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Abstract

The development of functional dairy products aligns with the growing demands for health-promoting foods. This 
study investigates the impact of fortifying probiotic yogurt with varying concentrations of Sidr dried pulp pow-
der (SDPP; 0, 2.5, 5.0, and 7.5%) on its physicochemical, rheological, antioxidant, microbiological, and sensory 
properties during 15 days of refrigerated storage. The addition of SDPP significantly enhanced the total pheno-
lic and flavonoid contents and the antioxidant activity, while slightly increasing acidity with lowering pH over 
time. Rheological analysis showed improved viscosity and reduced syneresis at moderate SDPP levels (up to 5%). 
Microbial viability of Lactobacillus acidophilus and Bifidobacterium bifidum remained within acceptable lim-
its throughout storage. Sensory evaluation indicated that samples fortified with up to 5% SDPP were the most 
acceptable. These findings suggest that SDPP is an effective functional ingredient in low-fat probiotic yogurt for 
enhancing nutritional value and sensory appeal. 
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Introduction

Yogurt is known as fermented milk and is popular 
throughout the world due to its appealing qualities, and 
is consumed in many parts of the world. It usually con-
tributes to improving human health. It often affects the 
body’s functions and the many metabolisms in the gas-
trointestinal tract, particularly in the large intestine. It is 
rich in micronutrients such as bioactive proteins, ribofla-
vin, hydrolyzed proteins, vitamins, zinc, calcium, potas-
sium, magnesium, and fat. These amounts are greater 
than those of other dairy products, including the milk 
used to make yogurt. This characteristic contributes to 

its global appeal among consumers. This nutritional rich-
ness enhances its health benefits and makes it a preferred 
choice for those seeking functional foods. As a result, its 
popularity continues to grow worldwide (Khalaf et  al., 
2021; Shishir et al., 2024; Tremblay and Panahi, 2017).

Making nutritious yogurt has gained popularity due to 
the increasing demand for high-quality, diversified cui-
sine. Two starter cultures of lactic acid bacteria (LAB), 
Streptococcus thermophilus and Lactobacillus bulgaricus, 
ferment milk to produce this beneficial dairy product. To 
preserve health, lower cholesterol, and avoid diarrhea, 
these probiotic bacteria keep the balance of intestinal 
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flora (Hendarto et al., 2019; Khalaf et al., 2021). Yogurt’s 
nutritional value and functionality can be improved by 
adding fortification components (Raikos et al., 2018).

Yogurt is more easily digested than milk and offers 
numerous health advantages to the human body, because 
it contains prebiotic and probiotic bacteria that improve 
the intestinal barrier function and impart a positive 
impact on the gut–brain axis (Sánchez et al., 2017). “Due 
to the highly acidic conditions of the human stomach, 
many probiotic strains may not survive gastrointestinal 
transit, limiting their therapeutic effects. Therefore, for 
probiotic-containing products like yogurt to be effective, 
they must include acid-resistant strains capable of sur-
viving gastric acidity and reaching the intestines alive” 
(Alneamah et al., 2023). Cow’s milk is not the only source 
from which yogurt may be made; tiny ruminants and 
plants can also be used. Donkey, sheep, camel, and cow 
milk are examples of animal-based milk sources (Tahir 
et al., 2019).

The market for probiotic-containing goods is growing 
rapidly as a result of consumers’ growing awareness of 
the relevance of these products for preserving health and 
well-being. Most probiotic foods currently available in 
the market, such as yogurt and fermented milks, are fresh 
goods that must be consumed within a few days or weeks 
of production. Recently, a significant amount of research 
has been prompted by the possible health benefits of 
dairy products that include probiotic organisms such 
as Lactobacillus and Bifidobacterium spp. on diseases. 
Prebiotics are indigestible carbohydrates that promote the 
growth of healthy bacteria (Khurana and Kanawjia, 2007). 

Globally, there is a growing tendency toward the use of 
by-products in food processing, such as natural pow-
dered wild fruits and some agricultural crop wastes, to 
enhance the nutritional, rheological, and physicochemi-
cal qualities of yogurt (Pakseresht et al., 2017; Jovanović 
et al., 2020). One of the major trends in the food industry, 
particularly in the dairy sector, which has drawn a lot of 
scientific attention in recent decades, is functional foods, 
a concept that blends nutrition and health (Swelam 
et  al., 2021; Atwaa et  al., 2022a, 2022b; Shahein et  al., 
2022). The lowest possible dosage is required to pro-
duce positive therapeutic results. Yogurt’s consistency 
and viscosity are increased when the fruits’ total solids 
(TS; pectin and sugars) are combined with it; as a result, 
mouthfeel is enhanced (Amal et al., 2016). Fruits can be 
added to yogurt recipes in the form of pulp, juice, syrup, 
or canned fruit. There are several advantages to fortify-
ing dairy products with dietary fiber, including boosting 
the product’s dietary fiber content, substituting fat, fixing 
some technical problems, and offering bulking agents, 
micronutrient premixes, or probiotic or synbiotic effects 
(Arora et al., 2015).

People commonly refer to the Ziziphus spina-christi tree 
as Sidr, Nabaq, or Nabka. The tree, which belongs to the 
Rhamnaceae family, is grown in East and South Asia and 
the Middle East, including in Arab nations like Saudi Arabia 
and Egypt. Sidr fruits are considered a rich source of essen-
tial dietary components, including minerals, protein, phos-
phorus, calcium, and carotenoids. It is also high in various 
vitamins, such as vitamin C, which are present in much 
greater amounts than those found in strawberries, oranges, 
and grapes (38 mg) (EH Atwaa et al., 2021). The fruit has a 
high energy content due to its high sugar content. People 
typically consume it in jam, fresh, or dry form. Recently, 
the use of affluent items enhanced by natural materials has 
expanded. According to reports, 431 chemicals have been 
identified from the genus Ziziphus, with alkaloids and fla-
vonoids being the most common. Saponins, fatty acids, and 
phenolics, as well as alkaloids and flavonoids, have numer-
ous biological properties, including antioxidant, antimicro-
bial, antifungal, antihypertensive, antihyperglycemic, and 
antidiabetic, as well as anticancer effects (Khaleel et  al., 
2016; El Maaiden et al., 2020). The Sidr pulp has high total 
phenolics (46.62 mg/g) and flavonoid (165.68 mg/100  g) 
contents, resulting in 36.02% suppression of DPPH free 
radicals (Hashem and El-Lahot, 2021).

