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Abstract 

Bioactive compounds from natural sources have attracted growing scientific interest due to their 

functional, pharmacological, and biological properties. Among these, sidr (Ziziphus spina-

christi), a plant native to South and East Asia, is recognized for its nutritional and therapeutic 

potential.  Z. spina-christi produces fruits rich in bioactive constituents, yet they remain largely 

underutilized in food applications. This study investigated the effect of fortifying waffles and 

breadsticks with dehydrated Z. spina-christi fruit powder (DNP) on their nutritional composition, 

antioxidant activity, and sensory characteristics. Wheat flour was partially replaced with DNP at 

0%, 5%, 10%, 15%, and 20% (w/w). Adding DNP significantly (P < 0.05) increased ash, crude 

fiber, total phenolic and flavonoid contents, and DPPH radical scavenging activity, while slightly 

decreasing protein content and lightness (L*) values. The redness (a*) increased due to the fruit’s 

natural pigments, and texture parameters like hardness, gumminess, and chewiness rose with 

higher substitution levels. Sensory evaluation revealed that 10–15% DNP provided the optimal 

balance between improved nutritional and antioxidant properties and acceptable sensory quality, 

whereas higher levels slightly reduced overall acceptability. Therefore, this study recommends 

the use of Ziziphus spina-christi fruit powder as a functional ingredient in bakery products, 

enhancing their health-promoting properties without compromising consumer acceptance. 

Keywords: Ziziphus spina-christi, nutritional composition, DPPH radical scavenging ,Texture 

analysis, functional food.   

Introduction  
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In recent years, consumer preferences have increasingly shifted toward healthier and more 

natural foods, driven by greater awareness that improved dietary habits can enhance overall 

health and well-being
1,2

. This trend has encouraged the food industry to develop innovative 

products that not only supply essential nutrients but also provide additional health benefits. 

Consequently, functional foods have emerged, offering bioactive compounds, probiotics, 

unsaturated fatty acids, and dietary fiber, all of which contribute to improved health and a lower 

risk of chronic diseases
3
. 

Currently, global research and development strategies have increasingly focused on the use of 

edible wild fruits in functional foods, particularly those traditionally recognized in folk medicine 

by rural communities. The genus Ziziphus (Family: Rhamnaceae) includes approximately 53 

species native to Africa, Australia, and Asia. Among them, Ziziphus spina-christi L. (Christ’s 

thorn jujube) is an evergreen tree native to Sudan and widely distributed along the Nile in 

Khartoum and the Nile Valley of Egypt, where it is commonly known as sidr or nabaq
4
 .  

Sidr (Ziziphus spina-christi), commonly known as nabaq, is traditionally consumed in fresh, 

dried, and cooked forms 
5
 . Historical records highlight its significance in ancient Egypt, where it 

was considered a valuable component of the native flora with applications in medicine, nutrition, 

and ritual practices. The plant, referred to as 'Nebes' in ancient Egyptian texts, was cited in 33 

medicinal prescriptions documented in medical papyri, underscoring its long-standing 

ethnopharmacological importance. Moreover, Nebes and a type of bread generated from it were 

among important food offerings given to the deceased inside tombs along with the main staple 

cereals, fruits, and beverages of the ancient Egyptians. This tree did not merely qualify for being 

an important feature of the indigenous wild flora of Egypt but it was also grown in the ancient 
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Egyptian gardens 
6
. Moreover, it has been widely recognized for its multifunctional properties 

and valued role in traditional medicine 
7
 . This species is now quite widely spread throughout 

Mediterranean area in Africa, China, India, Australia and Tropical America 
8
. 

Ziziphus fruits are rich in bioactive compounds such as alkaloids, flavonoids, saponins, tannins, 

terpenoids, and glycosides, which contribute to their diverse pharmacological effects, including 

antioxidant, antimicrobial, antifungal, antihypertensive, antidiabetic, and anticancer activities, 

along with hypoglycemic, anti-inflammatory, hepatoprotective, and immune-enhancing 

properties 
9,10

. 

The present study provides a novel and systematic evaluation of Ziziphus spina-christi L. (Sidr 

or Nabaq) fruit powder as a functional ingredient in bakery products an area that has received 

very limited scientific attention. In Egypt, this valuable fruit remains largely underutilized and is 

not yet widely cultivated, despite its remarkable drought tolerance, adaptability to arid 

conditions, and high nutritional and antioxidant potential. These characteristics make it a 

promising crop for sustainable agriculture and functional food innovation. While most previous 

research has mainly addressed the medicinal or basic nutritional aspects of Sidr, the current study 

uniquely investigates the impact of partially substituting wheat flour with 5–20% dehydrated 

Sidr fruit powder on the nutritional composition, antioxidant activity, color, texture, and sensory 

characteristics of waffles and breadsticks. By integrating chemical, functional, and sensory 

evaluations, this work demonstrates the potential of Z. spina-christi fruit powder to enhance the 

nutritional profile and sensory quality of bakery products, while also supporting its future 

cultivation and industrial utilization in Egypt. 

Materials and Methods 
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Materials 

Fresh ripe fruits of Ziziphus spina-christi (locally known as nabaq or sidr) were purchased from 

the local market in Alexandria, Egypt, during the harvesting season of 2024. Along with nabaq, 

other ingredients including wheat flour (72% extraction corresponding to refined wheat flour 

with reduced bran content, commonly used for bakery products), sugar, eggs, dry yeast, spice 

mixture (onion powder, cumin, white pepper), milk, vanilla, vinegar, corn oil, salt, and packing 

materials were also obtained from local markets in Alexandria, Egypt. All chemicals and 

reagents used in the study were of analytical grade and supplied by Sigma Company (USA). 

Dehydrated nabaq powder Preparation 

Fresh nabaq fruits (10 kg) were thoroughly washed with potable tap water. The pulp was 

manually separated from the seeds using a stainless-steel knife. The pulp was dehydrated in a 

thermostatically controlled hot air oven (UN750, Memmert, Germany) at 45°C for 12 h. The 

dried pulp was then ground into a fine powder using a spice mill (AR1044, Moulinex, France; 

180 W) and sieved using a 40-mesh screen, after that, stored in air-tight glass jars at 4°C until 

analysis . 

Preparation of waffle 

Waffles were prepared following the method of Kigozi, et al. 
11

. with partial substitution of 

wheat flour by nabaq powder at 5, 10, 15, and 20% (w/w) (Table 1). All ingredients were mixed 

using a Kenwood Major Titanium mixer (Kenwood, Japan). The batter was allowed to stand for 

a few minutes, then baked in a preheated waffle maker at 150°C for 3.5 min. Baked waffles were 

immediately packed in sealed bags to maintain crispness.  
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Breadsticks Preparation 

Breadsticks were prepared according to El-Hadidy, et al. 
12

, with wheat flour partially substituted 

by nabaq powder at 5, 10, 15, and 20% (w/w). Sugar and instant dry yeast were dissolved in 

warm water, while flour was mixed with salt and oil. Dough was kneaded manually until soft and 

smooth, then placed in a plastic bag and fermented at 30 ± 2 °C for 30 min. The dough was cut 

into sticks, proofed again for 30 min, and baked at 150 °C for 45 min on ungreased trays. 

Components Products Formulations  

Waffle W0 

(Control) 

WN1 

(5% DNP) 

WN2 

(10% DNP) 

WN3 

(15% DNP) 

WN4 

(20%DNP) 

Wheat flour 31.75 30.16 28.58 26.99 25.40 

DNP 0.00 1.59 3.17 4.76 6.35 

Egg 15.87 15.87 15.87 15.87 15.87 

Sugar 22.22 22.22 22.22 22.22 22.22 

Salt 0.64 0.64 0.64 0.64 0.64 

Liquid milk 28.57 28.57 28.57 28.57 28.57 

Vanilla 0.95 0.95 0.95 0.95 0.95 

Breadsticks BS0 

(Control) 

BSN1 (5% 

DNP) 

BSN2 (10% 

DNP) 

BSN3 (15% 

DNP) 

BSN4 (20% 

DNP) 

Wheat flour 83.60 79.42 75.24 71.06 66.88 

DNP 0.00 4.18 8.36 12.54 16.72 

Salt 0.40 0.40 0.40 0.40 0.40 

Yeast 0.50 0.50 0.50 0.50 0.50 

Sugar 6.70 6.70 6.70 6.70 6.70 

Corn oil 8.40 8.40 8.40 8.40 8.40 

Spice 0.40 0.40 0.40 0.40 0.40 

Table 1. Components utilized in the formulation of waffles and breadsticks. 

