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Abstract The current study aims to investigate the potential effect of mixing plant parts i.e. carrot (CP) and sweet 
potato (PP) powders on the bioactive and antinutritional compounds content and the antioxidant activity of 
functional foods (gluten-free products) that are suitable for celiac or gluten-sensitivity patient. For this purpose, three 
different concentrations 10, 20, and 30% of plant parts (CP or PP) were added as a substitution for rice flour (RF), 
corn flour (CF), and the flour mixture (50%RF+ 50%CF). Data revealed that the partial replacement of rice flour 
(RF), corn flour (CF), and mixture flour (RF+CF) with different percentages (10, 20, and 30%) of CP led to a 
significant increased (p≤0.05) in total phenolics (59.68%, 16.45% and 31.20%) , and flavonoids (139.17%, 91.25% 
and111.23%), and a decrease in tannins content by the ratio of -5.64, -19.09 and -14.92,%, respectively, saponins  
(-1.50%, -7.59% and -4.91%), phytates -22.27, -29.16 -28.48 %, respectively, and Trypsin inhibitory activity content 
by the ratio of -21.42, -27.96 and -26.94 %, respectively. While that, replacement of RF, CF, and mixture flour 
RF+CF with different percentages of 10%, 20%, and 30% of PP led to an increase in total phenolics content by the 
ratio of 116.00, 45.62, and 69.63%, respectively, flavonoids (258.35%, 176.64%, and 210.68%), respectively, and 
saponins 13.57, 4.27, and 8.36%, respectively. On the other side, substitution of the same ratios of CP and PP led to 
increase the antioxidant activity of the all composite flours samples. In conclusion, the results of this study have 
opened the new avenue to use such composite flours used successfully to produce some products, rice cake and corn 
flakes, functional foods (gluten-free products) with high bioactive compounds content and antioxidant activity 
Which is likely to lead to a reduction in oxidative stress that may be a cause or result of celiac disease or gluten 
sensitivity. 
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1. Introduction 

Functional foods help to maintain a healthy lifestyle 
and aid in reducing the risk of long-term diseases beyond 
basic nutritional functions; they can look like traditional 
foods and be eaten as part of a daily diet [1]. Plant-based 
foods such as fruits, vegetables, cereals, herbs, nuts, and 
beans contain vitamins, minerals, fiber, omega-3 fatty 
acids, antinutrients, antioxidants, polysaccharides, and 
phenolic compounds that play a functional role in  
the human body against chronic diseases including  
cancer, cardiovascular disease, and gastrointestinal tract  
disorders [2,3,4,5,6,7,8,9,10] [11,12,13,14,15,16]. One of 
these chronic diseases is celiac. It is a widespread 
hereditary disease that causes people to respond to gluten 
proteins found in wheat and other cereals. It is caused by 
the immune system's malfunctioning gluten proteins and 
can lead to significant stomach pain [17]. Some gliadin 
peptides have the ability to permeate cells via endocytosis. 
Peptide buildup in lysosomes raises levels of reactive 
oxygen species (ROS). In addition to ROS, reactive 
nitrogen species (RNS) are also known as oxidants 
because of their propensity to remove electrons from 
biological molecules, hence causing nitrosative stress. 
When oxidizing chemicals are excessive relative to 
antioxidant defenses, oxidative stress arises, either due to 
increased ROS and RNS or diminished antioxidant 
defense system [18,19]. Patients with celiac disease 
produce an excess of ROS as a result of gluten 
consumption, starting a cascade of processes that induce 
oxidative stress in the small intestine wall and throughout 
the body. Oxidative stress can be blamed for free radical 
damage to important cellular structures, which impairs 
their functioning. Individuals with untreated celiac disease 
have poorer antioxidant potential, which may be an 
indication for a higher demand of antioxidants required to 
compensate for the large amount of ROS produced in the 
body, hence preventing the detrimental effects of ROS 
[20,21]. Furthermore, only a stringent gluten-free diet can 
effectively treat the illness. While the gluten-free diet is 
successful in attaining mucosal healing, it may cause 
nutritional imbalances due to nutrient deficits over a 
lengthy period of time [22]. A gluten-free food should be 
predominantly based on gluten-free diets with a high 
micronutrient content: milk and dairy products, nuts, rice, 
legumes, fruits, vegetables, potatoes, and maize are all 
appropriate components of such a food. If professionally 
made gluten-free items are substituted, supplemented or 
fortified minerals and vitamins are preferred. Vegetables 
are a healthier alternative to these ready-made items, with 
strong nutritional, biological, and antioxidant activity 
[23,24]. Consuming fruits, vegetables, and whole grains 
on a regular and consistent basis, all of which are high in 
polyphenols, may help to avoid chronic diseases. However, 
polyphenols have health benefits for Celiac disease. the 
remarkable potential and molecular mechanisms by which 
polyphenols may become useful allies against the 
cytotoxicity of gluten proteins, based on their ability to 
interact with and reduce the bioavailability of 
immunogenic peptides, to counteract oxidative stress and 
inflammation, to regulate intestinal epithelial barrier 

integrity and function, to affect the gut microbial 
ecosystem, and to modulate immune responses [21]. 

The consumption of plant parts is a common topic in 
recent times in the fight against many forms of chronic 
diseases due to functional and health benefits derived from 
phytochemicals such as phenolic compounds and 
antioxidants in general [16,25,26,27,28]. Carrots are a 
malnutrition-friendly food source because they are high in 
natural bioactive substances such as phenolics, 
carotenoids, polyacetylenes, ascorbic acid fiber, and 
minerals. It is high in phytonutrients such as phenols, 
polyacetylenes, and carotenoids. Carotenoids are 
antioxidants that can help to counteract the effects of free 
radicals. They have inhibitory mutagenesis activity, which 
helps to reduce the incidence of several cancers [29,30,31] 
Carotenoids, anthocyanins; phenolic acids, other flavonoids, 
and vitamin C are among the beneficial substances found in 
sweet potatoes. It also has a distinct blend of phenolic 
chemicals, including hydroxycinnamic acids, the major 
phenolic antioxidant. Among these phytochemicals, 
flavonoids and phenolics stand out for their antioxidant and 
anticancer properties anti-diabetic, hepatoprotection, 
antitumor, antimicrobial, and anti-inflammatory biological 
activities due to their high superoxide-radical scavenging 
activity [12,32,33,34,35,36,37]. 

