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The aim of this research was to study the effects of gum cordia on the physicochemical, color, textural, rheological, micro-
structural, and sensorial properties of apple jelly. Apple jelly was prepared by replacement of 0, 25, 50, 75, and 100% of pectin with
gum cordia. The results showed that gum cordia had a significant effect on the physicochemical properties (ash, protein, TPC, DE,
and color) of apple jelly. The total phenol content of the sample significantly increased with the addition of gums. The rheological
properties showed that a sample containing 75% gum cordia was similar to control and had the highest apparent viscosity, loss
moduli (G"), storage moduli (G'), and complex viscosity. Also, the sensorial properties showed that a sample containing 75% gum
cordia had a high score in texture, taste, appearance, and overall acceptability. The results suggested that gum cordia as a polymer

can be successfully employed for the formulation of jelly for improving technofunctional properties of jelly.

1. Introduction

Gum cordia is an anionic polysaccharide containing uronic
acid and it is extracted from Cordia myxa fruit [1]. This gum
has some technofunctional properties such as good emul-
sifying and binding properties [2]. Also, the application of
this gum as a novel nanoparticle for drug delivery has been
evaluated [3]. Some other applications including production
of paper and cardboard were reported previously [4]. Haq
et al. [4] studied the effects of gum cordia as an antioxidant
carrier for improving shelf life of nuts. Gum cordia has
pseudoplastic behavior with a high viscosity so its strong
emulsifier, thickener, and stabilizer in food industry and
pharmaceutical technology [5].

Today, there is a lot of research on the application of
fruits for improving body health. They reported fruit con-
sumption reduced obesity, diabetes, and cardiovascular
disease. The health properties of fruits are related to the high
content of antioxidant ingredients such as phenolic acids
and vitamins. On the other hand, the shelf life of some fruits

is very low and they are perishable, so researchers try to
convert fruits to some products such as jelly and jam. Jelly is
a product containing fruit juice, gelator, sugar, and acid and
it has a firm structure [6]. Apple fruit is a good source of
nutritional ingredients such as phenolic acids, organic acids,
minerals, and reducing sugars [7]. Also, it is a rich source of
vitamins including ascorbic acid [8] and it has antioxidant
ingredients [9].

The first production of jelly was based on the high-
methoxyl pectin and it was a firm gel with 2.8-3.5 pH and
containing 55% soluble solid components. pH was a very
important parameter in the production of gel in the con-
vectional jelly due to the high application of pectin. The
production of jelly with low methoxyl pectin needs some
other ingredients such as bivalent ions. Today’s application
of hydrocolloids for production of jelly was increased. Some
main parameter of hydrocolloids such as creating viscosity,
texture, and structure in final products are important.
Hydrocolloids can hold water in their structure and improve
viscosity and gel structure [10-12]. One of the attractive
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fields in the production of jelly is the application of a mixture
of hydrocolloids in the jelly and researchers try to improve
functional properties of products with a combination of
pectin and hydrocolloids [13, 14].

The aim of our research was to determine the effects of
gum cordia on the physicochemical (moisture, protein, ash,
carbohydrate, fiber, sugar, total phenolic content, pH, and
DE), color (L, a, b, AE and YI), rheological (viscosity and
rheometry parameters), and sensorial properties of apple
jelly.

2. Material and Methods

2.1. Material. Apples were bought at a local market (Shiraz,
Iran) and stored at 5°C during 48 h prior to juice extraction.
Pectin, HM (green ribbon) which is high-methoxyl, pectin
(DE~60%), was obtained from Obipektin (Bischofszell,
Switzerland). All other chemicals were bought from Merck
(Darmstadt, Germany).

2.2. Gum Extraction. The extraction of gum from fruit was
done by the method described by Haq et al. [4] with some
minor modifications. Fruits were added to hot double dis-
tilled water (85°C) containing 1000 ppm of sodium meta-
bisulfite in 1:4 ratio and stirred for 35 min. The suspension
was filtered completely by a cloth. The separated liquid was
centrifuged at 6000 g for 50 min. The gum was precipitated
from clear supernatant by application of HCl in 1:100 ratio.
Finally, the mixture was centrifuged at 3000 g for 15 min.
The precipitate of the sample was washed with double
distilled water for 3 times. The extracted gum freeze-dried
and then completely ground to 60 mesh sieve and kept at 5°C
until experiments.