Polyphenols, which are significant natural antioxidants, 
are abundant in Sidr fruits. Natural antioxidants have 
received a lot of attention; by using these fruits, manufac-
tured antioxidants may be replaced, and skin infections, 
strokes, urinary problems, insomnia, diabetes, weak-
ness, diarrhea, and other neurological disorders can be 
prevented and treated with phenolic compound fruits, 
which are significant natural antioxidants with scaveng-
ing activity against free radicals (Al-Ghamdi et al., 2019; 
Lema et  al., 2022). Tryptophan and other amino acids 
found in fruits are essential for mental well-being and 
brain function. Aafi et al., (2022) stated that the presence 
of numerous components, including tannins, alkaloids, 
saponins, terpenoids, flavonoids, phenolic compounds, 
amino acids, sugar, protein, lipids, potassium, calcium, 
phosphate, and iron, is also a contributing factor.

In recent years, the use of healthy products in food pro-
cessing enriched with natural materials has increased. 
Nontraditional fruits like Sidr are available abundantly in 
Saudi Arabia, particularly during the winter season, and 
are found as a street tree at a cheaper price compared 
to the other main fruits. This study aims to evaluate the 
impact of fortifying probiotic yogurt with varying con-
centrations of Sidr (Ziziphus spina-christi L.) dried pulp 
powder (SDPP) on its physicochemical, rheological, anti-
oxidant, microbiological, and sensory properties during 
15 days of refrigerated storage. The findings may con-
tribute to the development of innovative and functional 
products from fresh cow’s milk yogurt with enhanced 
nutritional and sensory profiles.
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Materials and Methods

This experiment was carried out at the Food and 
Nutrition Sciences Department, College of Agricultural 
and Food Sciences, King Faisal University. The fresh Sidr 
fruits (Ziziphus spina-christi L.) were purchased from 
the local market in Al-Ahasa, the eastern region of Saudi 
Arabia.

Preparation of Sidr dried pulp powder

Using a stainless steel seed remover, the fruits were care-
fully separated into pulps and seeds after being soaked in 
cold chlorinated water (50 mg/kg) and rinsed with dis-
tilled water. The fruit pulps were then blanched at 80°C 
for 5 min and dehydrated in a hot air oven (Memmert UE 
600, Germany) at 50°C for 48 h. Using a milling machine 
(Kenwood model CHP 40, China), the dried pulps were 
crushed into a fine powder and sieved with a 0.425 mm 
mesh. The powder was placed in an airtight polyethene 
plastic bag and stored in the refrigerator at 4°C until it 
was used or subjected to additional examination. 

Production of probiotic yogurt fortified with SDPP

Fresh cow’s milk (3.64% fat and 8.72% solid nonfat 
[SNF]) and skim milk powder (95.53% dry matter, 
0.69% fat, and 94.84% SNF) were obtained from the 
herd of the Research and Experiment Station, King 
Faisal University. Probiotic starter cultures containing 
Bifidobacterium bifidum, Lactobacillus acidophilus, and 
S. thermophilus were obtained from the Microbiological 
Resources Center, Faculty of Agriculture, Ain Shams 
University, Egypt. The physicochemical composition 
of raw cow’s milk and skim milk powder is recorded in 
Table 1.

Probiotic bacterial inoculation of skim milk was prepared 
in accordance with (Jovanović et al., 2020). A total of 7 L 
of 10% skim milk was used for the entire experiment. It 
was pasteurized for 10 min at 121°C, cooled to the incu-
bation temperature, and inoculated at a level of 2% for 
24 h at 37°C (Kebary and Hussein, 1999). 150 g of the 
inoculated skim milk was transferred into glass contain-
ers, and the samples underwent fermentation following 
a thorough mixing process and the addition of chosen 
quantities of SDPP (0, 2.5, 5.0, and 7.5% w/w). The fer-
mentation was maintained at 42 ± 1°C for around 2.5 h, 
or until the pH reached 4.5. Following fermentation, the 
yogurt samples were agitated and allowed to cool (4°C 
for 24 h) to stabilize them. Every sample was created in 
triplicate, and the analysis of each sample was done three 
times. The samples from all treatments were stored at 
5 ± 1°C and subjected to physicochemical analysis and 

sensory evaluation at 0 time and after 5, 10, and 15 days. 
Each treatment was replicated three times, resulting in a 
total of 48 samples (4 treatments × 3 replicates × 4 stor-
age periods).

Physicochemical analysis

Moisture content, crude fiber content, ash content, pro-
tein content, total acidity (as % citric acid), pH (by using 
a digital pH meter, Crison Basic 20), and carbohydrates 
(calculated by subtracting the sum of moisture, ash, 
crude fat, crude protein, and crude fiber contents from 
100) were determined according to methods described in 
the (AOAC, 2020). 

The bioactive compounds and antioxidant assays

Total phenolic compounds 
With minor adjustments, the Folin–Ciocalteu assay was 
used to measure the total phenolic compounds (TPC) 
in the methanolic extracts (Barros et al., 2011). Using a 
spectrophotometer (Model 6505 UV/VIS, Jenway, UK), 
the absorbance was measured at 765 nm. The TPC was 
calculated using the linear regression equation (R2 = 
0.9986) of a calibration curve of gallic acid (0.00–0.10 
mg/mL). Gallic acid equivalents in milligrams per 100 g 
of material were used to express the results.

Total carotenoid content 
The method outlined by (Eugster et al., (1995; Ghendov-
Mosanu et  al., (2020) was used to calculate the total 
carotenoid content (TCC). For analysis, a 1:1:1 v/v/v 
combination of petroleum ether, methanol, and ethyl 
acetate was employed. The residue was twice extracted 
using the same solvent mixture after the extract was fil-
tered. The wavelength of maximum absorbance (Max. = 
450 nm) was used to measure TCC by MSE PRO 325–
1100 nm/4 nm Single Beam UV/Vis spectrophotometer. 