Considering all of the reasons mentioned above, 
incorporating these plant parts into food products, such as 
gluten-free products, will be extremely beneficial to its 
users. Therefore, the current study was conducted to 
evaluate the potential effects of combining plant parts 
(carrot and sweet potato powders) on the bioactive 
compounds content and the antioxidant activity of free-
gluten products. 

2. Materials and Methods 

2.1. Materials 

2.1.1. Plant Parts 
Carrot roots and sweet potato tubers were obtained 

from the local market, New Damietta City, Damietta 
Governorate, Egypt. 

2.1.2. Flours 
Corn flour and rice flour were obtained from  

El Forat for food industries, Damietta City, Damietta 
Governorate Egypt. 

2.1.3. Chemicals 
All bioactive compounds standards [gallic acid, rutin, 

tannic acid], α-tocopherol, butylated hydroxy toluene 
(PHT) were purchased from Sigma Chemical Co., St. 
Louis, MO. Other chemicals, organic solvents and buffers 
except mentioned elsewhere were obtained in analytical 
grade from El-Ghomhorya Company for Trading Drugs, 
Chemicals, and Medical Instruments, Cairo, Egypt. 

2.1.4. Machines 
Absorbance (Abs) for different determents was 

measured using Labo-med. Inc., spectrophotometer, CA, 
USA. Atomic absorbance, Schematzu apparatus, Tokyo, 
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Japan using for elements determination. 

2.2. Methods 

2.2.1. Preparation of Carrot and Sweet Potato Powder  
Sweet potato and carrot powders were prepared and 

treated according to the method described by Hutasoit et 
al. [38]. The cleaned roots/tubers were peeled manually 
with a stainless-steel kitchen knife and sliced into 2 mm-
thickness using semi-automated slicer (Moulinex Egypt, 
Al-Araby Co., Egypt). The chips were dipped in aqueous 
0.5 and 1.0% citric acid, followed by steam blanching for 
30 minutes. The treated chips carrots and sweet potatoes 
were dried using a convection oven (Velp Company, Italy) 
at 55°C for 12 hours. The flour (moisture content about 
10%) was obtained by milling the dried slices using a high 
mixer blender (Moulinex Egypt, Al-Araby Co., Egypt).) 
into flour with a particle size of about 200 µm, and the 
resulting flour was sieved to obtain a fine granules. The 
flour was then packaged in polyethylene bags and kept in 
a refrigerator at -4°C for further physical and chemical 
analyses as well as use in products preparation. 

2.2.2. Determination of Bioactive Compounds  
Total phenolics were determined using the Folin-

Ciocalteu reagent according to Singleton and Rossi, [39] 
and the results are expressed as ferulics and equivalents. 
Total flavonoid contents were expressed as catechin 
equivalents (CAE), as described by Zhishen et al., [40]. 
Saponins were determined by the colorimetric method, as 
explained by Fenwick and OakeDfull, [41]. Phytates were 
determined by the method mentioned by Mcewan, [42] 
and the results were a potassium hydrogen phosphate 
equivalent. The concentration of phytate was calculated 
from its phosphorus content. Tannins were determined in 
samples by the method of Van-Burden and Robinson, [43] 
and expressed as mg of catechine per g of dw. Trypsin 
inhibitory activity (TIA) was determined calorimetrically 
using an UV/visible spectrophotometer in accordance with 
Smith et al., [44]. 

2.2.3. Determination of Antioxidant Activity  
The antioxidant activity of rice flour (RF), corn flour 

(CF), and the flour mixture (50% RF + 50% CF), carrot 
powder, and sweet potato powder as well as standards (α-
tocopherol and BHT; Sigma Chemical Co., St. Louis, Mo) 
was determined according to the β -carotene bleaching 
method following a modification of the procedure 
described by Marco, [45]. Various concentrations of BHT 
and α-tocopherol in 80% methanol were used as the 
control. Antioxidant activity (AA) was all calculated as 
percent inhibition relative to control using the following 
equation by Al-Saikhan et al., [46]. 

AA= (R control - R sample) / R control x 100 
Where:  R control and R sample were the bleaching 

rates of beta-carotene in reactant mixture without 
antioxidant and with plant extract, respectively. 

2.3.4. Bakery Products 

2.3.4.1. Formulation and Preparation of Rice  
Flour Cake 

Cake batter samples were prepared as formula given in 
Table 1 according to A.A.C.C., [47]. The butter was 
melted thoroughly, sugar and salt were added then mixed 
vigorously. The whole egg was mixed with vanillia and 
whipped until it became a puffy and smooth like cream 
texture. Composite flour and other dry ingredients and 
milk were mixed individually. This mixture was mixed 
gently until got homogenous dough using a hand mixer 
(Moulinex ABM11A30, France) at low speed for 2 
minutes. The batter was placed into Tin mold pans size 30 
and baked in a conventional oven pre-heated to 180ºC for 
30 min., air-cooled to room temperature, and packed.  

2.3.4.2. Formulation and Preparation of Mixture Corn 
and Rice Flour Corn Flakes 

Corn flakes were prepared with a little modification. 
The control and the other formulations are presented in 
Table 3. In a mixing bowl, the egg whites were mixed for 
3-4 minutes to form the foam, then the dry and liquid 
ingredients were mixed for 3-4 minutes to form the dough, 
then left to rest for 10 minutes. 

Table 1. Cake formulae 

30% PP 20% PP 10% PP 30% CP 20% CP 10% CP Control Ingredients (g) 
280 320 360 280 320 360 400 RF 

- - - 120 80 40 - CP 
120 80 40 - - - - PP 
350 350 350 350 350 350 350 Sugar 
170 170 170 170 170 170 170 Fresh whole egg 
100 100 100 100 100 100 100 Butter 
200 200 200 200 200 200 200 Milk 
15 15 15 15 15 15 15 Baking powder 
0.5 0.5 0.5 0.5 0.5 0.5 0.5 Vanilla 

RF, rice flour; CP, carrot powder; PP, sweet potato powder. 

