30%).

2.3. Development of vegetable jellies

For the production of vegetable juice, 500 g
of each variety of vegetable plant (leaves and
stem) was washed, sliced, and blended for 10
minutes in a typical home blender with 200 mL
of distilled water. A muslin cloth filter was used
to remove the final juice. At the same time, mint
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leaves were extracted at 10% in boiling water for
20 minutes and filtered.

Agar with a percent of 2% was prepared to
be double concentrated as follows: the needed
weight of the agar is dissolved in half of the
required distilled water on a magnetic stirrer (60
°C) till completely dissolved. The vials of jelly
were prepared to contain the same volumes (50
mL) of agar solutions. Then, different
concentrations of vegetable juice (0 as a control,
10, 20, and 30% mL/mL) with a 0.06 % stevia
addition were achieved. At this point, mint
extract was added at 2% mL/mL.

The volume of each type was diluted to 97
mL with water. After being pasteurized at 100°C
for 1 minute, the jelly was quickly cooled to
40°C. 3% vl/v of freshly prepared lemon juice
was added at this point. Finally, the silicone
molds were filled with jelly.

Table 1. Formulation of vegetable jell

Percent of

formulation | Control T1 T2 T3
(%)

Agar 2 2 2 2
powder

Vegetable 0 10 | 20 | 30
leaves juice

Stevia 006 | 0.06 | 0.06 | 0.06
powder

Lemon 3 3 3 3
juice

Mint 5 2 5 5
extract

Water 9294 | 829472946294
After being completely solidified and

refrigerated at 4°C for 30 minutes, the jelly
beans were inverted and packaged in a plastic
container. These jelly beans were examined for
sensory and physical properties (Table 1, Figure
1). Other vials were created in jars that had been
sanitized with hot water, cooled, and then had
metal covers placed over them. For shelf life
testing, these vials were kept in the refrigerator
at4 °C.
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Figure 1. A Flowchart for the production of
vegetable Jelly

2.4. Organoleptic evaluation of vegetable jelly

An organoleptic evaluation of nine varieties
of vegetable jelly along with a control (free of
vegetable juice) and a commercial jelly item was
conducted. Each of the three treatment types on
the panel had three different concentrations of
vegetable juice. A panel of semi-trained judges
performed the evaluation (including members of
the Food Research Technology Institute, Egypt;
30 females and 20 males, n = 50; age: 25-60
years). The nine-point hedonic scale was used
for character traits (Lawless and Heymann,
2010). All panel members were informed of the
product constituents, and none of them reported
any food allergies. And the sensory assessment
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was carried out following Regulation No.
1924/2006.

2.5. Physicochemical analysis
2.5.1. Color analysis

A homogenous sample was obtained by
blending each jelly sample. Each sample
received five measurements from the
chromameter (CR-400, Konica Minolta)
(Pathare et al., 2012). In the color system, the L-
value denotes the degree of lightness, with O
denoting complete darkness and 100 denoting
complete lightness. The a and b values,
meanwhile, measured the intensity of green
versus red and yellow versus blue in the range of
0 to 100 and -100 to O, respectively.
Additionally, samples were examined using
their chroma values (C* = (a*2+b*?)¥2), which
represent the intensity or color saturation, and
hue angle, h (0-360°), calculated using tan!
b */a*, and colour difference represent by delta
E (AE) estimated using the formula:

AFg = /(L5 — L) + (a5 — af)* + (0§ — b3)?

1)
2.5.2 Analyses of Texture Profiles (TPA).

A TPA analysis of the jelly's consistency
was performed after 24 hours of its production.
The test was done at room temperature using a
half-inch diameter acrylic cylinder probe and a
TA.XT2 texture analyzer (Stable Micro System
Ltd., Scarsdale, NY). Parameters were
established as follows: a data acquisition rate of
200 pp, a trigger force of 5.0 g, a distance of 4.0
mm, a test speed of 1.0 mm/s, and a post-test
speed of 1.0 mm/s. Using Texture Expert
Version 1.22 Software (Stable Micro System
Ltd., Scarsdale, NY), the data were examined to
determine the jelly's firmness, cohesion, and
springiness following the method of Bourne
(1978).

The following formulas were used to
determine other parameters:

A product's springiness refers to how much
it physically recovers after being distorted
during the initial pressure and may wait between
the two strokes.
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Springiness = Distance 2 traveled by the
probe during the second compression cycle /
Distance 2 traveled by the probe through the first
compression cycle (Distance 1).

Gumminess is equal to the sum of hardness
and cohesiveness. Whereas chewiness is the
result of the sum of gumminess and springiness.
Resilience is equal to the product of the upstroke
energy (Area 4) and the downstroke energy of
the initial compression (Area 3). For each item,
this test was carried out in triplicate.

2.5.3. Soluble Solids Content (TSS)

The concentration of TSS in the jelly was
determined using a tabletop Reichert-Jung
ABBE MARK Il refractometer (Cambridge
Instruments, Buffalo, NY). About 1-2 droplets
of chilled jelly were put into the instrument
prism (Pilgrim et al. 1991). The shaded area was
changed to represent the proportion of soluble
solid material before the digital reading was
obtained.

2.5.4. Water activity (WA)

WA readings were taken using an Aqua
Laboratory (AQUALAB 4TE, Pullman, USA).
Before being placed in the measurement
chamber, jelly was partially poured into the
sample plastic cups. At room temperature, WA
values were immediately recorded from the
digital display.

2.5.5. Syneresis

At room temperature, the jelly samples'
syneresis was assessed after the end of their
storage time (60 days). By turning the jelly jars
upside down and letting the separated liquid
drop into a 10-mL graduated cylinder, the
amount of the separated liquid from the jelly was
calculated (Khouryieh et al., 2005). The
following equation was used to determine the
syneresis percentage:

% Syneresis = Total weight of separated liquid
(g)/ Total weight of the jelly sample (g) X 100

)

2.5.6. pH-measurements
For evaluating acidity, a pH meter (Fisher
Scientific in Pittsburgh, PA) was used. After
blending 1 g of each product in 10 ml of
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distilled water, the pH level was monitored at
ambient temperature.

2.6. The nutritional composition of vegetable
jelly

2.6.1. The proximate composition analysis,
energy content, and glycemic indicator.

Dry ashing, gravimetric, oven drying,
soxhlet procedures, and The Kjeldahls (AOAC,
2000) were used to assess the composition of
jelly products, including their, ash content, crude
fibers, moisture content, fat content, and protein
content after multiplying with 6.38. The
difference calculation method was used to
calculate the carbohydrates.