DNP (Dehydrated Nabaq powder) 

Chemical Composition  

The proximate composition of waffle and breadstick samples was determined according to the 

AOAC 
13

methods. Moisture, ash, crude fiber, protein, and fat contents were analyzed, while total 
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carbohydrate content was calculated by difference on a dry-weight basis using the formula: Total 

carbohydrates (%) = 100 − (protein + fat + ash + crude fiber). The total energy value (kcal) was 

calculated using the AOAC formula: 

               (     )   [        ( )                ( )]  [     ( )] 

Preparation of Extracts for Antioxidant Analysis 

Sample extracts were prepared following the method of Öztürk, et al. 
14

.Briefly, 5 g of powdered 

sample was homogenized in 25 mL of 75% methanol using a digital homogenizer (PRO25D, 

Thomas Scientific, USA). The homogenate was centrifuged at 7000 rpm for 15 min at 4 °C 

(Sigma 113, VWR International, Darmstadt, Germany). The supernatants were filtered through 

Whatman No. 1 filter paper and stored at 4 °C until analysis. 

Total Phenolic Content (TPC) 

TPC was determined according to Abirami, et al. 
15

.  using the Folin–Ciocalteu method. Briefly, 

0.2 mL of methanol extract was mixed with diluted Folin–Ciocalteu reagent (1:10) and incubated 

for 4 min. Then, 0.8 mL of 7.5% sodium carbonate solution was added, and the mixture was 

incubated at room temperature for 30 min. Absorbance was measured at 765 nm using a UV–Vis 

spectrophotometer (PG Instruments, Model T80+, Leicestershire, UK). A calibration curve was 

prepared using gallic acid as a standard, and the results were expressed as mg gallic acid 

equivalents (GAE) per g of dry weight (DW). 

Total Flavonoids 
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Total flavonoid content was estimated following the method of Barros, et al. 
16

. A 0.5 mL extract 

was mixed with 2 mL distilled water and 150 μL of 5% sodium nitrite. After 6 min, 150 μL of 

10% aluminum chloride was added, followed 6 min later by 2 mL of 4% NaOH. The mixture 

was diluted to 5 mL with distilled water and incubated for 15 min. Absorbance was recorded at 

510 nm using a UV–Vis spectrophotometer. A calibration curve was constructed using rutin as a 

standard, and the results were expressed as mg rutin equivalents (RE) per g of dry weight (DW). 

Antioxidant Activity (DPPH assay)  

The antioxidant capacity of extracts was assessed using the DPPH radical scavenging assay as 

described by Brand-Williams, et al. 
17

. Extracts were mixed with 2 mL of DPPH solution and 

kept in the dark at room temperature for 30 min. Absorbance was measured at 517 nm. The 

radical scavenging activity was expressed as percentage inhibition using the following equation: 

                     ( )  (As control - Abs sample   Abs control)      

Dietary Fiber Fractions 

Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), and Acid Detergent Lignin (ADL) 

were determined according to AOAC 
13

. Cellulose and hemicellulose were calculated as: 

 Cellulose (%) = ADF (%) – ADL (%) 

 Hemicellulose (%) = NDF (%) – ADF (%) 

Minerals contents  
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Minerals including P, Mg, Fe, K, Ca, Na, Cu, and Zn were determined according to AOAC 
13

. 

Approximately 0.5 g of dehydrated Nabaq powder was accurately weighed into Teflon digestion 

tubes, and 5 mL of concentrated nitric acid (65% w w, 14 mol L⁻¹) was added. The mixture was 

vortexed for 30 s and then digested in a microwave digestion system (Peeked, Shanghai, China) 

under the following conditions: 120 °C for 5 min, 150 °C for 10 min, and 190 °C for 20 min. 

After cooling to room temperature, the digests were diluted to 50 mL with deionized water. 

Mineral concentrations were quantified using inductively coupled plasma–optical emission 

spectrometry (ICP-OES, Agilent 5100 VDV, USA). 

pH Measurement  

The pH of samples was determined following Goulas and Kontominas 
18

. using a digital pH 

meter (Mettler Toledo MP230, Switzerland). 

Sugar Analysis 

Total sugars were determined using the phenol–sulfuric acid method Ranganna 
19

. Reducing 

sugars, glucose, and starch were determined by AOAC 
13

 methods. Non-reducing sugars were 

calculated by subtracting reducing sugars from total sugars, and sucrose was estimated by 

multiplying non-reducing sugars by 0.95. Fructose was determined following the method of 

Jacobs 
20

.  

Ascorbic acid content 

Ascorbic acid content was determined using the 2,6-dichlorophenol indophenol (DCPIP) 

titrimetric method as described by AOAC 
13

 . Briefly, 10 g of dehydrated Nabaq powder was 
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homogenized with 50 mL of 3% metaphosphoric acid solution and filtered through Whatman 

No. 1 filter paper. A 10 mL aliquot of the filtrate was titrated against the standardized DCPIP 

dye solution until a persistent light pink color appeared that lasted for at least 15 seconds, 

indicating the endpoint. A standard ascorbic acid solution was used to prepare the calibration 

curve, and the ascorbic acid content of the samples was calculated and expressed as mg/100 g 

dry weight (DW). 

Color Measurement 

The attributes of color include lightness (L*), redness (a*), and yellowness (b*) as measured 

using a Hunter Lab (Ultra Scan (VIS model colorimeter, USA)., according to Santipanichwong 

and Suphantharika 
21

 .Each parameter was recorded as the mean of five separate readings. The 

overall color difference between samples was calculated using: 

  √(     )   (     )   (     )  

Texture profile analysis 

The texture profile values of the samples were measured using a TA-XT2 Texture Analyzer 

(Texture Pro CT3 V1.2, Brookfield, Middleboro, USA), following Yuan and Chang 
22

.  A load 

cell of 5 kg was used to produce force-time deformation curves at 1 mm/s cross-head speed. The 

texture parameters evaluated were hardness, chewiness, cohesiveness, springiness, gumminess, 

and resilience. 

Sensory Evaluation 
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The Sensory evaluation was conducted with thirty panelists from the Department of Food 

Science and Technology, Faculty of Agriculture, Alexandria University. The panelists evaluated 

waffles and breadsticks for odor, color, flavor, and overall acceptability using a 9-point hedonic 

scale, where 1 = ―extremely disliked‖ and 9 = ―extremely liked‖ 23
 .All samples were served 

simultaneously on white disposable plastic plates, with the order of presentation randomized 

across panelists. To minimize carry-over effects, water was provided for mouth rinsing between 

samples. 

Statistical Analysis 

Data were analyzed using the General Linear Model (GLM) procedure in SAS software, version 

9.1 (SAS Institute Inc., Cary, NC, USA) 24
 . One-way ANOVA was applied, and Duncan’s 

multiple range test was used to compare means at p ≤ 0.05 

Results And Discussion 

Chemical composition of dehydrated Nabaq powder 

Table 2. presents the chemical composition of dehydrated Nabaq powder, including moisture 

(16.23%), protein (5.86%), fat (1.06%), ash (5.54%), fiber (4.21%), total carbohydrates 

(83.33%), and energy value (366.58 Kcal/100 g). The carbohydrate content of dehydrated nabaq 

powder (83.32%) was consistent with the findings of Abdelmuti 
25,

Li, et al. 
26

  but lower than the 

90.94% reported by Hashem and Abd El-Lahot 
27

 found that moisture, protein, fat, ash, fiber, 

total carbohydrates, and total calories in dehydrated nabaq fruit were 17.56%, 4.58%, 0.59%, 

3.89%, 2.51%, 90.94%, and 383.18 Kcal/100 g, respectively. Additionally, the ash content 

observed in the current study was lower than the 7.92% reported by Adekunle and Adenike 
28

 , 
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who also found a fiber content of 6.09% in Nabaq fruit. Variations in proximate composition 

could be attributed to variety, agro-climatic conditions, ripening stage, harvesting time, and 

environmental influences 
29

. Hashem and Abd El-Lahot 
27

 found nabaq fruit to be an excellent 

energy source, with a calorific value of 387.39 Kcal per 100 g. Moreover, Altamim 
30

 reported 

the chemical composition of Saudi Sidr (SS) and Egyptian Sidr (ES) . The analysis showed that 

ES powder contained higher levels of ash (4.32%), protein (5.11%), fiber (11.58%), and lipids 

(1.05%) compared to SS powder, which, in contrast, had a greater proportion of total 

carbohydrates (83.63%. 77.94%). 

