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Abstract 
This study aimed to formulate novel snack rolls that are both prebiotic and gluten-free by incorporating value-added composite 
flours, including rice flour (RF), barley flour (BF), tiger nut flour (TF), and green banana flour (GBF), to enhance the individuals 
with celiac disease. Physical properties, baking quality, sensory acceptability, and chemical properties were evaluated for the 
prebiotic formula (P) and prebiotic/gluten-free formula (P/GF). For the in vivo study, two different protocols were used: first 
protocol the rats were allocated into three distinct groups, each consisting of six rats: the normal control, group (1) fed on 
prebiotic formula, and group (2) fed on prebiotic/gluten-free formula. The second protocol concluded three groups of six rat 
pups, each selected for celiac disease induction, a normal control, a diseased group, and a treatment group fed on a 
prebiotic/gluten-free formula. Results proved that green bananas and tiger nut flours could have functional uses in the food 
industry and be applied as good ingredients for healthy food products. The biological findings revealed that both formulas 
improved the rats' health and can be effective in treating celiac disease. In conclusion, prebiotic and prebiotic/gluten-free 
formulas are considered safe and healthy for celiac disease patients. 
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1. Introduction 
Prebiotics can include fructooligosaccharides 

(FOS), resistant starch, β-glucans, dietary fiber, α-
linolenic acid-modified dextrins, and various other 
ingredients that influence selective growth and 
probiotic bacteria activity [1]. Prebiotic compounds 
may be beneficial due to their nutritional value and the 
potential to improve some sensory attributes of food 
formulations, increasing product acceptance. Many 
food products have already been reported to be 
fortified with prebiotic elements in order to be better 
and healthier [2]. So, to take advantage to produce 
formula that combines all these features for celiac 
patients. The processing of gluten-free products faces 
great challenges in the industry to find suitable 
alternative gluten [3], where Gluten plays a pivotal 
role in the water absorption capacity, cohesivity, 
viscosity, along with elasticity of dough [4]. One of the 
types of flour that is commonly utilized in gluten-free 
recipes is tiger nut flour. Tiger nut tubers possess a 
notable abundance of dietary fiber, omega-6 fatty 

acids, and a characteristic absence of gluten. 
Consequently, they hold promise as a valuable source 
material for the development of functional foods 
catering to individuals with specific nutritional 
requirements [5-7]. Actually, several studies 
attempted to take use of such characteristics by 
creating applications for free-from prebiotic foods [7-
9]. Due to its superior supply of digestible proteins and 
excellent sensory properties, rice flour is used as an 
active ingredient in the creation of several gluten-free 
food items [10]. Several studies have been conducted 
with the objective of advancing the production of 
gluten-free food products utilizing rice flour as a 
primary ingredient [11-13].  

On the contrary, numerous cereal flours, 
including unripe banana (Musa spp.), are classified as 
prebiotic foods and are recognized for their significant 
contribution of macro elements, particularly 
potassium. These cereal flours possess health-
promoting components such as oligosaccharides 
(specifically fructooligosaccharides), dietary fibers, 
resistant starch, and rapidly digestible starch [14]. 
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Recently studies showed the possibility to use unripe 
banana flour as a prebiotic ingredient [15, 16]. In this 
context, food products based on β-glucans as a 
prebiotic effect are greatly dependent on barley flour 
[17-19]. Also, Barley grain soluble β-glucans have 
been shown to improve lipid metabolism, lower 
plasma cholesterol, lower the glycemic index, reduce 
lipid and bile acid absorption, and stimulate the 
immune system [20]. Flaxseed is a seed that contains 
bioactive components such as dietary fiber, lignans, 
and α-linolenic acid, which offer various health 
benefits. It is particularly rich in Omega 3 fatty acids, 
constituting approximately 48% of all lipids present in 
the seed. These Omega 3 fatty acids are considered 
essential and need to be incorporated into a regular diet 
[21, 22]. Generally, recent literature stated potential 
can use flaxseed as prebiotic [23, 24]. The 
development and planning of gluten-free food 
products are attracting more attention due to their 
increased consumption, which can be attributed to 
various causes including celiac disease, wheat gluten 
allergy and lifestyle as a gluten-free diet [25]. 

Celiac disease (CD) is a persistent immune-
mediated enteropathy of the small intestine that is 
triggered by the consumption of gluten in individuals 
who have a genetic susceptibility. At present, the sole 
efficacious approach for managing CD entails 
adherence to a rigorous and enduring gluten-free diet 
(GFD) [26]. Gluten-free products, which should 
provide all the necessary nutrients, play a vital part in 
treatment. Gluten proteins are made up of gliadins and 
glutenins and are plentiful in barley- and wheat-based 
foods; gliadin is primarily composed of glutamine and 
possesses a notable proline content, rendering it 
resistant to digestion within the gastrointestinal tract 
of humans [27, 28]. Celiac disease patients are focused 
on several of these gliadin peptides, which contain 
non-immunodominant peptide fragments resistant to 
gastric, pancreatic, and intestinal digestion and can 
initiate both a stress response and an innate immune 
response [29]. Because celiac disease is largely 
human, numerous animal models to investigate it had 
been proposed, none of which are perfect [30]. In the 
case of suckling rats and mice, it has been observed 
that the repeated administration of gliadin orally leads 
to morphological and immunological changes that are 
similar to those observed in individuals with celiac 
disease [31]. Nevertheless, there is a mounting 
apprehension regarding the prolonged dietary patterns 
and food preferences of individuals with celiac 
disease. Numerous studies have demonstrated that 
adhering to a gluten-free diet (GFD) does not 
adequately fulfill the necessary nutritional 

requirements [32]. Following an extended period of 
adherence to a gluten-free diet (GFD), an analysis 
revealed the presence of inadequacies in essential 
components such as dietary fiber, complex 
carbohydrates, minerals, and vitamins [33]. These 
deficits are linked to gluten-free diets' high starch or 
refined flour content with deficient in fibers and 
vitamins B [34]. A lack of proteins, minerals (calcium, 
iron), vitamins (folic acid, vitamin B12, and lipid-
soluble vitamins), and dietary fiber is a problem for 
persons who follow a gluten-free diet, related to the 
results of the different surveys [35].  

In order to provide a nutritional product that 
meets the needs of consumers who have grown more 
aware of prebiotic products, we propose a new 
product, which is a snack roll prepared from composite 
flour; tiger nut with green bananas, barley and 
flaxseed. The same formula was employed in the same 
proportions, but with a precise substitution of barley 
for rice flour to make the product gluten-free, making 
it safe for people suffering from celiac disease. Many 
previous studies dealt with the idea of using rice flour 
and green banana flour for the production of gluten-
free products, others mentioned using barley flour and 
flaxseed as health-enhancing (prebiotic) component. 
In this study the main idea was based on benefiting 
from flour containing prebiotic compounds in addition 
to being gluten-free to producing a new innovative 
product with a combination of flour ingredients that 
have never been combined together in one product that 
combines have two attributes prebiotic and gluten-
free. As well as study the technological characteristics 
and sensory acceptance of the new innovative product, 
and emphasizing suitable consumption by celiac 
disease patients through biological experiment. 

 
2. MATERIALS AND METHODS 
2.1. Materials 

Green banana fruit, tiger nut tubers, barley flour, 
flaxseeds as a source of prebiotic compounds (Table 
1) and rice flour, oil, baking powder, sucrose, and 
maize starch were obtained from the local market in 
Cairo, Egypt. Sigma-Aldrich (St. Louis, MO, USA) 
supplied the gliadin. The plasma gliadin concentration, 
interferon-gamma (IFN-γ), tumor necrosis factor-
alpha (TNF-α), and interleukin-6 (IL-6) enzyme-
linked immunosorbent assay (ELISA) kits were 
acquired from Abcam, a company based in the United 
Kingdom. Other chemicals and all biochemical 
parameters include lipid profiles, liver enzymes, 
kidney functions, albumin, and total protein, according 
to Biodiagnostic, Egypt.  
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Table 1: Free gluten and prebiotic composite flour  
 

Ingredients (g) Type Source of prebiotic 
Rice Flour (GF) ------------------------ 

Barley Flour (P) • β-glucans 
• water-soluble polysaccharides 

Tiger Nut Flour (P/GF) • dietary fiber  
• polysaccharides 

Green Banana Flour (P/GF) 
• Resistant starch 
• non-starch polysaccharides(lignin) 
• fructooligosaccharides (fructans)  

Flaxseeds (P/GF) 
• lignans 
• α-linolenic acid 
• soluble dietary fibre 

 
2.2. Methods 

2.2.1. Value added flour preparation 
The green banana fruits were manually peeled and 

promptly immersed in a citric acid solution with a 
concentration of 1 gram per liter for duration of 5 
minutes [36], slice into pieces that are 2 millimeters in 
thickness, and rinsed again for one minute in the same 
solution before being dried at 40 °C and milled. Tiger 
nut tubers were cleaned dried at 60 °C, and ground. 
The green banana and tiger nut flours were passed 
through a 60-mesh screen to blend. The flour was 
packed and sealed off in polyethylene bags until used. 

 
2.2.2. Physical properties of different flour samples 

2.2.2.1. Flour Flowability 
The determination of bulk density, tapped density, 

compressibility index (CI), and Hausner ratio (HR) 
was conducted for the value-added flours. The 
measurements of bulk density and tapped density were 
conducted [37]. A specimen weighing 50 grams was 
placed into a measuring cylinder with a capacity of 10 
ml. The total volume was estimated to be equal to the 
volume occupied by the substance. The determination 
of bulk density entails the division of the mass of a 
given material by its corresponding bulk volume. On 
the other hand, the determination of tapped density 
involves dividing the mass of the material after tapping 
by the volume of the vessel. The compressibility index 
(CI) and Hausner ratio (HR) of various flour samples 
were determined using the formula proposed by [38]: 

CI = 100 x (tapped density - bulk density / tapped 
density) 

HR = tapped density / bulk density 
 
2.2.2.2. Hydration Properties 
The water holding capacity (WHC), swelling 

capacity (SC), hydration capacity, hydration index, oil 
holding capacity (OHC), and water binding capacity 
(WBC) of value-added flours were assessed. The 
determination of water holding capacity, swelling 

capacity, and water binding capacity followed the 
protocols outlined by [39]. [40] established and 
maintained the hydration capacity and hydration 
index, while the oil holding capacity was established 
utilizing the methodology outlined by [41]. 