Each type of gummy jelly's energy output
(kilocalories) was estimated by combining the
contents of protein, carbohydrate, and fat after
multiplying them by the relevant Atwater factors
of 4, 4, and 9. The energy value was also
multiplied by 4.184 to get the result in
kilojoules.  Additionally, the calculation
methods recommended by Dodd et al. (2011)
were used to construct the glycemic index of the
meal.

Gl (product) = {(GI componentaX CHO component
a) + (G' component bX CHO component b)+.....}/CHO
Product

©)

Whereas Gl componenta IS the glycemic index
of each component in the product, CHO component
als the available gram carbohydrate content
contributed by the component a in the product,
and CHO proquctis the total carbohydrates in
grams of the product.

2.6.2. Estimation of minerals

The mineral quantification in jelly products
was assessed using the atomic absorption
spectroscopy method (AAS, Varian model) for
both trace minerals (manganese (Mn), Zinc
(Zn), iron (Fe), and copper (Cu)) and macro-
minerals (calcium (Ca), magnesium (Mg),
potassium (K), and sodium (Na)).

2.6.3. Chromatographic determination of
vitamins

Standard vitamins, including water-soluble
ones (ascorbic  acid-C, pyridoxine-B6,
pantothenic acid-B5, nicotinamide-B3) and fat-
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soluble ones (vitamin A), were acquired from
Sigma-Aldrich. The vitamins B3, B5, and B6
were extracted from samples according to
Antakli et al. (2015). The HPLC 1200 series
(Agilent Technologies, Germany) equipped
with an autosampler, quaternary pump degasser,
and column compartment C18 BDS (100 x 4.6
mm; 3 um), a flow rate of 1.6 mL/min, a column
temperature of 40°C, and the appropriate
detection wavelength recorded at 270 nm at
room temperature were used. The mobile
phase's components were solvents (A): 5.84 mM
of hexane-1-sulfonic acid sodium: acetonitrile
(95:5,v/v) with 0.1% triethylamine at pH 2.5,
and solvent (B): 5.84 mM of hexane-1-sulfonic
acid sodium: acetonitrile (50:50, v/v) with 0.1%
triethylamine at pH 2.5.

Whereas, a mobile phase (A/B 33/67;
solvent A: 0.1 M potassium acetate, pH = 4.9;
solvent B: acetonitrile: water [50: 50]) and a
flow rate of 1 mL/min with a UV absorption of
254 nm at an ambient temperature were applied
to measure vitamin C (Romeu-Nadal et al.,
2006).

The saponification technique outlined by
Dennison and Kirk (1977) was applied to
calculate the vitamin A levels. A cooled
autosampler at 4°C and a heated column
compartment at 30 °C are used in the delivery
system, and a 330 nm variable wavelength
detector was used. Water and methanol (5:95)
flowing at a rate of 1 mL/min were used in the
mobile phase. All vitamins were identified by
comparing retention times to real standards.

2.7. Functional properties
2.7.1. Extraction of active compounds
Following the methodology of Cano-
Lamadrid et al. (2020), phytochemical
components were extracted from the jelly
products. This method was used to prepare
methanol extract: 1 gram of each jelly product
was combined with 10 mL of an 80:20 mixture
of MeOH and water, homogenized with 1%
HCI, and then kept at 4°C for 24 hours (TSD-J
0.7 L, 50 W, 40 kHz) before being centrifuged
at 15,000 g for 10 minutes (Sigma 3-18 K,
Osterode and Harz, Germany). The recoverable
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supernatants were collected and stored at -20 °C
in the dark pending analysis.
2.6.2. Total polyphenols content (TPC)

Using the technique developed by Singleton
etal. (1999), the TPC in the previously collected
supernatant was estimated. In a nutshell, 1.5 mL
of distilled water, 0.1 mL of the Folin-Ciocalteu
phenol reagent (1:1), and 0.1 mL of the sample
or the standard dilutions (100-500 pg/mL) were
combined. This was vortexed with 0.3 mL of a
20% Na2COa3 solution after homogenization for
5 minutes. After that, it was maintained at
ambient temperature for 60 minutes without
exposure to light. Finally, all solutions were
measured at 740 nm in comparison to an
acidified methanol blank using a Spectro 23
digital spectrophotometer (Labomed, Inc., Los
Angeles, California, USA). The experiment was
conducted three times. The findings were
represented as mg gallic acid equivalents (GAE)
per 100 g of dry weight, employing a standard
curve of 25-2500 mg/L.

2.6.3. Total flavonoids content (TFC)

TFC was calculated using the colorimetric
technique developed by Zhishen et al. (1999). 4
mL of dist. water was mixed with 1 mL of
extract solution and dilutions of a standard
solution (10-100 g/mL). The latter mixture was
treated with 0.3 mL of 5% NaNO2. 0.3 mL of
10% AICIs was added after 5 minutes. 2 mL of
1 M NaOH were further added after 6 minutes.
Finally, dist. H20 was then added to bring the
total amount to 10 mL, and it was thoroughly
mixed. At 510 nm, the absorbance of solutions
was measured in comparison to a freshly
prepared blank. Milligrams of quercetin
equivalent per gram of dry matter (mg QE/Q)
were used to represent the TFC. Results were
shown as the average of three replicates.