Table 1.  Physicochemical composition of raw cow’s milk and 
skim milk powder used in set yogurt manufacturing.

Values Caw milk Skim milk powder

Dry matter 12.36 95.53

Fat 3.64 0.69

Solid nonfat 8.72 94.84

Protein 3.58 34.06

Lactose 4.28 53.84

Ash 0.86 6.94

pH 6.53 6.48

Total acidity 0.16 0.20
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Low light levels were used for the trials. The TCC was 
determined as follows using Equation 1:

	 A450£C£D£1000TCC (mg/g)
2500£100£m

= 	 (1) 

Where A450 = absorbance measured at 450 nm.; V = 
extract’s volume in milliliters; D = dilution factor; 2500 = 
carotenoids’ absorption coefficient; and m = mass of the 
sample in grams.

Total flavonoid content (mg QE/100 g)
Absorbance was measured at 510 nm using a T80 UV/
Vis spectrophotometer (PG Instruments Ltd., USA). A 
calibration curve for quercetin was constructed, and 
its linear regression model (R² = 0.9976) was applied to 
quantify the total flavonoid concentration (TFC). The 
results are expressed as milligrams of quercetin equiva-
lents per 100 g of sample (Barros et al., 2011).

Antioxidant analysis % 
DPPH radical scavenging assay was used to analyze the 
antioxidant %. To create stock solutions with a concentra-
tion of 320.0 µg/mL, the researchers separately dissolved 
the corn silk ethanolic extract and quercetin (standard) 
in ethanol. Various portions were then taken and diluted 
to obtain final solutions ranging from 0.1 to 10.0 mg/mL. 
Each sample was supplemented with 100 µL of DPPH solu-
tion, which was concentrated to 0.008% w/v in ethanol, 
and the total volume was adjusted to 240 µL using ethanol. 
For the negative control, 100 µL of DPPH was mixed with 
140 µL of ethanol. This mixture was used to determine the 
percentage of inhibition of free radicals. Subsequently, all 
samples were subjected to a 30-min incubation period at 
ambient temperature (25 ± 2°C) in light-protected condi-
tions. The absorbance (Abs) was measured at 490 nm. The 
experiment was conducted in triplicate. The capacity to 
scavenge free radicals was assessed by measuring the free 
radical scavenging percentage (I) using the equation pro-
vided by (Mohamed et al., (2018). 

	 Abscontrol Abssample% I 100
Abscontrol

−
= × 	 (2)

The EC50, the concentration needed to provide a 50% 
antioxidant effect, was determined using linear regression. 
The antioxidant activity of the yogurt was determined 
using the method by (Brand-Williams et al., (1995). 

Ascorbic acid content (mg/100 g)
The titrimetric method with 2,6-dichlorophenol-indophe-
nol reagent was employed here (AOAC, 2020). 1 g of 
homogenized sample was mixed with 20 mL of 2% oxalic 
acid solution. The mixture was homogenized, diluted 
to 100 mL with 2% oxalic acid solution, and filtered. 10 
mL of the filtrated solution was titrated with 0.01% of 

2,6-dichlorophenol-indophenol solution. The final point 
was considered when the solution turned pink for 15 s. 
The calibration of 2, 6-dichlorophenol indophenol solu-
tion was performed with 0.05% ascorbic acid solution. 
Results were expressed as mg of ascorbic acid equivalents 
per 100 g of fresh weight (mg AA/100 g of FW).

Aroma compound analysis

Acetaldehyde and diacetyl carbinol were determined in 
yogurt sample as described by (Lees and Jago, (1970). 
Aroma compounds were analyzed using headspace solid–
phase microextraction coupled with gas chromatography–
mass spectrometry (HS-SPME-GC-MS). Samples were 
equilibrated at 40°C for 30 min before extraction using 
a CAR/PDMS fiber. Chromatographic separation was 
performed on a DB-WAX column (30 m × 0.25 mm × 
0.25 μm film thickness), with helium as the carrier gas. 
Mass spectra were recorded in electron impact mode, and 
compounds were identified based on retention indices 
and comparison with reference standards.

Color parameter

A Minolta Chroma Meter CR-210 was employed to 
assess the sample color under controlled artificial light-
ing conditions to minimize daylight effects. The color 
attributes—L* (lightness), a* (red/greenness), and b* 
(yellow/blueness)—were quantified according to the 
International Commission on Illumination (CIE) Lab* 
system, as detailed by (Wallace and Giusti, (2008).

Rheological properties

Syneresis
To evaluate syneresis, 50 g of yogurt was placed into a 
funnel equipped with 120 metal mesh filters. At 25°C, the 
weight of the whey released was recorded after a 30-minute 
interval, and the syneresis was expressed in grams of 
drained whey per 50 g of yogurt (Atallah et al., 2020). 

Viscosity measurements
At room temperature (22 ± 2°C), the apparent vis-
cosity of the yogurt samples was measured using a 
Brookfield Programmable Viscometer DV-I†+ (Brookfield 
Laboratories, Inc., Middleboro, Mass., USA.) equipped 
with spindle No. 4 set at 20 rpm. Viscosity measurements 
were conducted on samples stored for 0, 5, 10, and 15 days 
(Aryana, 2003). 

Sensory evaluation 
A panel of 10 trained members evaluated the appear-
ance, color, body texture, flavor, and general acceptability 
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of each yogurt sample using a 10-point scoring system 
(Tamime and Robinson, 2007). 

Microbiological analysis 

Total bacterial count
The total bacterial count (TBC) of wheat flour, psyllium 
seed flour, and biscuit samples was determined using 
nutrient agar media as described by (Houghtby et  al., 
(1992). Several dilutions (from 10–1 to 10–4) of the sam-
ple homogenate were performed using buffered peptone 
water media. A sterilized petri dish received 1 mL of each 
dilution. Then, the dishes were poured with nutrient agar 
media. The plates were allowed to solidify before incuba-
tion at 37°C for 48–72 h. Incubation dishes showed con-
venient numbers of colonies that were counted as CFU/g.

Molds and yeasts count
The molds and yeasts count were determined using the 
methods described by (Houghtby et al., (1992), by using 
potato extract dextrose agar media. The incubation at 
20–25°C was continued for 5 days.

