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ABSTRACT

The effect of adding Cassia fistula polysaccharide (CFP) at levels of 1%, 1.5%, or 3% (w/w) on the
| physicochemical properties of natural yogurt was analyzed. The physical stability (wheying-off and syneresis),
= texture parameter (hardness, adhesiveness, cohesiveness, springiness, gumminess, chewiness) and flavor
compounds formation (acetaldehyde and diacetyl) were investigated. Yogurt enriched with CFP showed
significantly lower wheying-off and syneresis compared to the control, with 2% CFP having the lowest values.
Hardness decreased as CFP concentration and storage time at 4°C increased. Adhesiveness was also lower in CFP-
enriched samples but increased during storage. Adding 2% CFP reduced consistency, cohesiveness, and springiness,
indicating a softer texture. Gumminess and chewiness were lower in CFP-enriched samples, with 2% CFP yogurt
showing the lowest gumminess (0.31 N). Acetaldehyde levels in CFP-enriched yogurt were lower than the control
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and decreased over time, while diacetyl levels increased during storage but remained lower than in the control.
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INTRODUCTION

Sociocultural influences, lifestyle decisions, and
eating patterns have increasingly become vital components
in supporting health (Wang et al., 2023). According to the
Global Burden of Disease Study 2017, poor diets were
responsible for approximately 11 million deaths worldwide
(Li et al., 2021). Consequently, enhancing nutritional
quality and dietary patterns could aid in managing and
preventing chronic non-communicable diseases while
reducing mortality rates.

Fermented foods, whether non-dairy (such as juices,
vegetables, fruit products, cereals, and meat) or dairy (like
yogurt, ice cream, cheese, cream, and fermented milk), are
considered excellent examples of functional foods due to their
bioactive compounds and other nutrient-dense components,
such as vitamins, antioxidants, minerals, and organic acids.

There is a growing and continuous trend in
consumer interest and awareness regarding proper nutrition.
Functional foods, which are promoted for their nutritional
and health benefits, are gaining more popularity (Darwish et
al., 2022a; Darwish et al., 2022b; Darwish et al., 20233;
Darwish et al., 2023c; Darwish et al., 2024). Considering
the health claims, a connection between food and health
must be established, backed by scientific and clinical studies
(El Dessouky Abdel-Aziz et al., 2020; Elbermawi et al.,
2022a; Elbermawi et al., 2022b; Khojah et al., 2022).
Functional foods either include components that have a
beneficial impact on health or remove components with
harmful effects. They also contain bioactive substances,
such as dietary fiber (Homayouni et al., 2012).

In this regard, yogurt consumption is associated with
its health advantages and nutrient-rich composition (Huang
et al., 2020). However, a common technical issue arises
during fermentation when caseins reach their pH 4.6,
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leading to the micelles formation. These micelles then
aggregate with whey proteins, resulting in the protein gels
creation. However, these pure gels are more susceptible to
syneresis and have lower stability (Xu et al., 2019). To
address incorporating additives can improve the stability
and texture of yogurt, extending its shelf life while
maintaining its sensory qualities.

In recent years, there has been a strong push for
bioprospecting biological products as alternatives to
artificial ingredients that are now on the market. Utilizing
raw materials, primarily organic macromolecules, provides
a basis for developing sustainable and bioactive products
(Albuquerque et al., 2022). Biopolymers, large molecules
made up of different monomer units like proteins,
polysaccharides, polyesters, and polyphenols, are derived
from natural resources and suggested for various
biotechnological uses (Albuquerque et al., 2022).

Polymers derived from algae, bacteria, plants,
animals, and fungal fermentation are called polysaccharides.
They are preferred over synthetic polymers because of their
low or non-toxicity, biodegradability, sustainability, and
biocompatibility. These characteristics have made
polysaccharides popular biopolymers in a variety of
industries for a long time (Albuquerque et al., 2022). They
can be categorized as cationic, anionic, or neutral depending
on their electrical charge. Furthermore, factors like
temperature, pH, molecules concentration and ionic strength
during the extraction process affect the structure of the main
polysaccharide chain.

Polysaccharides extracted from Cassia fistula are
noteworthy, as they are classified as soluble fiber due to their
resistance to hydrolysis in the human digestive system and
their prebiotic properties (Dawood et al., 2021).
Additionally, these polysaccharides possess various
functional characteristics, including strong gel-forming
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ability. Notably, one of their key features is their fat-
mimicking property, which has been effectively utilized to
improve the production of functional yogurt. This paper
aims to utilize texture profile analysis to identify and assess
the extent of physical changes in natural yogurt with the
inclusion of a prebiotic. The study's objective was to
evaluate the impact of adding polysaccharides extracted
from Cassia fistula as a functional ingredient on the
characteristics of natural yogurt.

MATERIALS AND METHODS

Materials

In Mansoura, Egypt, mature fruits of the Cassia
fistula were harvested from the campus of Mansoura
University. All the chemicals utilized in the study were
acquired from Sigma-Aldrich, whereas the starter culture
was obtained from Chr. Hansen.