2.6.4. Antioxidant activity (AOX):

Vegetable jelly's antiradical activity was
assessed using the technique outlined by
Sanchez-Moreno et al. (1998). Thus, 3.9 mL of
DPPH (1,1-diphenyl-2-picryl hydrazyl, 0.025/L
methanol) was mixed with 0.1 mL of each
extracted sample. Using a Vis
spectrophotometer, absorbance was measured at
515 nm against a blank after stirring and storing
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in a dark place for 15 minutes. The percentage
of inhibition for each sample served as a
measure of the scavenging activity. Trolox, with
a concentration range of 0.50 to 5.0 mM, was
used as the standard. Calibration curves were
used for the quantification of the antiradical
activity, showing good linearity (R2 > 0.998).
The findings were presented in milligrams of
Trolox equivalents (TE) per 100 g of gummy
jelly (mg TE/100 g). The test was performed in
triplicate.
2.6.4. Chromatographic analysis of
generated jelly's phenolic components
All standards have been acquired from
Sigma-Aldrich (USA). The extract of the
samples was first prepared for determining the
phenolic compound profile of jelly via
chromatography (Devi Ramaiya et al., 2013). 20
mL of 70% (v/v) HPLC-grade methanol was
used to homogenize 2.5 g of the sample before
it was maintained at room temperature in an
ultrasonic bath for an hour to facilitate
extraction. Each extract was centrifuged at 8.832
x g for 15 minutes at 4 °C and filtered through
filter paper. Gradient elution with a mobile
phase of a solvent A (2% acetic acid) and solvent
B (0.5% acetic acid: acetonitrile (1:1)) was used
to estimate phenolic chemicals. For flavonoids,
a mobile phase of solvent A (2% acetic acid) and
solvent B (methanol) was utilized to carry out
gradient elution. The injection volume was 20 L,
and the flow rate was 1 mL/min. At nm 220-365,
UV absorption was measured. Phenolic
compounds were identified and quantified by
comparing them to a standard sample in terms of
retention duration and peak area. The results
were expressed as mg/100 g of vegetable jelly.

the

2.7. Microbiological analysis

The quality of the jelly products was
assessed microbiologically along with free mint
extract control on days 1, 15, 30, and 60. In 90
mL of peptone water, 10 grams of each jelly
were diluted and homogenized using
Stomacher® bags (Fisher Scientific, Pittsburgh,
PA). For each sample, six further dilutions were
made. Testing for total aerobic mesophilic
bacteria (TBC) on aerobic count plates (3M
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Petrifilm TM, 3M Microbiology Products, St.
Paul, MN) was done after incubation at 35 °C
for 48 hours. On days 3 and 5, the yeast and
mold (Y&M) were counted using Y&M count
plates (3M Petrifilm TM, 3M Microbiology
Products, St. Paul, MN) after being kept at room
temperature. Log CFU/g was used to express the
counts (Salfinger and Tortorello, 2015).

2.8. Statistical analyses

The associated results were statistically
assessed using SAS, the Statistical Analysis
System (2017). Duncan's multiple range
analysis was used to establish the significance of

the discrepancy at p < 0.05. Different series of
superscripts show the difference in significance
(e.g., a, ab, b, etc.). Whereas the Pearson
correlation coefficient was used to find the
correlation between some variables.

3. Results and discussions
3.1. Nutritional composition of raw materials
Many individuals are interested in green,
leafy vegetables because of their various health
advantages. Nonetheless, children rarely eat
vegetables, especially leafy ones. In the current
study, the nutritional content of these vegetables
was first investigated (Table 2).

Table 2. Proximate analysis of vegetable plants used through study.

Parameters

(%) Chard juice |Celery juice| Leek juice [Mint extract
Moisture | 91.45+0.48° | 93.51+0.59? [89.58+1.52°] 93.53+0.572
Fat 0.08+0.044¢ 1 0.18+0.00d" | 0.24+0.00° | 0.5540.232
Protein 1.74+0.07% | 0.69+0.01° [1.08++0.06°] 2.01+0.31?
Carbohydrate| 4.51+0.47° | 4.83+0.43° | 8.05+0.23?| 8.03+0.542
Ash 2.22+0.072 | 0.79+0.03¢ |1.25+0.12"| 1.9140.172
Fibre 2.7+0.05% | 1.62+0.16° | 1.8+0.03" | 1.55+0.07°

Each value in the table was obtained by calculating the average of three experiments, and the data are presented as mean + Standard error
of the mean within the same row. Statistical significance was accepted at the p < 0.05 level. The superscript letters a, b, etc. denote the
significance of one parameter between different vegetable types in the same raw.

Based on the proximate composition, chard
substantially (p<0.05) had the highest protein,
ash, and fiber levels and the lowest carbohydrate
levels when compared to celery and leeks, which
are within the range described by other authors
(Gamba et al., 2020). The moisture content was
the highest in celery juice (93.51%). In contrast,
leek juice has the most carbohydrates (8.05
+ 0.04%), which is within the range reported by
the USDA (2010) and higher than the 4.5%
designated by Pak et al. (2014) (Table 2). These
vegetables are recognized to be high in minerals
and vitamins, as well as having a high
antioxidant capacity (Fazal and Singla, 2012;
Radovanovi et al., 2015; Gamba et al., 2020).
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3.2. Sensory evaluation of vegetable jellies

The sensory investigation aimed to select
suitable vegetable concentrations for jelly
products with a suitable flavor. According to the
primary investigation, the best flavors were
stevia (0.06 g/100 mL), mint extract (2%), and
lemon juice (3%). Stevia powder was carefully
selected to prevent a bitter taste by adjusting the
amount of stevia powder and lemon juice.
Consequently, it was used in conjunction with
all treatments. Afterwards, three concentrations
of vegetable juice were made into jelly to
accomplish the sensory attributes. The samples
were compared to both an agar jelly sample
without vegetable juice (the control) and a
commercial sugar-added product.
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Table 3. Sensory characteristics of three preparations of sugar-free vegetable jelly

Sample Conc. Color Appearance | Odour Texture Taste Overa!l_
(%) acceptability

Cor?gﬁlm'a' - | 8812013~ | 883t012% | 801+0.18° | 8.9+0.36~ | 85:034% | 8.18+0.358

Control 0 6.72+0.18P 6.18+0.35F | 8.31+0.36* | 8.71%0.36" | 6.09+0.34° 6.18+0.35°

10 | 8.5+0.308¢ 8.27+0.35% | 8.09+0.34% | 8.61+0.3182 | 7.73£0.458¢ |  8.12+0.368"

Chard jelly 20 | 8.73t0.28%2 | 8.50£0.29% | 8.36+0.34% | 8.55+0.3282 | 8.23+0.36"2 |  8.45+0.34%

30 | 867+0.33% | 8.55+0.28% | 8.18+0.448" | 8.27+0.46°0 | 8.00+0.4282 |  7.91+0.395¢

10 | 7.2+0.28% 8.64+0.24%2 | 8.18+0.318" | 8.45+.31282 | 8.32+0.29%2 |  8.09+0.31B"

Celery jelly 20 | 8.22#0.24% | 8.73x.24%2 | 8.40+0.34% | 8.45+0.258 | 8.45+0.34% |  8.27+0.33%

