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ABSTRACT 

This study aims to improve the nutrition value and quality characteristics of gluten free cake. 
Therefore, mixture flour (rice, corn and chickpeas flour) was prepared with the use of carboxy methyl 
cellulose and xanthan gum as a replacer for gluten with different addition levels in two forms 75 g of 
gel prepared with the concentrations 0.5, 1.0 and 1.5% or powdered at the same concentrations. So that 
used 100 g of composed flour (mixture 60% rice + 30% corn + 10 % chickpeas) to prepare free gluten 
cake. By evaluating the resulting cake, the study showed the following: - Protein, fat, ash, crud fiber 
and mineral elements of potassium, magnesium, iron and zinc in gluten free cake were increased 
compared with control normal cake. The sensory evaluation of the resulting cake showed no significant 
differences for the majority of sensory properties at all levels of carboxy methyl cellulose in the gel and 
0.75% for xanthan gel. A little increase in weight, volume and specific volume were found in cake 
samples resulting from the addition of 0.75, 1.13% xanthan gel. The baking loss rate of gluten free cake 
samples were decreased compared with control gluten free cake sample (without gum). Study of 
characteristics of the textures at different times (zero time - 5 days - 10 days - 15 days) by using 
TEXTURE ANALYZER (TPA) the results showed a significant decrease in the hardness of samples 
for all levels of xanthan gum in the gel form at the zero time compared to the gluten free control. As 
well as the concentration of  0 .75% xanthan gel after five days at room temperature, the concentration 
of 0 .38% xanthan gel recorded the lowest value of hardness in all storage times at 4º C. The lowest aw 
belongs to the cake sample containing 0.5% CMC powder form. The results of this study recommend 
the use of carboxy methyl cellulose or xanthan gum in gel form when gluten-free cake is prepared to 
improve the natural and sensory quality of the cake. 
  
Keywords: Gluten, free cake, Xanthan gum, Carboxy methyl cellulose, Rice flour, Yellow corn flour, 

chick pea flour. 

 
Introduction 

Celiac disease is an allergy to gluten, which is related to the inflammation of the small intestine 
leading to malabsorption of several important nutrients and damage of intestinal mucosa. Only effective 
treatment for celiac disease is a strict adherence to a gluten-free diet throughout the patient’s lifetime, 
which in time, results in clinical and mucosal recovery (Lazaridou et al., 2007). As much as one in 200 
to one in 350 of the population of Europe, one in 250 to one in 500 of the population of the USA, and 
one in 300 to one in 500 of the population of Turkey suffers from celiac disease (Tandoruk, 2005). 
There are rising demands for gluten-free products owing to the increase in celiac disease. 

Cake considered one of the most high-consuming preparations of bakery products and it is one 
type of air-leavened products. The quality of cake depends on many factors such as: ingredients used 
for batter preparation, aeration of batters and process conditions (Sakiyan et al., 2004 , Yang and 
Foegeding, 2010 and Mahsa and Azizi, 2015.). Batters are obtained by aeration the liquid mixture via 
mechanical mixing to form a foam structure; therefore, these batters are emulsion system whose density 
and rheological properties play an essential role in determining the characteristics of cake. High quality 
cakes can be characteristised as having various attributes, including: high volume, uniform crumb 
softness and long shelf life with tolerance to staling (Gelinas et al., 1999).  

Rice flour has been found to be one of the most suitable cereal grain flours in order to prepare 
foods for celiac patients. Rice possesses unique nutritional, hypoallergenic, colourless and pleasant taste 
properties hence; its use in baby foods, puddings and especially in development of foods for gluten 
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intolerant patients (Gujral and Rosell, 2004). However, the quality of rice based products is inferior as 
compared to wheat based products because of the lack of gluten. Therefore, use of polymeric substances 
such as hydrocolloids, that mimic the viscoelastic properties of gluten, is often required to improve the 
quality of rice based products (Gallagher et al., 2004). 

Maize has been used for thousands of years in human food products. As such, a diverse selection 
of traditional food products are available including fermented and un-fermented flat breads and 
porridges, rice-like products, taco shells, and tortillas (Rooney and Serna-Saldivar, 2003). With few 
exceptions such as the tortilla, these products are not typical of Western diets. Since such products are 
typically made without any wheat, they are safe for people with celiac disease, and could, therefore, fill 
a specialty market for the celiac community. 

Chickpea contains high amounts of good-quality protein and it is also a good source of folates and 
other B vitamins and is used in many foods including salads, pasta, dips, and it is the basis of humus. 
Initially, the chickpea flour was used to improve the nutritional value of wheat bread, as known that 
generally cereal flours are poor protein quality in the respect of essential amino acids (particularly 
lysine, threonine, and tryptophane), Chavan and Kadam (1993). Legume flours are relatively cheap 
protein source, chickpea contains 23% of proteins and can be used as ingredients of a great variety of 
foods for human consumption (high content of lysine and tryptophane) however legume flours are 
generally poor in sulphur aminoacids methionine and cysteine Tavano et al., (2008).The chickpea flour 
consists primarily of carbohydrates which constitutes of sugars (10%), and starch (48%), dietary fibre 
(10%), proteins (23%) and lipids (7%). The lipids are composed of 10% fatty acids and 22.4% of 
polyunsaturated fatty acids (linoleic and linolenic acid; monounsaturated fatty acids). In addition, 
chickpea is a rich source of minerals, calcium, iron, magnesium, phosphorus, potassium and selenium. 
The content of vitamins is also significant amount of vitamin A, B vitamins, vitamin E, folate, and 
thiamine, Combe et al., (1991). 