Determination of  total coliform group count
The total coliform count of the sample was determined 
on MacConkey agar media according to the method 
by (Ogbulie et  al., (1998) as described by (Ehirim and 
Onyeneke, (2013). Serial dilutions of 10–1 to 10–4 were 
prepared by diluting 1 g of the sample in 9 mL of ster-
ilized distilled water. 1 mL aliquots from each dilution 
in triplicate were inoculated onto petri dishes prepared 
with MacConkey agar. The plates were then inoculated 
at 37°C for 48 h. B. bifidum 348 and L. acidophilus were 
determined on modified MRS agar medium (m-MRS) 
(Martín-Diana et al., 2003). MRS plates were incubated 
in anaerobic conditions for 48 h at 37°C, and M17 plates 
were incubated in aerobic conditions for 48 h at 37°C.

Statistical analysis

The analysis of variance (ANOVA) and Duncan’s tests 
were used to statistically evaluate the collected data with 
the aid of the IBM SPSS software. All data were subjected 
to statistical analysis according to the procedure reported 
by (Afifah et al., 2022).

Results and Discussion 

Physicochemical composition of fresh yogurt samples

Moisture and total solids
The addition of SDPP at varying concentrations (2.5, 
5, and 7.5%) significantly influenced the chemical 

composition of low-fat probiotic yogurt, as observed 
in Table 2. Moisture content decreased from 85.97% 
(control) to 80.61% (7.5% SDPP). The TS increased from 
14.0 to 19.3%, which is attributed to the higher TS content 
of fruit pulp compared to milk. These results align with 
previous studies on fruit-based fortificants. Fruit pulps 
have a higher TS than milk, which causes an increase in 
the TS content (Ronak et  al., 2016). Similar outcomes 
were seen in the study by (Soliman and Shehata, (2019) 
for fermented camel’s milk enhanced with kiwi or avo-
cado fruit.

Protein and fat
Protein content rose from 4.45 to 4.61%. Researchers 
attribute these results to the rich source of important 
dietary components, including high protein content, 
in Sidr fruits (Abdulrahman et  al., 2022). The fat con-
tent remained stable at lower SDPP levels but slightly 
decreased from 3.5 to 3.3% at 7.5% SDPP. 

Ash and fiber
Ash and fiber contents increased with SDPP concen-
tration, with fiber reaching 0.38% at 7.5% SDPP. Also, 
research has shown that at low pH, pectin in SDPP inter-
acts electrostatically with casein micelles and calcium 
ions, enhancing network stability (Liang and Luo, 2020; 
Chandel et  al., 2022). Insoluble dietary fibers also con-
tributed to whey retention and improved texture by form-
ing a cohesive colloidal network (Varnaitė et al., 2022). 

Carbohydrates
The total carbohydrate content showed a minor increase 
from 5.12 to 9.76%, which was consistent with the study 
findings on mango pulp-fortified yogurt. These obser-
vations align with the findings of (Hassan Atwaa and 
Elmaadawy, (2019)) who reported that the incorporation 
of mango pulp fiber waste into probiotic yogurt enhanced 
the TS, protein, ash, and fiber contents in low-fat yogurt 
samples.

pH and acidity
The pH increased from 4.4 (control) to 4.7 with increas-
ing SDPP, accompanied by a reduction in total acidity. 
This may be linked to the presence of natural acids and 
bioactive compounds in SDPP, such as tannins, flavo-
noids, and phenolics (Ştefania et  al., 2016; Aafi et  al., 
2022; Elaloui et  al., 2017), which may buffer lactic acid 
production during fermentation.

Physicochemical composition of yogurt samples during 
the storage period 

pH values and total acidity 
The data illustrated in Figure 1 demonstrate that both the 
metabolic activity of starter cultures (S. thermophilus and 
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Table 2.  Physicochemical composition of probiotic yogurt fortified with Sidr dried pulp powder at zero time.

Values Treatments

0 SDPP 2.5 SDPP 5.0 SDPP 7.5 SDPP

Moisture% 85.97 ± 2.18a 84.11 ± 2.01b 83.26 ± 2.22c 80.61 ± 1.94d

TS% 14.0 ± 1.32d 15.8 ± 1.22c 16.7 ± 1.17b 19.3 ± 1.08a

Protein% 4.45 ± 0.32c 4.52 ± 0.28c 4.65 ± 0.14b 4.71 ± 0.42a

Fat% 3.5 ± 0.28a 3.4 ± 0.27a 3.4 ± 0.27a 3.3 ± 0.21b

Ash% 0.9 ± 0.04b 1.0 ± 0.03b 1.0 ± 0.03b 1.1 ± 0.10a

Fiber% – 0.14 ± 0.01c 0.25 ± 0.07b 0.38 ± 0.13a

Total carbohydrates% 5.12 ± 0.25d 6.72 ± 0.62c 7.36 ± 1.32b 9.76 ± 2.10a

Total acidity% 0.91 ± 0.26a 0.78 ± 0.18b 0.74 ± 0.10c 0.72 ± 0.01d

pH 4.4 ± 0.03c 4.5 ± 0.09b 4.6 ± 0.17a 4.7 ± 0.21a

SDPP, yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5s, 5.0, and 7.5%); TS, total solids.
Values are means (M) ± standard deviation (SD) of  triplicate trails. 
In column M ± SD, the same superscript letters are not significantly different at the 5% level.

L. bulgaricus) and the addition of SDPP significantly influ-
enced pH and total acidity during yogurt storage. Yogurt 
fermentation was considered complete when pH reached 
approximately 4.6, consistent with the literature (Walstra 
et  al., 2006). Fermentation time decreased with increas-
ing SDPP concentration, indicating a stimulatory effect 
of SDPP on LAB. During 15 days of refrigerated storage, 
the pH of all samples declined steadily, reaching its lowest 
value by Day 15. These trends in pH variation during stor-
age are in agreement with the findings from other studies 
(Ziena and Abd-Elhamid, 2009; Eman et al., 2015; Amal 
et al., 2016; Wang et al., 2019; Liang and Luo, 2020). These 
authors also reported increased starter culture activity 
and acid production in fruit-fortified dairy products. 