30 | 8.32+371% | 8.14+0.38% | 8.44+0.35% | 8.09+0.39%" | 7.86+0.3852 |  7.95+0.47BP

10 | 8.1920.32¢ | 7.7740.295> | 7.59+0.33%" | 8.49+0.3282 | 7.45+0.43% |  7.73+0.31¢

Leek jelly 20 | 8.36+.39% 8.50£0.31% | 7.95+0.30% | 8.36+0.39%® | 8.00+0.3382 |  8.09+0.3752

30 [8.4120.31% | 7.55+0.343F | 7.18+0.40°¢ | 8.21%0.39% | 7.41+0.43% |  7.55:0.34C2

Control: jelly free of vegetable juice. Values are expressed as means + standard deviations (A, B, C, etc.) donated
the significant difference (p<0.05) between all treatments in the same column for one parameter, (a,b,c, etc.)
donated the significant difference (p < 0.05) between different concentrations in the same treatment under the
same parameter. Means sharing similar letters within a column are statistically nonsignificant (p > 0.05). Hedonic
scale: 1, dislike extremely; 5, neither like nor dislike; 9, like extremely.

The sensory acceptability test revealed that
90% of panelists found green vegetable jellies
suitable, moderately sweet, mildly sour, and
fresh mint-flavored. They reported that the
combination of lemon and mint gives the jelly a
refreshing and zesty twist, balancing out the
flavors of the vegetables. The findings showed
that celery had the highest flavor rating, while
chard jelly had the best color among other
treatments (Table 3). The texture was acceptable
for the three products as compared to the
commercial product, but as the percentage of
vegetable juice increased, it became less hard.
The bright green color was appreciated as a
healthy indication.

Figure 2. Vegetable jelly made from 20% of chard
(a), celery (b), and leek (c) juice.
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The optimal treatment was the 20%
vegetable content (Figure 2), which scored
higher in color, appearance, texture, flavor,
taste, and overall acceptability.

3.3.Physicochemical properties of vegetable
jelly
3.3.1. Texture profiles of vegetable jellies
Texture is a crucial factor in jelly production,
and all produced jellies have acceptable
firmness, hardness, and flexibility (Table 4).
Nevertheless, commercial gelatine jelly
registered the highest hardness, gumminess, and
chewiness values with the lowest resilience.
Increasing vegetable juice results in a less hard
product, possibly due to limited free water
availability (Kronberga et al., 2011). On the
other hand, leafy vegetables also have soluble
fibers that form a jell, boosting water retention
and resulting in a stable, hard product (Chawla
& Patil, 2010). Jelly with 20% vegetable juice
seems to have a balanced state of stiffness. The
present hardness measurements for vegetable
jelly were closely in the range stated for orange
jelly (4.77 N) (Teixeira-Lemos et al., 2021).
Still, increasing vegetable juice lowers



Amer and EI-Rahman / Carpathian Journal of Food Science and Technology, 2023, 15(3), 26-46

adhesiveness, gumminess, and chewiness while
increasing resilience and cohesion values.

Table 4. Texture profile analysis of vegetable jelly

Types of jelly |Conc. Hazﬂ?ess Adh??rl]\};eness Spr(lnr:gr;rl]r)less Gum(m)mess Che(zvmvggless Resilience%o | Cohesiveness
Commercial jelly 12.01+0.283] 0.21+0.05° | 0.93+0.01° | 11.5+0.5142] 8.5+0.252 | 0.09+0.04”¢ | 0.87+0.0242
Control 0 | 7.74+0.23°| 0.33+0.03% | 0.92+0.044% ] 6.88+0.11°] 5.26+0.14 | 0.11+0.01%¢ | 0.89+0.012
10% [6.01+0.08~°| 0.6+0.022 | 0.95+0.0242 ] 4.57+0.01¢| 4.26+0.017° | 0.32+0.28°¢ | 0.75+0.065¢

Chard Jelly 20% |5.28+0.0689] 0.5+0.03%° | 0.93+0.01B" ] 4.14+0.05°] 3.80+0.288¢ | 0.37+0.288¢ | 0.78+0.038¢
30% | 3.79+0.02°F]  0.1+0.0%¢ | 0.92+0.00°" | 3.24+0.04°¢] 2.99+0.04% | 0.51+0.02°% | 0.86+0.02~°

10% [4.49+0.03%¢| 0.4+0.02”° | 0.93+0.03%° ] 3.99+0.047¢] 3.78+0.08" ] 0.44+0.01°" | 0.88+0.044

Celery Jelly 20% | 3.85+0.0587| 0.2+0.05% | 0.90+0.028¢ ] 3.38+0.035¢| 3.04+0.05%° | 0.49+0.085%° | 0.89+0.0142
30% ]2.58+0.03%9] 0.1+0.00% | 0.89+0.025¢ | 2.27+0.05%¢|2.036+0.08°7]0.54+0.018"%] 0.89+0.0242

10% [5.41+0.08A9 0.6+0.032 | 0.95+0.01%2 ] 4.28+0.08”°] 3.97+0.03*° | 0.39+0.025° | 0.78+0.025¢

Leek jelly 20% [4.79+0.035¢] 0.5+0.014° | 0.92+0.01BP | 4.07+0.06%¢ | 3.74+0.038¢ | 0.41+0.025° | 0.85+0.03A°
30% |4.14+0.028f] 0.1+0.028¢ | 0.92+0.02B0 | 3.52+0.088¢| 3.23+0.02¢¢ | 0.45+0.024° | 0.85+0.02Ab

Control: jelly free of vegetable juice; Values are expressed as means+ standard deviations, (a,b,c etc.) for the significance
difference (P 0.05) between all treatments in the same column for one parameter. (A, B, C, etc.) refers to the significant
difference (P < 0.05) between different concentrations in the same treatment under the same parameter. Means sharing similar

letters within a column are statistically nonsignificant (p > 0.05).

Consumer acceptance is influenced by
cohesiveness, whose low value indicates ease of
chewing and swallowing (Kawano et al., 2017).
Although jelly candies have slightly different
hardness values compared to commercial
products, they still have nearly similar
cohesiveness values and are still in the range of
0.54 to 0.82 described for jelly candies (Mutlu et
al., 2018). Elasticity measures the speed at
which a deformed sample returns to its original
shape (Hamedi et al., 2018). As the product
becomes harder, its elasticity decreases,
resulting in lower spring values. Because the
agar percentage is the same, the elasticity also
remains consistent across products and was
within the 0.90-1.50 range described for jelly
candies (Khouryieh et al., 2005). Another
elasticity parameter is resilience, which is the
ability of a food to spring back into shape (Cruz
et al., 2015). The results also showed that when
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hardness decreases, resilience also increases
slightly.