The standardized bovine milk, obtained from the
local market in Mansoura City, contained 3% milk fat, 12
total solids, 3.5% protein and had a pH of 6.68.
Crude polysaccharide extraction process

The crude polysaccharide was produced following
the procedure outlined in the study conducted by Dawood et
al. (2021).
Preparation of yogurt
concentrations of CFP

Yogurt enriched with varying concentrations of CFP
(1%, 1.5%, and 2%) was prepared following the method
described by Darwish et al. (2023b) with some
modifications, Four yogurt formulations were prepared
using the process outlined in Figure 1: a control (without
CFP), yogurt with 1.0% CFP, yogurt with 1.5% CFP, and

enriched with varying

| UHTmilk[3gnoogoffat, |
| 12.8g/100gof total solids |
{ (TS} content, and pH of 6.67)

| 2%ofCFP |

| Packaging and incubation at 42°C
i il the complete coagulati H

Cooling and storage at 5 C for 15 days

Figure 1. Yogurt productlonflowchartControl refers
to yogurt without CFP, 1% CFP is yogurt
with 1% CFP, 1.5% CFP is yogurt with 1.5%

CFP, and 2% CFP is yogurt with 2% CFP.

Physical properties
Wheying-off:

Whey separation from yogurt without applying any
forces, using the siphon technique outlined by Amatayakul
et al. (2006).

Syneresis

The syneresis of yogurt was assessed using a
modified version of the method outlined by Amatayakul et
al. (2006).

Texture profile analysis

With the use of a texture profile analyzer (TA 1000,
Lab Pro (FRC TMS-Pro), USA), the texture characteristics of
yogurt were evaluated. A cylinder probe with a 25 mm
diameter was used for the analysis and the crosshead speed of
50 mm/s. Parameters such as adhesiveness, hardness,
springiness, cohesiveness and chewiness were measured in
triplicate, following the method described by Bourne (1978).
Measurement of acetaldehyde and diacetyl

Using a Jenway UV/visible spectrophotometer, the
amounts of acetaldehyde and diacetyl in yogurt samples
were determined in accordance with the procedure outlined
by Leesand Jago (1970).

Statistical Analysis

Each experiment was conducted in triplicate. An
ANOVA test, with a significance threshold of p < 0.05, was
used to examine changes in Wheying-off, Syneresis,
Hardness,  Adhesiveness, Cohesiveness,  Springiness,
Gumminess, Chewiness, Acetaldehyde, and Diacetyl
properties. The results were presented as mean + standard
deviation. Significant differences between the values were
determined using Duncan's multiple range test.

RESULTS AND DISCUSSION

Physical properties of yogurt

It is often recognized that the structure of fermented
milk products greatly influences several aspects such as
functionality, texture, and appearance. The microstructure and
structural layout of the protein interaction network determine
the yogurt's texture and rheological properties (Delikanli and
Ozcan, 2017). Figures 3, 4, 5, 6, and 7 show the texture profile
analysis (TPA) characteristics (adhesiveness, hardness,
cohesiveness, springiness, chewiness, and gumminess) of the
yogurt samples that were examined.

Wheying-off evaluation of yogurt:

Whey separation in yogurt is undesirable and can
happen when the body is weak. Whey-off is the process of
separating whey from the gel without the need for an outside
force. Yogurt with varying levels of CFPs had a
considerably (p > 0.05) lower wheying-off percentage than
the control. The yogurt sample with 2% CFPs had the least
amount of whey separated out of all of them; this was likely
due to the greater exopolysaccharide concentration. As the
storage time progressed, there was a considerable rise in
wheying-off (Figure 2a). It was found that low-fat yogurt
containing EPS exhibited comparable wheying-off behavior
during storage (Ramchandran and Shah, 2010). These
findings are in line with those of Hassan et al. (2015), who
found that yogurt samples with varying concentrations of
guar gum (GG) or cress seed mucilage (CM) showed less
wheying-off when compared to the control group.
Syneresis evaluation of yogurt
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Figure 2b illustrates the syneresis of yogurt samples
with varying levels of CFPs. When compared to the other
treatments, the sample with 2% of CFPs had the greatest
exopolysaccharide content, which was associated with the
lowest whey separation (7.89%). As the storage period
extended, there was a notable rise in syneresis. It was
observed that a greater exopolysaccharide concentration
contributes to reduced whey separation. Many studies by
other authors support the findings of the current study
(Nikoofar et al., 2013; Hassan et al., 2015). The findings of
the current study may be attributed to the
exopolysaccharide's high water-binding capacity and its
ability to modify the yogurt's microstructure through its
content (Nikoofar et al., 2013; Hassan et al., 2015).
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Figure 2. The effect of storage time and CFP content on
wheying off (a) and syneresis (b).

Hardness evaluation of yogurt

Hardness, or firmness, is the parameter most often
evaluated for texture profile analysis of yogurt that is was
known as the essential strength required for sample
deformation (Mudgil et al., 2017). The values of hardness
were gathered during storage periods. Hardness
significantly increased with storage (Figure 3a). Hardness
values of yogurt fortified with different concentration of
CFPs ranged from 0.94 to 1.6 N (Fig. 4c). The CFPs
enriched yogurt samples have significantly lower hardness
values than control. The hardness degree of experimented
samples is inversely proportional with concentration of
CFPs and storage time of samples at 4°C. Until the
conclusion of the storage periods (15 days), all examined
samples had considerably higher hardness levels (p < 0.05).