Table 2. Formulation of corn flakes 

30% PP 20% PP 10% PP 30% CP 20% CP 10% CP Control Ingredients (g) 
49 56 63 49 56 63 70 RF 
49 56 63 49 56 63 70 CF 
- - - 42 28 14 - CP 

42 28 14 - - - - PP 
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30% PP 20% PP 10% PP 30% CP 20% CP 10% CP Control Ingredients (g) 
15 15 15 15 15 15 15 Skim milk powder 
33 33 33 33 33 33 33 Egg whites 

300 250 250 300 300 250 250 Water 
30 30 30 30 30 30 30 Corn oil 
15 15 15 15 15 15 15 Sugar 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 Salt 
2.5 2.5 2.5 2.5 2.5 2.5 2.5 Baking powder 
0.5 0.5 0.5 0.5 0.5 0.5 0.5 Vanilla 

RF, rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder. 

2.3.5. Sensory Evaluation  
Sensory evaluation was participated by invited ten staff 

panelists from the Home Economic Department, Faculty 
of Specific Education, Damietta University, Damietta, 
Egypt. Each panelist was asked to evaluate seven samples 
of crackers according to color, flavor, texture, taste, and 
overall acceptability. The evaluation was carried out 
according to the method of Abd El – latif, [48]. 

2.4. Statistical Analysis 
The data obtained were statistically analyzed using a 

computer. The results were expressed as mean ± 
standard deviation (SD) and tested for significance using 
the one-way analysis of variance (ANOVA) test, 
according to Duncan’s multiple range test at (P≤0.05) 
probability. According to the method described by 
Armitage and Berry, [49]. 

3. Results and Discussion 

3.1. Bioactive Compounds Content of Grains’ 
Flour and their Composites 

Data in Table 3 and Figure 1 showed the bioactive 
compounds content of control and composite rice flour 
(RF) samples. Partial replacement of RF with different 
percentages (10-30%) of carrot powder (CP) and sweet 
potato powders (PP) led to an increase or decrease in its 
bioactive compounds content. At 30% substitution of CP, 

the rate of decreasing was recorded -5.64, -1.50, -22.27 
and -21.42% for the tannins, saponins, phytates and 
trypsin inhibitory activity which was met at the same time 
with a rate of increase in 59.68 and 139.17% for total 
phenolics and flavonoids, respectively. Also, at 30% 
substitution of PP, the rate of increasing was recorded 
116.00, 258.35, 12.96, 13.57, 14.16 and 28.57% for total 
phenolics, flavonoids, tannins, saponins, phytates and 
trypsin inhibitory activity, respectively. the rate of 
increasing or decreasing in the bioactive compounds 
content of the RF as the result of CP and PP substitution 
were exhibited a dose-dependent manner. 

Data in Table 4 and Figure 2 showed the bioactive 
compounds content of control and composite corn flour 
(CF) samples. Partial replacement of CF with different 
percentages (10-30%) of carrot powder (CP) and sweet 
potato powders (PP) led to an increase or decrease in its 
bioactive compounds content. At 30% substitution of CP, 
the rate of decreasing was recorded -19.09, -29.16, -7.59 
and -27.96% for the tannins, phytates, saponins and 
trypsin inhibitory activity which was met at the same time 
with a rate of increase in 16.45, 91.25% for total phenolics, 
and flavonoids, respectively. Also, at 30% substitution of 
PP, the  rate of decreasing was recorded -10.74, -25.20 
and -16.10 for tannins, phytates and trypsin inhibitory 
activity which was met at the same time with a rate of 
increase in 45.62, 176.64 and 4.27% for total phenolics, 
flavonoids and saponins, respectively. The rate of 
increasing or decreasing in the bioactive compounds 
content of the CF as the result of CP and PP substitution 
were exhibited a dose-dependent manner.  

Table 3. Effect of mixing tested vegetables powder on the bioactive compounds of rice flour 

Parameter 
RF composites 

RF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 
Total phenolics (mg 

GAE/100g, db) 139.56±9.8e 167.33±6.7d 
(19.89) 

195.09±5.7c 
(39.78) 

222.86±9.5b 
(59.68) 

193.53±6.7c 
(38.67) 

247.49±7.7a 
(77.33) 

301.46±8.2a 
(116.00) 

Flavonoids (mg 
RE/100g, db) 19.76±0.8d 28.93±1.6c 

(46.40) 
38.10±2.3 b 

(92.81) 
47.26±5.4 a 

(139.17) 
36.78±3.6 b 

(86.13) 
53.79±3.4 a 

(172.21) 
70.81±5.6a 
(258.35) 

Tannins (mg 
VE/100g, db) 13.65±0.6a 13.39±0.8ab 

(-1.90) 
13.13±0.9 ab 

(-3.80) 
12.88±1.5 b 

(-5.64) 
14.24±1.7 a 

(4.32) 
14.83±2.6 a 

(8.64) 
15.42±1.5a 

(12.96) 
Saponins (mg 

GAE/100g, db) 6.63±0.7ab 6.60±1.6ab 

(-0.45) 
6.57±0.5 b 

(-1.90) 
6.53±0.5 b 

(-1.50) 
6.93±0.8 a 

(4.52) 
7.23±1.4 a 

(9.04) 
7.53±0.8a 
(13.57) 

Phytates (mg 
GAE/100g, db) 42.56±2.6ab 39.40±0.6b 

(-7.42) 
36.24±1.6bc 

(-14.84) 
33.08±4.6 c 

(-22.27) 
44.57±3.6 a 

(4.72) 
46.58±5.7 a 

(9.44) 
48.59±3.5a 

(14.16) 
Trypsin inhibitory 

activity (TU/mg, db) 0.84±0.2ab 0.78±0.1 b 

(-7.14) 
0.72±0.1 bc 

(-14.28) 
0.66±0.1 c 
(-21.42) 

0.92±0.2 a 
(9.52) 