Gumminess value represents the energy
needed to reshape food into a swallowable form.
Harder products have higher gumminess and
chewiness (Mutlu et al., 2018). But Chewiness
is more accurately attributed to gummy jelly
(Delgado and Bafidn 2015). According to the
current findings, vegetable jellies have lower
gumminess and chewiness values than
commercial product. In conclusion, vegetable
jellies with 20% vegetable juice were softer, less
gummy, easier to chew, and had nearly the same
range of springiness and cohesiveness compared
with the commercial product
3.3.2. Color analysis

Vegetable jelly's color characteristics were
expressed on a L*, a*, and b* scale (Table 5).
Vegetable jelly had a negative (a*) value,
signifying that it was greenish. It was noticed
that T1 was the greenest in color, followed by
T3 and T2 jelly.
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Table 5. Colour parameters of vegetable jellies expressed in terms of the CIELab scale parameters:

Color parameters
Treatments
C* L* a* b* h AE
Control 0 40.49+1.219 | 84.2+1.14a 0.5+0.04¢ 16+1.55° 40.05 0

10%] 39.04+1.049 | 56.6+2.03° | -9.02+1.13° | 38.2+1.03¢ | 46.01+1.25" | 36.67+0.03¢

Chard Jelly 20% | 65.34+1.03" | 45.15+1.53¢ | -12.45+1.03" | 44.5b+1.61° | 48.4+1.33" | 50.083+0.04°
30% | 89.99+1.212 | 41.48+2.03¢ -15.2+1.11% | 46.89+£1.33% | 52.65+1.23? 55.03+1.032

10% | 30.04+2.03¢ 67+1.06° -4.66+1.08° 25+1.73°f | 43.84+1.63° | 20.08+0.03¢

Celery Jelly 20% | 38.81+2.03¢ | 64.7+1.23° -5.65+1.05¢ 29.12+1.57¢ | 45.5+1.25° 24.34+0.03f
30%| 39.2+1.06° | 60.3+1.24° | -6.65+1.03° | 35.2+1.23% | 46.86+1.21° | 31.47+0.03¢

10% | 33.99+1.03¢ | 62.2+1.21° -7.4+1.25¢ 37+1.13¢ 45.14+1.24° 31.42+0.03¢

Leek jelly 20% | 40.96+1.03¢ | 60.56+1.11° -9.1+1.23° 42.3+0.03° | 47.15+1.54° | 36.64+0.03¢
30% | 44.36+1.33° | 58.8+1.23° -12.5+1.06° 44.2+1,53° | 49.69+1.03° | 40.11+0.03°

Control: jelly free of vegetable juice Values are expressed as means * standard deviations (a,b,c, etc.)
for the significant difference between all treatments in the same column for one parameter. Means
sharing similar letters within a column are statistically nonsignificant (p > 0.05).

The green color in jelly was preferred in our
study because it denoted a link to healthy
products (Schuldt, 2013). This green hue is
related to the presence of chlorophyll pigment
(Khoo et al, 2011). The sensitivity of
chlorophyll depends on the duration of the
cooking process and the type of plant. Chard
pigment exhibits the least amount of decrease
(19-36%) after boiling among the numerous
vegetables studied (Miti¢ et al., 2013). This
observation was consistent with the current
chard jelly's measured chlorophyll
concentration, since T1, followed by T3, had the
highest chlorophyll content (Table 7). The green
color was marginally affected, because of the
addition of vegetable juice after solubilizing the
agar. However, a positive b* value indicates a
yellowish degree of chlorophyll degradation,
possibly caused by heat or lemon juice addition
(Al-Dabbas et al., 2017). Increasing vegetable
juice concentration reduces lightness (L*) and
increases color saturation (C*). Chard jelly has
the greatest color difference (E) due to its stable
pigment after boiling. Finally it was concluded
from the results that treatments with the most
shine and saturated color were those with 20%
juice.
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3.3.3. pH, syneresis, TSS, and water activity
analysis

The study investigated vegetable jelly types
with 20% vegetable juice based on their
organoleptic, textural, and visual characteristics.
The results showed a reduction in acidity and a
minor increase in total solids compared to the
control (Table 6). The low TSS values (1.18 to
2.27 °Brix) were due to the absence of sucrose.
Herein, stevia powder was used in place of
sugar, resulting in a minimal increase in soluble
solids. These results align with previous studies
on porang jelly (Herawati and Kamsiati, 2022)
and green tea jelly made with stevia (Akesowan
and Choonhahirun, 2021).

The pH measurements indicate an acidity
range of 4.36 to 4.51 due to the use of lemon
juice. This range is quite comparable to Mutlu et
al. (2018)'s stated range of 4.26-5.03. Since
most bacteria can grow well at a pH of 7, acidity
acts as a barrier to their growth (Padan et al.,
2005). Additionally, it is well known that jelly
desserts' microbiological viability and freshness
are impacted by water activity. Vegetable jelly
has a water activity index that is marginally
higher than 0.7, but it is less than the 0.9
informed by Belova et al. (2021). It is stated that
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the use of sweeteners causes a decrease in water
activity compared to sucrose, which is related to
their higher osmotic pressure. This decrease in

water activity can contribute to the preservation
and stability of jelly desserts

Table 6. pH, TSS, water activity and syneresis values of vegetable jelly

Parameters Commercial Control T1 T2 T3
product

Water activity 0.71+0.01°¢ 0.782+0.01* | 0.751+0.02° 0.792+0.1* ]0.731+0.04°

pH 3.2+0.01°2 4.1+0.05° 4,37+0.05° 4.51+0.03° 4,36x0.03°

TSS (0Brix) 76.2+1.92 0.92+0.03¢ 1.18+0.03° 2.16+0.04° 2.27+0.032

Syneresis value (%) 0.0 0.0 0.0 0.22 0.1°

Control: jelly free of vegetable juice. T1, T2 and T3: Vegetable jellies made with 20% chard, celery and leek juice. Values
are expressed as means + standard deviations, (a,b,c,..) donated the significant difference (P<0.05)between all treatments in
the same raw for one parameter. Means sharing similar letter within a raw are statistically non significant (p>0.05)

The syneresis percentage, which refers to the
release of liquid from the jelly, was found to be
low in vegetable jelly. It was noticed that after
60 days of storage at 4°C, the syneresis value
increased slightly in celery jelly than the other
treatments. This observation aligns with a study
by Figueroa and Genovese (2019), who found
that fibers could decrease jelly syneresis due to
their water-holding capacity.