When the values of hardness are compared with the
previous studies, findings comparable to our results were
determined by Kose et al. (2008) in addition to Wen et al.
(2014). However our hardness values greater than those
reported by Karahan (2016). The amount of culture,
incubation temperature, and duration have all been implicated
in these variations. Accordingly, (Mudgil et al., 2017) found
that the hardness values are closely correlated with the culture
level utilized to produce yogurt, with the maximum degree of

hardness in the examined samples being between 2-2.5% of
the starter culture percentage. Furthermore, it was reported by
(Sah et al., 2016) that a shorter incubation period has also
been linked to yogurt with lower hardness levels. Particularly,
shorter incubation period of yogurt may adversely impact the
textural characteristics of yogurt. A faster rate of acidification
causes the casein micelles' colloidal calcium phosphates to be
depleted, releasing individual caseins from the micelles and
causing a casein network to develop. In this case, fast casein
coagulation leads to highly rearrange particles and small
number formation of protein-protein bonds, leading to weak
gel formation with larger pores, which in turn causes
increased whey syneresis (Sah et al., 2016). Another study by
Lee and Lucey (2003) found that lower incubation
temperatures result in a stronger protein network and
increased gel hardness. These findings align with those of
Azari-Anpar et al. (2017) , who reported that Aloe Vera gel-
enriched yogurt reduced the hardness values of the tested
samples. The lowest hardness value was observed in the
sample enriched with 5% Aloe vera gel, which may be due to
the salicylic acid in the gel inhibiting the growth of the yogurt
starter culture. Michael et al. (2010) also demonstrated that
plant extracts, such as onion, olive, garlic, and citrus, reduce
yogurt hardness. However Mudgil et al. (2017) found that
fortifying yogurt with 2-2.5% partially hydrolyzed guar gum
(PHGG) had no effect on hardness, while adding more than
2.5% reduced hardness. Additionally, Helal et al. (2018)
reported that adding inulin to yogurt significantly decreased
(P < 0.05) its hardness, with the lowest value observed in the
sample enriched with 3% inulin.

H0-0.5 M0S5-1 B1-15 W1.5-2 A
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Zero Time
2% CFPs

1.5% CFPs

§-2--1.5 W-15-1 @-1-05 ®-050 B

Adhesiveness (mJ)

Figure 3. The influence of varying level of CFPs and time
of storage on hardness (a) and adhesiveness (b).

Adhesiveness evaluation of yogurt
The energy required to overcome the adhesion force
between a sample and other surfaces was known as
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adhesiveness. The adhesiveness values characterized
negative sign meant force pointed down. A negative stress
is generated due to remove male probe from the tested
samples. Adhesiveness, a key texture property of yogurt, has
been found to positively impact its thickness and is also used
as a criterion for assessing yogurt's stability during storage
(Helal et al., 2018). Adhesiveness values of yogurt fortified
with different concentration of CFPs ranged from -0.98 to -
1.8 mJ (Figure 3b). The CFPs enriched yogurt samples have
significantly (P<0.05) lower adhesiveness values than
control. The adhesiveness of all treatments increased during
storage at 4°C (Figure 3b).

The current results are consistent with previous
studies, which reported that increasing the concentration of
inulin leads to a more significant reduction in adhesiveness.
The sample containing 3% inulin exhibited the lowest
adhesiveness value (Helal et al., 2018). Similar observation
were reported by Tavakolipour et al. (2014), who found that
higher levels of fat replacers, such as waxy corn starch and
gelatin, were associated with a reduction in adhesiveness.
This effect is likely due to the increased concentration of
hydrocolloids, which promotes the formation of a weaker
three-dimensional protein network. It was common
knowledge that polysaccharide-protein interaction and the
behavior gelation and aggregation have important effect in
physical stability, structure and rheological characteristics of
multicomponent food systems (Dickinson, 2008; Semenova
et al., 2009; Nagae and Yamaguchi, 2014; Benbettaieb et
al., 2016). When the solution's pH is near the protein's
isoelectric point (pl), the likelihood of forming a weak
protein network from protein-polysaccharide interactions is
higher compared to when the pH is lower than the pl
(Turgeon et al., 2007; Dickinson, 2008). The incorporation
of inulin into yogurt negatively impacts its adhesiveness
because the pH in various yogurt treatments is close to the
protein's isoelectric point (pl).

Dickinson has also presented that biopolymers
concentration is significantly impacting on the rheological
properties of food matrix (Dickinson, 2011). The using high
inulin concentration which having identical charge resulting
in weak protein network even in protein pl lower than pH
due to net repulsion which provide high ionic strength
(Grinberg and Tolstoguzov, 1997). In general, the
adhesiveness of yogurt increased up to the 14" day of
storage, although the rate of increase varied depending on
the treatment. The control sample exhibited the highest
adhesiveness values during storage, with measurements of -
0.71#, -0.674, and -0.61+ mJ for days 0, 7, and 15,
respectively. Kip et al. (2006) and Abou-Soliman et al.
(2017), observed similar results, noting an increase in yogurt
adhesiveness during storage, followed by a decrease at the
end of the storage period.