Table 2. presents the bioactive properties of dehydrated Nabaq powder, which contains 25.27 mg 

GAE/g of total phenolic content, 214.68 mg RE/ g of total flavonoid content, and a DPPH 

inhibition activity of 45.94%. The antioxidant activity observed in this study was lower than the 

values reported by Tawfek, et al. 
31

. whereas the total flavonoid content was comparatively 

higher. The variation in total phenolic and flavonoid contents across studies may be attributed to 

several factors, including differences in fruit variety, geographical origin, soil and climatic 

conditions, maturity stage at harvest, and post-harvest handling. In addition, the type of solvent 

and extraction method used can greatly influence the recovery of phenolic and flavonoid 

compounds. Such factors may explain why our study reported comparatively higher flavonoid 

content but lower antioxidant activity relative to some previous reports. According to Hashem 

and Abd El-Lahot 
27

, the Nabaq pulp had the most flavonoids (180.01 mg CE/ g extract) and had 

a DPPH inhibition of 41.42%. As primary antioxidants, phenolic and flavonoid compounds are 

involved in scavenging and neutralizing free radicals, thus preventing the development of 

diseases, including cancer 
32

. Moreover, different parts of the Nabaq fruit, including its pulp and 

seeds, have potential applications as nutraceutical ingredients in functional and health-promoting 
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food products 
33

. Similarly, our findings align with those of Al-Jassabi and Abdullah 34, where 

antioxidant activity had been found to vary from 31.76% to 90.23%. Most of the antioxidant 

properties of Zizyphus belong to a dihydroxylated β-ring catecholate, which effectively donates 

hydrogen electrons to stabilize radical species  35. Altamim 
30

 reported significant (p < 0.05) 

differences in the phytochemical composition of Saudi Sidr (SS) and Egyptian Sidr (ES) powders, 

particularly in their total phenolic content (TPC) and total flavonoid content (TFC). The TPC of SS 

was higher than that of ES, suggesting that Saudi fruits may possess greater antioxidant potential due 

to their elevated phenolic levels. Phenolic compounds are well known for their antibacterial, anti-

inflammatory, and antioxidant activities, which contribute to improved health and well-being. 

Similarly, flavonoids, a key subclass of phenolic compounds, are recognized for their potent 

antioxidant properties and health-promoting effects, including anticancer and cardioprotective 

benefits. The higher flavonoid content in SS highlights its potential to provide superior health 

benefits compared to ES, making it a more promising candidate for functional food applications. 

The dietary fiber composition of dehydrated Nabaq powder (Table 2) confirms its richness in 

functional fibers. It contains 16.72% Neutral Detergent Fiber (NDF), 13.85% Acid Detergent 

Fiber (ADF), and 10.13% Acid Detergent Lignin (ADL), indicating a high proportion of 

structural polysaccharides. Cellulose (3.72%) and hemicellulose (2.87%) contribute to digestive 

health, while the relatively high lignin content enhances stool bulk and supports bowel function. 

Such natural fibers are valuable for maintaining gut health, strengthening immunity, and 

lowering the risk of chronic diseases including obesity, diabetes, cardiovascular disorders, and 

certain cancers
36

. 

Findings demonstrated that dehydrated Nabaq powder contains significant amounts of essential 

minerals, including Fe (11.56 mg/100 g), Zn (6.31 mg/100 g), Ca (176.21 mg/100 g), Mg (66.73 
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mg/100 g), K (453.59 mg/100 g), Na (108.16 mg/100 g), Cu (1.14 mg/100 g), and Mn (2.48 

mg/100 g), as presented in Table 2. These findings highlight the nutritional potential of Nabaq as 

a valuable dietary source of minerals, particularly calcium and potassium, which were present at 

remarkably high levels. The high potassium content is especially noteworthy, as this mineral 

plays a vital role in nerve transmission, muscle contraction, heartbeat regulation, nutrient 

transport into cells, and waste elimination. Moreover, diets rich in potassium can mitigate the 

adverse effects of sodium on blood pressure, underscoring the potential health benefits of 

incorporating Nabaq into daily nutrition
37

. Similarly, the significant presence of calcium, iron, 

and zinc further supports its value in maintaining bone health, oxygen transport, and immune 

function. When compared to earlier reports, our results indicate higher concentrations of Fe, Zn, 

Ca, and K than those reported by El Maaiden, et al. 
33

, who found Ca, K, and Na contents 

ranging from 74.80–78.37 mg/100 g, 179.65–203.20 mg/100 g, and 22.77–33.70 mg/100 g, 

respectively. Tawfek, et al. 
31

 also described Nabaq as a nutritious fruit but reported substantially 

lower mineral values (Fe: 0.52 mg/100 g, Zn: 0.48 mg/100 g, P: 23.6 mg/100 g, K: 246 mg/100 

g, and Ca: 25.4 mg/100 g). Similarly, USDA 
38

 recognized Nabaq as a mineral-rich fruit, 

corroborating our findings. Hashem and Abd El-Lahot 
27

further emphasized that dehydrated 

Nabaq pulp can supply significant proportions of daily dietary requirements, particularly Ca 

(15.42%), K (22.59%), Fe (63.75%), and Zn (106.5%), supporting its role as a natural 

supplement and blood health enhancer. 

In contrast, , Altamim 
30

 reported that Egyptian Sidr (ES) powder contained considerably higher 

levels of Fe and Zn (31.65 and 12.94 mg/100 g DM, respectively) than Saudi Sidr (SS) powder 

(21.66 and 9.03 mg/100 g DM, respectively). Such discrepancies between studies may arise from 

differences in geographical origin, soil fertility, climatic factors, genetic variability among 
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cultivars, and post-harvest processing techniques, all of which can influence mineral 

accumulation in the fruit.  

As reported in Table 2, the dehydrated Nabaq powder exhibited total acidity of 1.22% and a pH 

value of 4.13, with a high content of total sugars (70.19 g/100 g) specifically reducing sugars 

(41.48 g/100 g) and non-reducing sugars (28.71 g/100 g). The main sugars identified were 

sucrose (27.27 g/100 g), glucose (21.38 g/100 g), and fructose (15.72 g/100 g). The starch 

content was 19.24 g/100 g, and the fruit provided 15.77 mg/100 g of vitamin C. Compared with 

Abdelmuti 
25

 and Saied, et al. 
4
 , who reported lower values of total reducing sugars (22.6%), 

sucrose (21.8%), and glucose (9.6%), our findings revealed higher sugar concentrations, which 

may be attributed to differences in fruit maturity stage and environmental conditions influencing 

carbohydrate accumulation. Similarly, our results for acidity (1.22%) and pH (4.13) were very 

close to those reported by by Hashem and Abd El-Lahot 
27

, who found a total acidity of 1.15% 

and a pH value of 3.95 in dehydrated Nabaq pulp. This similarity indicates consistency in the 

acidity profile of dehydrated Nabaq across studies. Regarding carbohydrate composition, 

Hashem and Abd El-Lahot (27) also reported high total sugars (71.08%), reducing sugars 

(43.52%), sucrose (27.19%), glucose (18.45%), starch content (18.26%), and vitamin C ( 18.95 

mg/100g),  which are comparable to our findings. Minor variations in sugar and starch values 

between studies may be attributed to differences in fruit maturity, environmental conditions, and 

dehydration or analytical methods, which can influence carbohydrate retention and 

quantification. 
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Properties DNP Properties DNP 