3.4.Nutritional
jellies
3.4.1.Proximate analysis and energy content

Table (7) summarizes the nutritional profiles
of three vegetable jellies. The moisture content
of the three products was similar, with celery
jelly having the highest moisture content. The
moisture percentage ranged from 93.70 to
96.58%, falling within the range described by
Khouryieh et al. (2005) and Belova et al. (2021).
That result was expected because of the reduced
total solids compared to commercial jelly.
There was no significant difference in fat
content between treatments.

All manufactured jelly types contained a
significantly lower carbohydrate and protein
content compared to commercial jelly. This is
because agar, the hydrocolloid used in vegetable

composition of vegetable
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jelly, lacks protein, and vegetables themselves
have low protein content. The protein content of
vegetable jelly is even lower than that of fruit
jelly  (Teixeira-Lemos et al., 2021).
Additionally, the lower carbohydrate content in
vegetable jelly is due to the absence of sugar,
nonetheless its concentration is still lower than
that of free sugar-berry jelly (Teixeira-Lemos et
al., 2021).

Vegetable jellies are rich in dietary fiber (DF),
ranging from 2.09+0.16 to 4.2+0.04 g/100g
(Table 7). These fibers contribute to the soluble
fraction of agar and vegetable juice, ensuring a
firm texture without sugar addition (Riedel etal.,
2015). It was reported that soluble agar fibers
delay gastric emptying and do not affect
glycemic response (Clegg and Shafat, 2014).
Additionally, DF has physiological benefits,
such as reducing intestinal transit time, blood
cholesterol levels, and postprandial blood
glucose or insulin levels (Gill et al., 2021).
Consuming 7 grams of plant-based dietary fiber
daily is believed to significantly reduce the risk
of cardiovascular and coronary heart diseases
(McRae, 2017). Hence, it is good to figure out
that consuming 100 g of vegetable jelly would
cover roughly a range of 30 to 55% of this daily
required dosage.
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Table 7. Proximate analysis, energy content, glycemic indicator and chlorophyll of vegetable jelly.

Parameters Comual Control T1 T2 T3

Fat (%) 0.01+0.00P 0.02+0.22b 0.25+0.012 0.10+0.012 0.15+0.018

Protein (%) 7.94£0.122 1.3+£0.002°¢ 3.740.54° 2.2+1.02° 3.4+1.03°
Carbohydrate (%6) 65.5+1.142 0.15+0.00° 1.6+0.35° 1.12+1.3° 2.75+0.25P
Ash (%) - 0.085+0.00° 0.47+£0.0042 0.24+0.01° 0.29+0.00°
Dietary Fibre (%) - 1.7620.06° 4.2+0.042 2.0920.16P 3.87+0.07°
Moisture content (%) 26.59+0.04¢ 97.53+0.442 94.45+0.14°¢ 96.58+0.25° 93.7+0.34¢
Total energy (kcal/100 g) | 294.5+2.242 9.49+0.01°¢ 31.8+0.70¢ 18.3+0.34¢ 33.49+1.7°
Total energy (kj/100g) | 1251.5+9.3% 39.47+6.3¢ 132.9+4.2¢ 76.86+5.3 140.21+2.3
Glycemic index 78+0.228 2.26+0.11b 7.45+0.132 16.4+0.12° 18.78+0.142
Chlorophyll (mg/100g) - 0.003+0.0¢ 0.79+0.02? 0.045+0.00° 0.68+0.00°

Control: jelly free of vegetable juice. T1, T2 and T3: Vegetable jellies made with 20% chard, celery and leek juice. Values
are expressed as means + standard deviations, (a,b,c,..) donated the significant difference (p<0.05)between all treatments in
the same raw for one parameter. Means sharing similar letter within a raw are statistically non significant (p>0.05).

Consumers are commonly concerned about
the calorie content of products, particularly due
to obesity and related diseases. Commercial
jellies are typically a high-energy products, due
to their high sugar content. A zero-calorie plant
extract, stevia, has been used in this study,
resulting in a vegetable jelly with a low
energetic density (18.3 to 33.49 kcal/100 Q)
(Table 7), making it designed as sugar-free
according to European regulations 1924/2006

(European Commission, 2006) and 1047/2012
(European Commission, 2012). Vegetable jelly
had a significantly lower glycemic indicator
value (p<0.5) than the index of the commercial
product by an average of approximately 77.97%.
This decline is larger than the 40% reported by
Hadjikinova et al. (2019) for reduced sugar-fruit
jelly. Which is an encouraging finding for the
use and marketing of that type of jelly.

Table 8. Minerals and vitamin content in the vegetable jelly
Parameters | Control T1 T2 T3
Minerals (mg/100g)
Cu 0.14+0.01° | 0.43+0.00¢ | 0.45+0.00¢ | 0.43+0.00°
Fe 5.16+0.49¢ | 10.05+0.172 | 8.25+0.17° | 9.79+0.102
Mn 1.3240.00° | 2.69+0.0122 | 2.39+0.00° | 2.53+0.00?
Zn 1.04+0.00° | 3.73+0.06° | 2.68+0.00° | 3.46+0.082
Ca 105.8+4.59 | 310.7+4.332 | 297.5+3.93¢ | 286.9+2.18°
Mg 144.9+0.85¢ | 346.4+0.93? | 332.5+0.58¢ | 339.1+1.20°
Na 10.9+2.6¢ 90.3+1.6° 53+2.02 | 35.3+1.45¢
K 780.3+8.9¢ | 1218425 | 1229+3.8% | 1191+4.3¢
Vitamins
A (1U/1009) | 286.3+5.9¢ | 585+8.82° | 41445.72¢ | 510+0.212
C (Mg/1009) | 524+0.23¢ | 11.13+0.18 | 7.41+0.18° | 9.45+0.36"
B6 (mg/1009)| 0.002+0.00° | 0.05+0.00° | 0.021+0.00° | 0.38+0.00°
B5(mg/1009) | 0.007+4.5¢ | 0.04120.00° | 0.057+5.12 | 0.037+0.00°
B3 (mg/1009)| 0.035+0.08" | 0.08+0.00° | 0.10+0.00* | 0.11+0.00

Control: jelly free of vegetable juice. T1, T2 and T3: Vegetable jellies made with 20% chard, celery and leek juice. Values
are expressed as means + standard deviations (a,b,c, etc.) donated the significant difference (p<0.05) between all treatments

in the same raw for one parameter. Means sharing similar letters within a raw are statistically nonsignificant (p > 0.05).
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3.4.2. Minerals and vitamins

In terms of mineral content, all vegetable
jellies had a significant amount of minerals, and
the highest percentages were for K, Mg, and
Ca (Table 8).