Total acidity increased progressively over the storage 
period, corresponding to ongoing lactic acid production. 
The most significant increases were observed in samples 
fortified with higher SDPP levels, suggesting enhanced 
microbial activity. The inverse relationship between pH 
and acidity was more pronounced in SDPP-enriched 
samples, indicating enhanced acidification due to SDPP 
incorporation. Polysaccharides and dietary fiber in SDPP 
may act as prebiotics, promoting the growth and meta-
bolic activity of probiotic bacteria (Gustaw et  al., 2011; 
Thilakarathna et  al., 2018). This prebiotic effect likely 
contributed to the higher lactic acid production, lowered 
final pH, and increased titratable acidity. The observed 
acidification trend supports the potential of SDPP to 
enhance probiotic viability, improve shelf-life stability, 
and contribute to natural preservation via lower pH. 

Bioactive compounds and antioxidant activity 
The incorporation of SDPP significantly enhanced the 
bioactive profile and antioxidant capacity of low-fat pro-
biotic yogurt, as shown in Table 3. TPC increased with 

SDPP concentration, from 4.32 mg GAE/100 g in the con-
trol to 18.30 mg GAE/100 g in 7.5% SDPP at the zeroth 
day. TPC decreased slightly over 15 days of storage due 
to chemical and enzymatic degradation, consistent with 
findings by (Jambi, (2018). However, SDPP-enriched 
samples retained higher TPC than control throughout 
storage, confirming SDPP’s potential as a natural pheno-
lic source. Additionally, (Hassan Atwaa and Elmaadawy, 
(2019) noted that the incorporation of 3% garden cress 
seed powder into low‐fat yogurt enhanced its TPC and 
antioxidant capacity. (Başlar et al., (2014) attributed the 
gradual decline in TPC during storage to the instability 
of phenolic compounds, which undergo various enzy-
matic and chemical reactions. A positive correlation 
was observed between total phenolic content and SDPP 
enrichment in yogurt (Wang et al., 2019). 

The control sample (0% SDPP) had the lowest carot-
enoid content (1.87 mg/100 g), while the 7.5% SDPP sam-
ple showed the highest value (14.21 mg/100 g) initially. 
TCC declined over time, likely due to radical-induced 
degradation, especially under oxidative conditions. This 
aligns with reports by (Hala et  al., (2010) and; Popescu 
et al., (2022), who noted similar degradation patterns in 
fruit-fortified dairy products. Flavonoid levels rose sig-
nificantly with increasing SDPP, from 0.92 mg QE/100 g 
(control) to 22.56 mg QE/100 g (7.5% SDPP). These 
compounds contribute to the health-promoting proper-
ties of fortified yogurt through their strong antioxidant 
effects. Antioxidant activity (AO%) increased dose-
dependently with SDPP addition, reflecting the rise in 
phenolic and flavonoid contents. Both DPPH and ABTS 
assays confirmed enhanced radical scavenging activity 
in SDPP-enriched samples. Polyphenols in SDPP act as 
metal chelators, enzyme modulators (e.g., CAT, SOD 
activators; LO, XO inhibitors), and ROS suppressors, 
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Figure 1.  pH values (A) and total acidity (B) of yogurt fortified with Sidr dried pulp powder (SDPP) during the storage period 
at 4°C ± 1. SDPP, yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5, 5.0, and 7.5%). Lowercase letters indicate 
significant differences (P < 0.05) between different SDPP samples at the same storage time. Uppercase letters indicate signif-
icant differences (P < 0.05) between the storage days of each yogurt sample. Error bars represent the mean (n = 3) ± standard 
deviation (SD).

enhancing oxidative stability. However, high concentra-
tions may exhibit prooxidant behavior due to phenoxy 
radical formation (Chen and Yen, 2007), consistent with 
the findings of (Pan et al., (2022). 

Yogurt enriched with fruit exhibited substantially 
enhanced scavenging activity compared to plain yogurt 
(Fernandes et  al., 2019). The literature further supports 
that SDPP alone possesses considerable antioxidant 
potential; for instance, (Wolfe et al., (2003) demonstrated 
that fruit extracts with high TPC not only show high total 
AO but also respond with a significant increase in activ-
ity when their concentration is raised (Savatović et  al., 
2008).

Flavor compounds 
Acetaldehyde is a key volatile compound responsible for 
the characteristic flavor and aroma of yogurt, primarily 
produced during fermentation by S. thermophilus and  
L. bulgaricus. The optimal concentration range for acet-
aldehyde is between 23 and 40 mg/kg, where it contrib-
utes a pleasant fruity note (Cheng, 2010). In this study, 
acetaldehyde levels increased with increasing SDPP 
concentrations. Fresh yogurt values were 16.44 (control) 
to 23.14  mg/kg (7.5% SDPP). Over the 15-day storage 
period, acetaldehyde levels gradually declined, correlat-
ing with decreasing pH, consistent with the findings of 
(Serra et al., (2009). 

Diacetyl carbinol contributes to the buttery flavor of 
yogurt and enhances sensory appeal when present in bal-
anced amounts. Levels of diacetyl carbinol increased with 

higher SDPP addition, from 2.89 (control) to 4.02 mg/kg 
(7.5% SDPP) at Day 1. On Day 15, the 7.5% SDPP sample 
reached 25.88 mg/kg, which was significantly higher than 
other treatments (P < 0.05). This increase might be due to 
enhanced metabolic activity of LAB supported by bioac-
tive compounds in SDPP. Diacetyl production follows the 
citrate metabolism pathway: 

Citrate → pyruvate → acetoin → diacetyl, catalyzed by 
enzymes such as citrate lyase(Tamime and Robinson, 
2007). 

The final flavor profile of yogurt depends on the balanced 
interplay of various volatile compounds. Acetaldehyde 
provides fruity notes. Diacetyl imparts buttery richness. 
A 1:1 ratio of these compounds is ideal for achieving the 
desired flavor balance, as highlighted by (Cheng, (2010). 
SDPP supplementation positively influenced flavor 
development by modulating volatile profiles and sup-
porting microbial metabolism. Yogurt’s volatile ingredi-
ents change while it is stored. At pH 5.0, the acetaldehyde 
level starts to drop, reaching a peak at pH 4.2 and stabi-
lizing at pH 4.0. 