2.3. Jelly Preparation. Apple juice was produced by hand
peeling of apples and extracting with a juice maker. The
main components of apple jellies were apple juice
(900 mL), sucrose (80g), and gelator (20g). To create a
good texture by pectin and setting pH, citric acid (2.7 g)
was added. The best pH value for creating a good texture
by pectin is 2.9 to 3.1, so pH of samples was set at 3. Apple
juice, 60 g of sugar, and citric acid were homogenized and
heated at 85°C. Then, gelator and 20g sugar was ho-
mogenized and added to the suspension at the end of jelly
cooking. Apple jelly suspension was heated to final
soluble solids of jelly arrived at 66.8%. The time of
heating was around 0.5h. Final products were poured
into the cups and kept at 5°C. Apple jellies were produced
by replacement of 0, 25, 50, 75, and 100% of pectin with
gum cordia as a gelator.

2.4. Chemical Composition Measurement. The moisture
content of the sample was measured by the application of
vacuum oven drier at 70 vacuum oven [15]. Ash, protein,
carbohydrate, and fiber content were determined based on
AOAC standard method [16].
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2.5. Sugar Content Measurement. The percent of total re-
ducing sugars was measured by the application of Fehling’s
A and B solution methods. The methylene blue was used as
an indicator [17].

2.6. Total Phenol Content (TPC) Measurement. TPC of jellies
was determined based on the method of Kopjar et al. [6] with
some minor modifications. First, 200 mg of sample and
1.8 mL DDW were completely mixed, and then 10mL of
Folin-Ciocalteu reagent (10% w/w) and 8 mL of sodium
carbonate solution (7.5% w/w) were added to it. The sus-
pension was kept at 25°C for 120 min in a dark condition (to
complete reaction). The absorbance of sample and control
was measured by a UV-spectrophotometer at 764 nm. Gallic
acid was used as a standard and our results were reported
based on ug of gallic acid per g of jelly (ug-GAE-g ).

2.7.pH Measurement. For the determination of the pH value
of samples, 1 g of jelly was homogenized with 9 mL DDW at
51°C using a mixer. The pH value of the sample was de-
termined by a pH meter (OHAUS, Switzerland) [18].

2.8. Degree of Esterification Measurement. A titration tech-
nique based on the modified method of Pinheiro et al. [19]
was used for the determination degree of esterification (DE).
0.4 g of dried sample wetted with ethanol in a bottle, and it
was mixed with 40 mL DDW at 37°C. Samples were stirred
for 120 min to completely dissolve. The resulting suspension
neutralized by NaOH (100 mM) and the volume of NaOH
was recorded (A) (in this part phenolphthalein was used as
an indicator). Then, 20 mL of NaOH solution (100 mM) was
mixed with samples and kept in 25 C for 120 min to saponify
the esterified carboxyl groups of the samples. Then, 20 mL
HCI (100 Mm) was added and mixed. Finally, titration of
samples was done by NaOH (100 mM) and the volume of it
was recorded (B). Esterified carboxy groups number was
determined based on the following equation:

B

PE=Gn

100. (1)

2.9. Color Parameters Measurement. The surface color pa-
rameters of samples were determined using the CIELAB
system (CR-410, Japan). L*, ax, b*, AE, and YI of samples
were reported as the main parameters in jelly. The L* (black
(0) to white (100)), a* (red (+100) to green (-100)), bx
(yellow (+100) to blue (-100)) indicate the color of samples.
AE and YI were calculated based on Lab parameters [20].