1.00±0.1 a 
(19.04) 

1.08±0.1a 
(28.57) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples. RF, rice flour; CP, carrot powder; PP, sweet potato powder; GAE, gallic acid 
equivalent; db, dry basis; TU, trypsin unit; RE, rutin equivalent. 
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Figure 1. Effect of utilizing rice flour, carrot powder and sweet potato powder on bioactive compounds (as a % of change) in the production of 
functional gluten-free foods. RF, rice flour; CP, carrot powder; PP, sweet potato powder 

Table 4. Effect of mixing tested vegetables powder on the bioactive compounds of corn flour 

Parameter 
CF composites 

CF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 
Total 

phenolics (mg 
GAE/100g, 

db) 

269.44±5.8c 
 

284.22±4.6b 

(5.48) 
299.00±6.1ab 

(10.97) 
313.77±8.5a 

(16.45) 
310.42±5.9a 

(15.20) 
351.39±8.6a 

(30.41) 
392.37±7.0a 

(45.62) 

Flavonoids 
(mg RE/100g, 

db) 
27.57±1.2e 35.96±3.5d 

(30.43) 
44.34±0.5b 

(60.82) 
52.73±6.7ab 

(91.25) 
43.80±6.5b 

(58.86) 
60.04±3.6 a 

(117.77) 
76.27±2.9a 
(176.64) 

Tannins (mg 
VE/100g, db) 30.43±0.9a 28.49±0.6a 

(-6.37) 
26.56±0.9ab 

(-12.71) 
24.62±0.7b 

(-19.09) 
29.34±1.6a 

(-3.58) 
28.25±0.9 a 

(-7.16) 
27.16±1.1a 

(-10.74) 
Saponins (mg 

GAE/100g, 
db) 

8.43±0.8a 
 

8.22±0.7a 

(-2.49) 
8.01±1.1ab 

(-4.49) 
7.79±1.0b 

(-7.59) 
8.55±2.0a 

(1.42) 
8.67±0.8 a 

(2.84) 
8.79±1.0a 

(4.27) 

Phytates (mg 
GAE/100g, 

db) 

391.76±7.9a 
 

353.68±4.6b 

(-9.72) 
315.60±5.9 c 

(-19.44) 
277.52±7.4d 

(-29.16) 
358.85±9.5b 

(-8.40) 
325.94±7.5bc 

(-16.80) 
293.03±5.6a 

(-25.20) 

Trypsin 
inhibitory 

activity 
(TU/mg, db) 

3.54±0.51a 3.21±0.40a 

(-9.32) 
2.88±0.3b 

(-18.64) 
2.55±0.50 c 

(-27.96) 
3.35±0.7a 

(-5.36) 
3.16±0.5a 

(-10.73) 
2.97±0.7a 
(-16.10) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples. CF, corn flour; CP, carrot powder; PP, sweet potato powder; GAE, gallic acid 
equivalent; db, dry basis; TU, trypsin unit; RE, rutin equivalent. 

 
Figure 2. Effect of utilizing corn flour, carrot powder and sweet potato powder on bioactive compounds (as a % of change) in the production of 
functional gluten-free foods. CF, corn flour; CP, carrot powder; PP, sweet potato powder 
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Data in Table 5 and Figure 3 showed the bioactive 
compounds content of control and composite mixture 
flour (RF+CF) samples. Partial replacement of mixture 
flour with different percentages (10-30%) of carrot 
powder (CP) and sweet potato powders (PP) led to an 
increase or decrease in its bioactive compounds content. 
At 30% substitution of CP, the rate of decreasing was 
recorded -14.92, -4.91, -28.48 and -26.94% for the tannins, 
saponins, phytates and trypsin inhibitory activity which 
was met at the same time with a rate of increase in 31.20 
and 111.23% for total phenolics and flavonoids, 
respectively. Also, at 30% substitution of flour mixture, 
the  rate of decreasing was recorded -3.40, -21.34 and -
7.30% for tannins, phytates and trypsin inhibitory activity 
which was met at the same time with a rate of increase in 
69.63, 210.68 and 8.36% for total phenolics, flavonoids 
and saponins, respectively. 

Data of the current study is partly consistent with many 
similar studies conducted previously. For example, several 
authors found that carrot is source of natural bioactive 
compounds including phenolics, polyacetylenes, vitamin 
(A),  polyphenolic, flavonoid, carotenoids, thiamine, 
riboflavin, niacin, ascorbic acid and tocopherols 
[50,51,52,53,54,55]. Also, sweet potato is source of 
polyphenols, vitamin A, flavonoids, anthocyanins, and 
carotenoids, phenolic acids, ascorbic acid, niacin, 
riboflavin, thiamin and caffeic acid [36,56,57,58,59]. 
Overall, the results of this study demonstrated that adding 
carrot and potato powders to the flour samples led to a 
significant increase in the level of some important 
biologically active compounds such as phenolics and 
flavonoids. Such a property is of great importance from a 
nutritional and medical standpoint. Phenolics and 
flavonoids play important biological roles in preventing 
and/or treating many diseases such as diabetes, 
atherosclerosis, cancer, obesity and its complications, 
bone, anemia and aging [15,28,60,61,62,63,64]. Also, 

such compounds used successfully in several food 
technological applications [61]. Such previous effects of 
these compounds are due mainly to their magical 
biological activities including antioxidant and scavenging 
activities and inhibition of lipid oxidation [8, 65-70]. On 
the other side, other compounds such as tannins and 
saponins were raised in flour samples as the result of 
potato powder additions. Saponins are a subclass of 
terpenoids, the largest class of plant extracts. They have 
the potential ability to interact with cell membrane 
components, such as cholesterol and phospholipids, 
possibly making saponins useful for development of 
cosmetics and drugs [71]. Also, they are using in subunit 
vaccines and vaccines directed against intracellular 
pathogens and used for their effects on ammonia 
emissions in animal feeding [72,73]. Tannins exhibited 
antimicrobial, anti-inflammatory, antidiabetic, 
cardioprotective, antitumor, antioxidant effects. It is 
utilized as a food preservative and packaging material in 
the food industry [74]. 