Rheological properties 
From a technological perspective, understanding the 
rheological characteristics of yogurt is crucial, as they 
directly influence texture, mouthfeel, and consumer 
acceptance. The sensitivity of yogurt gels to tempera-
ture, shear forces, and storage duration is largely due to 
their complex microstructure (Najgebauer-Lejko et  al., 
2020). While milk fermentation primarily develops the 
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Table 3. Bioactive compounds and antioxidant activity of yogurt fortified with Sidr dried pulp powder during storage period at 4°C ± 1.

Storage periods 
(Days)

Treatments

0 SDPP 2.5 SDPP 5.0 SDPP 7.5 SDPP

TPC (mg GAE/100 g)

0 Day 4.32Ad ± 0.19 6.74Ac ± 1.80 10.22Ab ± 1.11 18.30Aa ± 1.23

5 Day 3.96Ad ± 0.14 6.70Ac ± 1.76 10.00Ab ± 1.08 18.01Ba ± 1.19

10 Day 3.38Bd ± 0.08 6.11Bc ± 1.62 9.54Bb ± 1.29 17.86Ca ± 1.37

15 Day 3.12Cd ± 0.02 5.34Cc ± 1.43 9.00Cb ± 1.36 17.02Da ± 2.02

TCC (mg/100 g)

0 Day 1.87Ad ± 0.63 5.42Ac ± 1.23 8.45Ab ± 1.45 14.21Aa ± 2.11

5 Day 1.77Ad ± 0.45 5.22Bc ± 1.15 8.11Bb ± 1.92 14.16Aa ± 2.09

10 Day 1.62Bd ± 0.33 5.04Cc ± 1.02 7.89Cb ± 2.13 13.87Ba ± 1.76

15 Day 1.11Cd ± 0.09 4.38Dc ± 0.02 7.13Db ± 1.1 13.05Ca ± 1.23

TFC (mg QE/100 g)

0 Day 0.92Ad ± 0.45 8.11Ac ± 0.98 16.22Ab ± 1.22 22.56Aa ± 2.18

5 Day 0.84Bd ± 0.13 7.98Ac ± 0.94 16.04Bb ± 1.10 22.11Ba ± 2.34

10 Day 0.78Cd ± 0.22 7.80Bc ± 0.45 15.87Cb ± 2.09 21.98Ba ± 1.34

15 Day 0.63Dd ± 0.09 7.33Cc ± 1.01 15.43Db ± 2.18 21.04Ca ± 2.45

AA (mg/100 g) 

0 Day – 2.45Ac ± 0.82 6.26Ab ± 0.97 9.12Aa ± 1.20

5 Day – 2.34Ac ± 0.85 6.01Bb ± 1.06 9.04Ba ± 1.14

10 Day – 2.12Bc ± 1.31 5.87Cb ± 1.18 8.66Ca ± 1.01

15 Day – 2.00Cc ± 0.86 5.14Db ± 1.02 8.11Da ± 0.87

AO%

0 Day 18.46Ad ± 0.64 24.23Ac ± 1.1 31.12Ab ± 0.42 40.72Aa ± 0.98

5 Day 18.02Ad ± 0.62 24.00Bc ± 0.84 30.87Ab ± 0.45 40.06Ba ± 0.32

10 Day 17.11Bd ± 1.23 23.84Cc ± 0.92 30.11Bb ± 0.76 39.88Ca ± 0.44

15 Day 15.24Cd ± 2.11 21.15Dc ± 2.05 28.40Cb ± 1.32 39.11Da ± 1.05

SDPP, yogurts fortified with Sidr dried pulp powder; AA, ascorbic acid content; AO, antioxidant activity; TCC, total carotenoid content; TFC, total 
flavonoid content; TPC, total phenol content. Values are means (M) ± standard deviation (SD) of  triplicate trails. 
In column M± SD, the same superscript letters are not significantly different at the 5% level.
a–d The different superscript letters have a significant difference in the same row (Duncan’s test, P < 0.05).
A–D The different superscript letters have a significant difference in the same column (Duncan’s test, P < 0.05).

structure and texture of yogurt, the addition of hydrocol-
loids such as dietary fiber and pectin can further modify 
these properties (Dalgleish and Corredig, 2012). The pro-
tein network’s microstructure and overall organization in 
fermented dairy products are key determinants of their 
rheological and textural behavior (Thilakarathna et  al., 
2018). A major quality concern in yogurt production is 
syneresis, also known as whey separation, a defect that 
results in liquid exudation on the gel surface and leads 
to an undesirable texture that consumers often find 
unappealing (El Bouchikhi et  al., 2019). Improving the 
water-holding capacity and stiffness of the gel matrix is 
essential for enhancing yogurt’s stability against syneresis 
(Gilbert et al., 2020).

This improvement is attributed to the strengthening 
of the casein network and enhanced water-binding 

capacity facilitated by the dietary fiber and pectin con-
tent of SDPP (Asaduzzaman et  al., 2021). Similar find-
ings were reported by (Demirkol and Tarakci, (2018) and 
Hanou et  al. (2016), who noted that high dietary fiber 
levels in fortified yogurts correlated with lower syneresis 
(Hanou et al., 2016).

Syneresis values generally increased during storage; 
however, SDPP-enriched samples consistently showed 
lower syneresis than the control (Figure 2). Increased 
TS and stronger interactions between milk proteins and 
fiber components, particularly pectin, likely contrib-
uted to this effect (Khubber et al., 2021). Moreover, the 
strong affinity of polyphenols for casein suggests that 
the alteration of syneresis may be related to the inter-
actions between polyphenols and proteins. Polyphenols 
and casein can interact through covalent or noncovalent 
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Figure 2.  Acetaldehyde (A) and diacetyl carbinol (B) (mg/kg) of yogurt fortified with Sidr dried pulp powder (SDPP) during the 
storage period at 4°C±1. SDPP, yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5, 5.0, and 7.5%).

bonds, resulting in the formation of stable soluble 
complexes (Oliveira et  al., 2015). (Sánchez et  al. (2020) 
also reported that improved water-holding capacity 
resulted in reduced syneresis during storage.