Moisture (%) 16.23± 0.09 Minerals content (mg/100g) 

Crude protein (%) 5.86 ±0.13 Fe 11.56± 0.48 

fat (%) 1.06± 0.17 Zn 6.31± 0.34 

Total ash (%) 5.54± 0.52 Ca 176.21± 1.23 

Crude fiber (%)  4.21± 0.03 Mg 66.73 ±0.67 

Total carbohydrate
*
 (%) 83.33± 0.23 K 453.59± 1.64 

Energy value (kcal/100g) 366.58± 0.09 Na 108.16± 1.03 

Bioactive compounds Cu 1.14 ±0.05 

Total phenolic content 

 (mg GA/g) 

25.27 ±0.45 Mn 2.48 ±0.23 

DPPH inhibition activity (%) 45.94± 0.48 Sugar Composition (g /100g) 

Dietary fiber fractions% Total sugars                       70.19 ±0.64 

Acid detergent lignin (ADL) 10.13± 0.18 Reducing Sugars 41.48 ±0.78 

Acid detergent fiber (ADF) 13.85± 0.36 Non-Reducing Sugars 28.71 ±0.45 

Neutral detergent fiber (NDF) 16.72± 0.41 Sucrose 27.27± 0.34 

Cellulose 3.72 ±0.08 Glucose 21.38± 0.31 

Hemicellulose 2.87± 0.13 Fructose 15.72± 0.39 

Titritable Acidity (%) 1.22± 0.21 Starch 19.24± 0.28 

pH value 4.13 ±0.01 Vitamin C (mg/100g )        15.77± 0.53 

Table 2. Proximate composition of dehydrated Nabaq powder. DNP ( Dehydrated Nabaq 

powder), *Total carbohydrate content was calculated on a dry-weight basis by difference, 

excluding moisture 

Chemical Composition of Waffles, and Breadsticks   

Table 3 shows the chemical characteristics of the waffles. Incorporation of DNP significantly (P 

< 0.05) increased the ash, and crude fiber contents, which ranged from 1.26% to 2.69% and 

2.05% to 2.13%, respectively. The highest values for ash, and crude fiber were observed in 

WN4, while the lowest were recorded in the control sample (W0). This enhancement may be 

explained by the naturally high fiber content of DNP, which contributed to elevated fiber levels 

in the supplemented treatments. The increase in ash and fiber is likely due to the abundance of 

minerals and dietary fiber in Nabq fruits, as previously reported by Hashem and Abd El-Lahot 
27

, 

who emphasized the richness of Ziziphus spina-christi in Ca, K, and Fe, along with substantial 
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fiber content. Comparable findings were reported by El Maaiden, et al. 
33

, who demonstrated that 

Nabq fruit is a valuable source of dietary fiber capable of enhancing the nutritional quality of 

baked products.  

No significant differences were observed in moisture content, crude ether extract, total 

carbohydrates, or energy value among the treatments. However, crude protein content generally 

declined with increasing levels of DNP, except in the WN2 and WN3 samples, with the lowest 

value (10.17%) recorded in WN4 as showen in table 3. This reduction compared to the control 

(W0) may be explained by the dilution effect, as part of the protein-rich wheat flour was replaced 

with Nabq pulp, which contains relatively low protein. Similar findings were reported by Shukla, 

et al. 
39

, who observed that muffins enriched with fruit- and vegetable-based ingredients rich in 

sugars and fiber but low in protein did not exhibit increased protein content, largely due to this 

dilution effect. In agreement with these results, the formulations in the present study also did not 

show an enhancement in protein levels. Additionally, a slight reduction in total fat content was 

observed across the treatments. In contrast, Altamim 
30

 reported that incorporating Sidr pulp into 

protein bars significantly (p < 0.05) increased fiber (from 1.91% in the control to 4.72% at 15% 

ES). Abdelmuti 
25

,  who noted that dried Nabq is rich in sugars and starches, contributing to its 

high carbohydrate levels. 

According to the results presented in Table 3, the incorporation of DNP significantly (P < 0.05) 

increased the moisture, ash, and crude fiber contents of the breadsticks, with ranges of 29.19–

29.99%, 2.96–3.95%, and 1.53–2.16%, respectively. In contrast, protein content declined 

progressively as DNP levels increased, reaching the lowest value in BSN4 (20.62%). These 

outcomes are consistent with the findings of Hashem and Abd El-Lahot 
27

, who stated that Nabaq 
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pulp is particularly rich in ash and dietary fiber, thereby enhancing the nutritional quality of 

functional food products. Similarly, El Maaiden, et al. 
33

 confirmed the high mineral and fiber 

contents of Nabaq, which contribute positively to fortified foods. On the other hand, crude ether 

extract, total carbohydrates, and energy values were not significantly affected by DNP addition 

in any treatment. These findings align with Shukla, et al. 
39

, who observed higher fiber content in 

baked goods enriched with fruit- and vegetable-based ingredients due to their naturally high fiber 

levels. Likewise, Altamim 
30

, reported that replacing wheat flour with ES and SS powders 

increased moisture, ash, and crude fiber contents while showing negligible effects on protein and 

fat contents, supporting the present findings. The observed reduction in protein in this study may 

be attributed to the dilution effect, as protein-rich wheat flour was partially replaced by Nabaq 

pulp, which is lower in protein but richer in dietary fiber and minerals. 

In general, the incorporation of Ziziphus spina-christi fruit powder led to a clear enhancement in 

the nutritional profile of the fortified bakery products. The fiber content significantly increased, 

which can contribute to improved digestive health and prolonged satiety. Furthermore, the 

elevated levels of vitamin C in the fortified samples highlight the contribution of the fruit’s 

natural antioxidant compounds. The addition of Sidr fruit powder also enriched the mineral 

composition, particularly calcium, zinc, magnesium, and potassium minerals essential for various 

metabolic and physiological processes. The higher vitamin C content may further enhance the 

bioavailability of these minerals, especially iron, thereby improving the overall nutritional 

efficacy and functional value of the fortified bakery products. 

Product 
Moisture 

(%) 

Crude 

protein (%) 

fat (%) Total ash 

(%) 

 

Total 

carbohydrate 

(%) 

Crude fiber 

(%)  

Energy value 

(kcal/100g) 
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Waffles 

W0 

WN1 

WN2 

WN3 

WN4 

 

48.52±0.41
 a
 

48.75±0.23
 b
 

48.92±0.21
ab

 

49.12±0.40
ab

 

49.42±0.24
 a
 

 

11.38±0.11
 a
 

11.06±0.22
 b
 

10.72±0.05
 c
 

10.46±0.14
 d
 

10.17±0.06
 e
 

 

12.70±0.04
 a
 

12.69±0.17
 a
 

12.60±0.12
 a
 

12.56±0.07
 a
 

12.58±0.17
 a
 

 

1.26±0.04
e
 

1.51±0.03
d
 

1.73±0.06
c
 

2.02±0.06
b
 

2.13±0.05
a
 

 

72.61±0.08
a 

72.50±0.49
a 

72.56±0.23
a 

72.49±0.07
a 

72.43±0.22
a 

 

2.05±0.06
 d
 

2.24±0.08
 c
 

2.39±0.08
bc

 

2.47±0.06
 b
 

2.69±0.15
 a
 

 

450.26±0.25
a 

448.45±0.49
a 

446.52±0.47
a 

444.84±0.35
a 

443.62±0.81
a 

Breadsticks 

BS0 

BSN1 

BSN2 

BSN3 

BSN4 

29.19±0.10
 d
 

29.51±0.08
cd

 

29.62±0.11
bc

 

29.94±0.34
ab

 

29.99±0.20
 a
 

21.76±0.08
 a
 

21.57
a
±0.09 

21.17±0.05
ab

 

20.94±0.38
 b
 

20.62±0.44
 b
 

5.92±0. 04
 a
 

5.91±0.05
 a
 

5.88±0.14
 a
 

5.90±0.03
 a
 

5.87±0.15
 a
 

2.96±0.10
e
 

3.12±0.05
d
 

3.44±0.08
c
 

3.64±0.07
b
 

3.95±0.04
a
 

67.83±0.50
 a
 

67.63±0.15
 a
 

67.66±0.19
 a
 

67.61±0.41
 a
 

67.40±0.22
 a
 

1.53±0.03
 d
 

1.77
c
±0.06 

1.85±0.04
bc

 

1.91±0.02
 b
 

2.16±0.09
 a
 

411.64±0.20
a 

409.99±0.58
a
 

408.24±0.51
a
 

407.30±0.31
a
 

404.91±0.40
a
 

Table 3. Chemical composition of waffles and breadsticks. DNP(  Dehydrated Nabaq powder), 

W0 (Control),WN1 (5% DNP),WN2 (10% DMP),WN3 (15% DNP), WN4 (20%DNP), 

BS0 (Control),BSN1 (5% DNP),BSN2 (10% DNP),BSN3 (15% DNP),BSN4 (20% DNP). 