 
2.2.3. Preparation of snack rolls 

Various combinations of (rice, barley, tiger nut, 
green banana flours can be prepared as composite flour 
in prebiotic and prebiotic/gluten-free formulas, as seen 
in Table 2. In the first recipe composite flour, 
flaxseeds, and baking powder as dry ingredients were 
mixed in a bowl for three minutes, while, second one 
without adding barley flour and then vegetable 
shortening and water were poured. The dough was 
kneaded and rolled out into a thin sheet, cut into the 
desired shape over the perforated tray, and transferred 
into the convective oven at 160 °C. The snaked rolls 
were cooled, packed, and stored at room temperature. 
 
Table 2: Recipe of prebiotic (P) and prebiotic/gluten-
free (P/GF) snack roll samples 
 

Ingredients (g) 

Formulas 

Prebiotic 
formula (P) 

Prebiotic/gl
uten-free 
formula 
(P/GF) 

Rice Flour --- 10 
Barley Flour 30 --- 
Tiger Nut Flour 15 20 
Green Banana 
Flour 5 20 

Flaxseeds 2.5 2.5 
Oil 5 5 
Water 30 20 
Baking Powder 1 1 
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2.2.4. Chemical composition of (P) and (P/GF) 
snack rolls samples  

The chemical composition of two formulas 
(prebiotic and prebiotic/gluten-free formula) of snack 
rolls, including the moisture, fat, ash, fiber, and protein 
content, were estimated according to [42]. The 
minerals calcium and iron were quantified utilizing 
atomic absorption spectrometry (Pyeunicm Model 
3300, PyeUnicam Ltd., Cambridge, England) at a 
wavelength of 422 nm, following the procedures 
outlined by [43]. The HPLC technique was employed 
to determine the concentrations of vitamins B1, B2, 
B9, and B12, following the methodology outlined by 
[42]. 

 
2.2.5. Baking Quality of (P) and (P/GF) snack rolls 
samples  

The baking quality attributes for (P) and (P/GF) 
snack rolls were evaluated after cooling at room 
temperature. Triplicates from different baking sets 
were analyzed and averaged for six sample pieces in 
each formula. [44] conducted measurements on the 
snack rolls, including weight, height, roundness, and 
volume for each snack formula. The changes in the 
diameter before and after baking were determined as 
percentage shrinkage [45]. The specific volume of the 
roll was calculated by dividing its volume by its 
weight. Baking time and bake loss after baking were 
determined according to [46] by the following 
formula: 

𝐵𝑎𝑘𝑖𝑛𝑔𝑙𝑜𝑠𝑠 % = (𝑊𝑏𝑏–𝑊𝑎𝑏)/ 𝑊𝑏𝑏𝑋 100 
 

Where: The variable "Wbb" represents the weight of 
the sample before the baking process; Wab is the 
sample's weight after cooking and baking. 

 
2.2.6. Sensory evaluation of (P) and (P/GF) snack 
rolls samples  

A sensory evaluation of snack rolls was 
performed according to the full questionnaire for the 
fifteen participants used for the sensory evaluation 
(Fig. 1). Samples were evaluated for the degree of 
liking for the appearance, taste, chewiness, odour, 
texture, and overall product quality [47, 48]. The 
experiment was conducted in accordance with 
established ethical guidelines, and all participants 
provided their full and informed consent. The study 
adheres to all regulatory requirements and provides 
confirmation of obtaining informed consent from all 
participants involved in this experiment. The present 
study received approval from the Ethical Committee 
of Medical Research at Egypt's National Research 
Centre (approval no. 2495062022). 

 

 
Fig. 1. Sensory evaluation sheet 

 
2.2.7. Evaluation of the (P) and (P/GF) snack rolls 
in different animal protocols to Study Gluten 
Sensitivity 

 
2.2.7.1. Experimental Animals 
This study employed two distinct protocols. The 

initial protocol involved the utilization of a cohort of 
eighteen male Sprague-Dawley rats, aged between one 
and two months, with a weight range of 150 to 200 
grams. The Second Protocol involved the utilization of 
a cohort of eighteen Sprague-Dawley rat pups, aged 
seven days, which were specifically chosen for the 
purpose of inducing celiac disease. These rat pups 
were procured from the Animal House Colony at the 
National Research Center in Cairo, Egypt. In order to 
facilitate acclimatization and ensure optimal growth 
and behavior, the animals were provided with standard 
laboratory feed and water for duration of one week 
prior to the commencement of the experiment. The 
animals were housed in individual cages with solid 
bottoms in a controlled environment. The room was 
maintained at a temperature of 23 ± 10 °C, with a 
relative humidity of 40-60%. Additionally, the room 
was artificially illuminated with a 12-hour dark/light 
cycle. It is worth noting that no chemicals were used 
in this setup.  

The utilization of all animal subjects in this 
investigation was granted approval by the Ethical 
Committee of Medical Research at Egypt's National 
Research Centre, under the approval number 
(2495062022). The animal experiment was conducted 
in compliance with the Animals (Scientific 
Procedures) Act of 1986 in the United Kingdom, as 
well as the relevant guidelines outlined in EU 
Directive 2010/63/EU for animal experiments 
(Publication No. 85-23, revised in 1985) 

 
2.2.7.2. Animals Diets 
The composition of the synthetic base diet 

included casein (150 g/1 kg diet), unsaturated fat (100 
g/1 kg diet), sucrose (220 g/1 kg diet), maize starch 
(440 g/1 kg diet), cellulose (40 g/1 kg diet), salt 
mixture (40 g/1 kg diet), and vitamin mixture (10 g/1 
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kg diet) [49, 50]. The formulation of the salt and 
vitamin mixtures was based on the AIN-93M diet, as 
outlined by [51]. 

 
2.2.7.3. Celiac disease Induction 
The gliadin was diluted in a 0.02 M acetic acid 

solution in order to obtain a solution with a 
concentration of 10%. The solution that had been 
prepared was administered via intragastric gavage at a 
dosage of 1.5 mg per gram of body weight. This 
administration occurred on days 7, 10, 13, 16, 19, and 
22 postpartum until the rats reached the weaning stage 
[32, 52]. 

 
2.2.7.4. Experimental Design 
The first protocol had (18) rats were separated into 

three groups of six, as shown: Normal Control: Rats 
fed the basal synthetic diet. Group (1): Rats fed a 
prebiotic formula (P) (Table 2). Group (2): Rats fed 
a prebiotic/gluten-free formula (P/GF) (Table 2). 

 
The second protocol had (18) rats rats were 

separated into three groups of six, as shown: Normal 
Control: Rats were fed the synthetic base diet and 
administered an intragastric solution containing acetic 
acid at a concentration of 0.02 M on days 7, 10, 13, 16, 
19, and 22 postpartum. Celiac Disease group: celiac-
induced animals fed the synthetic base diet. 
Treatment group: celiac-induced animals fed a 
prebiotic/gluten-free formula (P/GF) (Table 2). 

 
2.2.7.5. Blood Samples and Organs Collection 
The animals underwent a 12-hour fasting period 

and were then administered sodium pentobarbital (50 
mg/kg, i.p.) as an anesthetic at the conclusion of the 
experimental period. The first protocol lasted four 
weeks, while the second protocol lasted seven weeks. 
The hematological tests were measured in whole blood 
collected by cardiac puncture in tubes with heparin 
sodium. The coagulated blood was left to clot at room 
temperature for 30 min, and then it was centrifuged for 
15 min at 3600 g. Biochemical parameters were 
measured in blood samples collected from each 
animal. Serum and plasma were separated through 
centrifugation using a Sigma Laboratories, GMBH, 
West Germany, model 2-153360 osterode/Hertz 
centrifuge operating at 4000 revolutions per minute for 
duration of 15 minutes. Next, -20 °C was used to 
preserve the separated serum and plasma. Cytokine 
analysis was conducted on the proximal jejunum of 
each animal, specifically measuring the levels of IFN-
γ. 
 
2.2.7.6. Measurement of body weight change and 
food consumption 

The basal synthetic diet was given to normal 
control in the first protocol and to normal control and 

celiac disease groups in the second protocol where the 
rolls of both formulas were given to group (1 &2) in 
first protocol and to treatment group in the second 
protocol. Each rat was feed about 20 gm/day where the 
rolls were crushed to be suitable for the rats to feed 
them. Water was giving daily for 24 hrs till the end of 
the experiment. The weekly body weight of the rats in 
both protocols was measured using a digital weighing 
balance in order to evaluate their weekly weight 
changes. On the other hand, the quantification and 
computation of food consumption were conducted 
utilizing metabolic cages and digital weighing 
balances. 

 
2.2.7.7. Biochemical Parameters 
The hematological parameters included red blood 

cells (RBC), white blood cells (WBC), platelets, 
packed cell volume (PCV), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), and 
mean corpuscular hemoglobin concentration (MCHC) 
were determined. 

Plasma gliadin conc., IFN-γ, tumor necrosis 
factor-α (TNF-α) and Interleukin-6 (IL-6) ELISA kits 
were obtained from Abcam, UK. Total cholesterol, 
HDL, LDL, triglycerides, and total lipids were 
assessed by the enzymatic colorimetric method [53-
57]. Plasma alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) activities were 
assessed by colorimetric techniques [58, 59]. Plasma 
total protein and plasma albumin (A) were determined 
by colorimetric methods [60, 61] as different 
indicators of liver function. Colorimetric methods 
evaluated creatinine and urea [62, 63]. 