3.2. Antioxidant Activities of Grains Flour 
(control) and Their Composite  

Data in Table 6 and Figure 4 showed the antioxidant 
activity (AA) of control and composite rice flour (RF) 
samples. Such data indicated that RF flour samples 
recorded 29.56% of antioxidant activity which represent 
32.60, 31.07 and 30.44% of AA [% of BHT (50 mg/ml)], 
AA [% of BHT (100 mg/ml)] and AA [% of α-tocopherol 
(50mg/ml)], respectively. Partial replacement of RF with 
different percentages (10-30%) of carrot powder (CP) and 
sweet potato powders (PP) led to an increase in its AA. At 
30% substitution of CP and PP, the rate of increasing was 
recorded 22.39 and 44.84%, respectively. The rate of 
increasing in the AA of the RF as the result of CP and PP 
substitution were exhibited a dose-dependent manner.  

 
Figure 3. Effect of utilizing mixture flour (RF+CF), carrot powder and sweet potato powder on bioactive compounds (as a % of change) in the 
production of functional gluten-free foods. RF, rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder 
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Table 5. Effect of mixing tested vegetables powder on the bioactive compounds of the flour mixture 

Parameter 
RF + CF composites 

RF +CF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 
Total 

phenolics (mg 
GAE/100g, 

db) 

204.50±2.9 f 225.77±10.4e 

(10.40) 
247.04±9.6d 

(20.80) 
268.32±8.6 c 

(31.20) 
251.97±5.6d 

(23.21) 
299.44±8.9b 

(46.42) 
346.91±5.4 a 

(69.63) 

Flavonoids 
(mg RE/100g, 

db) 

23.67±1.4 e 
 

32.44±1.7d 

(37.05) 
41.22±1.5 c 

(74.14) 
50.00±2.1 bc 

(111.23) 
40.29±4.7 c 

(70.21) 
56.91±3.7 b 

(140.43) 
73.54±2.9 a 

(210.68) 

Tannins (mg 
VE/100g, db) 

22.04±0.9 a 
 

20.94±0.8 a 

(-4.99) 
19.85±0.9 ab 

(-9.93) 
18.75±0.9b 

(-14.92) 
21.79±3.2 a 

(-1.13) 
21.54±0.9 a 

(-2.26) 
21.29±1.4 a 

(-3.40) 
Saponins (mg 

GAE/100g, 
db) 

7.53±0.8 a 
 

7.41±0.8 a 

(-1.59) 
7.29±0.7 a 

(-3.18) 
7.16±0.7 a 

(-4.91) 
7.74±0.8 a 

(2.78) 
7.95±0.6 a 

(5.57) 
8.16±1.1 a 

(8.36) 

Phytates (mg 
GAE/100g, 

db) 

217.16±8.9 a 
 

196.54±5.8bc 

(-9.49) 
175.92±6.7 d 

(-18.99) 
155.30±7.9d 

(-28.48) 
201.71±9.1 b 

(-7.11) 
186.26±2.9 c 

(-14.22) 
170.81±5.7 d 

(-21.34) 

Trypsin 
inhibitory 

activity 
(TU/mg, db) 

2.19±0.21 a 1.99±0.23 b 

(-9.13) 
1.80±0.11c 

(-17.80) 
1.60±0.5d 

(-26.94) 
2.14±0.32 a 

(-2.28) 
2.08±0.90 ab 

(-5.02) 
2.03±0.55 b 

(-7.30) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples. RF, rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder; GAE, 
gallic acid equivalent; db, dry basis; TU, trypsin unit; RE, rutin equivalent 

Table 6. Effect of mixing tested vegetables powder on the antioxidant activity of the flour mixture 

Parameter 
RF composites 

RF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 

AA (%) 29.56±0.12c 31.77±0.94 c 

(7.47) 
33.97±0.88bc 

(14.91) 
36.18±1.05 b 

(22.39) 
33.98±2.0bc 

(14.95) 
38.40±1.01ab 

(29.90) 
42.82±1.14a 

(44.85) 
AA [% of BHT 

(50 mg/ml)] 
32.60±0.67d 

 
35.30±0.77cd 

(8.28) 
37.76±0.12 c 

(15.82) 
40.21±0.45bc 

(23.34) 
37.76±1.11c 

(15.82) 
42.68±0.73b 

(30.92) 
47.59±0.45a 

(45.98) 
AA [% of BHT 
(100 mg/ml)] 

31.07±1.02c 
 

33.75±0.43 c 

(5.40) 
36.10±0.65bc 

(16.18) 
38.44±0.98b 

(23.72) 
36.10±2.10bc 

(16.18) 
40.80±0.3b 

(31.31) 
45.50±0.45a 

(46.44) 
AA [% of α-
tocopherol 
(50mg/ml)] 

 
30.44±1.04a 

32.76±1.87 c 

(7.62) 
35.03±0.11bc 

(15.07) 
37.31±0.62b 

(22.56) 
35.04±0.91bc 

(15.11) 
39.60±0.85b 

(30.09) 
44.15±0.33a 

(45.03) 

BHT (50 mg/ml) 90.67±0.12 89.98±0.14 
(-0.76) 

89.98±0.32 
(-0.76) 

89.98±0.11 
(-0.76) 

89.98±0.72 
(-0.76) 

89.98±0.65 
(-0.76) 

89.98±0.98 
(-0.76) 

BHT (100 mg/ml) 95.14±0.09 94.12±0.54 
(-1.07) 

94.12±0.12 
(-1.07) 

94.12±0.80 
(-1.07) 

94.12±0.65 
(-1.07) 

94.12±0.55 
(-1.07) 

94.12±0.34 
(-1.07) 

α -tocopherol 
(50 mg/ml) 97.11±0.10 96.98±0.90 

(-0.13) 
96.98±0.11 

(-0.13) 
96.98±0.21 

(-0.13) 
96.98±0.23 

(-0.13) 
96.98±0.14 

(-0.13) 
96.98±0.10 

(-0.13) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples. RF, rice flour; CP, carrot powder; PP, sweet potato powder; AA, antioxidant 
activities; BHT, butylated hydroxy toluene. 