Values represent the means ± SD (on dry weight basis) of three independent replicates. Means 

within the same Colum followed by different letters are significantly different (p<0.05). 

Bioactive compounds and antioxidant activity of waffles, and breadsticks 

Polyphenols are well-recognized bioactive compounds with strong antioxidant activity, mainly 

represented by flavonoids and tannins
40

. Results in Figure 1 (a and b) clearly showed that 

increasing levels of DNP in waffles significantly enhanced total phenolic (from 7.82 to 9.96 mg 

GAE/g) and flavonoid contents (from 0.83 to 1.34 mg RE/g), which was reflected in the 

improved DPPH scavenging activity, particularly in WN4. This increase can be attributed to the 

naturally high concentrations of phenolic acids, flavonoids, and tannins in Nabaq fruit 
27

. A 

similar trend was observed in breadsticks, where TP, TF, and antioxidant activity gradually 

increased with rising DNP substitution, with BSN4 showing the highest values. 
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These findings are consistent with those of Coşkun, et al. 
41

, who demonstrated that the 

incorporation of polyphenol-rich plant ingredients significantly boosts the antioxidant potential 

and functional quality of food products. Similarly, the study of Mandache, et al. 
42

 on bakery 

products fortified with fruit pomace confirmed that such enrichment effectively increased total 

phenolic content and antioxidant activity, which agrees with the trends observed in our work. 

Furthermore, Tolve, et al. 
43

 reported that fortifying wheat bread with grape pomace powder 

improved its nutritional, antioxidant, and sensory properties, in line with the improvements noted 

in our DNP-enriched waffles and breadsticks. In general, these comparisons reinforce the 

conclusion that DNP is a valuable functional ingredient capable of enhancing the bioactive 

profile and antioxidant potential of bakery products, aligning with the global shift toward 

healthier and functional food development. 
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Figure 1. Total phenolic (TPC) , Total flavonoid (TFC) contents and DPPH values of waffles (a-

b), Values represent the means ± standard deviation (n=3). DNP= Dehydrated Nabaq powder, 

W0 (Control), WN1 (5% DNP), WN2 (10% DMP), WN3 (15% DNP), WN4 (20%DNP). TPC, 

TFC and DPPH values of breadsticks (a
`
- b

`
), BS0 (Control), BSN1 (5% DNP), BSN2 (10% 

DNP), BSN3 (15% DNP), BSN4 (20% DNP). 

Color Measurement of Waffles, and Breadsticks 

Color is a significant sensory attribute affecting individuals' inclination, acceptance, and 

purchasing decisions regarding food products. Waffles and breadsticks were analyzed for color 

in terms of lightness, redness, and yellowness values (Figure 2). Among the waffle samples, the 

control (W0) recorded the highest lightness (57.36), followed by WN1 (52.85), with the lowest 
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in WN4 (45.79). Meanwhile, WN4 exhibited the highest redness (22.63), surpassing the 

control’s 18.28. The control sample (W0) also displayed the highest yellowness (36.60) 

compared to those containing DNP (WN1–WN4). 

Figure 2(b) shows that increasing DNP levels in breadsticks resulted in a decline in lightness 

values, from 62.18 in the control (BS0) to 48.74 in BSN4. Redness rose slightly, peaking at 

24.23 in BSN4, while the control had the lowest value (19.21). Yellowness similarly decreased 

with increased DNP substitution.  

Overall, increasing the level of DNP substitution in both waffles and breadsticks reduced 

lightness, leading to a darker color. This effect can be attributed to the natural pigments and 

phenolic compounds in Nabaq fruit, as well as an intensified Maillard reaction during baking, 

where reducing sugars interact with amino acids to produce browning compounds. The observed 

increase in redness may also be explained by the presence of red-brown pigments in Nabaq, 

including anthocyanins and other phenolics. Moreover, the ΔE values showed a gradual increase 

with higher substitution levels of dehydrated Nabaq powder in both waffles and breadsticks. This 

indicates a more pronounced overall color change compared to the control samples. The increase 

in ΔE can be attributed to the presence of natural pigments and phenolic compounds in Nabaq, as 

well as enhanced Maillard reactions during baking, which together contributed to the visible 

darkening of the products
30

. These results are consistent with the findings of These findings are 

in agreement with those reported by Altamim 
30

, who observed that the control protein bar 

exhibited the highest lightness (L* = 65.30). Substituting glucose syrup with Egyptian Sidr (ES) 

pulp powder at levels of 5–15% significantly (p < 0.05) reduced L* values, thereby darkening 

the product. In terms of redness (a*), ES-fortified bars consistently showed higher values than 
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the control (3.94), a change attributed to the presence of red-brown pigments and phenolic 

compounds. Likewise, yellowness (b*) values increased significantly with higher ES 

incorporation. Overall, these results confirm that the use of fruit-based powders can markedly 

modify the color characteristics of protein bars, with ES contributing to more intense red–yellow 

hues. Likewise,  Srinivasan and Rana 
44

 found that anthocyanin-rich fruit-derived powders 

showed distinct color shifts under thermal treatments, especially increased redness and reduced 

lightness, depending on substitution levels. Lakshmikanthan, et al. 
45

 in their review emphasized 

similar observations across various fruit-rich food formulations, where increased pigment 

content led to visible darkening and hue changes. Tkaczyńska, et al. 
46

 studied anthocyanin 

stability under heating and noted that lightness decreased and redness increased in processed 

products with fruit powder. Such trends align strongly with our findings for waffles and 

breadsticks enriched with DNP, confirming that fruit pulp powders not only contribute to 

nutritional enhancement but also significantly alter color attributes in ways consistent with 

current literature. 
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(a) 

( b) 

 

Figure 2. Color measurements of waffles (a), Values represent the means ± standard deviation 

(n=3). DNP= Dehydrated Nabaq powder, W0 (Control), WN1 (5% DNP), WN2 (10% DMP), 

WN3 (15% DNP), WN4 (20%DNP), Color measurements of breadsticks (b), BS0 (Control), 

BSN1 (5% DNP), BSN2 (10% DNP), BSN3 (15% DNP), BSN4 (20% DNP). 

Texture Profile Analysis of Waffles, and Breadsticks 
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Texture is a key determinant of food quality, strongly influencing consumer perception and 

acceptability. As shown in Figure 3, the texture parameters of waffles and breadsticks including 

hardness, chewiness, gumminess, cohesiveness, and springiness were significantly (p < 0.05) 

affected by the incorporation of DNP. Increasing DNP levels resulted in notable rises in 

hardness, gumminess, cohesiveness, and chewiness, while springiness declined with higher 

substitution. The control waffle (W0) exhibited the lowest values for hardness, gumminess, 

cohesiveness, and chewiness. These changes are largely attributed to the high fiber and mucilage 

content of Nabaq fruit, which interferes with gluten network formation essential for elasticity and 

structure in wheat-based systems. The observed reduction in protein content may also weaken 

gluten starch interactions, further reducing elasticity. Additionally, the mucilage in Nabaq 

powder possesses binding properties that enhance cohesiveness and gumminess. 

A similar pattern was observed in breadsticks, where increasing DNP levels significantly (p < 

0.05) elevated hardness, gumminess, cohesiveness, and chewiness, while reducing springiness. 