 
2.2.8. Statistical analysis 

The mean values and standard deviations of 
parameters obtained from analyses of physical 
properties, chemical composition, baking quality, and 
in vivo studies were computed. Differences between 
the formulations were done using analysis of variance 
(ANOVA), with a significance level of P < 0.05. The 
statistical software package SPSS 20.0 (SPSS Inc., 
Chicago, USA) was utilized for these analyses. The 
data were subjected to a comparative analysis using 
Duncan's multiple range tests at a significance level of 
5% 
 
3. RESULT AND DISCUSSION 

 
3.1. Physical properties of different flour samples 
3.1.1. Flow properties 

Flow properties including bulk density (BD), 
tapped density (TD), compressibility index (CI), and 
Hausner ratio (HR) for rice flour (RF), barley flour 
(BF), tiger nut flour (TF), and green banana flour 
(GBF) samples were assessed. The findings 
were displayed in Table (3). 
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3.1.1.1. Bulk density (BD) 
There were statistically significant differences 

observed in the mean values of bulk density for the 
treatments RF, BF, TF, and GBF. The greatest values 
were recorded for GBF, with RF following closely 
behind (0.562 and 0.527 g/cm3, respectively). The BF 
substance exhibited the lowest recorded values at 
0.433 g/cm3, while the TF substance followed closely 
behind at 0.416 g/cm3. A high bulk density is essential 
and desirable because it can greatly lower expenses 
during packaging and transportation [64]. The lower 
bulk density of BF and TF can be attributed to their 
large particle size, which results in more interparticle 
voids and a disparity in contact surface areas per unit 
volume [65]. 

 
3.1.1.2. Tapped density (TD) 

The highest TD means value corresponds to GBF 
(0.667 g/cm3). There is no significant difference 
between the TD of GBF and RF. Furthermore, the 
recorded measurements indicate that the lowest values 
were observed for BF, with a density of 0.588 g/cm3, 
followed by TF, which had a density of 0.617 g/cm3. 
Tapped density values are higher for more regularly 
shaped particles.  

3.1.1.3. Compressibility index (CI) 
Coefficient of Interparticle Contact (CI) and 

Hardness Ratio (HR) serve as reliable indicators of the 
compaction mechanism that arises when food powder 
materials are subjected to vibration or tapping during 
handling and processing. The CI for different flours is 
given in Table (3). The CI ranged from 32.542 to 
15.739 % for all flours. The CI percentage of TF and 
BF was greater than that of RF and GBF (32.542, 
26.270, and 20.168, 15.739 %), respectively (p< 0.05). 

 
3.1.1.4. Hausner ratio (HR) 

The RH of TF and BF were higher than all other 
flour samples. CI and HR are good conductors of the 
mechanical pressure that happens during the handling, 
processing, and storing food powder materials 
[32]. Fair flowability could be shown in the RF's HR 
(1.252) and CI (20.168), and [66] reported comparable 
results. The results showed that the GBF sample had 
good flowability while the TF sample had poor 
flowability. The powders with increased surface area 
per unit are classified as having poor flowability [67]. 
 
 

 
Table 3: Flow properties of Rice, Barley, Tigernut and Green banana flour samples 

 

Flour samples 
Flour Flowability 

Bulk density 
(g/ cm3) 

Tapped density 
(g/cm3) 

Compressibility 
index (%) Hausner ratio 

Rice flour (RF) 0.527± 0.008b 0.659± 0.002a 20.168± 0.92c 1.253± 0.01c 

Barley flour (BF) 0.434± 0.004c 0.588± 0.009c 26.270± 0.64b 1.356± 0.01b 
Tigernut flour (TF) 0.417± 0.001d 0.618± 0.011b 32.542±1.04a 1.483± 0.02a 
Green banana flour 
(GBF) 0.562± 0.009a 0.667± 0.013a 15.739± 0.34d 1.187± 0.004d 

Results are expressed as mean values ± SD of three replications. There is no significant difference (p > 0.05) 
observed between the means in a column with identical superscripts. 

 
3.1.2. Hydration properties  

The functional characteristics of flour, which are 
essential for the production of related products 
(Table 4), have an impact on the processing and 
quality of food products. 

 
3.1.2.1. Water holding capacity (WHC) 

The highest WHC of 1.562 g/g was observed in 
rice flour, and the lowest WHC of 1.050 g/g was 
observed in green banana flour (Table 4). The water-
holding capacity (WHC) of barley and tiger nut flours 
did not show a significant difference. This conclusion 
agrees with those presented by [68], who noted that 
the WHC of naked barley ranged from 1.43 to 1.46 

g/g. Higher values of water holding capacity for rice 
and barley flour are related to the higher amount of 
starches and more gelatinized as well as the β-glucan 
that may absorb water [69]. 

 
3.1.2.2. Swelling index (SWI) 

A higher swelling index indicates higher 
associative forces. The SWI ranged between 1.295 
and 0.920 for all flours tasted. The SWI of rice flour 
was greater than that of the other flours tasted. A 
significant increase in SWI value for rice flour is 
related to starch granule swelling and an increase in 
particles during close packing. 
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3.1.2.3. Hydration capacity (HC) and hydration 
index (HI) 

According to Table (4), the highest HC 
value (2.280 g/ml) corresponded to rice flour, 
followed by green banana flour (2.120 g/ml), while 
the lowest value (.0945 g/ml) was obtained for tiger 

nut flour. There is a significant difference between 
the values of HC and HI in all the flours tasted. The 
observed disparity can be ascribed to variations in 
cellular microstructure and the individual's capacity 
for water hydration. 

3.1.2.4. Water binding capacity (WBC) 
The WBC of barley, rice, and green banana 

flour was greater than that of tiger nut flour (2.585, 
2.563, and 2.482 g/g, respectively). Barley contains 
the soluble fiber β-D- glucan and pentosans like 
xylan. These viscous materials hydrate with water 
easily through hydrogen bonding at the percent of 
organic acid [70]. 
 
 
 

 3.1.2.5. Oil holding capacity (OHC) 
The OHC for four flours was significantly 

different (p< 0.05). Barley flour samples had a higher 
OHC (1.484 g/g) than other flours tasted. Prolamin is 
the dominant protein in barley, making up about 33–
55% of total proteins [71]. OHC percentages of rice, 
green banana, and tiger nut flour were found (1.392, 
1.242, and 1.113 g/g, respectively). Tiger nut flour 
had lower oil absorption, which might be due to low 
hydrophobic proteins leading to the eminent binding 
of lipids [72]. 

 
Table 4: Hydration properties of Rice, Barley, Tigernut and Green banana flour samples 

Results are expressed as mean values ± SD of three replications. The observed lack of significant differences (p > 0.05) between 
the means in a column with identical superscripts suggests that these means are not statistically distinguishable. 
 

Based on flow and Hydration properties, the 
results showed that green banana flour had good 
flowability and functional uses in foods application 
because of its good industrial handling. Increased 
WHC of rice, Barley and tiger nut flours enhanced the 
function qualities of dough in bakery products. The 
Higher values of Water binding capacity for rice, 
barley, and green banana flours make it more suitable 
in various food products like dough and baked 
products. The oil holding capacity ranged between 
‘’1.113 to 1.484’’ for all flours tasted. The results 
indicated that the value-added flour enhances the 
mouth feel and retains the flavour for the end 
products. The green banana and tiger nut flours could 
have functional uses in the food industry and be 
applied as good ingredients for healthy food products. 

 
3.2. Proximate chemical composition 

Proximate compositions of snack rolls for 
each formula (P and P/GF) are shown in Table 
(5). The findings indicated that there was no 

statistically significant disparity (p > 0.05) in the 
moisture content between the two formulas (P and 
P/GF). Formula P had the highest ash and protein 
contents (2.603 and 9.160 %, respectively) compared 
to the P/GF formula. At the same time, the highest fat 
(16.131%) and fiber (6.470%) contents were 
recorded in the P/GF formula. The results indicated 
that adding barley flour to snack rolls led to a 
significant (P<0.05) increase in their protein, ash, and 
total carbohydrate contents. At the same time, the 
highest fat and fiber content of the P/GF formula may 
be due to the high percentage of tiger nut and green 
banana flour. These findings agree with a previous 
study accomplished by [73], who reported that the 
mean value of fat and crude fiber content increased in 
biscuit samples as tiger nut flour addition 
progressed. Table (5) shows Iron and calcium 
content in the P and P/GF formulas as mg/kg. The 
obtained data showed that Fe content in the P formula 
is considerably higher than that in the P/GF formula, 
at 2.24 and 1.5 mg/kg, respectively, which may be 

Functional 
properties 

Hydration properties 

Oil holding 
capacity(g/g) 

Water 
holding 
capacity 

(g/g) 

Swelling 
index 

Hydratio
n 

capacity 
(g/ml) 

Hydratio
n index 

(%) 

Water binding 
capacity (%) 

Rice flour 1.562 
±0.008a 

1.295 
±0.007a 

2.280± 
0.00a 

1.120 
±0.01a 

2.563 
±1.25a 

1.392 
± 0.085b 

Barley flour 1.387 
±0.039b 

0.920 
±0.014c 

2.145 
±0.035b 

1.015 
±0.05b 

2.585 
±1.72a 

1.484± 
0.047a 

Tigernut flour 1.345 
±0.044b 

1.190 
±0.014b 

1.930 
±0.028c 

0.945 
±0.01c 

2.025 
± 3.89c 

1.113 
±0.082d 

Green banana flour 1.050 
±0.005c 

0.925 
±0.007c 

2.120 
±0.00b 

1.050 
±0.00ab 

2.482 
± 3.48b 

1.242 
±0.159c 
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due to the high content of barley flour, which is 
considered A notable reservoir of numerous essential 
nutrients, including both soluble and insoluble 
dietary fibers [74]. It is noticeable that the higher 
content of calcium (15.7 mg/kg) in the P/GF formula 
is due to the presence of tiger nut and rice flour as 
valuable sources of essential minerals such as Na, Ca, 
and K. These results are found to be comparable with 
the results in the literature [75, 76]. In a similar study 
was obtained by [77] for produced rice and bean 
biscuits as a new gluten-free product, who reported 
that their biscuits have good mineral and fibers 
contents, these food items have the potential to 
provide various advantages to individuals adhering to 
gluten-restricted diets and those with celiac disease, 
specifically rice and beans. The higher content of 
vitamins B complex (B1, 2, 9, and 12) in the P 
formula is than P/GF formula (Fig 2). Meanwhile, the 
P formula contains more vitamins B1 and B9, about 
14.3% and 80.1%, than the P/GF formula, it could be 
due to the barley flour included in the second mixture, 
according to [74] who stated that  Barley is rich in 
essential vitamins, including vitamin E and the B-
complex vitamins. 