Viscosity, also defined as flow resistance, plays a vital role 
in determining the sensory attributes of semisolid foods 
like yogurt (Karaman et al., 2014). As expected, apparent 
viscosity increased with higher SDPP levels. At time zero, 
the control sample had the lowest viscosity (2320 mPa·s), 
while the 7.5% SDPP sample reached the highest value 
(3904 mPa·s). Viscosity continued to rise significantly  
(P < 0.05) until Day 14 of storage for all treatments. These 
findings align with those of (Kavas and Kavas, (2016), 
who reported similar increases in viscosity with fruit pulp 
addition. The combination of the highest viscosity and 
lowest syneresis in the 7.5% SDPP formulation suggests 
that this concentration provides the optimal balance 
between structural integrity and sensory appeal, mak-
ing it the most suitable for industrial application. These 
results are consistent with (Wang XinYa et  al., (2020), 
who found that the addition of apple pomace improved 
the textural and rheological properties of stirred yogurt. 
Finally, SDPP reduces syneresis in a dose-dependent 
manner. 7.5% SDPP yields the best texture and viscosity. 
Pectin and polyphenol protein interactions contribute 
to improved gel stability. Increased TS and fiber content 
enhance water retention and viscosity. SDPP is a promis-
ing functional ingredient for developing technologically 
stable, low-fat probiotic yogurt.

Organoleptic characteristics 
The addition of SDPP significantly influenced the organ-
oleptic properties of low-fat probiotic yogurt, includ-
ing color, texture, flavor, and overall acceptability. A 

noticeable color shift from white to light green was 
observed with increasing SDPP concentration, which 
panelists noted as a deviation from traditional yogurt 
appearance. While this change did not negatively impact 
the overall acceptability at moderate levels (up to 5% 
SDPP), the 7.5% SDPP sample received lower scores for 
color appeal (Figure 3).

The incorporation of SDPP improved body and texture, 
likely due to its dietary fiber and pectin content, which 
enhanced viscosity and reduced syneresis. Yogurts forti-
fied with 5% SDPP scored highest in texture acceptabil-
ity, indicating optimal structural balance. In contrast, 
the 7.5% SDPP formulation was perceived as grittier and 
fibrous, which led to reduced sensory scores. 

Flavor was enhanced by the addition of SDPP, which 
was attributed to its natural aromatic compounds and 
mild sweetness. However, at higher concentrations (7.5% 
SDPP), a slightly bitter aftertaste was detected that low-
ered the flavor scores. Overall acceptability peaked at 5% 
SDPP (79.79%) on Day 15, suggesting that this level offers 
the best compromise between functional benefits and 
sensory appeal.

Storage duration significantly affected (P < 0.05) sensory 
attributes, particularly overall acceptability, which 
declined gradually over 15 days. Despite this, no signif-
icant changes were observed in samples fortified with 
up to 5% SDPP during storage, indicating good stabil-
ity of sensory properties. These findings align with pre-
vious studies, which show that fruit powders enhance 
sensory characteristics due to their natural sugars, aro-
mas, and exopolysaccharides (Eman et  al., 2015; Amiri 
et al., 2019; Atwaa et al., 2020; Yousefvand et al., 2022).  
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Table 4.  Rheological properties of yogurt fortified with Sidr dried pulp powder during the storage period at 4°C ± 1.

Storage periods (Days) Treatments

0 SDPP 2.5 SDPP 5.0 SDPP 7.5 SDPP

Syneresis (%)

Fresh 18.22Da ± 0.74 15.08Db ± 0.86 14.89Dc ± 0.96 13.11Dd ± 1.11

5 Day 18.76Ca ± 0.45 15.82Cb ± 0.56 15.22Cc ± 1.10 13.34Cd ± 1.03

10 Day 19.10Ba ± 0.55 16.22Bb ± 0.90 15.76Bc ± 1.34 14.41Bd ± 1.54

15 Day 21.15Aa ± 0.61 17.61Ab ± 0.76 16.36Ac ± 0.82 15.21Ad ± 0.98

Viscosity (m Pa.s)

Fresh 2320Dd ± 1.10 3456Cc ± 0.56 3684Cb ± 0.76 3904Ca ± 0.87

5 Day 2519Cd ± 0.44 3572Cc ± 0.51 3784Bb ± 0.65 4211Ba ± 0.99

10 Day 2760Bd ± 0.28 3711Bc ± 0.42 3802Bb ± 0.62 4280Ba ± 1.02

15 Day 2997Ad ± 0.76 3932Ac ± 0.93 4114Ab ± 1.04 4452Aa ± 1.20

SDPP, yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5, 5.0, and 7.5%).
Values are means (M) ± standard deviation (SD) of  triplicate trails. 
In column M ± SD, the same superscript letters are not significantly different at the 5% level.
a–dThe different superscript letters have a significant difference in the same row (Duncan’s test, P < 0.05).
A–DThe different superscript letters have a significant difference in the same column (Duncan’s test, P < 0.05).

Similar improvements in flavor and viscosity were 
reported when skim milk was added to dairy products 
(Salih and Hamid, 2013; Akalın et  al., 2012) However, 
Akalın et  al. (2012) found no major differences in sen-
sory profiles between control and fortified yogurts, high-
lighting the importance of ingredient compatibility and 
dosage optimization.

Color attributes 
Color plays a key role in determining the consumer 
acceptability of yogurt. As shown in Table 5, the addition 
of SDPP significantly altered the color parameters (L*, 
a*, b*) of low-fat probiotic yogurt. L values (lightness) 
decreased with increasing SDPP concentration, indi-
cating a darker appearance due to the natural brownish 
color of SDPP. A values * (redness/greenness) were sig-
nificantly higher in SDPP-fortified samples compared to 
the control, reflecting a shift toward red tones. b values *  
(yellowness) were notably lower in fortified yogurts, 
especially at 7.5% SDPP (19.98 vs 28.84 in control), indi-
cating reduced yellowness due to SDPP’s pigment profile. 
These changes suggest that SDPP incorporation modi-
fies the visual perception of yogurt, shifting it from tra-
ditional white or yellowish hues to more brownish-red 
tones, which may influence consumer expectations 
(Bchir et al., 2018). 