The BSN4 sample recorded the highest values of these parameters compared to the control 

(BS0). these results differ from those reported by Altamim 
30

, who reported that incorporating 

Egyptian Sidr (Nabq) pulp powder into protein bars significantly reduced hardness and cut 

resistance compared to the control. This reduction was attributed to the high fiber content of 

Nabq, which disrupts the protein matrix, increases moisture retention, and softens the overall 

texture. Such mechanisms align well with the present study, where higher levels of DNP in 

waffles and breadsticks increased gumminess and cohesiveness but reduced springiness, 

indicating that the fiber and mucilage in Nabq fruit play a key role in modifying gluten structure 

and overall textural quality. These findings are also in agreement with earlier reports (Altamim 

30,
Coşkun, et al. 

41
), which demonstrated that fruit- and fiber-based powders modify gluten 
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development and substantially alter texture, often increasing hardness, gumminess, and 

cohesiveness due to their high fiber and polyphenol content. 
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Figure 3. Texture profile analysis of waffles (A-E), Values represent the means ± standard 

deviation (n=3). DNP( Dehydrated Nabaq powder), W0 (Control), WN1 (5% DNP), WN2 (10% 

DMP), WN3 (15% DNP), WN4 (20%DNP), Texture profile analysis of breadsticks (a-e), BS0 

(Control), BSN1 (5% DNP), BSN2 (10% DNP), BSN3 (15% DNP), BSN4 (20% DNP).  

Sensory Evaluation of Waffles, and Breadsticks 

Table (4) presents the sensory evaluation results of waffles. No significant differences (p > 0.05) 

were found in odor and taste between the control (W0) and waffles containing different levels of 

DNP. This stability can be attributed to the natural flavor-enhancing properties of Nabaq fruit, 

which is rich in sugars, organic acids, and phenolic compounds. However, at higher substitution 

levels, texture, overall acceptability, and color declined significantly (p < 0.05). 

A similar trend was observed in breadsticks (Table 4), where increasing DNP levels caused 

significant (p < 0.05) decreases in taste, odor, texture, and overall acceptability compared with 

the control. These findings align with Hashem and Abd El-Lahot 
27

reported that the sensory 

qualities of different products were affected by the substitution level of dehydrated Nabaq 

powder. Despite these declines, panelists still rated products containing Nabaq favorably, with 

average scores above 7 (―like very much‖) at 50% substitution, while moderate acceptance (―like 

moderately‖) was noted at higher or lower levels. The significant changes in color were mainly 

attributed to substitution levels and processing conditions during preparation. 

In contrast, Altamim 
30

reported that substituting glucose syrup with Egyptian Sidr (ES) or Saudi 

Sidr (SS) powders in protein bars enhanced sensory attributes compared with the control. At 

10% replacement, texture achieved the highest scores, while taste and overall acceptability 
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peaked at 15% ES or SS, with no significant differences between the two. These variations from 

the present study may reflect product-specific factors, as bakery systems (waffles and 

breadsticks) are more sensitive to fiber-induced changes in structure and color, whereas protein 

bar formulations benefited from the distinctive flavor and moisture retention properties of Sidr 

powders. 

Product Odor Taste Color Texture Overall acceptability 

Waffles      

W0 

WN1 

WN2 

WN3 

WN4 

8.9±0.32
 a
 

8.9±0.32
 a
 

8.8±0.42
 a
 

8.8±0.46
 a
 

8.6±0.70
 a
 

9.0±0.00
 a
 

8.9±0.32
 a
 

8.7±0.48
 a
 

8.6±0.52
 a
 

8.6±0.52
 a
 

9.0±0.00
 a
 

8.8±0.42
 ab

 

8.5±0.53
 b
 

8.1±0.57
 c
 

7.9±0.32
 c
 

9.0±0.00
 a
 

8.9±0.32
 a
 

8.5±0.46
 b
 

8.4±0.52
 b
 

7.9±0.57
 c
 

9.0±0.00
 a
 

8.9±0.32
 a
 

8.6±0.52
 b
 

8.1±0.57
 b
 

8.0±0.30
 c
 

Breadsticks      

BS0 

BSN1 

BSN2 

BSN3 

BSN4 

8.9±0.32
 a
 

8.8±0.42
 a
 

8.8±0.42
 a
 

8.6±0.52
 ab

 

8.2±0.92
 b
 

9.0±0.00
 a
 

8.9±0.32
 ab

 

8.5±0.53
 b
 

8.5±0.53
 b
 

8.5±0.53
 b
 

9.0±0.00
 a
 

8.8±0.42
 ab

 

8.4±0.70
 bc

 

8.0±0.67
 cd

 

7.7±0.48
 d
 

9.0±0.00
 a
 

8.8±0.42
 ab

 

8.4±0.69
 bc

 

8.3±0.48
 c
 

7.7±0.67
 c
 

9.0±0.00
 a
 

8.8±0.53
 ab

 

8.5±0.71
 b
 

8.0±0.67
 c
 

7.9±0.32
 c
 

Table 4. Sensory evaluation results of waffles and breadsticks. DNP (Dehydrated Nabaq 

powder), W0 (Control), WN1 (5% DNP), WN2 (10% DNP), WN3 (15% DNP), WN4 (20% 

DNP), BS0 (Control), BSN1 (5% DNP), BSN2 (10% DNP), BSN3 (15% DNP), BSN4 (20% 

DNP). Values represent the means ± SD (on dry weight basis) of three independent replicates. 

Means within the same column followed by different letters are significantly different (p < 0.05). 

All sensory scores were recorded within the 1–9 scale range; minor exceedances in mean ± SD 

are due to rounding effects during data processing. 
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Constraints and Prospective Directions 

This study provides valuable insights into the use of Ziziphus spina-christi (Sidr) fruit powder as 

a functional ingredient in waffles and breadsticks. Nevertheless, some limitations should be 

acknowledged. The current analyses primarily focused on the nutritional composition, total 

phenolic and flavonoid contents, antioxidant activity, texture, color, and sensory characteristics. 

However, advanced characterization techniques such as HPLC for compound profiling, in vitro 

digestion for evaluating bioaccessibility, and microstructural analysis were not included. 

In addition, while the mineral content was quantified, the study did not assess the presence of 

anti-nutritional factors such as phytates, oxalates, saponins, and tannins, which can significantly 

influence the bioavailability of minerals. Moreover, the sensory evaluation was conducted on a 

relatively small consumer panel, which may not fully represent broader consumer preferences. 

Future research should expand the analytical scope to include HPLC-based phytochemical 

profiling, in vitro digestion and bioavailability studies, as well as in vivo or clinical trials to 

confirm potential health benefits such as anti-diabetic and gut-health-promoting effects. 

Evaluating the stability of bioactive compounds and antioxidant activity during storage—along 

with monitoring peroxide value and physicochemical changes—will be essential to determine the 

shelf-life and oxidative stability of Sidr-fortified bakery products. Furthermore, future studies 

should examine compositional variations in Sidr fruit due to regional, seasonal, and processing 

differences and explore combinations with other functional ingredients (e.g., legumes, seeds, or 

dietary fibers) to further enhance the nutritional profile and consumer acceptability of functional 

bakery products. 
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Conclusion 

This study demonstrates the potential of dehydrated Ziziphus spina-christi fruit powder (DNP) as 

a functional ingredient in bakery products such as waffles and breadsticks. The powder itself 

contained 16.23% moisture, 5.86% protein, 1.06% fat, 5.54% ash, 4.21% fiber, 83.33% 

carbohydrates, and provided 366.58 kcal 100 g. Incorporation of DNP significantly enhanced 

ash, crude fiber, phenolics, flavonoids, and antioxidant capacity, while higher substitution levels 

reduced protein content, lightness, and some sensory attributes due to its fiber, mucilage, and 

pigment content. Sensory evaluation confirmed that moderate incorporation levels (10–15%) 

achieved the best balance between nutritional enhancement and consumer acceptability. Beyond 

the tested bakery products, DNP shows promise for broader applications in functional foods, 

including snacks, cereals, and dairy-based formulations. Future research should focus on shelf-

life evaluation, bioavailability, and clinical validation to support the wider adoption of DNP in 

functional food development.  