 
Figure 4. Effect of utilizing rice flour, carrot powder and sweet potato powder on antioxidant activities (as a % of change) in the production of 
functional gluten-free foods. RF, rice flour; CP, carrot powder; PP, sweet potato powder; AA, antioxidant activities  
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Data in Table 7 and Figure 5 showed the antioxidant 
activity (AA) of control and composite corn flour (CF) 
samples. Such data indicated that CF flour samples 
recorded 39.48% of antioxidant activity which represent 
43.54, 41.50 and 40.65% of AA [% of BHT (50 mg/ml)], 
AA [% of BHT (100 mg/ml)] and AA [% of α-tocopherol 
(50mg/ml)], respectively. Partial replacement of CF with 
different percentages (10-30%) of carrot powder (CP) and 
sweet potato powders (PP) led to an increase in its AA. At 
30% substitution of CP and PP, the rate of increasing was 
recorded 9.24 and 26.03%, respectively. The rate of 
increasing in the AA of the CF as the result of CP and PP 
substitution were exhibited a dose-dependent manner. 

Data in Table 8 and Figure 6 showed the antioxidant 

activity (AA) of control and composite mixture flour 
(RF+CF) samples. Such data indicated that mixture flour 
samples recorded 34.52% of antioxidant activity which 
represent 38.36, 36.68 and 35.59% of AA [% of BHT (50 
mg/ml)], AA [% of BHT (100 mg/ml)] and AA [% of α-
tocopherol (50mg/ml)], respectively. Partial replacement 
of mixture flour with different percentages (10-30%) of 
carrot powder (CP) and sweet potato powders (PP) led to 
an increase in its AA. At 30% substitution of CP and PP, 
the rate of increasing was recorded 14.86 and 34.09%, 
respectively. The rate of increasing in the AA of the 
mixture flour as the result of CP and PP substitution 
exhibited a dose-dependent manner.  

Table 7. Effect of mixing tested vegetables powder on the antioxidant activity of the flour mixture 

Parameter 
CF composites 

CF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 

AA (%) 39.48±1.67c 40.70±1.11bc 

(3.09) 
41.91±0.90bc 

(6.15) 
43.13±0.98 b 

(9.24) 
42.91±0.56b 

(8.68) 
46.34±2.05ab 

(17.37) 
49.76±2.04a 

(26.03) 
AA [% of 

BHT 
(50 mg/ml)] 

43.54±2.02d 45.23±1.30cd 

(3.88) 
46.58±0.28c 

(6.98) 
47.93±1.05 c 

(10.08) 
47.96±0.73c 

(10.11) 
51.50±1.04 b 

(18.28) 
55.31±1.11a 

(27.03) 

AA [% of 
BHT 

(100 mg/ml)] 
41.50±0.98c 43.24±1.92bc 

(4.19) 
44.53±0.65b 

(7.30) 
45.82±0.43ab 

(10.40) 
45.59±1.0ab 

(9.85) 
49.23±1.11a 

(18.62) 
52.87±2.23a 

(27.3) 

AA [% of α-
tocopherol 
(50mg/ml)] 

40.65±1.11c 41.96±0.98 c 

(3.22) 
43.22±1.01bc 

(6.32) 
44.47±1.32b 

(9.39) 
44.24±0.59b 

(8.83) 
47.78±0.66ab 

(17.53) 
51.31±0.59a 

(26.22) 

BHT (50 
mg/ml) 90.67±0.10 89.98±0.12 

(-0.76) 
89.98±0.12 

(-0.76) 
89.98±0.20 

(-0.76) 
89.98±0.11 

(-0.76) 
89.98±0.14 

(-0.76) 
89.98±0.33 

(-0.76) 
BHT (100 

mg/ml) 95.14±0.21 94.12±0.20 
(-1.07) 

94.12±0.08 
(-1.07) 

94.12±0.12 
(-1.07) 

94.12±0.12 
(-1.07) 

94.12±0.05 
(-1.07) 

94.12±0.56 
(-1.07) 

α -tocopherol 
(50 mg/ml) 97.11±0.09 96.98±0.08 

(-0.13) 
96.98±0.14 

(-0.13) 
96.98±0.32 

(-0.13) 
96.98±0.08 

(-0.13) 
96.98±0.11 

(-0.13) 96.98±0.21 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples. CF, corn flour; CP, carrot powder; PP, sweet potato powder; AA, antioxidant 
activities; BHT, butylated hydroxy toluene. 

 
Figure 5. Effect of utilizing corn flour, carrot powder and sweet potato powder on antioxidant activities (as a % of change) in the production of 
functional gluten-free foods. CF, corn flour; CP, carrot powder; PP, sweet potato powder; AA, antioxidant activities  
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Table 8. Effect of mixing tested vegetables powder on the antioxidant activity of the flour mixture 

Parameter 
RF + CF composites 

RF +CF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 

AA (%) 34.52±3.11c 36.23±1.78bc 

(4.95) 
37.94±2.11 b 

(9.90) 
39.65±1.87 b 

(14.86) 
38.44±0.87b 

(11.35) 
42.37±2.01ab 

(22.74) 
46.29±0.98a 

(34.09) 
AA [% of 

BHT 
(50 mg/ml)] 

38.36±2.87d 40.27±2.19cd 

(4.97) 
42.17±1.74 c 

(9.93) 
44.07±2.56bc 

(14.88) 
42.73±1.01c 

(11.39) 
47.09±1.17 b 

(22.75) 
51.45±0.55a 

(34.12) 

AA [% of 
BHT 

(100 mg/ml)] 
36.68±3.19c 38.49±2.08 c 

(4.93) 
40.31±0.97bc 

(9.89) 
42.13±3.02 b 

(14.85) 
40.85±0.56b 

(11.36) 
45.01±0.94ab 

(22.70) 
49.18±0.34a 

(34.07) 

AA [% of α-
tocopherol 
(50mg/ml)] 