 
Table 5: Chemical composition of (P) and (P/GF) 
snack rolls samples 
 

Chemical 
composition 

(%) 
P formula* P/GF 

formula** 

Moisture 3.958±0.08a 3.804±0.18a 
Fat 12.906±0.28b 16.131±0.22a 
Protein 9.160±0.33a 7.706±0.25b 
Fiber 4.643±0.17b 6.470±0.10a 
Ash 2.603±0.03a 2.260±0.10b 
Total 
Carbohydrate 66.730±0.24a 63.629±2.11b 

Mineral content (mg/Kg) 
Fe 2.244±0.01a 1.523±0.07b 
Ca 8.783±0.18b 15.794±0.01a 

 
Means in a row with same superscripts are not 
significantly different (p > 0.05);*P prebiotic;** 
P/GF prebiotic/gluten-free 

 
 
 
 
 
 
 
 
 

(a) 

 
(b) 

 
Fig. 2. HPLC chromatography for vitamins in snack 
rolls samples a) P formula and b) P/GF formula 
 
3.3. Baking quality of snack rolls 

The result of the baking quality of snack roll 
samples is shown in Table (6). The height of snack 
rolls prepared from the P and P/GF formulas was 
observed (24.7667 mm and 24.8717 mm, 
respectively). There were no statistically significant 
differences observed in terms of height between the 
two snack rolls, as indicated by a p-value greater than 
0.05. The roundness of snack rolls prepared from the 
P formula was higher than other rolls prepared from 
the P/GF formula. The same trend was observed for 
the volume values of snack rolls. The rolls prepared 
from the P formula were greater than those prepared 
from the P/GF formula. This observation may be due 
to the increasing ratio of green banana flour in the 
P/GF formula. These results follow those found 
by [78]. 

The weight of snack rolls produced from the 
P/GF formula (35.286 g) was considerably low 
compared to the sample P formula (36.245 g). The 
slight increase in the weight of snack rolls made from 
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the prebiotic formula could result from the high 
water-holding capacity of the composite flour used. 
These results were compatible with those obtained 
by [79], who reported that the difference in biscuits' 
weight could be attributed to the different water-
holding capacities of the flour blends. The findings 
presented in Table (6) indicate that there was no 
statistically significant difference in volume, as 
determined by a p-value greater than 0.05 between 
the snack rolls produced from the p and P/GF 
formulas. [80] reported that the low value of a 
specific volume of bakery products was connected 
with the weakening of the gluten network in dough 
and reduced gas retention in the dough. 

Snack rolls made from the P formula had 
shrinkage of 5.6963%, whereas P/GF snack rolls had 
7.0216% (Table 5). The baking loss was significantly 
higher (34.8983%) in P/GF snack rolls than in P 
snack rolls (Table 5). The baking loss in P snack rolls 

was found to be 31.0525%. The difference in 
shrinkage and baking loss percentages may be due to 
the WHC of composite flour [37]. According to their 
findings, the reduction in bread bake loss observed 
when substituting wheat flour with alternative flours 
can be attributed to the augmented protein content in 
their mixture. This higher protein content resulted in 
increased water retention during the baking process. 

 
P formula snack rolls took 33 minutes to bake, 

while GF formula snack rolls had a baking time of 
24.5 minutes (Table 6). Increasing time may be due 
to the increased polysaccharide levels in the 
composite flour (barley, tiger nut, and green banana 
flour). These polysaccharides are thought to resemble 
pectic material, resulting in enhanced water 
absorption capacity, viscosity, and an increase in 
baking time [81]. 

 
 
Table 6: Baking quality parameters of (P) and (P/GF) snack rolls samples  
 

Baking Quality Parameters P formula P/GF formula 
Height (mm) 24.7667±0.34a 24.871± 0.59a 
Roundness (cm) 30.550±0.22a 29.050±0.49b 
Volume (cm3) 60.317±1.02a 58.292±0.53b 
Weight (g) 36.246±0.76a 35.286±1.82a 
specific volume (cm3/g) 1.664±0.01a 1.655±0.073a 
Shrinkage (%) 5.696±0.93b 7.022±1.32a 
Baking loss (%)  31.025±0.39b 34.898± 1.51a 
Baking time (min) 33.000±0.63a 24.500±0.55b 

Means in a row with same superscripts are not significantly different (p≤ 0.05). Average value for 6 rolls for each 
property and formula 
 
3.4. Sensory evaluation of snack rolls 

Sensory evaluation of P and P/GF snack rolls is 
the assessment of the aspects of food experienced by 
the senses, including appearance, taste, odour, 
chewiness, texture, and total product quality. The 
mean sensory score of both snack rolls is presented 
in Fig. (3). The P/GF formula samples received 
higher ratings from panelists for appearance, odor, 
chewiness, and overall product quality than the P 
formula. Conversely, samples prepared from the P 
formula have a higher taste score, as seen in Fig. 
(3). Replacing barley flour with rice flour in the 
gluten-free formula showed high sensory attributes. 
Accordingly, this study can be among the recent trial 
to add a new product to the list of products for 
patients with celiac disorders. Other researchers have 
also achieved comparable outcomes, indicating that 
rice pasta fortified with alternative gluten-free flour 
received high ratings for its sensory attributes. This 
pasta has the potential to be a wholesome alternative 
to traditional pasta, providing individuals with 

digestive disorders with a diverse range of food 
options. Furthermore, the examination of the data 
indicated a statistically significant disparity in the 
taste and odor ratings of the P and P/GF snack rolls. 
In contrast, no significant difference was found in 
appearance, chewiness, textural or total product 
quality. Data on taste and odour in both formulas 
achieved high scores, whereas the use of tiger nut 
flour improved the product's organoleptic properties. 
[82] observed a similar trend, explaining that biscuit 
fortification with tiger nut flour application in biscuits 
has the potential to appeal to consumers while also 
providing health benefits to them. Aside from its 
nutritional value, banana flour had no negative effects 
on the characteristics and sensory qualities of the 
products. Green banana flour has no taste or odour, 
so the products retain their original flavour and aroma 
after adding GBF [83]. 

 



 Mohammed  et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 66, No. SI 13 (2023) 
 
 

1364 

 
Fig. 3. Sensory evaluation of (P) and (P/GF) snack 
rolls samples 
 
3.5. Effect of the (P) and (P/GF) snack rolls 
samples on the nutritional parameters of rats 

As inferred from Table (7), no significant 
variations in initial body weights, total food intake, or 
feed efficiency were detected when compared to 

(normal and celiac disease) groups in both protocols 
[84, 85]. In contrast, A notable decrease in final body 
weight and the rate of body weight gain was noticed 
in the celiac disease group when compared to normal 
animal control in the second protocol, while A 
notable enhancement was observed in the final body 
weight and body weight gain in the treatment group 
when compared to celiac disease group in the second 
protocol. The precise impact on final body weight and 
body gain remains uncertain; however, it is likely that 
this outcome is linked to the pronounced flavor 
profile of the ingredients employed in the 
formulations [86-88]. The aforementioned findings 
provide evidence in favor of incorporating gluten-
free products as a supplementary measure to enhance 
the nutritional content of bakery products that are free 
from gluten. 

 
 

 
Table 7: Changes in nutritional parameters of experimental groups of rats 

Group 
 

Initial body 
weight (g) 

 
Final  body 
weight (g) 

 
Body gain (g) 

 
Total food intake 

(g) 

 
Feed efficiency 

ratio 
First protocol 
Normal control 

 
200.5 ± 4.15 

 
246.4 ± 5.68 

 
45.9 ± 3.12 

 
269.5 ± 2.29 

 
0.017 ± 1.36 

Group (1) 199.5 ± 4.33a 244.2 ± 5.87a 44.7 ± 5.4a 269.2 ± 3.08a 0.017 ± 1.78a 
Group (2) 198.8 ± 4.35a 244.9 ± 6.77a 46.1 ± 2.08a 269 ± 1.61a 0.017 ± 1.29a 
Second protocol 
Normal control  

 
52.8 ± 4.92 

 
95.2 ± 5.35 

 
42.4 ± 0.43 

 
269.2 ± 3.63 

 
0.016 ±  0.01 

Celiac disease 
Group 49.5 ± 3.03a 88.3 ± 3.17a 38.8 ± 0.64a 268.8 ± 2.54a 0.014 ± 0.25a 

Treatment Group  51.2 ± 3.35a 92.3 ± 4.85b 41.1 ± 1.5b 268.5 ± 2.77a 0.015 ± 0.54a 
The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters within each column indicates a lack of statistical 
significance (p>0.05) among the different varieties. Conversely, the presence of distinct letters indicates a statistically significant difference 
at a significance level of P ≤ 0.05. Feed Efficiency ratio= (Body Gain/ Total Food Intake) 
 
3.6. Effect of the (P) and (P/GF) snack rolls 
samples on the relative organs weight of rats 

According to the data presented in Table (8), 
there were no statistically significant variations 
observed in the relative weight change of all organs 
across both protocols within the experimental groups 
of rats. However, a minor distinction was observed in 
the relative weight of the spleen in the second 

protocol. The group of celiac disease demonstrated a 
notable reduction in spleen weight in comparison to 
the normal control group. On the contrary, a modest 
yet statistically notable elevate in spleen weight was 
observed in the treatment group of the second cohort, 
as compared to the group diagnosed with celiac 
disease. 