2.10. Rheological Properties Measurement. Elastic (G'), vis-
cous (G") moduli, Tan 8, and complex viscosity of jellies at
25°C were measured by a plate geometry (diameter
d =50 mm, gap =2 mm). Dynamic oscillatory test of jellies at
angular frequencies (w) from 0.628 to 62.8 rad/s in the linear
viscoelastic range (LVR) at 0.5% strain. Rheological pa-
rameters were determined in a Paar Physica MCR 301
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TaBLE 1: The effects of pectin: gum ratio on the moisture, ash, protein, carbohydrate, and fiber content of samples.
Moisture content Ash Protein Carbohydrate Fiber
P50G50 74.00 £ 0.58A 0.31+0.01B 0.30+0.05C 23.20 £ 0.69A 0.22+0.01A
P75G25 76.30 £ 0.98A 0.36 £0.03C 0.23+£0.01B 23.00 £ 0.52A 0.20+0.01A
P25G75 7410+ 1.61A 0.27 £ 0.02B 0.32+0.04C 22.70£0.87A 0.21 £0.05A
P100 74.50 £ 1.50A 0.43+0.05D 0.18£0.02A 24.87 £0.58B 0.22 +0.00A
G100 76.50 £ 1.50A 0.21£0.01A 0.37+£0.04C 22.77 £ 0.58A 0.20+0.01A

*Data represent the means of three independent repeated + standard deviation. *Capital letters in each column showed significant differences (P <0.05).
*P50G50 (sample containing 50% pectin and 50% gum); P75G25 (sample containing 75% pectin and 25% gum); P25G75 (sample containing 25% pectin and
75% gum); P100 (sample containing 100% pectin) and G100 (sample containing 100% gum).

rheometer (Anton Paar GmbH, Graz, Austria), with con-
trolled temperature (Viscotherm VT2, Phar Physica) [21].

2.11. Viscosity Measurement. The rheological behavior of
samples was measured at 25°C and the shear rate range of
0.01-93.9s™" using an Anton Paar rheometer (MCR 302,
Graz, Austria). Cone-plate geometry (type CP25-1) with
25 mm cone diameter and 0.052 mm gap size at 1° cone angle
was used. System temperature was controlled by a Peltier
system with an accuracy of 0.1°C. The apparent viscosity was
determined at the shear rate of 19.1s .

2.12. Textural Properties. Textural features of the samples
were investigated using a texture analyzer (Brookfield, USA)
by a double compression test. 2.5 (diameter) x 1 (height) cm
cylinder of each sample was compressed to 40% penetration
depth with 5mm/s pretest speed and 0.5 mm/s test speed
using a cylinder probe of 25 mm diameter.

2.13. Microstructure. The surface morphology of the sample
was analyzed by a scanning electron microscope (TESCAN
Vega3, Czech Republic). Freeze-dried samples were covered
with a thin layer of gold (Desk Sputter Coater DSRI,
Nanostructural Coating Co., Iran). Micrographs were taken
at an accelerating voltage of 20kV [22].

2.14. Sensorial Properties Measurement. Sensorial properties
of samples were determined based on five-point hedonic test
described by [18] with some minor modification. Appear-
ance, texture, taste, odor, and overall of jellies was evaluated
from 1 (disliked extremely) to 5 (liked extremely) score. The
sample was consumed by 10 semitrained student (male and
female from 22 to 30years) of the Department of Food
Science and Technology of Kazerun Azad University, Iran.
Jellies coded at random order and placed on plates with a
glass of water. The study was done on a white bench under
the usual light at 20°C.

2.15. Statistical Analysis. Averages and standard deviations
of samples were reported based on the triplicate measure-
ment. One-way analysis of variance (ANOVA) and Dun-
can’s Multiple Range Test were used for comparing the
averages at 5 percent significant level. The statistical analysis
was done by SPSS 19 software (SPSS, IBM, Chicago, IL,
USA).

TaBLE 2: The effects of pectin: gum ratio on the
content, pH, sugar content, and DE of samples.

total phenol

Sugar
TPC pH content DE
P50G50 26.80+1.15D 4.21 £0.48A 21.00+0.87A 83.70+0.81B
P75G25 19.00+0.52B 4.28 £+0.28A 21.30+0.75A 84.40+0.58B
P25G75 23.30+0.75C 4.08 +0.20A 20.40+0.81A 82.20+0.52A
P100 11.80 £1.04A 4.40+0.06A 20.50+1.15A 86.60 +0.64C
G100 34.70 +1.44C 3.90 +0.40A 22.60+ 1.38A 81.80+0.46A

*Data represent the means of three independent repeats + standard devi-
ation. *Capital letters in each column showed significant differences
(P <0.05). *P50G50 (sample containing 50% pectin and 50% gum); P75G25
(sample containing 75% pectin and 25% gum); P25G75 (sample containing
25% pectin and 75% gum); P100 (sample containing 100% pectin) and G100
(sample containing 100% gum).