Cohesiveness evaluation of yogurt

Consistency, or cohesiveness, is an important
textural attribute of yogurt and reflects its acceptance from
the consumer's perspective. Consistency indicates the
strength of internal bonds, which making up the food body
as a perfect, and it is expressed as the strength degree that
may result deformed a food material before it is cracked
(Chandra and Shamasundar, 2015). As can be noticed from
Figure 4a, the cohesiveness values of the investigated
samples were significantly impacted by CFPs (p < 0.05).

CFPs incorporation (2%) into the samples of yogurt
decreased consistency value from 0.45 (control) to 0.34.
Low cohesiveness value presented that samples structure
containing CFPs is less force and firmer compared with
control. The cohesiveness values of yogurt samples are
inversely proportional with cold storage (Figure 4a). Our
results are consistent with those Azari-Anpar et al. (2017),
who reported that yogurt enriched with Aloe Vera gel is
related to decrease in samples cohesiveness. Also, the
fortification of yogurt with different concentration of dried
grape pomace (3, 4 and 5%) lead to reduce values of
cohesiveness in tested samples (Mohamed et al., 2014).
Springiness evaluation of yogurt

Springiness (mm), or elasticity, reflects the degree
and speed at which a deformed food material returns to its
original position after the force is released. Several factors
effect on values of yogurt springiness such as protein
interaction, heat treatment and protein unfolding degree
(Delikanli and Ozcan, 2017). The effect of CFPs addition on
yogurt springiness is shown in (Figure 4b). Yogurt
springiness scores varied significantly (p < 0.05) between
the CFP-enriched and control groups. Yogurt samples
springiness was presented minimum at level 2% of CFPs
and storage time of 15 days (0.60 mm) (Figure 4b). The
CFPs addition associated with decreased the yogurt
springiness with increasing its percentage. The values of
springiness have been significant decreased (p < 0.01) until
the 15™ day of storage time (Figure 4b). Helal et al. (2018)
found similar results, reporting that adding inulin reduces
the springiness of yogurt as its amount rises.
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Figure 4. The influence of varying levels of CFPs and
storage duration on cohesiveness (a) and
springiness (b).

Gumminess evaluation of yogurt
Gumminess refers to the energy required to break
down a semisolid food into smaller pieces until it is suitable
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for swallowing (Domagata et al., 2006). The gumminess
range was 0.32 to 0.85 N. The highest and lowest value of
gumminess was related to control (0.85 N) and yogurt
enriched with 2% CFPs (0.31 N) (Figure 5a) respectively.
The gumminess values of control and yogurt containing 1
and 1.5% of CFPs increased with prolonged cold storage
(Figure 5a), while the yogurt gumminess containing 2% of
CFPs decreased with increased cold storage time. Our
findings aligned with those of Nikoofar et al. (2013),
discovered that adding quince seed mucilage to yogurt
resulted in a decrease in gumminess.
Chewiness evaluation of yogurt

Chewiness refers to the effort or time needed to chew
a food sample until it is ready to be consumed. It is
influenced by factors such as hardness, springiness, and
cohesiveness. Yogurt samples chewiness ranged from 0.18
to 0.80 J (Figure 5b) according to CFPs concentration and
cold storage. The concentration of CFPs has a significantly
negative impact on chewiness. The decrease in yogurt
chewiness containing CFPs might be attributed to high
moisture content in CFPs enriched yogurt macerates the
protein interaction network, which fortunately resulted in
lower firmness and subsequently decreased other textural
parameter of yogurt (Cohesiveness, gumminess and
chewiness). Additionally, polysaccharides can interact with
the protein network, resulting in a soft and smooth yogurt
curd that coats the mouth during chewing (Hassan et al.,
2003; Hassan et al., 2004).
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Figure 5. The impact of varying CFP levels and time of
storage on gumminess (a) and chewiness (b).

Flavor compounds in yogurt
Acetaldehyde evaluation of yogurt

The variations in volatile flavor compounds of yogurt
samples, measured by acetaldehyde concentration, are
presented in Figure 6a. The acetaldehyde levels in the yogurt
samples ranged from 63.3 to 88.67 umol/100g, depending on
the concentration of CFPs and cold storage conditions (Figure
6a). The acetaldehyde concentration significantly decreased