35.59±1.89c 37.36±1.78bc 

(4.97) 
39.12±0.28b 

(9.91) 
40.89±0.65 b 

(14.89) 
39.64±0.19b 

(11.37) 
43.69±0.50ab 

(22.75) 
47.73±0.65a 

(34.11) 

BHT (50 
mg/ml) 89.98±0.27 89.98±0.67 

(00.00) 
89.98±0.19 

(00.00) 
89.98±0.32 

(00.00) 
89.98±0.09 

(00.00) 
89.98±0.12 

(00.00) 
89.98±0.13 

(00.00) 
BHT (100 

mg/ml) 94.12±0.12 94.12±0.45 
(00.00) 

94.12±0.25 
(00.00) 

94.12±0.12 
(00.00) 

94.12±0.13 
(00.00) 

94.12±0.10 
(00.00) 

94.12±0.20 
(00.00) 

α -tocopherol 
(50 mg/ml) 96.98±.09 96.98±0.17 

(00.00) 
96.98±0.27 

(00.00) 
96.98±0.23 

(00.00) 
96.98±0.19 

(00.00) 
96.98±0.26 

(00.00) 
96.98±0.18 

(00.00) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parentheses represent 
the value as a percentage of change compared to the control samples.. RF, rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder; AA, 
antioxidant activities; BHT, butylated hydroxy toluene. 

 
Figure 6. Effect of utilizing mixture flour (RF+CF), carrot powder and sweet potato powder on antioxidant activities (as a % of change) in the 
production of functional gluten-free foods. RF; rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder; AA, antioxidant activities 

 
Such data indicated that carrot and potato powder 

samples showed high antioxidant activity and corn and 
rice flour showed low with the increasing of carrot and 
potato powder level addition to the flour samples, the 
value of antioxidant activity in the composite samples 
were significant (p≤0.05) increased. The increasing of 
antioxidant activity in composite flour samples is 
correlated with its reasonable content of different 
bioactive compounds such as phenolics, flavonoids, 
tannins and saponins. The variation in the antioxidant 
activity values in composite flours may be possible due to 
the presence of different quantities of such specific 
bioactive constituents [5]. Also, the results of several 
studies suggest that plant parts showed free radical 
scavenging activity which due to their high content of 
different categories of bioactive constituents/antioxidants 
such as found in composite flour samples including 
phenolics, flavonoids, tannins [69,70,75]. 

3.3. Sensory Evaluation of Grains' Flour and 
Its Composites with Plant Parts Powder 

Data in Table 9 and photo 1 showed the sensory 
evaluation score of substitution with vegetables powder on 
the cake of rice flour (RF). Partial replacement of RF with 
different percentages (10-30%) of carrot powder (CP) and 
sweet potato powders (PP) led to a decrease or decrease in its 
sensory evaluation scores. At 30% substitution of CP, the rate 
of decreasing was recorded -16.89, -15.30, -20.28, -20.40,  
-15.76 and -17.72 % for the color, odor, texture, taste, overall 
acceptability, and total score, respectively. Also, at 30% 
substitution of PP, the rate of decreasing was recorded -7.88, 
-6.23, -9.76, -9.23, -9.32 and -8.49 for the color, odor, texture, 
taste, overall acceptability, and total score, respectively. The 
rate of increasing or decreasing in the bioactive compounds 
content of the RF as the result of CP and PP substitution were 
exhibited a dose-dependent manner. 
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Table 9. Sensory evaluation score of substitution with vegetables powder on the cake of rice flour 

Sensory characteristics 
RF composites 

RF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 

Color (20) 19.65 ± .47a 
18.39± 
0.46bc 

(-6.41) 

16.99 ± 1.35d 

(-13.53) 
16.33 ± 1.99d 

(-16.89) 
19.14 ±1.06ab 

(-2.59) 
18.73 ±0.82bc 

(-4.68) 
18.10 ± 0.79c 

(-7.88) 

Odor (20) 19.73 ± .39a 18.78 ± 0.74b 

(-4.81) 
17.68 ± 1.34c 

(-10.39) 
16.71 ± 1.92d 

(-15.30) 
19.32 ±0.62ab 

(-2.07) 
19.01 ±0.90ab 

(-3.64) 
18.50 ±0.88bc 

(-6.23) 

Texture (20) 19.67 ± .42a 18.06 ± 0.79c 

(-8.18) 
16.99 ± 1.18d 

(-13.62) 
15.68 ± 1.93e 

(-20.28) 
18.93 ±0.78ab 

(-3.76) 
18.22 ±0.59bc 

(-7.37) 
17.75 ±0.69cd 

(-9.76) 

Taste (20) 19.60 ± .51a 17.93 ± 0.78c 

(-8.52) 
16.73 ± 1.11d 

(-14.64) 
15.60 ± 1.60e 

(-20.40) 
18.98 ±0.76ab 

(-3.16) 
18.55 ±0.87bc 

(-5.35) 
17.79 ± 0.93c 

(-9.23) 
Overall acceptability 

(20) 
19.73 ± 

0.38a 
18.44 ±0.58b 

(-6.53) 
17.35 ±1.19cd 

(-12.06) 
16.62 ± 1.89d 

(-15.76) 
19.30 ± 0.58a 

(-2.17) 
18.46 ± 0.98b 

(-6.43) 
17.89 ±1.02bc 

(-9.32) 

Total score (100) 98.40 ± 
1.88a 

91.63 ± 2.33c 

(-6.88) 
85.76 ± 5.24d 

(-12.84) 
80.96 ± 7.74e 

(-17.72) 
95.70 ±3.12ab 

(-2.74) 
93.00 ±2.79bc 

(-5.48) 
90.04 ± 2.93c 

(-8.49) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parenthesis represent 
the value in % of change. Data in parentheses represent the value as a percentage of change compared to the control samples. RF, rice flour; CP, carrot 
powder; PP, sweet potato powder. 