3. Results and Discussion

3.1. Chemical Composition. The results of the chemical
composition of apple jellies, including moisture, ash, pro-
tein, carbohydrate, and fiber content are reported in Table 1.
Moisture content is a key quality factor in the packed food
products such as jellies. It has some effects on the microbial
quality and stability parameters of products [23]. Table 1
reports that there are no significant differences between the
moisture content of samples. Mutlu et al. [18] reported that
gelatin dose had not significantly (P >0.05) influence the
moisture content of different honey jelly candies. The
presence of biopolymers has a significant effect on the water
holding capacity of jelly samples [24]. The protein content of
samples significantly increased with the addition of gum
concentration. This is due to the protein content of gum
cordia. The protein content of this gum was reported around
2t0 9% [25, 26]. The results showed that a sample containing
100% pectin had the highest carbohydrate content. The ash
content of samples significantly decreased with the addition
of gum concentration. There were no significant differences
between the fiber content of the samples. The low changes in
some composition ingredients are due to the differences
between pectin and gum composition. Pectin is a pure in-
gredient but gum cordia contains protein and fiber.

3.2. Sugar Content, Total Phenol Content, pH, and DE.
The results of TPC, pH, sugar content, and DE are shown in
Table 2. The total phenol content of the sample significantly
increased with the addition of gum concentration. There is
some research that reported gum cordia had some phenolic
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TaBLE 3: The effects of pectin: gum ratio on the color properties of samples.
L a b AE YI
P50G50 30.00 £ 0.58A 11.67 £ 0.33A 24.67 £1.33A 74.43 £ 0.51A 117.47 + 4.95B
P75G25 31.33+0.33AB 11.67 + 0.88A 25.00£0.58B 76.49 £ 0.22B 113.99+5.11B
P25G75 29.33 £ 1.45A 12.33 £0.33A 23.33+£0.67A 73.82+1.38A 113.63 +5.29B
P100 33.67£0.88B 10.67 £ 1.20A 23.00+0.58A 77.23£0.66B 97.58 + 3.64A
G100 28.00 +£0.58A 12.33 + 1.20A 26.00 +1.00B 73.23+£0.72A 132.65+5.69C

*Data represent the means of three independent repeats + standard deviation. *Capital letters in each column showed significant differences (P <0.05).
*P50G50 (sample containing 50% pectin and 50% gum); P75G25 (sample containing 75% pectin and 25% gum); P25G75 (sample containing 25% pectin and
75% gum); P100 (sample containing 100% pectin) and G100 (sample containing 100% gum).
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FIGURE 1: The effects of pectin: gum cordia ratio on apparent
viscosity and shear stress of samples.

ingredients and had good antioxidant properties [25, 27].
The results showed that the replacement pectin with gum
had no significant effects on the pH of samples. Also, the
same results were reported by Kamal et al. [28]. They re-
ported that addition gelatin has no significance on the pH of
the jelly and the pH of all samples was around 4. The ad-
dition of gum had no significant effects on the sugar content
of samples. DE of the sample significantly decreased with the
addition of gum concentration. This is due to the higher
degree of esterification of pectin.

3.3. Color. Color of food products is an important quality
factor for consumer and usually its effects on the an-
ticipation of people about quality and color parameters
[29]. Table 3 reported the lightness (L), redness (ax*),
yellowness (bx), color changes (AE), and yellow index

(YI) of apple jelly samples as a main color parameter.
Lightness (L#) of apple jelly samples was decreased after
the addition of gum cordia (Table 3) which was due to the
presence of pigments in the gum. Kamal et al. [28] re-
ported that gelatin concentrations had significant effects
on the decrease of the L* value of jelly. The addition of
gum had no significant effects on the Redness values (ax)
of samples. Mutlu et al. [18] reported that gelatin con-
centration had no significant (P>0.05) effects on the
Redness values (ax) of jelly. Yellowness values (b*) were
observed to increase with the addition of gum concen-
tration. The results of AE showed that with the addition
of gum concentration, AE was decreased. Also, YI of the
sample showed that with an increase in gum concen-
tration, these parameters were increased. Changes in
color parameters are due to some pigments in the gum
cordia [30].