 
 
Table 8: Changes in the relative organs weight (g/100g BW) of experimental groups of rats 

Group Liver Kidney Brain Tests Heart Lung Spleen 
First protocol 
Normal control 5.3 ± 0.15 0.87 ± 0.48 0.64± 0.03 1.5 ± 0.1 0.33 ± 1.36 0.74 ± 0.3 0.39 ± 0.03 

Group (1) 5.5 ± 0.13a 0.86 ± 0.42a 0.63 ± 0.02a 1.4 ± 0.09a 0.31 ± 1.78a 0.72 ± 0.4a 0.37 ± 0.02a 
Group (2) 5.4 ± 0.16a 0.86 ± 0.41a 0.63 ± 0.02a 1.4 ± 0.08a 0.32 ± 1.29a 0.73 ± 0.3a 0.36 ± 0.03a 
Second protocol 
Normal control  4.4 ± 0.12 0.81 ± 0.45 0.66 ± 0.03 1.4 ± 0.1 0.31 ±0.01 0.72 ± 0.4 0.34 ± 0.03 

celiac disease 
Group 4.7 ± 0.13a 0.73 ± 0.41a 0.6 ± 0.04a 1.1 ± 0.07a 0.28 ±0.25a 0.70 ± 0.3a 0.28 ± 0.02a 

Treatment Group  4.5 ± 0.15a 0.8 ± 0.44a 0.65 ± 0.03a 1.3 ± 0.09a 0.30 ±0.54a 0.71 ± 0.4a 0.33 ± 0.03b 
The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters within each column indicates a 
lack of statistical significance (p>0.05) among the different varieties. Conversely, the presence of distinct letters indicates a 
statistically significant difference at a significance level of P ≤ 0.05. 
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3.7. Effect of snack rolls samples on the 
Hematological Parameters of rats 

Table (9) showed that the results revealed the 
rats’ hematological profiles for both protocols. When 
comparing with the normal control group in the first 
protocol, no significant differences were observed in 
the blood counts (RBC, WBC, platelets, PCV, MCV, 
MCH, and MCHC) of the groups (1, 2). Gluten 
appeared not to influence blood parameters, which 
are important health indicators in animals, including 
humans. Similar counts of leukocytes, lymphocytes, 
neutrophils, and monocytes were found in gluten-free 
and gluten-fed people [89]. Gluten appeared not to 
influence blood parameters, which are important 
health indicators in animals, including humans. 
Similar counts of leukocytes, lymphocytes, 
neutrophils, and monocytes were found in gluten-free 
and gluten-fed people [90].  

The second protocol revealed a notable decrease 
in the blood counts of red blood cells (RBC) and 
white blood cells (WBC) in the group with celiac 
disease, in comparison to the normal control group. 
Simultaneously, a modest but noteworthy increase in 
red blood cell (RBC) count was noticed in the 
treatment group when comparing to the group with 
celiac disease. The utilization of the mean red blood 
cell (RBC) size has facilitated the enhanced 
characterization of anemia and the quantification of 

red blood cell dimensions within the circulatory 
system. Furthermore, it was observed that the 
treatment group exhibited a notable increase in white 
blood cell count (WBC) in comparison to the celiac 
disease group. This finding suggests that a gluten-free 
diet possesses more robust immune-protective 
properties than the control counterparts. The 
interaction between gluten and immune cells leads to 
the production of cytokines, which increases the 
susceptibility to white blood cell cancer [91]. 

The complete blood count revealed a notable 
decrease in platelet count among group with celiac 
disease in comparison to the control group that tested 
negative for the condition. Furthermore, a notable 
increase was observed in the treatment group in 
comparison to the group diagnosed with celiac 
disease. Platelets are blood components that aid in 
clotting. The data collected on the rats were within 
their physiological norm, which was appropriate for 
their age. So, based on the findings of hematological 
investigations, we observed that prebiotic/gluten-free 
formula had a favorable influence on blood 
morphological indicators, assisting in the 
maintenance of general homeostasis in animals and 
confirming the biological safety of the examined 
supply. 

 
 

 
Table 9: Changes in the relative blood picture of the experimental groups of rats 

RBC= red blood cell, WBC= weight blood cell, PCV= packed cell volume, MCV= mean corpuscular volume, MCH = mean cell hemoglobin, 
MCHC= mean cell hemoglobin concentration. The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters 
within each column indicates a lack of statistical significance (p>0.05) among the different varieties. Conversely, the presence of distinct 
letters indicates a statistically significant difference at a significance level of P ≤ 0.05. 
 

The results from the first protocol showed 
no significant change in the Hb level in groups (1, 2), 
which were 15.1 and 15.1 g/dl, respectively, when 
comparing to the normal control group, which was 
15.3 g/dl. The results from the second protocol 
showed a significant reduction in the celiac disease 
group (13.7 g/dl) when comparing to the normal 
control group (15.4 g/dl) and a significant elevation 
in the treatment group (14.9 g/dl) when comparing to 
the celiac disease group (Fig. 4). 

 

 
 
 

 
 
 
 
 
 
Fig. 4. Effect of prebiotic formula and prebiotic/gluten-
free formula on Hb of the experimental groups of rats 

Group 
RBC 
count 

(×106L) 

WBC count 
(×103L) 

Platelet 
count 

(×103L) 

PCV 
(g/dl) 

MCV 
(fL/cell) 

MCH 
(pg/cell) 

MCHC 
(gm/dl) 

First protocol 
Normal control 5.5 ± 0.2 8110 ± 281 275 ± 18.1 49 ± 2.56 85 ± 2.35 27.5 ± 1.5 32.3 ± 1.53 

Group (1) 5 ± 0.4a 8050 ± 460a 273 ± 13.8a 47 ± 2.48a 91 ± 2.42a 26.9 ± 1.2a 31.4 ± 2.3a 
Group (2) 5.2 ± 0.21a 8100 ± 277a 274 ± 17.4a 48 ± 2.19a 93 ± 2.13a 27.1 ± 1.3a 31.6 ± 2.5a 

Second protocol 
Normal control 5.3 ± 0.2 8100 ± 275 281 ± 11.8 48 ± 2.23 88 ± 2.34 27.9 ± 1.4 31.5 ± 1.4 

celiac disease 
Group 4.2 ± 0.4a 7600 ± 85a 265 ± 13.3a 43 ± 3.12a 83 ± 3.3a 25.9 ± 0.9a 27.5 ± 2.6a 

Treatment Group 5.1 ± 0.2b 7900 ± 381b 279 ± 9.4b 47 ± 2.44a 86 ± 2.14a 27.2 ± 1.3a 30.5 ± 1.7a 
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3.3.8. Effect of snack rolls samples on the 
Biochemical Parameters of rats 

Table (10) presents data indicating that there 
were no statistically significant variations observed in 
plasma gliadin concentration, as well as levels of 
IFN-γ, TNF-α, and IL-6, between groups 1 and 2 
when comparing to the normal control group. In 
contrast, the findings from the second protocol 
demonstrated a notable decrease in plasma gliadin 
concentration, as well as in the levels of IFN-γ, TNF-
α, and IL-6, within the celiac disease group when 
comparing to the normal control group. Conversely, 
the experimental group demonstrated a notable rise in 
plasma gliadin concentration, as well as increased 
levels of IFN-γ, TNF-α, and IL-6, in comparison to 
the group diagnosed with celiac disease. Currently, it 
has been observed that there exist gliadin peptides 
that are resistant to the enzymes found in the 
gastrointestinal tract. These peptides are able to 
traverse the submucosa of the small intestine and 
subsequently interact with T cells through antigen-
presenting cells. Upon activation, T cells secrete 

interferon-gamma (IFN-γ), a cytokine that plays a 
crucial role in driving the adaptive immune response. 
This immune response subsequently leads to mucosal 
atrophy [27, 92, 93]. The exclusive therapeutic 
approach for celiac disease is the adoption of a 
gluten-free diet. In order to explore the potential 
impact of prebiotics or gluten-free formula on celiac 
disease, we conducted an analysis of IFN-γ levels 
within jejunal tissue [94-98]. The induction of gliadin 
led to the suppression of TNF-α and IL-6 levels. The 
aforementioned suppression was observed 
consequent to the recurrent intragastric 
administration of gliadin, leading to morphological 
modifications in the jejunum. The modifications 
encompassed the reduction in length of villi, the 
proliferation of crypts, and the infiltration of 
lymphocytes. The alterations observed were in line 
with the mucosal modifications commonly seen in 
individuals diagnosed with celiac disease. 

 
 

 
Table 10: Changes in the plasma gliadin conc., IFN-γ, TNF-α and IL-6 of the experimental groups of rats 
 

Group 
Plasma Gliadin 

Conc. 
(ng/ml) 

IFN-γ 
(pg/ml) 

TNF-α 
(pg/ml) 

IL-6 
(pg/ml) 

First protocol 
Normal control 25.5 ± 4.52 577.7 ± 25.56 90.8 ± 3.41 46.43 ± 5.12 

Group (1) 24.9 ± 3.46a 572.1 ± 23.7a 89.7 ± 3.16a 45.18 ± 4.21a 
Group (2) 25.2 ± 3.65a 575.6 ± 24.35a 89.9 ± 3.34a 45.24 ± 5.04a 
Second protocol 
Normal control  26.2 ± 4.34 562.1 ± 23.52 91.23 ± 2.87 45.17 ± 4.12 

Celiac disease Group 6.2 ± 4.14a 914.9 ± 35.9a 255.83 ± 6.87a 118.22 ± 7.67a 
Treatment Group  21.3 ± 3.65b 630.8 ± 27.15b 113.2 ± 3.34b 44.51 ± 5.39b 

The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters within each column 
indicates a lack of statistical significance (p>0.05) among the different varieties. Conversely, the presence of 
distinct letters indicates a statistically significant difference at a significance level of P ≤ 0.05. 
 