(p > 0.01) over the storage period at 4°C. Yogurt enriched
with different concentrations of CFPs (1%, 1.5%, and 2%)
exhibited lower acetaldehyde levels compared to the control
across various storage periods (Figure 6a). The concentration
of acetaldehyde in yogurt samples enriched with CFPs
significantly decreased (p < 0.01) with extended storage time,
with the highest levels observed at the beginning (zero time)
and the lowest at the end of the 15-day storage period (Figure
6a). The acetaldehyde levels in all treatments remained within
the optimal range (23 to 41 mg/kg), which is necessary for
producing the standard flavor in yogurt (Yekta and Ansari,
2019). Adding 2% CFPs to yogurt reduces acetaldehyde
levels from 36.5 mg/kg (control) to 27 mg/kg. This reduction
is beneficial, as acetaldehyde can form from ethanol during
the oxidation process and has carcinogenic potential, which
could lead to chromosomal mutations (Tagaino et al., 2019).
These results are consistent with those of Yekta and Ansari
(2019), who exhibited the mucilage addition at different
concentration into yogurt reduced the acetaldehyde
concentration. Acetaldehyde can vaporize or be transformed
into ethanol by alcohol dehydrogenase that is secreted by
culture starters of yogurt, and this one of the most important
reasons for decreasing in acetaldehyde concentration during
storage (Sahan et al., 2008).
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Figure 6. The impact of different CFP concentrations
and storage duration on acetaldehyde (a) and
diacetyl (b).

Diacetyl evaluation of yogurt

Figure 6b illustrates the variations in yogurt samples'
volatile flavor components based on the diacetyl content. In
contrast to acetaldehyde production, which rose
considerably (p>0.01) throughout the storage duration at
4°C, diacetyl formation in yogurt samples was not affected
by the length of storage. The diacetyl concentration in
yogurt enriched with varying levels of CFPs (1%, 1.5%, and
2%) was lower than in the control across different storage
periods (Figure 6b). These findings align with Kdtt (2023),
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who found that in mixed cultures, the production of diacetyl
increases with rising acidity, which is linked to the growth
of the starter culture. A comparable trend was observed in
yogurt fortified with inulin (Khalifa et al., 2011) and guar
gum (Hassan et al., 2015). Regarding the current results, it
may be stated that the CFPs as hydrocolloid can decrease
the water activity and could cause negative effect for ability
production of flavor compounds such as diacetyl and
acetaldehyde by culture starter of yogurt.

CONCLUSION

The effect of adding different amounts of Cassia
fistula polysaccharide (CFP) (1%, 1.5%, or 3% w/w) on the
physicochemical properties of natural yogurt was examined.
The study assessed physical stability (wheying-off and
syneresis), texture parameters (hardness, adhesiveness,
cohesiveness, springiness, gumminess, chewiness), and the
formation of flavor compounds (acetaldehyde and diacetyl).
Yogurt fortified with CFP exhibited significantly lower
wheying-off and syneresis compared to the control, with the
lowest values observed at a 2% CFP concentration.
Hardness decreased as both the CFP concentration and
storage time at 4°C increased. While adhesiveness was
lower in CFP-enriched samples, it increased during storage.
The addition of 2% CFP led to reductions in consistency,
cohesiveness, and springiness, indicating a softer texture.
Gumminess and chewiness were also lower in CFP-
enriched samples, with the yogurt containing 2% CFP
showing the lowest gumminess at 0.31 N. Acetaldehyde
levels in CFP-enriched yogurt were lower than in the control
and decreased over time, while diacetyl levels rose during
storage but remained below those of the control.

REFERENCES

Abou-Soliman, N. H., S. S. Sakr, and S. Awad. 2017.
Physico-chemical, microstructural and rheological
properties of camel-milk yogurt as enhanced by
microbial transglutaminase. Journal of Food Science
and Technology 54(6):1616-1627.

Albuguerque, P. B. S., W. F. de Oliveira, P. M. dos Santos
Silva, M. T. dos Santos Correia, J. F. Kennedy, and
L. C. B. B. Coelho. 2022. Skincare application of
medicinal plant polysaccharides—A  review.
Carbohydrate polymers 277:118824.

Amatayakul, T., A. L. Halmos, F. Sherkat, and N. P. Shah.
2006. Physical characteristics of yoghurts made
using exopolysaccharide-producing starter cultures
and varying casein to whey protein ratios.
International Dairy Journal 16(1):40-51.

Azari-Anpar, M., N. S. Tehrani, N. Aghajani, and M.
Khomeiri. 2017. Optimization of the new
formulation of ice cream with native Iranian seed
gums (Lepidium perfoliatum and Lepidium sativum)
using response surface methodology (RSM). Journal
of Food Science and Technology 54(1):196-208.
doi: https://doi.org/10.1007/s13197-016-2451-1

Benbettaieb, N., J. P. Gay, T. Karbowiak, and F.
Debeaufort. 2016. Tuning the functional properties
of polysaccharide—protein bio-based edible films by
chemical, enzymatic, and physical cross-linking.
Comprehensive Reviews in Food Science and Food
Safety 15(4):739-752.

Bourne, M. C. 1978. Texture profile analysis. Food
Technol. 32:62-66.

Chandra, M., and B. Shamasundar. 2015. Texture profile
analysis and functional properties of gelatin from the
skin of three species of fresh water fish. International
Journal of Food Properties 18(3):572-584.