3.4. Viscosity Properties. The results in Figure 1 show apple
jelly samples had shear-thinning behaviors. The same results
about shear-thinning behaviors of jelly were reported by
Prakash et al. [31] and Figueroa and Genovese [21]. High
molecular weight, the aggregated state, and hydrogen bonds
between polymer chains are mainly responsible for the
shear-thinning behavior of polysaccharides [32]. Shear-
thinning properties of biopolymers is an important and key
parameter in the food industry, during some food processing
such as pumping and filling; these properties are very useful.
The higher viscosity at lower shear rates leads to a desirable
mouthfeel during mastication [33]. The apparent viscosity of
P50G50, P75G25, P25G75, P100, and G100 at the shear rate
of 19.1s™" and 25°C was 3161.80, 3519.80, 2296.30, 13222,
and 189.99 MPa:s, respectively. Prakash et al. [31] reported
that a combination of guar gum and pectin had higher effects
on the viscosity of jellies. Also, they reported that higher
viscosity is a suitable property in the jelly formulations.

3.5. Rheological Properties. Jelly is one of the foods in the
class of viscoelastic materials, and the rheological parameter
of this food can be evaluated by a dynamic rheological
method. The findings of frequency sweep analysis are shown
in Figure 2. Three different types of systems, such as gel,
concentrated solution, and dilute solution, can be studied by
the frequency sweep test. For gel systems, storage moduli are
higher than loss moduli over the applied frequency range. In
dilute solutions, loss moduli dominate storage moduli which
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F1GURE 2: The effects of pectin: gum ratio on storage (G'), loss (G") moduli, Tan &, and complex viscosity of samples.

become close to each other at higher frequencies. In con-
centrated systems, storage moduli are lower than loss moduli
at low frequency and crossover each other in the middle
range of frequency [34]. The loss (G”) and storage (G')
moduli of different samples showed relatively similar de-
pendency on the applied frequency range. A decrease in G/
was observed after replacement with gum indicating the low
elastic character of gum. Also, the highest loss (G") and
storage (G') moduli was observed in the P25G75. The higher
intermolecular interactions and entanglements between
gum cordia chains and pectin could reinforce the bio-
polymeric network. The data of frequency sweep are in high
agreement with those of apparent viscosity. In the P25G75
sample, apparent viscosity and frequency sweep parameters
(G", G', and complex viscosity) were highest.

Tan § is the ratio of loss moduli (G”) to storage (G')
moduli (Figure 2(c)). When tan ¢ is <1, samples have elastic
behavior and when tan § is >1, samples have viscous be-
havior. The system is not a real gel when tan § is higher than
0.1 [35]. The results, reported in Figure 2(c), indicate the
presence of weak gel structure (or dominant elastic be-
havior) in a wide range of applied frequency in samples
containing 75 and 100% gum. The solid-like behavior of
samples was similarly reported by Garrido et al. [36].

A decrease in complex viscosity (1) of different samples

was reported by increasing the angular frequency

(Figure 2(d)), mainly due to the macromolecules connec-
tions and chains entanglements disruption. This behavior
shows the shear-thinning behavior of apple jelly. Similar
observations about decreasing complex viscosity were re-
ported by Garrido et al. [36] and Figueroa and Genovese
[21].

3.6. Textural Properties. Texture analysis can be divided into
two instrumental and sensorial technique. Our study applied
TPA in order to study the textural characterization of apple
jelly [37]. The effects of pectin: gum ratio (0:100, 25:75, 50
50, 75:25 and 100:0) on textural properties (Hardness,
Cohesiveness, Springiness, Gumminess, and Chewiness) of
apple jelly were reported in Table 4. The results showed that
with an increase in gum concentration, gel formation po-
tential significantly decreased and in the sample containing
100% gum was liquid. The highest Hardness (2329.52g),
Gumminess (1298.60), and Chewiness (1212.59) were related
to the sample containing 100% pectin. This phenomenon is
due to the higher gel formation ability of pectin in com-
parison with gum. Similar results were reported by Slavutsky
and Bertuzzi [38] and Ibafez et al. [39]. The results showed
that there are not any significant differences in Springiness.
The highest Cohesiveness properties were related to the
P75G25 sample.
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TaBLE 4: The effects of pectin: gum ratio on textural properties of samples.