The results of the first and second protocols are 
presented in Table (11). They showed no 
significance in total cholesterol, HDL, or LDL in the 
serum of rats fed on both prebiotic formula and 
prebiotic/gluten-free formula when comparing with 
the normal control group in the first protocol and the 
celiac disease group in the second protocol. 
Triglyceride and total lipid levels in rats' blood fed 
with prebiotic formula and prebiotic/gluten-free 
formula were unchanged compared to the normal 

control group in the first protocol and the diseased 
group in the second protocol. [89] also discovered no 
variations in the lipid metabolism between 
experimental groups on gluten and non-gluten diets. 
As a result of the lipid profile, we discovered that 
both prebiotic formula and prebiotic/gluten-free 
formula had a good influence on the lipid profile of 
rats and had no negative effects on the rats' health. 
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Table 11: Changes in total cholesterol, HDL, LDL, Triglycerides and total lipids of the experimental groups of 
rats 

Group Total cholesterol 
(mg/dl) 

HDL 
(mg/dl) 

LDL 
(mg/dl) 

Triglycerides 
(mg/dl) 

Total Lipids 
(mg/dl) 

First protocol 
Normal control 84.5± 4.31 41.3 ± 3.16 25.18 ± 4.21 77.32 ± 2.54 341.9 ± 4.35 

Group (1) 82.1 ± 3.16a 40.2 ± 2.37a 24.7 ± 4.26a 75.18 ± 2.31a 339.3 ± 4.31a 
Group (2) 83.2 ± 3.35a 40.6 ± 2.45a 24.9 ± 4.29a 76.94 ± 2.24a 340.4 ± 4.64a 
Second protocol 
Normal control  

 
85.2± 4.11 

 
42.5 ± 3.62 

 
25.43 ± 3.87 

 
79.47 ± 2.42 

 
344.7 ± 4.42 

Celiac disease 
Group 76.2 ± 6.14a 40.9 ± 0.97a 26.2 ± 5.19a 69.29 ± 2.35a 335.9 ± 6.45a 

Treatment Group  78.4 ± 3.45a 41.8 ± 0.75a 24.2 ± 2.28a 68.41 ± 2.31a 336.2 ± 3.31a 
The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters within each column 
indicates a lack of statistical significance (p>0.05) among the different varieties. Conversely, the presence of 
distinct letters indicates a statistically significant difference at a significance level of P ≤ 0.05. 
 

Based on the data presented in Table (12), there 
were no statistically significant variations observed in 
AST and ALT levels among the experimental groups 
in either of the protocols. There was no observed 
statistically significant difference in urea levels 
among the experimental groups in either of the 
protocols. The second protocol in the celiac disease 
group exhibited a notable reduction in creatinine 
levels when compared to the normal control group. 
However, there were no statistically significant 
variations in the levels of creatinine observed among 
the remaining experimental groups. There were no 
statistically significant variations observed in the 

levels of total protein and albumin among the 
experimental groups in both protocols. The results 
presented in this study align with the findings 
reported by [99], wherein they observed that gluten-
free rats exhibited total protein and albumin levels 
that fell within the range of normal values.  

Related to our results, both sensory evaluation 
and in vivo study indicated that the value-added flour 
enhances the mouth feel and retains the flavor for the 
end products. The green banana and tiger nut flours 
could have functional uses in the food industry and be 
applied as good ingredients for healthy and celiac 
disease food products. 

 
Table 12: Changes in Liver enzymes, Kidney enzymes, and biochemical parameters of the experimental groups 
of rats 

 
The values are presented in the form of Mean ± SD (n= 6), where the use of identical letters within each column 
indicates a lack of statistical significance (p>0.05) among the different varieties. Conversely, the presence of 
distinct letters indicates a statistically significant difference at a significance level of P ≤ 0.05. 
 
3. CONCLUSION 

Replacing the commonly used gluten-free flour 
with innovative ingredients with high nutritional 
value is one of the newest ways to enhance the 
nutritional and technological value of gluten-free 
bakery products. Tiger nuts have been cultivated 
since ancient Egypt, during which tubers were found 
in sarcophagi and tombs of the initial dynasties. The 

resulting flour derived from these tubers is devoid of 
gluten and can be utilized for diverse technological 
applications. However, it is worth noting that their 
potential remains largely unexplored. In order to offer 
a food product that meets the needs of celiac 
consumers, we propose a new formulation of gluten-
free snack rolls based on tigernut with green banana 
and rice flour to improve the nutritional profile of the 

Group AST 
(U/L) 

ALT 
(U/L) 

Creatinine 
(mg/dl) 

Urea 
(mg/dl) 

Albumin 
(g/dl) 

Total Protein 
(g/dl) 

First protocol 
Normal control 

 
57.5± 2.31 

 
54.3 ± 3.55 

 
2.35 ± 0.07 

 
56.23± 1.4 

 
2.89± 0.04 

 
5.34± 0. 35 

Group (1) 56.4 ± 2.26a 51.3 ± 2.37a  
2.34 ± 0.06a 54.12 ± 1.8a 2.77 ± 0.03a 5.28 ± .024a 

Group (2) 57.2 ± 2.46a 53.5 ± 2.22a  
2.34 ± 0.05a 55.43 ± 1.6a 2.74 ± 0.04a 5.32 ± 0.31a 

Second protocol 
Normal control  

 
58.7 ± 2.25 

 
56.3 ± 3.18 

 
2.38± 0.07 

 
57.22 ± 1.5 

 
2.91± 0.03 

 
5.39± .039 

celiac disease Group 52.3± 2.38a 55.1± 2.83a  
2.23 ± 0.02a 53.32 ± 1.9a 3.04 ± 0.04a 5.37 ± 0.11a 

Treatment Group  54.2 ± 2.47a 55.7 ± 2.27a 2.34 ± 0.07b 54.2 ± 1.8a 2.89 ± 0.03a 5.38 ± 0.13a 
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proposed gluten-free product. The composite flour is 
widely regarded as a highly nutritious alternative due 
to its rich content of essential nutrients, including 
dietary fiber, vitamin B complex, and various 
minerals. This nutrient profile helps to address the 
nutritional deficiencies that may arise from the 
absence of gluten.  These functional properties help 
determine the blends of different flours for various 
products. The biological evaluation of rats in this 
study concluded that both the prebiotic formula and 
the prebiotic/gluten-free formula improved the rats' 
health, particularly the prebiotic/gluten-free formula, 
which had an obvious improvement in the treatment 
group comparing to the diseased group in the second 
protocol, and that neither formula caused any serious 
side effects in all experimental groups of both. The 
results of our investigation lead us to the conclusion 
that the tigernut, green banana, and barley snack rolls 
examined in this research exhibit qualities of an 
inventive gluten-free food item. Furthermore, these 
snack rolls are considered to be both safe and 
beneficial for individuals diagnosed with celiac 
disease. 
 
References 
[1] T.A. Anyasi, A.I.O. Jideani, G.R.A. Mchau, 
Effect  of  organic  acid  pretreatment  on  some    
physical,    functional    and    antioxidant   properties  
of  flour  obtained  from  three  unripe  banana 
cultivars, Food Chemistry, 172 (2015) 515-522. 
[2] Y. Wang, Prebiotics: Present and future in food 
science and technology, Food Research 
International, 42 (2009) 8-12. 
[3] N.  Sundar, R. Crimmins, G. Swift, Clinical 
presentation and incidence of complications in 
patients with coeliac disease diagnosed by relative 
screening, Postgrad Med Journal, 83 (2007) 273–
276. 
[4] H. Wieser, Chemistry of gluten proteins, Food 
Microbiol., 24(2) (2007) 115–119. 
[5] E.R. Chukwuma, N. Obioma, O.I. Cristopher, The 
phytochemical composition and some biochemical 
effects of Nigerian tigernut (Cyperuses culentus L.) 
tuber, Pak. J. Nutr. 9(7) (2010) 709–15. 
[6] I. Codina-Torrella, B. Guamis, A.J. Trujillo, 
Characterization and comparison of tiger nuts 
(Cyperuses culentus L.) from different geographical 
origin, Industrial Crops and Products, 65 (2015) 
406–414.  
[7] N. Gasparre, C.M. Rosell, Role of hydrocolloids 
in gluten free noodles made with tiger nut flour as 
non-conventional powder, Food Hydrocolloids, 97 
(2019) 105194.  
[8] R. Fiagbor, Development of Probiotic Milk with 
Tiger Nut (Cyperus esculentus) Milk 

Extract (Doctoral dissertation, North Carolina 
Agricultural and Technical State University). (2017) 
[9] M. El-Shenawy, M. T. Fouad, L. K. Hassan, et al., 
A probiotic beverage made from tiger-nut extract and 
milk permeate, Pak J Biol Sci, 22(4) (2019) 180-187. 
[10] C. Osella, M. de la Torre, H. Sanchez,   Safe 
foods for celiac people, Food and Nutri- tion 
Sci. 5(9) (2014) 787-800. 
[11] S. Luo, X. Yan, Y. Fu, et al., The quality of 
gluten-free bread made of brown rice flour prepared 
by low temperature impact mill, Food 
Chemistry, 348 (2021), 129032. 
[12] Y. Gui, G. Chen, W. Tian, et al., Normal rice 
flours perform better in gluten-free bread than 
glutinous rice flours, Journal of Food Science, 87(2) 
(2022) 554-566. 
[13] I. Ammar, H. Sebii, T. Aloui, et al., Optimization 
of a novel, gluten-free bread's formulation based on 
chickpea, carob and rice flours using response surface 
design, Heliyon, 8(12) (2022) e12164. 
[14] G. Aurore,  B. Parfait, L. Fahrasmance, Bananas, 
raw materials for making processed food products, 
Trends Food Sci. Technol. 20 (2009) 78‒91.  
[15] E. L. D. COSTA, N. M. M. ALENCAR, B. G. 
D. S. RULLO, et al., Effect of green banana pulp on 
physicochemical and sensory properties of probiotic 
yoghurt, Food Science and Technology, 37 (2017) 
363-368. 
[16] G. M. Alvarado-Jasso, B. H. Camacho-Díaz, M. 
L. A. Ocampo, et al., Prebiotic effects of a mixture of 
agavins and green banana flour in a mouse model of 
obesity, Journal of Functional Foods, 64 (2020) 
103685. 
[17] M. Shoukat, A. Sorrentino, Cereal β-glucan: a 
promising prebiotic polysaccharide and its impact on 
the gut health, International Journal of Food Science 
& Technology, 56(5) (2021) 2088-2097. 
[18] R. Sharma, S. Mokhtari, S. M. Jafari, Barley-
based probiotic food mixture: Health effects and 
future prospects, Critical Reviews in Food Science 
and Nutrition, 62(29) (2022) 7961-7975. 
[19] Q. Zheng, Z. Wang, F. Xiong, et al., Effect of 
pearling on nutritional value of highland barley flour 
and processing characteristics of noodles, Food 
Chemistry: X, 17 (2023) 100596. 
[20] S. Djurle, Carbohydrate quality of barley 
products with focus on β-glucan, Doctoral thesis, 
Swedish University of Agricultural Sciences, 
Uppsala, Sweden, (2017). 
[21] Y. Coskuner, E. Karababa  Some physical 
properties of flaxseed (Linumus itatissimum L.), J. 
Food Eng. 78 (2007) 1067–1073. 
[22] M. Parikh, T.G. Maddaford, J.A. Austria, et al., 
Dietary Flaxseed as a strategy for improvinghuman 
health, Nutrients, 11 (2019) 1171. 
[23] G. Deokar, P. Shinde, S. Kshirsagar, In-vitro 
biorelevant media and time simulation probiotic 
proliferation methodology to determine prebiotic 