Darwish, M. S., N. A. Abou-Zeid, E. Khojah, H. A. Al
Jumayi, G. A. Alshehry, E. H. Algamni, and A. A.
Elawady. 2022a. Supplementation of Labneh with
Passion Fruit Peel Enhanced Survival of E. coli
Nissle 1917 during Simulated Gastrointestinal
Digestion and Adhesion to Caco-2 Cells. Foods
11(11)doi: 10.3390/foods11111663

Darwish, M. S., A. El-Hady, E. Noura, and M. S. Mostafa.
2024. The Effects of Fortifying Rayeb Milk with
Different Forms of Iron on Its Physicochemical,
Sensory, Antimicrobial, and Anticancer Properties.
Journal of Food and Dairy Sciences:89-96.

Darwish, M. S., M. S. Gomaa, and E. A. Elbially. 2023a. In
Vitro Evaluation of Antihyperglycemic Activity of
Polysaccharide Fractions Derived from Sesame
Seeds Hulls. Journal of Food and Dairy Sciences
14(9):215-220.

Darwish, M. S., M. S. Gomaa, E. S. Elsherbiny, and M. S. Mostafa.
2023b.  Angiotensin-converting  enzyme  (ACE-1)
inhibitory and antioxidant activities of probiotic yogurt
enriched with rice bran. Egyptian Journal of Chemistry
doi: 10.21608/ejchem.2023.190160.7527

Darwish, M. S., M. S. Gomaa, and M. M. Goda. 2023c.
Probiotic Characterization of Limosilactobacillus
and Lactiplantibacillus Strains Isolated from
Traditional Egyptian Dairy Products. Journal of
Food and Dairy Sciences 14(10):227-234.

Darwish, M. S., L. Qiu, M. A. Taher, A. A. Zaki, N. A.
Abou-Zeid, D. H. Dawood, O. M. A. K. Shalabi, E.
Khojah, and A. A. Elawady. 2022b. Health benefits
of postbiotics produced by E. coli Nissle 1917 in
functional yogurt enriched with Cape gooseberry
(Physalis peruviana L.). Fermentation 8(3):128-150.
doi: 10.3390/fermentation8030128

Dawood, D. H., M. S. Darwish, A. A. EI-Awady, A. H.
Mohamed, A. A. Zaki, and M. A. Taher. 2021.
Chemical characterization of Cassia fistula
polysaccharide (CFP) and its potential application as
a prebiotic in synbiotic preparation. RSC Advances
11(22):13329-13340. doi: 10.1039/D1RA00380A

Delikanli, B., and T. Ozcan. 2017. Improving the textural
properties of yogurt fortified with milk proteins.
Journal of Food Processing and Preservation
41(5):1-8. doi: 10.1111/jfpp.13101

Dickinson, E. 2008. Interfacial structure and stability of food
emulsions as affected by protein—polysaccharide
interactions. Soft Matter 4(5):932-942.

Dickinson, E. 2011. Mixed biopolymers at interfaces:
Competitive adsorption and multilayer structures.
Food Hydrocolloids 25(8):1966-1983.

Domagata, J., M. Sady, T. Grega, and G. Bonczar. 2006.
Rheological properties and texture of yoghurts when
oat-maltodextrin is used as a fat substitute.
International Journal of Food Properties 9(1):1-11.

148


https://doi.org/10.1007/s13197-016-2451-1

J. of Food and Dairy Sci., Mansoura Univ., Vol. 15 (10), October, 2024

El Dessouky Abdel-Aziz, M., M. Samir Darwish, A. H.
Mohamed, A. Y. El-Khateeb, and S. E. Hamed. 2020.
Potential activity of aqueous fig leaves extract, olive
leaves extract and their mixture as natural
preservatives to extend the shelf life of pasteurized
buffalo milk. Foods 9(5):615. doi: 10.339 O0/f
000s9050615

Elbermawi, A., M. S. Darwish, A. A. EI-Awady, A. A. Zaki, L.
Qiu, and R. M. Samra. 2022a. Isolation and biological
activities of compounds from Rumex vesicarius L. and
their use as a component of a synbiotic preparation.
Food chemistry: X  14:100306-100306. doi:
10.1016/j.fochx.2022.100306

Elbermawi, A., M. S. Darwish, A. A. Zaki, N. A. Abou-Zeid,
M. A. Taher, E. Khojah, S. A. Bokhari, and A. F.
Soliman. 2022b. In Vitro Antidiabetic, Antioxidant,
and Prebiotic Activities of the Chemical Compounds
Isolated from Guizotia abyssinica. Antioxidants
11(12)doi:10.3390/antiox11122482

Grinberg, V. Y. and V. Tolstoguzov. 1997.
Thermodynamic incompatibility of proteins and
polysaccharides in solutions. Food Hydrocolloids
11(2):145-158.