Hardness (g) Cohesiveness Springiness (g) Gumminess Chewiness
P50G50 751.79 +47.64C 0.58 +0.00B 0.88 +0.05A 433.67 +27.40C 384.20 +47.22C
P75G25 1796.24 +91.72B 0.62 +0.00A 0.88 +0.04A 1119.84 +52.51B 981.47 + 86.32B
P25G75 207.21 +14.93D 0.45+0.05B 0.95+0.01A 92.74+3.13D 87.78 +3.95D
P100 2329.52 +131.09A 0.56+0.01B 0.93+£0.03A 1298.60 + 98.38A 1212.59 + 128.46A

*Capital letters in each column showed significantly differences (P <0.05). *P50G50 (sample containing 50% pectin and 50% gum); P75G25 (sample
containing 75% pectin and 25% gum); P25G75 (sample containing 25% pectin and 75% gum); P100 (sample containing 100% pectin) and G100 (sample
containing 100% gum).
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TaBLE 5: The effects of pectin: gum ratio on the sensorial properties of samples.

Odor Texture Taste Appearance Overall
P50G50 4.75+0.25AB 3.75+0.25AB 3.50+0.50B 3.75+0.25B 3.75+0.25B
P75G25 5.00+0.00B 3.75+0.25AB 4.00+0.41B 4.50+0.29BC 4.50+0.29C
P25G75 4.00+0.41A 4.00+0.00BC 3.50+0.29B 4.50+0.29C 4.25+0.25C
P100 5.00 £ 0.00B 5.00+0.00C 4.25+0.48B 475+ 0.25C 4.75+0.25C
G100 4.00+0.41A 3.00+0.71A 2.25+0.48A 2.25+0.25A 2.75+0.25A

*Data represent the means of three independent repeats + standard deviation. *Capital letters in each column showed significant differences (P <0.05).
*P50G50 (sample containing 50% pectin and 50% gum); P75G25 (sample containing 75% pectin and 25% gum); P25G75 (sample containing 25% pectin and
75% gum); P100 (sample containing 100% pectin) and G100 (sample containing 100% gum).

3.7. Microstructure. The microstructure of the samples is
shown in Figure 3. The sample containing 100 and 75%
pectin had a uniform and regular structure, but with the
addition of gum concentration, uniformity was decreased.

Pectin samples present an open heterogeneous and tridi-
mensional structure. This porous structure is obtained by the
water molecules displacement during the drying process
required by SEM observation [38]. Soares et al. [40] and
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Oliveira Cardoso et al. [41] reported similar structures for
hydrogels.

3.8. Sensorial Properties. Critical sensory attributes of the
samples, including appearance, odor, texture, taste, and
consumer acceptance, were determined by panelists [37].
Sensory properties samples are reported in Table 5. The
results showed that sensory properties were significantly
(P>0.05) influenced by the gum cordia dose. The results
showed sensorial properties of the sample containing 75%
gum cordia was similar to the sample containing 100%
pectin. This sample had a high score in texture, taste, ap-
pearance, and overall acceptability.

4. Conclusion

Today, consumers like healthier foods fortified with an
antioxidant component such as phenolic ingredients. Our
findings show that gum cordia can be applied as a stabilizer
to production apple jelly. The total phenol content of the
sample significantly increased with the addition of gums.
Gum cordia had a significant influence on the improved
viscoelastic parameters of the apple jellies. The rheological
properties showed that the sample containing 75% gum
cordia was a similar sample to control. Also, the sensorial
properties showed that a sample containing 75% gum cordia
had high score in texture, taste, appearance, and overall
acceptability. The results suggested that gum cordia as a
polymer can be successfully employed for the formulation of
jelly for improving the technofunctional properties of jelly.
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