Comparable results have been reported in yogurts for-
tified with apple (Staffolo et  al., 2004), orange (García‐
Pérez et  al., 2005), and asparagus fibers (Sanz et  al., 
2008), where similar shifts in color parameters were 
observed due to the presence of natural pigments and 

fiber components. While these changes may affect initial 
consumer perception, moderate SDPP levels (e.g., 5%) 
were found to yield acceptable color profiles based on the 
sensory evaluation, balancing functional benefits with 
aesthetic appeal.

Microbial counts 
The microbial profile of probiotic yogurt fortified with 
SDPP was evaluated by analyzing total bacterial count 
(TBC), psychrophilic bacterial count, LAB count, and 
the presence of spoilage indicators such as molds, 
yeasts, and Escherichia coli. Both TBC and psychro-
philic counts decreased slightly with SDPP addition. 
On Day 1, TBC values ranged from 4.22 (control) to 
3.57 log cfu/g (7.5% SDPP), while the psychrophilic 
counts dropped from 3.48 (0% SDPP) to 2.76 log cfu/g 
(7.5% SDPP). These reductions may be attributed to 
the natural antimicrobial compounds present in SDPP, 
although further investigation is needed. These findings 
are consistent with those of (Fernandes et  al., (2019), 
who reported that fruit-derived additives such as apple 
pomace reduced S. thermophilus counts in yogurt. 
However,( do Espírito Santo et al., (2012) found no sig-
nificant differences in the viable counts of S. thermoph-
ilus and L. acidophilus between control and 1% apple 
pomace-fortified yogurts, suggesting that moderate 
levels of plant-based additives do not negatively affect 
starter cultures (Figure 4). 

LAB counts increased significantly with increasing SDPP 
concentration. The highest LAB count (8.44 log cfu/g) 
was observed in the 7.5% SDPP sample, while the control 
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Figure 3.  Organoleptic characteristics of yogurt fortified with Sidr dried pulp powder (SDPP) during storage period at 4°C ± 1. 
SDPP, yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5, 5.0, and 7.5%). Values are means (M) ± standard devia-
tion (SD) of triplicate trails.

had the lowest (6.69 log cfu/g). This enhancement sug-
gests that SDPP acts as a prebiotic, likely due to its con-
tent of pectin-derived poly- and oligosaccharides, which 
supports the growth and metabolic activity of probiotic 
bacteria (Islamova et  al., 2017; Wilkowska et  al., 2019; 
Jovanović et al., 2020) .

This aligns with the findings of (Fadaei et al., (2013) and 
(Agustini et  al., (2017), who noted improved LAB sur-
vival in yogurt supplemented with Spirulina platensis, 
attributed to its rich nutritional profile including pro-
teins, vitamins, and dietary fiber. According to (Jin et al., 
(2018), the bioactive components in fruits and vegetables 
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Table 5.  Color attributes of yogurt fortified with Sidr dried pulp powder (SDPP) during the storage period at 4°C ± 1.

Storage periods (Days) Treatments

0 SDPP 2.5 SDPP 5.0 SDPP 7.5 SDPP

L

Fresh 98.11Aa ± 1.32 84.22Ab ± 0.36 73.35Ac ± 0.55 65.67Ad ± 0.45

5 Day 92.10Ba ± 1.11 80.38Bb ± 0.11 70.67Bc ± 0.46 62.22Bd ± 0.33

10 Day 85.08Ca ± 0.90 77.65Cb ± 0.01 62.43Cc ± 0.33 59.43Cd ± 0.12

15 Day 79.22Da ± 0.67 71.34Db ± 0.22 59.56Dc ± 0.18 51.98Dd ± 0.58

A

Fresh 5.22Ad ± 0.37 −6.97Ac ± 0.10 −8.70Ab ± 0.22 −12.10Aa ± 0.61

5 Day 4.54Bc ± 0.19 −4.86Bc ± 0.22 −6.30Bb ± 0.90 −10.70Ba ± 0.98

10 Day 3.32Cd ± 0.11 −4.82Bc ± 0.26 −5.20Cb ± 0.56 −8.40Ca ± 0.67

15 Day 1.97Dd ± 0.04 −2.42Cc ± 0.32 −3.70Db ± 0.43 −7.00Da ± 0.57

B

Fresh 28.84Aa ± 0.12 26.34Ab ± 0.30 24.75Ac ± 0.45 19.98Ad ± 0.87

5 Day 26.22Ba ± 0.23 25.11Bb ± 0.37 24.46Ac ± 0.44 19.221Bd ± 0.92

10 Day 24.45Ca ± 0.19 24.54Ca ± 0.24 22.55Bb ± 0.35 18.10Cc ± 0.69

15 Day 20.81Da ± 0.47 21.03Da ± 0.09 20.44Cb ± 0.12 16.88Dc ± 0.75

SDPP, yogurts fortified with Sidr dried pulp powder. 
Values are means (M) ± standard deviation (SD) of  triplicate trails. 
In column M ± SD, the same superscript letters are not significantly different at the 5% level.
a–d The different superscript letters have a significant difference in the same row (Duncan’s test, P < 0.05).
A–DThe different superscript letters have a significant difference in the same column (Duncan’s test, P < 0.05).
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Figure 4.  Microbial counts of yogurt fortified with Sidr dried pulp powder (SDPP) during storage period at 4°C ± 1. SDPP, 
yogurts fortified with Sidr dried pulp powder concentrate (0, 2.5, 5.0, and 7.5%).

can promote the growth of probiotic bacteria, supporting 
our observation that SDPP enhances LAB viability during 
storage. Microbial counts generally increased until Day 
10 of storage before gradually declining. All SDPP treat-
ments showed significant differences over time (P < 0.05), 
indicating that storage duration positively influenced 
microbial dynamics, particularly LAB proliferation. 
Supernatants from SDPP-fortified yogurts were tested 
for antibacterial activity against E. coli, molds, and yeasts 

but showed no inhibitory effect at the tested concentra-
tions. In contrast, (Vodnar et  al., (2017) demonstrated 
that ethanol–water apple pomace extracts exhibited anti-
bacterial activity against several pathogens, including 
Listeria monocytogenes, Salmonella typhimurium, and 
E. coli. The lack of inhibition in this study could be due 
to differences in extraction methods, which may alter 
the bioavailability and composition of active compounds 
(Rabetafika et al., 2014).
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