Hassan, A., J. Frank, and M. Elsoda. 2003. Observation of
bacterial exopolysaccharide in dairy products using
cryo-scanning electron microscopy. International Dairy
Journal 13(9):755-762. doi: https:/ /doi.org /10.101
6/S095 8-6946(03)00101-8

Hassan, A. N., M. Corredig, J. F. Frank, and M. Elsoda.
2004. Microstructure and rheology of an acid-
coagulated cheese (Karish) made with an
exopolysaccharide-producing Streptococcus
thermophilus strain and its exopolysaccharide non-
producing genetic variant. Journal of Dairy Research
71(1):116-120. doi: https://doi. org/10.1 017 /S002
2029903006605

Hassan, L. K., H. Haggag, M. ElKalyoubi, M. A. El-Aziz,
M. El-Sayed, and A. Sayed. 2015. Physico-chemical
properties of yoghurt containing cress seed mucilage
or guar gum. Annals of Agricultural Sciences
60(1):21-28.

Helal, A., N. Rashid, N. Dyab, M. Otaibi, and T. Alnemr.
2018. Enhanced Functional, Sensory, Microbial and
Texture Properties of Low-Fat Set Yogurt
Supplemented With High-Density Inulin. Journal of
Food Processing & Beverages 6(1):1-11.

Homayouni, A., A. Azizi, M. Javadi, S. Mahdipour, and H.
Ejtahed. 2012. Factors influencing probiotic survival
in ice cream: a review.

Huang, Y., S. Zhao, K. Yao, D. Liu, X. Peng, J. Huang, Y.
Huang, and L. Li. 2020. Physicochemical,
microbiological, rheological, and sensory properties
of yoghurts with new polysaccharide extracts from
Lactarius volemus Fr. using three probiotics.
International Journal of Dairy Technology
73(1):168-181.

Karahan, L. E. 2016. Batman’da tiiketime sunulan
yogurtlarin bazi kimyasal ve tekstiirel o6zellikleri.
Batman Universitesi Yasam Bilimleri Dergisi
6(2/2):59-65.

149

Khalifa, M. E., A. Elgasim, A. Zaghloul, and M. Mahfouz.
2011. Application of inulin and mucilage as
stabilizers in yoghurt production. American Journal
of Food Technology 6(1):31-39.

Khojah, E., M. S. Gomaa, E. G. Elsherbiny, A. Elawady, and
M. S. Darwish. 2022. The In Vitro Analysis of
Posthiotics in Functional Labneh to Be Used as
Powerful Tool to Improve Cell Surfaces Properties and
Adherence Potential of Probiotic Strains. Fermentation
8(3):122. doi: 10.3390/fermentation8030122

Kip, P., D. Meyer, and R. Jellema. 2006. Inulins improve
sensoric and textural properties of low-fat yoghurts.
International Dairy Journal 16(9):1098-1103.

Kose, Y. E., I. Altun, and S. Kose. 2008. Determination of
Texture Profile Analysis of Yogurt Produced By
Industrial and Traditional Method. International
Journal of Scientific and Technological Research
4(8):66-70. doi: https://doi.org/10.7176/JSTR

Kdtt, M. L. (2023). Starter culture growth dynamics and sensory
properties of fermented oat drink. Heliyon. 2023; 9 (5):
e15627.Lee, W. J.,, and J. A. Lucey. 2003. Rheological
properties, whey separation, and microstructure in set-style
yogurt: Effects of heating temperature and incubation
temperature. Journal of Texture Studies 34(5-6):515-536.
doi: https://doi.org/10.1111/j.1745-4603.2003.tb01079.x

Lees, G. J., and G. R. Jago. 1970. The estimation of diacetyl
in the presence of other carbonyl compounds.
Journal of Dairy Research 37(1):129-132.

Li, H., P. Jia, and T. Fei. 2021. Associations between taste
preferences and chronic diseases: a population-
based exploratory study in China. Public Health
Nutrition 24(8)

Michael, M., R. K. Phebus, and K. A. Schmidt. 2010. Impact of a
plant extract on the viability of Lactobacillus delbrueckii
ssp. bulgaricus and Streptococcus thermophilus in nonfat
yogurt. International Dairy Journal 20(10):665-672. doi:
https://doi.org/10.1016/).idairyj.2010.03.005

Mohamed, A., A. F. Zayan, and N. Shahein. 2014.
Physiochemical and sensory evaluation of yoghurt
fortified with dietary fiber and phenolic compounds.
Life Science Journal 11(9):816-822.

Mudgil, D., S. Barak, and B. Khatkar. 2017. Texture profile
analysis of yogurt as influenced by partially
hydrolyzed guar gum and process variables. Journal
of food science and technology 54(12):3810-3817.
doi: 0rg/10.1007/s13197-017-2779-1

Nagae, M., and Y. Yamaguchi. 2014. Three-dimensional
structural  aspects of protein—polysaccharide
interactions. International Journal of Molecular
Sciences 15(3):3768-3783.

Nikoofar, E., M. Hojjatoleslami, and M. A. Shariaty. 2013.
Surveying the effect of quince seed mucilage as a fat
replacer on texture and physicochemical properties
of semi fat set yoghurt. Int. J. Farm. Alli. Sci
2(20):861-865.