 
Photo1. Rice cake with different levels of carrot and sweet potato powder 

 
Photo 2. Corn flakes with different levels of carrot and sweet potato powder 
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Table 10. Sensory evaluation score of substitution with vegetables powder on cornflakes of the flour mixture 

Sensory characteristics 
RF + CF composites 

RF + CF CP (10%) CP (20%) CP (30%) PP (10%) PP (20%) PP (30%) 

Color (20) 19.67 ± 
0.43a 

17.35± 1.89cd 

(-11.79) 
16.84 ± 2.09d 

(-14.38) 
16.62 ± 1.95d 

(-15.50) 
18.56 ±1.00ab 

(-5.64) 
18.03 ±1.26bc 

(-8.33) 
17.34 ±1.31cd 

(-11.84) 

Odor (20) 19.62 ± 
0.53a 

17.69± 1.42cd 

(-9.83) 
17.63 ±1.67cd 

(-10.14) 
16.70 ± 1.66d 

(-14.88) 
18.92 ±0.85ab 

(-3.56) 
18.52 ±0.97bc 

(-5.60) 
18.00 ±1.40bc 

(-8.25) 

Texture (20) 19.61 ± 
0.44a 

16.65± 1.39cd 

(-15.09) 
16.29 ±1.59cd 

(-16.93) 
15.73 ± 1.38d 

(-19.78) 
18.15 ± 1.26b 

(-7.44) 
17.23 ±1.31bc 

(-12.13) 
16.56 ±1.40cd 

(-15.55) 

Taste (20) 19.53 ± 
0.51a 

16.73± 1.99cd 

(-13.54) 
16.16 ± 2.21d 

(-17.25) 
15.51 ± 2.08d 

(-20.58) 
18.42 ±1.04ab 

(-5.68) 
17.76 ±1.33bc 

(-9.06) 
16.60 ±1.33cd 

(-15) 

Overall acceptability (20) 19.71 ± 
0.40a 

17.89± 1.48bc 

(-9.23) 
17.20 ±1.71cd 

(-12.73) 
16.43 ± 2.01d 

(-16.64) 
18.67 ±0.97ab 

(-5.27) 
18.33 ± 0.99b 

(-7) 
17.62 ±1.46bc 

(-10.60) 

Total score (100) 98.16 ± 
1.71a 

86.32± 7.13cd 

(-12.06) 
84.13 ±7.57de 

(-14.29) 
81.01 ± 7.84e 

(-17.47) 
92.74 ± 4.05b 

(-5.52) 
89.88 ±4.84bc 

(-8.43) 
86.15 ±5.77cd 

(-12.23) 

Each value represents the mean + SD (n= 3). Means with different superscript letters are different significantly at P≤0.05. Data in parenthesis represent 
the value in % of change. RF, rice flour; CF, corn flour; CP, carrot powder; PP, sweet potato powder 

 
Data in Table 10 and photo 2 showed the sensory 

evaluation score of substitution with vegetables powder on 
the cornflakes of the flour mixture (RF + CF). Partial 
replacement of (RF + CF) with different percentages (10-
30%) of carrot powder (CP) and sweet potato powders (PP) 
led to a decrease or decrease in its sensory evaluation 
scores. At 30% substitution of CP, the rate of decreasing 
was recorded -15.50, -14.88, -20.58, -16.64 and -17.47 % 
for the color, odor, texture, taste, overall acceptability, and 
total score, respectively. Also, at 30% substitution of PP, 
the  rate of decreasing was recorded -11.84, -8.25, -15.55, 
-15, -10.60 and -12.23 % for the color, odor, texture, taste, 
overall acceptability, and total score, respectively. The 
rate of increasing or decreasing in the bioactive 
compounds content of the flour mixture (RF+CF) as the 
result of CP and PP substitution were exhibited a dose-
dependent manner. 

Generally, the results of the sensory evaluation 
demonstrated that crackers produced from corn flour and 
supplemented with (10, 20 and 30%) of carrot powder, 
and sweet potato powder were acceptable. The present 
data are in accordance with that obtained by Mashal, [7] 
and Elhassaneen et al., [76] investigated the effect of 
different agricultural processing by-products (potato, 
onion and prickly pear peels powder) at different replacing 
levels ranging 5-10 % on sensory properties of breads and 
biscuits and found that over all acceptable breads and 
biscuits with were obtained by incorporating up to 5%. In 
similar study, Arepally et al., [77] and Yang et al., [78] 
reported that the initial acceptance of baked products is 
much influenced by colour, which can also be an indicator 
of baking completion. The desirable colour of backed 
products is mainly due to the Millard browning during 
baking. However, in carrot and sweet potato powders 
blended to different products, the colour could be partially 
contributed by the phenolics and carotenoids in such plant 
products which imparts a yellowish/brownish colour to the 
bakery products. Similar data were reported by Brannan et 
al., [79] and Elhassaneen et al., [76] who observed that an 
increased flour and thus muffin visual lightness (with 
more yellowness and brownness rather than dark and 
yellow green) yield a higher aroma, texture and colour 
acceptability scores. Data of the sensory evaluation with 
the chemical, physical and rheological properties of the 
bakery products incorporated with the tested plant parts 
recommended the using of such product as an important 

functional food and could be potentially applied many 
therapeutic nutrition applications such as celiac patients. 

4. Conclusion 

The present study was carried out to investigate the 
potential effects of mixing plant parts i.e. carrot (CP) and 
sweet potato (PP) powders on the bioactive and 
antinutritional compounds content as well as the 
antioxidant activity of functional foods (gluten-free 
products) that are suitable for celiac or gluten-sensitivity 
patients. The partial replacement of rice flour (RF), corn 
flour (CF), and mixture flour (RF+CF) with different 
percentages ranged 10 to 30% of CP and PP led to a 
significant increased (p≤0.05) in total phenolics and 
flavonoids, and a decrease in tannins, saponins phytates 
and trypsin inhibitory activity content. Also, substitution 
of the same ratios of CP and PP led to an increase the 
antioxidant activity in both composite rice and corn 
flours. Also, such composite flours used successfully to 
produce some products, rice cake and corn flakes, 
functional foods (gluten-free products) with high 
bioactive compounds content and antioxidant activity 
Which is likely to lead to a reduction in oxidative stress 
that may be a cause or result of celiac disease or gluten 
sensitivity. However, future studies are necessary to test 
all of these composite flour samples on representative 
biological models of celiac disease. 
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