 TECHNOLOGY APPLICATION AND BIOLOGICAL RESPONSE OF PREBIOTIC/GLUTEN-FREE ..... 
________________________________________________________________________________________________________________
__ 

________________________________________________ 
Egypt. J. Chem. 66, No. SI 13 (2023) 
 

1369 

potentials of flaxseed powder. Bioactive 
Carbohydrates and Dietary Fibre, 28 (2022) 100335. 
[24] S. Sucharitha, I. Ramu, M. Akshay, et al., 
Development and standardization of prebiotic 
nutribar, (2022). 
[25] S. Renzetti, C.M. Rosell, Role of enzymes in 
improving the functionality of proteinsinnon-wheat 
dough systems. Journal of Cereal Science, 67 (2016) 
35–45. 
[26] J.F. Ludvigsson, D.A. Leffler, J.C. Bai, et al., 
The Oslo definitions for coeliac disease and related 
terms, Gut, 62 (2013) 43–52. 
[27] M.M. Niewinski, Advances in celiac disease and 
gluten-free diet, In Journal of the American dietetic 
association, 108(4) (2008) 661-672. 
[28] E.J. Helmerhorst, M. Zamakhchari, D. 
Schuppan, et al., Discovery of a Novel and Rich 
Source of Gluten-Degrading Microbial Enzymes in 
the Oral Cavity, PLoS ONE, 5(10) (2010) e13264. 
[29] N. Gujral, H.J. Freeman, A.B.R. Thomson, 
Celiac disease:  Preva-lence, diagnosis, pathogenesis 
and treatment, World  J  Gas-troenterol. 18(42) 
(2012) 6036-6059. 
[30] E.V. Marietta, J.A. Murray, Animal models to 
study gluten sensitivity, Semin. Immunopathol. 34 
(2012) 497–511. 
[31] C. Papista, V. Gerakopoulos, A. Kourelis, et al., 
Gluten induces coeliac-like disease in 
sensitisedmiceinvolvingIgA, CD71 and 
transglutaminase 2 interactions that are prevented by 
probiotics, Lab. Invest. 92(2012) 625–635. 
[32] J. Miranda, A. Lasa, M.A. Bustamante, et al., 
Nutritional differences between a gluten-free diet and 
a diet containing equivalent products with gluten. 
Plant Foods for Human Nutrition, 69 (2014) 182–
187. 
[33] D. Wild,  G.G. Robins,  V.J. Burley, et 
al.,  Evidence of high sugar intake, and low fibre and 
mineral intake, in the gluten-free diet, Alimentary 
Pharmacology & Therapeutics, 32(4)  (2010) 573-
581.  
[34] T. Thompson, M. Dennis, L.A. Higgins, et al., 
Gluten-free diet survey: are Americans with coeliac 
disease consuming recommended amounts of fibre, 
iron, calcium and grain foods? J Hum Nutr Diet, 18 
(2005) 163-169. 
[35] R.J. Presutti, J.R. Cangemi, H.D. Cassidy, et al., 
Celiac disease. American Family Physician, 76 
(2007) 1795-1802.  
[36] L.M. Rayo, L.C. e Carvalho, F.A. Sardá, et al., 
Production of instant green banana flour (Musa 
cavendischii, var. Nanicão) by a pulsed-fluidized bed 
agglomeration, LWT-Food Science and Technology, 
63(1) (2015) 461-469. 
[37] A.I. Wani, D.S. Sogi, B.S. Gill, Physicochemical 
properties of acetylated starches from some Indian 
kidney bean (Phaseolus vulgaris L.) 

cultivars. International Journal of Food Science & 
Technology, 47(9) (2012) 1993-1999. 
[38] J. Malave, G.V. Barbosa-Canovas, M. Peleg, 
Comparison of the compaction characteristics of 
selected food powders by vibration, tapping and 
mechanical  compression. Journal of Food Science, 
50 (1985) 1473-1476. 
[39] J.A. Robertson, F.D. De-Monredon, P. Dysseler, 
et al., Hydration properties of dietary fibre and 
resistant starch: A European collaborative study. 
Lebensmittel Wissen schaft Technologie, 33 (2000) 
72-79. 
[40] S.S. Kornblum, S.B. Stoopak, A new tablet 
disintegrating agent:  cross-linked polyvinyl 
pyrolidine,  J.  Pharm.  Sci. 62(i) (1973) 43-48. 
[41] M.J.Y. Lin, E.S. Humbert, F.W. Sosulski, 
Certain functional properties of sun ower meal 
products. J. Food Sci. 39 (1974) 368-370. 
[42] A.A.C.C. Approved Methods of the AACC, 11th 
Ed. St. Paul, MN, USA: American Association of 
Cereal Chemists. (2010). 
[43] A.O.A.C. Association of official analytical 
chemists, official methods of chemical analysis, 19th 
Maryland, USA. (2012). 
[44] E. Hallen, S. Ibanoglu, P. Ainsworth, Effect of 
fermented/ germinated cowpea flour addition on the 
rheological and baking properties of wheat flour, 
Journal of Food Engineering, 63(2) (2004) 177–184.  
[45] A.I. Wani, D.S. Sogi, P. Sharma, et al., 
Physicochemical and pasting properties of 
unleavened wheat flat bread (Chapatti) as affected by 
addition of pulse flour. Cogent Food & Agriculture, 
2 (2016) 1124486. 
[46] L. Alvarez-Jubete, M. Auty, E.K. Arendt, et al., 
Baking properties and microstructure of pseudocereal 
Xours in gluten-free bread formulations, European 
Food Research and Technology, 230(30) (2009) 437–
445. 
[47] M. Sikora, S. Kowalski, M. Krystyjan, et al., 
Optimization of cornstarch/xanthan gum content for 
thickening of cocoa syrups. Journal of Food Quality, 
30 (2007) 682-702. 
[48] I. Sedej, M. Sakač, A. Mandić, et al., Quality 
assessment of gluten-free crackers based on 
buckwheat flour.  LWT - Food Science and 
Technology, 44 (2011) 694–699. 
[49] A.O.A.C. Official methods of analysis of the 
Association of Official Analytical Chemists, 12th ed. 
Washington D.C. (1990). 
[50] A. Ezzat, A.O. Abdelhamid, M.K. El Awady, et 
al., The biochemical effects of nanotamoxifen and 
some bioactive components in experimental breast 
cancer, Biomed. Pharmacother. 95 (2017) 571–576. 
[51] P.G. Reeves, F.H. Nielsen, G.C. Fahey, 1993. 
AIN-93 purified diets for laboratory rodents: final 
report of the american institute of nutrition ad. hoc 

https://doi.org/10.1111%2Fj.1365-2036.2010.04386.x
https://doi.org/10.1111%2Fj.1365-2036.2010.04386.x


 Mohammed  et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 66, No. SI 13 (2023) 
 
 

1370 

writing committee on the reformulation of the AIN-
76A rodent diet, J. Nutr. 123, 1939–1951. 
[52] L.R. Nikoukar, F. Nabavizadeh, S.M. 
Mohamadi, et al., Protective effect of ghrelin in a rat 
model of celiac disease. Acta Physiologica 
Hungarica, 101(4) (2014) 438–447. 
[53] W. Richmond, Preparation and Properties of a 
Cholesterol Oxidase from Nocardia sp. and Its 
Application to the Enzymatic Assay of Total 
Cholesterol in Serum, Clinical Chemistry, 19(12) 
(1973) 1350–1356. 
[54] C.C. Allain, S. Lucy, S.G. Poon, Cicely, et al., 
Enzymatic Determination of Total Serum 
Cholesterol, Clinical Chemistry, 20 (4) (1974) 470–
475. 
[55] M.F. Lopes-Virella, P. Stone, S. Ellis, et al., 
Cholesterol determination in high-density 
lipoproteins separated by three different methods, 
Clin. Chem. 23 (1977) 882-884. 
[56] P. Fossati, L. Prencipe, Serum Triglycerides 
Determined Colorimetrically with an Enzyme that 
Produces Hydrogen Peroxide, Clinical Chemistry, 28 
(1982) 2077-2080. 
[57] H. Wieland, D.A. Seidel, Simple specific 
method for precipitation of low density lipoproteins, 
Journal of lipid Research, 24(7) (1983) 904-909. 
[58] S. Reitman, S. Frankel, A colorimetric method 
for the determination of serum glutamic oxalacetic 
and glutamic pyruvic transaminases, Am J Clin 
Pathol. 28(1) (1957) 56-63. 
[59] A.L. Babson, S.J. Greeley, C.M. Coleman, et al., 
Phenolphthalein monophosphate as a substrate for 
serum alkaline phosphatas, Clin Chem. 12 (8) (1966) 
482-90. 
[60] J.G. Rheinhold, Total protein, albumin and 
globulin in standard methods of clinical chemistry. D. 
Seligron, Ed. Vol. I. New York: Academic press, 
(1953) Inc p. 88.and 21.  
[61] B.T. Doumas, W.A. Watson, H.G. Biggs, 
Albumin standards and the measurement of serum 
albumin with bromcresol green, Clin.Chim.Acta. 
31(1) (1971) 87-96. 
[62] J.K. Fawcett, J.E. Scott, A rapid and precise 
method for the determination of urea, J Clin.  Pathol. 
13(2) (1960) 156-159. 
[63] J. Schirmeister, Determination of creatinine in 
serum, Dtsch Med Wschr, 89(1940) (1964). 
[64] Zahran, H., Bat, H., & Şahin-Yeşilçubuk, N. 
(2022). Influence of wall material combination on the 
lipid oxidation of the hazelnut oil 
microcapsules. Discover Food, 2(1), 17. 
[65] A. Caparino, J. Tang, C.I. Nindo, et al., Effect of 
drying methods on the physical properties and 
microstructures of mango (Philippine ‘Carbao’ var.) 
powder, J. Food Eng. 111 (2012) 135–148. 
[66] S. Jan, S.I. Rafiq, D.C. Saxena, Effect of 
physical properties on flow ability of commercial rice 
flour/powder for effective bulk 