Ramchandran, L., and N. P. Shah. 2010. Characterization of
functional, biochemical and textural properties of
synbiotic low-fat yogurts during refrigerated
storage. LWT-Food Science and Technology
43(5):819-827. doi: doi: 10.1016/j.Iwt.2010.01.012.


https://doi.org/10.1016/S0958-6946(03)00101-8
https://doi.org/10.1016/S0958-6946(03)00101-8
https://doi.org/10.7176/JSTR
https://doi.org/10.1111/j.1745-4603.2003.tb01079.x
https://doi.org/10.1016/j.idairyj.2010.03.005

Darwish, M. S. et al.,

Sah, B., T. Vasiljevic, S. McKechnie, and O. Donkor. 2016.
Physicochemical, textural and rheological properties
of probiotic yogurt fortified with fibre-rich pineapple
peel powder during refrigerated storage. LWT-Food
Science and Technology 65:978-986. doi:
https://doi.org/10.1016/j.Iwt.2015.09.027

Sahan, N., K. Yasar, and A. Hayaloglu. 2008. Physical,
chemical and flavour quality of non-fat yogurt as
affected by a B-glucan hydrocolloidal composite
during storage. Food Hydrocolloids 22(7):1291-
1297.

Semenova, M. G., L. E. Belyakova, Y. N. Polikarpov, A. S.
Antipova, and E. Dickinson. 2009. Light scattering
study of sodium caseinate+ dextran sulfate in
aqueous solution; Relationship to emulsion stability.
Food Hydrocolloids 23(3):629-639.

Tagaino, R., J. Washio, Y. Abiko, N. Tanda, K. Sasaki, and
N. Takahashi. 2019. Metabolic property of
acetaldehyde production from ethanol and glucose
by oral Streptococcus and Neisseria. Scientific
Reports 9(1):1-8.

Tavakolipour, H., F. Vahid-moghadam, and F. Jamdar.
2014. Textural and sensory properties of low fat
concentrated flavored yogurt by using modified
waxy corn starch and gelatine as a fat replacer. Int J
Biosci 5(6):61-67.

Turgeon, S., C. Schmitt, and C. Sanchez. 2007. Protein—
polysaccharide complexes and coacervates. Current
Opinion in Colloid & Interface Science 12(4-5):166-
178.

Wang, J.; M. Shang, X. Li, S. Sang, D. J. McClements, L.
Chen, J. Long, A. Jiao, H. Ji, and Z. Jin. 2023.
Polysaccharide-based colloids as fat replacers in
reduced-fat foods. Trends in Food Science &
Technology:104195.

Wen, Y., B.-H. Kong, and X.-H. Zhao. 2014. Quality
indices of the set-yoghurt prepared from bovine milk
treated with horseradish peroxidase. Journal of food
science and technology 51(8):1525-1532. doi:
10.1007/s13197-012-0680-5

Xu, K., M. Guo, J. Du, and Z. Zhang. 2019. Okra
polysaccharide: Effect on the texture and
microstructure of set yoghurt as a new natural
stabilizer. International journal of biological
macromolecules 133:117-126.

Yekta, M., and S. Ansari. 2019. Jujube mucilage as a
potential stabilizer in stirred yogurt: Improvements
in the physiochemical, rheological, and sensorial
properties. Food Science & Nutrition 7(11):3709-
3721.

ol Al g AgSill € pa (usSE Ao Cassia fistula (e Aadliaal) 4o Al Bael) cly Sl

Gl el & ) 6 oull A ol 5 )
J.\:\Agiﬁ bﬁj&“@@l&&“s&ij)éww
3 ) seaiall daadla —de )3 ALK Y1 Al

Laild)

AlaasSl 5 Ay 5l (ailasll e (7Y 5 Y,0 4 1) il <l 38 3 (CFP) Cassia fistula o 4 sdiua G Jlald) sasel) iy Sl 28] 35 Qs 5
gl s Ayl bl i) 5 ANl sl 5 S A g (abam an il g i 5 Ul el () I A 50 (8 ) 5 gl (g3 30
4 i a3 iy paill g i (5 Gl el ¥ 8 )5S Lalisil CFP = ac el o3 edil (Qiens) 385 5 dugaallinns V1) 2l LS po (39 555 (Gl 5
CalS Ay e s o € die G jall g b i) ey CFP S 5333 ) e A3lall Cuadll LS CFPOe 7Y Jara e el (5ol Jl1 (8 Lagly ginse J8) S Cam o J 5 il
S ol 8 Ny Lae g yall s elulaill g Shal¥) (S ) CFP (g Y ilia) el 0 533 el ol 16380 5 CFP = fee ) cilisal) i L B slail¥) e 5 53
s T e le (M clia s il s dea (e dan 1% CFP Y = acadl b 1 ekl Cum ¢ CFP= Aee ad) cilisal) b JB gl ianall il Ao gais S
Clll LS ey 530 o Jians) A iy s 31 ) Ly o5l ) 5 g a5 (50 il Ae (o S CFP = p ) (g3l 31 (8 gualians) ol sine S
(D) & el due e J8

Ol il €43 5 pall esanmiall ey Sl ¢dSlall selulall ¢ sbaily) -l clalslf

150


https://doi.org/10.1016/j.lwt.2015.09.027