According to the US Food and Drug
Administration (FDA, 2016), the produced
vegetable jellies could cover a good percent of
the DV recommended for adults and kids aged 4
and older and are considered a rich source of
minerals (Figure 3). It was noticed that
vegetable jelly could provide 110, 72, 52, 30, 25,
and 22.9% of the daily values (DV) for Mn, Mg,
Fe, Zn, K and Ca (DV: 1300 mg), respectively.

These minerals are associated with many
health aspects. Magnesium, for example, is

Niacin B3 (mg/100g) :
Pantothenic acid B5 ]
Pyridoxine

Vit. C

Vit. A

Na

0.00

essential for energy generation, heart rhythm,
bone formation, and nerve signal conduction
(Ross et al., 2012). Besides being identified as a
"nutrient of public health concern” (U.S.
Department of Agriculture, 2015), potassium
levels are linked to higher rates of type 2
diabetes, insulin resistance, and fasting blood
sugar. Calcium also is essential for bone strength
and osteoporosis (Song, 2017). Iron is essential
for child development and female anemia
prevention (Wang et al., 2019). Zinc also plays
a role in cellular metabolism, cell-mediated
immunity, bone formation, and acute diarrhea
treatment in children (Bagherani and Smoller,
2016).

50.00 100.00 150.00

#wT3 MT2 =T1 #MControl

Figure 3. Vitamins and minerals expressed as a percent of the Daily Value (% DV) covered by each vegetable

jelly Control: jelly free of vegetable juice T1, T2, and T3: Vegetable jellies made with 20% chard, celery, and

leek juice. Results are expressed as the mean of three replicates. Significant differences (p < 0.5) are shown by
(a, b, ¢, etc.) between jelly types in the same parameter.
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Based on the information provided in table (8)
and figure (3), T1 and T3 jelly can provide the
best coverage of the recommended daily
amounts for vitamins A, C, and B6. And can be
considered moderately vitamin-rich foods
(FDA, 2016). Since they could provide an
average of 16.7, 10.36, and 8.8% of the DV%
prescribed for vitamins A, C, and B6 (FDA,
2016). These vitamins are important for cellular
interaction, inhibition of some cancers, IL-2
synthesis, hemoglobin production, and overall
immune system function (Akram et al., 2020).

Micronutrients aid the immune system in
combating viral infections, and doctors
worldwide are interested in supplementing them
for COVID-19 prevention or treatment (El
Sabbagh et al., 2022). According to the 2020-
2025 Dietary Guidelines for Americans,
nutritional needs should be supplied through
meals, and vegetable jellies can be a convenient
and effective way to fulfill the nutritional
requirements of these patients.

3.5. Functional properties of vegetable jelly
The popularity of polyphenols derived from
plants, particularly vegetables, is steadily rising.

Table 9. Phytochemicals content and

antioxidant activity of vegetable jelly
Parameters| Control T1 T2 T3
TPC (mg
GAE/ 100g | 190+0.1¢ | 790+0.17¢| 318+1.9% | 824+0.3"
dw)

TFC (mg

QE/100g | 660.6 | 236+0.27° | 108+0.01¢ | 348+0.212
dw)

Antioxidant c 432.67+0.35]73.54+0.43
AOX (%) 9.79+0.1° |56.47+0.06 a .
AOX (mg d 4 112.9+0.25]255.4+0.65
TE/100gm) | 36:4£0.1° [195.720.16 . X

Control: jelly free of vegetable juice. T1, T2 and T3:
Vegetable jellies made with 20% chard, celery and leek
juice. Values are expressed as means + standard
deviations (a,b,c, etc.) donated by the significant
difference (P < 0.5) between all treatments in the same
raw for one parameter. Means sharing similar letters
within a raw are statistically nonsignificant (p > 0.05).

The findings for total phenolics and
flavonoids differed significantly (p<0.5) among
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jelly samples and ranged from 8.24 to 3.18 mg
GAE/g and 3.48 to 1.08 mg QE/g, respectively
(Table 9).

T3 displayed the highest value in both
categories. The reported range of flavonoids and
phenolic compounds was higher than that
established by Ben Rejeb et al. (2020) for citrus
jellies (192.76 mg GAE/100 g for total phenolic
and 9.06 mg QE/100 g for flavonoids,
respectively). Previous studies have shown that
a short heat cycle can greatly increase the levels
of total phenolics and flavonoids in vegetables,
but prolonged heating can have the opposite
effect (Kim et al., 2008). This research also
analyzed vegetable jelly's phenolic components
by HPLC, revealing a rich and diverse range of
compounds (Table 10). The most elevated
phenolic compounds were E-vanillic and
salicylic acids in T1, E-vanillic and pyrogallol in
T2, and caffeine and chlorogenic acid in T3.
While the predominant flavonoids in T1, T2, and
T3 were luteolin, rosmarinic acid, and
kaempferol, respectively. These findings align
with previous studies on the phenolic profiles of
Swiss chard, Egyptian leeks, and celery leaves
(Zein et al., 2015; El-Rehem et al., 2013; Yao et
al., 2010).

In the same manner, cooking has been found
to boost antioxidant activity by softening tissues
and releasing phytochemicals (Sharma et al.,
2015). T3 showed the highest antioxidant
activity (81.47%), followed by T1 (69.5%) and
T2 (53.06%), respectively. Giving a range of
255.43 to 112.91 mg TE/100 g, which is larger
than what was observed by Teixeira-Lemos et
al. (2021) for the berries (83.7 mg TE/L) and the
orange with honey jelly (50.4 mg TE/L).