Data availability  

All data generated or analysed during this study are included in this published article. 

Funding 

Open access funding provided by The Science, Technology & Innovation Funding Authority 

(STDF) in cooperation with The Egyptian Knowledge Bank (EKB). The authors received no 

financial support for the research, authorship, and/or publication of this article. 

Reference 

1.  Hamdani, A. M., Wani, I. A. & Bhat, N. A. Pasting, rheology, antioxidant and texture profile 

of gluten free cookies with added seed gum hydrocolloids. Food Science and Technology 

International 27, 649-659 (2021). https:  doi.org 10.1177 1082013220980594 

2.  Lusk, J. L. Consumer beliefs about healthy foods and diets. PloS one 14, e0223098 (2019). 

https:  doi.org 10.1371 journal.pone.0223098 

ARTICLE IN PRESS

https://doi.org/10.1177/1082013220980594
https://doi.org/10.1371/journal.pone.0223098


ARTIC
LE

 IN
 PR

ES
S

 

3.  Galanakis, C. M. Functionality of food components and emerging technologies. Foods 10, 

128 (2021). https:  doi.org 10.3390 foods10010128 

4.  Saied, A. S., Gebauer, J., Hammer, K. & Buerkert, A. Ziziphus spina-christi (L.) Willd.: a 

multipurpose fruit tree. Genetic Resources and Crop Evolution 55, 929-937 (2008). 

https:  doi.org 10.1007 s10722-007-9299-1 

5.  Osman, M. A. & Asif Ahmed, M. Chemical and proximate composition of (Zizyphus spina‐

christi) nabag fruit. Nutrition & Food Science 39, 70-75 (2009). 

https:  doi.org 10.1108 00346650910930842 

6.  Kadioglu, O., Jacob, S., Bohnert, S., Naß, J., Saeed, M. E., Khalid, H. et al. Evaluating 

ancient Egyptian prescriptions today: anti-inflammatory activity of Ziziphus spina-christi. 

Phytomedicine 23, 293-306 (2016). https:  doi.org 10.1016 j.phymed.2016.01.004 

7.  Cadi, H. E., Bouzidi, H. E., Selama, G., Cadi, A. E., Ramdan, B., Oulad El Majdoub, Y. et al. 

Physico-chemical and phytochemical characterization of Moroccan wild jujube 

―Zizyphus lotus (L.)‖ fruit crude extract and fractions. Molecules 25, 5237 (2020). 

https:  doi.org doi.org 10.3390 molecules25225237 

8.  Jaeschke, H., Gores, G. J., Cederbaum, A. I., Hinson, J. A., Pessayre, D. & Lemasters, J. J. 

Mechanisms of hepatotoxicity. Toxicological sciences 65, 166-176 (2002). 

https:  doi.org 10.1093 toxsci 65.2.166 

9.  Said, A., Huefner, A., Tabl, E. & Fawzy, G. Two new cyclic amino acids from the seeds and 

antiviral activity of methanolic extract of the roots of Zizyphus spinachristi. Planta 

Medica 72, P_222 (2006). https:  doi.org   10.1055 s-2006-950022 

10.  Abdel-Zaher, A. O., Abdel-Hady, R. H., Mahmoud, M. M. & Farrag, M. M. The potential 

protective role of alpha-lipoic acid against acetaminophen-induced hepatic and renal 

damage. Toxicology 243, 261-270 (2008). https:  doi.org 10.1016 j.tox.2007.10.010 

11.  Kigozi, J., Banadda, N., Byaruhanga, Y., Kaaya, A. & Musoke, L. Optimization of texture in 

sorghum ice cream cone production using sensory analysis. The Open Food Science 

Journal 8, 18-21 (2014).  

12.  El-Hadidy, G., Yousef, E. A. & Abd El-Sattar, A. Effect of fortification breadsticks with milk 

thistle seeds powder on chemical and nutritional properties. Asian Food Science Journal 

17, 1-9 (2020). https:  doi.org 10.9734 AFSJ 2020 v17i230187 

13.  AOAC. Official Methods of Analysis of AOAC INTERNATIONAL. Oxford University 

Press.  (2023). https:  doi.org 10.1093 9780197610145.001.0001  

14.  Öztürk, H. İ., Aydın, S., Sözeri, D., Demirci, T., Sert, D. & Akın, N. Fortification of set-type 

yoghurts with Elaeagnus angustifolia L. flours: Effects on physicochemical, textural, and 

microstructural characteristics. LWT 90, 620-626 (2018). 

https:  doi.org 10.1016 j.lwt.2018.01.012 

15.  Abirami, A., Nagarani, G. & Siddhuraju, P. In vitro antioxidant, anti-diabetic, cholinesterase 

and tyrosinase inhibitory potential of fresh juice from Citrus hystrix and C. maxima 

fruits. Food Science and Human Wellness 3, 16-25 (2014). 

https:  doi.org 10.1016 j.fshw.2014.02.001 

16.  Barros, L., Cabrita, L., Boas, M. V., Carvalho, A. M. & Ferreira, I. C. Chemical, biochemical 

and electrochemical assays to evaluate phytochemicals and antioxidant activity of wild 

plants. Food Chemistry 127, 1600-1608 (2011). 

https:  doi.org 10.1016 j.foodchem.2011.02.024 

ARTICLE IN PRESS

https://doi.org/10.3390/foods10010128
https://doi.org/10.1007/s10722-007-9299-1
https://doi.org/10.1108/00346650910930842
https://doi.org/10.1016/j.phymed.2016.01.004
https://doi.org/doi.org/10.3390/molecules25225237
https://doi.org/10.1093/toxsci/65.2.166
https://doi.org/
https://doi.org/10.1016/j.tox.2007.10.010
https://doi.org/10.9734/AFSJ/2020/v17i230187
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.1016/j.lwt.2018.01.012
https://doi.org/10.1016/j.fshw.2014.02.001
https://doi.org/10.1016/j.foodchem.2011.02.024


ARTIC
LE

 IN
 PR

ES
S

 

17.  Brand-Williams, W., Cuvelier, M.-E. & Berset, C. Use of a free radical method to evaluate 

antioxidant activity. LWT-Food science and Technology 28, 25-30 (1995). 

https:  doi.org 10.1016 S0023-6438(95)80008-5 

18.  Goulas, A. E. & Kontominas, M. G. Combined effect of light salting, modified atmosphere 

packaging and oregano essential oil on the shelf-life of sea bream (Sparus aurata): 

Biochemical and sensory attributes. Food chemistry 100, 287-296 (2007). 

https:  doi.org 10.1016 j.foodchem.2005.09.045 

19.  Ranganna, S. Handbook of analysis and quality control for fruit and vegetable products.  

Tata McGraw-Hill Education, (1986). 

20.  Jacobs, M. B. The chemistry and technology of food and food products. Vol. 72 LWW, 

(1951). 

21.  Santipanichwong, R. & Suphantharika, M. Carotenoids as colorants in reduced-fat 

mayonnaise containing spent brewer's yeast β-glucan as a fat replacer. Food 

Hydrocolloids 21, 565-574 (2007). https:  doi.org 10.1016 j.foodhyd.2006.07.003 

22.  Yuan, S. & Chang, S. Texture profile of tofu as affected by instron parameters and sample 

preparation, and correlations of instron hardness and springiness with sensory scores. 

Journal of Food Science 72, S136-S145 (2007). https:  doi.org 10.1111 j.1750-

3841.2006.00263.x 

23.  Banach, J., Clark, S. & Lamsal, B. Texture and other changes during storage in model high-

protein nutrition bars formulated with modified milk protein concentrates. LWT-Food 

Science and Technology 56, 77-86 (2014). https:  doi.org 10.1016 j.lwt.2013.11.008 

24.  SAS. Sas ETS 9.1 user's Guide. SAS Institute.  (2004). 

https:  doi.org https:  support.sas.com documentation onlinedoc 91pdf sasdoc_91 ets_ug

_7314.pdf 

25.  Abdelmuti, O. M. S. Biochemical and nutritional evaluation of famine foods of the Sudan. 

Fac. Agric. Khartoum, Sudan, Univ. Khartoum, Dr. Diss. Biochem. Nutr., Sudan (1991).  