handling. International Journal of Computer 
Applications, 975 (2015) 8887. 
[67] M. Bala, S. Handa, D. Mridula, R.K. Singh, 
Physicochemical, functional and rheological 
properties of grass pea (Lathyrus sativus L.) flour as 
influenced by particle size, Heliyon, 6(11) (2020) 
e05471. 
[68] S.A. Abdelazim, T.E. Sohair, M.A. Kamel, 
Chemical and technological evaluation of some 
varieties naked barley, Acta Scientifci Nutritional 
Health, 3(11) (2019) 114-123. 
[69] Y. Aguilera, R.M. Esteban, Vanesa Benítez, et 
al., Starch, functional properties, and microstructural 
characteristics in chickpea and lentil as affected by 
thermal processing”, Journal of Agricultural and 
Food Chemistry, 57 (2009) 10682-10688. 
[70] Y.S. Goh, and I.S. Lee, Effects of heating time 
on steaming and roasting green tea. Kor. J. Home 
Economics, 23(2) (1985) 29-36.  
[71] C.V. Helm, A. De Francisco, S.A. Gaziola, et al., 
Hull-less barley varieties: storage proteins and amino 
acid distribution in relation to nutritional quality. 
Food Biotechnology, 18 (2004) 327-341. 
[72] J.A. Adejuyitan, E.T. Otunola, E.A. Akande, et 
al., Some physicochemical properties of flour 
obtained from fermentation of tigernut 
(Cyperusesculentus) sourced from a market in 
Ogbomoso, Nigeria. African Journal of Food 
Science, 3(2) (2009) 51-55. 
[73] G.S. Kwaghsende, G.U. Ikala, P.O. Ochelle, 
Quality evaluation of biscuit from wheat-tiger nut 
composite flour. International Journal of Agriculture 
and Plant Science, 1(3) (2019) 25-30. 
[74] N. Březinová Belcredi, J. Březinová Belcredi, S. 
Ehrenbergerová, et al., Barley grain as a source of 
health-beneficial substances, Czech Journal of Food 
Sciences, 27(2009) 242-244. 
[75] A.K. Oladele, J.O. Aina, Chemical composition 
and Functional properties of Flour produced from two 
varieties of tiger nut, African Journal of 
Biotechnology, 6 (2007) 2473- 2476. 
[76] C.M. Gopika, R. Usha, Chemical and nutritional 
composition of traditional rice varieties of Karnataka, 
Journal of Pharmacognosy and Phytochemistry, 9(5) 
(2020) 2300-2309. 
[77] S.D. Wesley, B.H.M. André, M.T.P.S. Clerici, 
Gluten-free rice & bean biscuit: Characterization of a 
new food product, Heliyon, 7(1) (2021) e05956. 
[78] P. Detchewa, P. Prasajak, C. Phungamngoen, et 
al., A. Substitution of rice flour with rice protein 
improved quality of gluten-free rice spaghetti 
processed using single screw extrusion, LWT, 153 
(2022) 112512. 
[79] F.A. Bello, J. Ofonime, Ntukidem, et al., 
Assessment of Chemical Compositions, Physical and 
Sensory Properties of Biscuits Produced from Yellow 
Yam, Unripe Plantain and Pumpkin Seed Flour 

https://www.jlr.org/article/S0022-2275(20)37936-0/fulltext
https://www.jlr.org/article/S0022-2275(20)37936-0/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC480024/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC480024/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC480024/
https://biomedres.us/fulltexts/BJSTR.MS.ID.002302.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002302.php


 TECHNOLOGY APPLICATION AND BIOLOGICAL RESPONSE OF PREBIOTIC/GLUTEN-FREE ..... 
________________________________________________________________________________________________________________
__ 

________________________________________________ 
Egypt. J. Chem. 66, No. SI 13 (2023) 
 

1371 

Blends, International Journal of Food Science and 
Nutrition Engineering, 8(5) (2018) 119-126. 
[80] S. Tomoskozi, L. Gyenge, A. Pelc´eder, et al., 
Effects of flour and protein preparations from 
amaranth and quinoa seeds on the rheological 
properties of wheat-flour dough and bread crumb”, 
Czech Journal of Food Sciences, 29(2) (2011) 109–
116. 
[81] R.N. Tharanathan, G. Changala Reddy, G. 
Muralikrishna, et al., Structure of a galactoarabinan-
rich pectic polysaccharide of native and fermented 
blackgram (Phaseolusmungo), Carbohydrate 
Polymers, 23 (1994) 121–127. 
[82] I.F. Bolarinwa, O.O. Oyesiji, Gluten free rice-
soy pasta: proximate composition, textural properties 
and sensory attributes, Heliyon, 7(1) (2021) e06052. 
[83] R.P. Zandonadi, Green  banana  mass:  an  
alternative  to  exclusion  of gluten.  Doctoral Thesis.   
(Doctorate in Health Sciences), University of Brasili. 
(2009). 
[84] H.T. Yao, S.Y. Huang, M.T. Chiang, A 
comparative study on hypoglycemic and 
hypocholesterolemic effects of high and low 
molecular weight chitosan in streptozotocin-induced 
diabetic rats, Food and chemical toxicology, 46 
(2008) 1525-1534. 
[85] D.M. Mohammed, K.A. Ahmed, M.A. 
Desoukey et al., Assessment of the antiulcer 
properties of Lawsonia inermis L. leaves and its 
nano-formulation against prolonged effect of acute 
ulcer in rats, Toxicology Reports, 9 (2022) 337-345. 
[86] I.F. Gaunt, P.L. Mason, J. Hardy, et al., Short-
term toxicity of methylphenylcarbinyl acetate in rats, 
Food and Cosmetics Toxicology, 12(2) (1974) 185–
194. 
[87] M.A.D. Urrutia, A.G. Ramos, R.B. Menegusso, 
Effects of supplementation with kombucha and green 
banana flour on Wistar rats fed with a cafeteria 
diet, Heliyon, 7(5) (2021) e07081.  
[88] D.H. Abou Baker, D.M Mohammed, 
Polyphenolic rich fraction of Physalis peruviana 
calyces and its nano emulsion induce apoptosis by 
caspase 3 up-regulation and G2/M arrest in 
hepatocellular carcinoma, Food Biosci. (2022) 
102007. 
[89] L.B.S. Hansen, H.M. Roager, N.B. Søndertoft, 
et al., A low-gluten diet induces changes in the 
Intestinal microbiome of healthy Danish adults, 
Nature Communication, 9 (2018) 4630. 
[90] Harvard School of Public Health, The Nutrition 
Source. (2019)Available online at 
https://www.hsph.harvard.edu/nutritionsource/what-
should-you-eat/whole-grains/ 
[91] Y.M.C. Kooy-Winkelaar, D. Bouwer, G.M.C. 
Janssen, et al., CD4 T-cell cytokines synergize to 
induce proliferation of malignant and nonmalignant 

innate intraepithelial lymphocytes,  Proc Natl Acad 
Sci U S A. 114 (2017) E980-9. 
[92] M.F. Kagnoff, Celiac disease: pathogenesis of a 
model immunogenetic disease, J. Clin. Invest. 117 
(2007) 41–49.  
[93] J.A. Garrote, E. Gómez-González, D. Bernardo, 
et al., Celiac disease pathogenesis: the 
proinflammatory cytokine network, J. Pediatr. 
Gastroenterol. Nutr. 47 (2008) 27–32. 
[94] M.C. Wapenaar, M.J.V. Belzen, J.H. Fransen, et 
al., The interferon gamma gene in celiac disease: 
augmented expression correlates with tissue damage 
but no evidence for genetic susceptibility, J. 
Autoimmun, 23 (2004) 183–190. 
[95] G. Forsberg, O. Hernell, S. Hammarstrom, et al., 
Concomitant increase of IL-10 and pro-inflammatory 
cytokines in intraepithelial lymphocyte subsets in 
celiac disease, Int. Immunol., 19 (2007) 993–1001. 
[96] J.S. Manavalan, L. Hernandez, J.G. Shah, et al., 
Serum cytokine elevations in celiac disease: 
association with disease presentation, Hum. Immunol. 
71 (2010) 50–57. 
[97] A. Lahdenpera, J. Ludvigsson, K. Falth-
Magnusson, et al., The effect of gluten-free diet on 
Th1-Th2-Th3-associated intestinal immune 
responses in celiac disease, Scand. J. Gastroenterol., 
46 (2011) 538–549. 
[98] M. Brottveit, A.C. Beitnes, S. Tollefsen, et al., 
Sollid LM, Lundin KE: Mucosal cytokine response 
after short-term gluten challenge in celiac disease and 
non-celiac gluten sensitivity, Am. J. Gastroenterol. 
108 (2013) 842–850. 
[99] V. Obatolu, A. Ketiku, E. Adebowale, Effect of 
feeding maize/legume mixtures on biochemical 
indices in rats, Annals of Nutrition Metabolism, 47 
(2003)170–175. 

https://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/whole-grains/
https://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/whole-grains/