Furthermore, the antioxidant activity of leafy
vegetables has been found to be positively
correlated with their flavonoid (r = 0.97,p <
0.05) and phenolic content (r = 0.96, p < 0.05).
These compounds have been increasingly
studied for their various health benefits, such as
their potential to provide protection against
allergies, inflammation, pain, heart diseases,
liver damage, viral infections, and even certain
types of cancer (Ghasemzadeh, 2011). Leafy
vegetables' antioxidant activity is also
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associated with pigment content, including
chlorophyll, betalains, and carotenoid content
(Ivanovi¢ et al., 2019).

Table 10. HPLC analysis for phenolic profile of vegetable jelly

Compounds Tt | T2 | T3
Phenolic compounds (mg/100g)

Gallic 11.7+015% | 3.95+0.59¢ | 9.8+0.25°
Pyrogallol 15.68+0.54" | 107.9+0.55° | 10.46+0.54¢
Caffeic Acid 11.87+0.41% | 7.96+0.21° | 6.8+0.57¢
Protocatchoic 45.6+1.59° | 9.89+0.27° | 5.29+0.14°
Chlorogenic 5.6+0.11° | 44.68+0.12° | 60.66+1.5°
Epi-Catechin 17.9+0.88% | 9.41+0.12° | 3.56+0.54°
Catechin 9.5+0.33" | 9.85+0.45° |21.13+0.51°
Caffeine 9.9+0.14° |22.56+0.22° | 50.2+0.21%
P-OH.Benzoic 13.7+0.16° | 25.37+1.5% | 23.9+0.21°
\Vanillic 21.26+0.14% | 5.78+0.11° | 4.53+0.14°
Ferulic 26.52+0.17° | 33.25+0.57% | 5.07+054°
Catechol 27.7+0.21% | 3.44+0.14° | 4.73+0.41°
E- Vanillic 141.8+0.39% | 123.3+0.71° | 5.4+0.77¢
Ellagic Acid 22.7+0.14° | 78.9+0.55% | 7.53+0.41°
IBenzoic 30.7+0.51° |53.89+0.54? | 10.47+0.45°
Salycillic 130+0.11° 3.73+0.24°
3,4,5 Methoxy Cinnamic | 4.7+0.53° | 5.1+0.25" | 19.8+0.32?
Coumarin 3.340.41° |10.52+0.54% | 8.4+0.19°
P- Coumaric 25.38+0.52% | 3.54+0.14° | 26.7+0.12°
Cinnamic 4.72+0.55" | 0.77+0.04° | 84.6+0.07°
Syringic 33.5+0.14% | 1.6+0.04" | 2.5+0.01°
Flavonoid (mg/100g)

|Luteolin 151.39+0.512| 27.21+0.11° | 67.98+0.45"
Naringin 31.3+0.422 4.4+0.14°
Rutin 25.6+0.22° | 3.34+0.02° |50.02+0.522
|Hesperidin 77.9+0.82% | 21.32+0.54° | 3.96+0.05°
Rosmarinic 5.6+0.07¢ [199.02+0.12%| 22.6+0.52°
Quercetrin 10.64+0.72° | 32.21+0.71? | 23.58+0.12°
Quercetin 1.2+0.02° | 0.35+0.02°¢ | 122.32+1.7°
[Kaempferol 7.5£0.09° | 10.96+0.08 |195.36+0.25?
|Hespertin 18.34+0.78% | 2.48+0.12° | 3.25+0.45°
Apegenin 0.16+0.00° | 0.18+0.01° |10.69+0.522

Control: jelly free of vegetable juice. T1, T2 and T3: Vegetable jellies made with 20% chard, celery and leek juice. Values
are expressed as means + standard deviations (a,b,c, etc.) donated by the significant difference (P < 0.5) between all
treatments in the same raw for one parameter. Means sharing similar letters within a raw are statistically nonsignificant (p>
0.05).

0.22 to 2.3*10%> CFU/g (Figure 4), which was
below the 10° CFU/g limits specified by EU law
(2005).

3.6. Microbial analysis
Since the existing jellies didn't include any
additional sugar, they should be susceptible to
spoiling. But satisfactory, the current vegetable
jellies had total bacterial counts ranging from
40
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Figure 4. Total mesophilic counts during
storage for two months. Control: jelly free of
vegetable juice. T1, T2 and T3: Vegetable
jellies made with 20% chard, celery and leek
juice Results expressed as a mean of three
replicates * standard deviation. A significant
difference (p < 0.5) is shown by different letters
(A, B, C, etc.) in the same treatment for
different times of storage and by (a, b, c, etc.)
in the same storage day for different treatments.

Among the different vegetable jellies tested,
chard jelly had the smallest bacterial population,
followed by leek jelly. The bacterial counts
slightly increased during storage, with celery
jelly having the highest count after two months.
Moreover, there was no discernible yeast or
mold.

The obtained preservation period is
comparable to that of sugar-free jelly preserved
with chemical preservatives and a low pH
(Khouryieh et al., 2005), as well as fruit jellies
with or without sugar (Ben Rejeb et al.,
2020). Herein, mint leaf extract is used as a
flavoring and preservation element to increase
safety due to its antimicrobial activity (Sugandhi
and Meera, 2011). Additionally, the low pH of
lemon juice creates an unfavorable environment
for bacterial survival and reproduction. Other
factors like low water activity, antioxidants,
phenols, and flavonoids also contribute to the
safety, preservation, and quality of vegetable
jellies.
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4. Conclusions

To the best of our knowledge, this research
formulated an agar-based sugar-free jelly by
incorporating leafy vegetables, including Swiss
chard, celery, and leek, which is flavored with
lemon and mint and sweetened with stevia. The
results of this investigation showed that the
incorporation of leafy vegetables not only adds
nutritional value to the jelly but also enhances its
physical and functional properties. Since it was
found that vegetable jelly has greater amounts of
dietary fiber, vitamins, minerals, and
phytochemicals while still being considered a
low-calorie product with a low glycemic load
compared to commercial jelly. Furthermore, the
jelly's texture can provide a satisfying
mouthfeel, making it an appealing option for
individuals with difficulty swallowing or
chewing. This innovative approach could
benefit individuals with diabetes, obesity,
malnutrition, and cardiovascular diseases and
also be a suitable option for people following
vegetarian or vegan diets. Additionally, they are
low-cost, multifunctional, and open up
opportunities for diversifying the market for
healthy, sustainable, and value-added products.
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