26.  Li, J.-W., Fan, L.-P., Ding, S.-D. & Ding, X.-L. Nutritional composition of five cultivars of 

Chinese jujube. Food chemistry 103, 454-460 (2007). 

https:  doi.org 10.1016 j.foodchem.2006.08.016 

27.  Hashem, S. M. & Abd El-Lahot, M. Utilization of Nabaq Fruit Nutritional Value and 

Antioxidant Activity in Some Food Products. Journal of Food and Dairy Sciences 12, 

111-117 (2021). https:  doi.org 10.21608 jfds.2021.69882.1020 

28.  Adekunle, A. & Adenike, J. Comparative analysis of proximate, minerals and functional 

properties of Tamarindus indica pulp and Ziziphus spina christi fruit and seed. Greener 

Journal of Agricultural Sciences 2, 021-025 (2012).  

29.  Jumba, I. O., Suttle, N. & Wandiga, S. Mineral composition of tropical forages in the Mount 

Elgon region of Kenya. 1. Macro-minerals.  (1996).  

30.  Altamim, E. A. Impact of Egyptian and Saudi Ziziphus spina-christi L.(Sidr) pulp 

incorporation on the nutritional, functional, and sensory properties of protein bars. 

Scientific Reports 15, 24615 (2025). https:  doi.org 10.1038 s41598-025-10544-7 

31.  Tawfek, M. A., Hussein, M. T. & Rizk, A. E. Low-fat ice milk manufactured with fruits of 

NABQ (Ziziphus spina-christi L.).  (2022). https:  doi.org 10.34302 crpjfst 2022.14.3.4 

32.  Tungmunnithum, D., Thongboonyou, A., Pholboon, A. & Yangsabai, A. Flavonoids and 

other phenolic compounds from medicinal plants for pharmaceutical and medical aspects: 

An overview. Medicines 5, 93 (2018). https:  doi.org 10.3390 medicines5030093 

ARTICLE IN PRESS

https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.foodchem.2005.09.045
https://doi.org/10.1016/j.foodhyd.2006.07.003
https://doi.org/10.1111/j.1750-3841.2006.00263.x
https://doi.org/10.1111/j.1750-3841.2006.00263.x
https://doi.org/10.1016/j.lwt.2013.11.008
https://doi.org/https:/support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/ets_ug_7314.pdf
https://doi.org/https:/support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/ets_ug_7314.pdf
https://doi.org/10.1016/j.foodchem.2006.08.016
https://doi.org/10.21608/jfds.2021.69882.1020
https://doi.org/10.1038/s41598-025-10544-7
https://doi.org/10.34302/crpjfst/2022.14.3.4
https://doi.org/10.3390/medicines5030093


ARTIC
LE

 IN
 PR

ES
S

 

33.  El Maaiden, E., El Kharrassi, Y., Lamaoui, M., Allai, L., Essamadi, A. K., Nasser, B. & 

Moustaid, K. Variation in minerals, polyphenolics and antioxidant activity of pulp, seed 

and almond of different Ziziphus species grown in Morocco. Brazilian Journal of Food 

Technology 23, e2019206 (2020). https:  doi.org 10.1590 1981-6723.20619 

34.  Al-Jassabi, S. & Abdullah, M. Extraction, purification and characterization of antioxidant 

fractions from zizyphus spina-christi fruits. American-Eurasian Journal of Toxicological 

Sciences (AEJTS) 5, 66-71 (2013). https:  doi.org 10.5829 idosi.aejts.2013.5.3.8156 

35.  Waggas, A. M. & Al-Hasani, R. H. Neurophysiological study on possible protective and 

therapeutic effects of Sidr (Zizyphus spina-christi L.) leaf extract in male albino rats 

treated with pentylenetetrazol. Saudi journal of biological sciences 17, 269-274 (2010). 

https:  doi.org 10.1016 j.sjbs.2010.05.003 

36.  Venter, C., Eyerich, S., Sarin, T. & Klatt, K. C. Nutrition and the immune system: a 

complicated tango. Nutrients 12, 818 (2020). https:  doi.org 10.3390 nu12030818 

37.  Anon. Center for Disease Control Prevention (CDC).The Role of Potassium  and Sodium in 

Your Diet. National Center  for Chronic Disease Prevention and Health  Promotion, 

Division for Heart Disease andStroke. April, 21. Prevention.  (2021).  

38.  USDA. Jujube, Food Data Central. U.S.Department of Agriculture.  (2018).  

39.  Shukla, D., Tewari, B. N., Trivedi, S. P., Dwivedi, S., Kumar, V. & Tiwari, V. Quality and 

functional attributes of muffins with incorporation of fruit, vegetable, and grain 

substitutes: A review. Journal of Applied and Natural Science 16, 344 (2024). 

https:  doi.org 10.31018 jans.v16i1.5330 

40.  Osae, R., Zhou, C., Xu, B., Tchabo, W., Tahir, H. E., Mustapha, A. T. & Ma, H. Effects of 

ultrasound, osmotic dehydration, and osmosonication pretreatments on bioactive 

compounds, chemical characterization, enzyme inactivation, color, and antioxidant 

activity of dried ginger slices. Journal of food biochemistry 43, e12832 (2019). 

https:  doi.org 10.1111 jfbc.12832 

41.  Coşkun, N., Sarıtaş, S., Bechelany, M. & Karav, S. Polyphenols in Foods and Their Use in 

the Food Industry: Enhancing the Quality and Nutritional Value of Functional Foods. 

International Journal of Molecular Sciences 26, 5803 (2025). 

https:  doi.org 10.3390 ijms26125803 

42.  Mandache, M. B., Vijan, L. E. & Cosmulescu, S. Insight into Bioactive Compounds and 

Antioxidant Activity of Bakery Products Fortified with Fruit Pomace. Foods 14, 806 

(2025). https:  doi.org 10.3390 foods14050806 

43.  Tolve, R., Simonato, B., Rainero, G., Bianchi, F., Rizzi, C., Cervini, M. & Giuberti, G. 

Wheat bread fortification by grape pomace powder: Nutritional, technological, 

antioxidant, and sensory properties. Foods 10, 75 (2021). 

https:  doi.org 10.3390 foods10010075 

44.  Srinivasan, L. V. & Rana, S. S. Anthocyanins: a promising source of natural colorants and 

nutraceuticals. Discover Applied Sciences 7, 694 (2025). https:  doi.org 10.1007 s42452-

025-07196-7 

45.  Lakshmikanthan, M., Muthu, S., Krishnan, K., Altemimi, A. B., Haider, N. N., Govindan, L. 

et al. A comprehensive review on anthocyanin-rich foods: Insights into extraction, 

medicinal potential, and sustainable applications. Journal of Agriculture and Food 

Research 17, 101245 (2024). https:  doi.org 10.1016 j.jafr.2024.101245 

ARTICLE IN PRESS

https://doi.org/10.1590/1981-6723.20619
https://doi.org/10.5829/idosi.aejts.2013.5.3.8156
https://doi.org/10.1016/j.sjbs.2010.05.003
https://doi.org/10.3390/nu12030818
https://doi.org/10.31018/jans.v16i1.5330
https://doi.org/10.1111/jfbc.12832
https://doi.org/10.3390/ijms26125803
https://doi.org/10.3390/foods14050806
https://doi.org/10.3390/foods10010075
https://doi.org/10.1007/s42452-025-07196-7
https://doi.org/10.1007/s42452-025-07196-7
https://doi.org/10.1016/j.jafr.2024.101245


ARTIC
LE

 IN
 PR

ES
S

 

46.  Tkaczyńska, A., Sendra, E., Jiménez-Redondo, N. & Rytel, E. Studying the stability of 

anthocyanin pigments isolated from juices of colored-fleshed potatoes. International 

Journal of Molecular Sciences 25, 11116 (2024). https:  doi.org 10.3390 ijms252011116 

 

 

ARTICLE IN PRESS

https://doi.org/10.3390/ijms252011116