Hydrocolloids have specially found a wide application as additives in baked products. The 
functional effect of hydrocolloids originated from their ability to modify batter rheology and keeping 
quality of bakery products. Xanthan gum (XG) is microbial polysaccharides produced by aerobic 
fermentation of xanthamonas compestris. It is commonly added to cake mixes and has been reported to 
increase moisture retention and shelf life and to improve volume and crumb structure (Miller and 
Hoseney, 1993 and Anton, and Artfield. 2008). XG is completely soluble in either hot or cold water 
and provides water binding resulting in very high viscosity solution at low concentration. Its 
Rheological behavior enables Xanthan to contribute to good sensory quality including mouth-feel and 
flavor release in food (Sharma et al., 2006 and Anton, and Artfield. 2008). 

Carboxy methyl cellulose (C.MC) is a functional gum composed of β-glucopiranose (1→4) units. 
It is a white creamy linear, ionic, and synthetic and water-suspend able molecule having no smell and 
can’t be fermented. In recent years CMC has replaced with starch and water soluble substances such as 
Sodium alginate and gelatin due to economic reasons (Asghar and Anjum, 2005). 

Staling refers to all physical and chemical changes that occur in baked products after baking. 
Staling is a very complex process that cannot be explained by a single effect. It involves amylopectin 
retrogradation, reorganisation of polymers within the amorphous region, loss of moisture, distribution 
of water between the amorphous and crystalline zones (Hoseney, 1986). Changes occur in both crumb 
and crust (D’Appolonia and Morad, 1981). Strategies to extend freshness of baked products can be 
summarised as modifications in formulations, variation in production parameters and use of various 
processing methods (Zobel and Kulp, 1996). The most common strategy in retarding the staling of 
baked products is modification of formulation. 

The objective  of this study was to enhance the quality attributes of gluten free cake formulated 
with a mixture of chickpea, rice and corn flours by under-  
standing the effect of Carboxy Methyl Cellulose and xanthan gum as a gel or powder form at different 
concentrations on gluten-free cake, used as gluten replacer, on the physicochemical and textural 
properties of the baked cake. 
 Materials and Methods 

Materials: 
Soft wheat flour (72% extraction), was obtained from the South Cairo Mills Company, Giza, 

Egypt. Other ingredients (sugar, butter, eggs, skim dry milk, vanilla and baking powder) were obtained 
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from local market. Xanthan gum and Carboxy methyl cellulose (CMC) were obtained from Egyptian 
International Company, Saida Zenab, Giza, Egypt. 

 
Methods: 
Preparation of CMC and Xanthan gum gel: 

CMC and Xanthan gum gel were prepared by using the method described by Sobczynska and 
Setser (1991) with some modification as follows: 0.5, 1.0 and 1.5 gm from CMC or Xanthan gum were 
dissolved in 100 ml cold water. Gel was prepared by mixing the CMC or Xanthan gum at high speed 
electric mixer and heating the solution in a water bath until solubility. The amount of water in the sample 
was corrected after heating. The gel was stored at 4±1˚C for 24 hr. before use, so as to obtain gel 
formulation.  

 
Preparation of Cake: 

Cakes were prepared according to A.A.C.C. (2000) with some modification. Pre-test experiment 
has been carried out to determine the best addition ratio of suggested materials for cake making by 
sensory evaluation. The formulas are shown in Table (1). 

 
Table 1: The formula of produced cake 

**Powder (gm/100gm flour) *Gel (75 gm gel/100 gm flour) 

Control 
Ingredients 

Xanthan at 
addition levels 

of 

CMC at 
addition levels 

of 

Xanthan  at 
addition levels of 

CMC  at addition 
levels of 

1.5 1.0 0.5 1.5 1.0 0.5 1.13 0.75 0.38 1.13 0.75 0.38 
Gluten  
Free 

Normal 

- - - - - - - - - - - - - 100 Wheat flour 
60 60 60 60 60 60 60 60 60 60 60 60 60 - Rice flour 
30 30 30 30 30 30 30 30 30 30 30 30 30 - Corn flour 
10 10 10 10 10 10 10 10 10 10 10 10 10 - Chick pea flour 
50 50 50 50 50 50 50 50 50 50 50 50 50 50 Butter 
60 60 60 60 60 60 60 60 60 60 60 60 60 60 Sugar 
70 70 70 70 70 70 70 70 70 70 70 70 70 70 Egg 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 Dry milk 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 Baking powder 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Vanilla 

As require Water 
   *CMC and Xanthan gum were added as gel constants weight by 75gm for different percentages    used (0.38 or 0.75, and 
1.13gm powder/ 75gm gel). 
**CMC and Xanthan gum were added as powder (0.5 or 1.0 and 1.5 gm / 100gm flour) 

 
Cake containing free gum was used as control. During preparation of the cake, firstly dry 

ingredients (flour, baking powder, dry milk and powder gum) were mixed thoroughly. The sugar was 
added to the fat (butter or butter with gel gum) and then mixed for 10 min. Egg-vanilla mixture was 
added gradually for 7 min. The flour mixture was added gradually to the sugar-fat-egg mixture and was 
beaten for 5 min.  

One hundred and fifty grams of batter cake were poured in baking pans (12.5x7.5x6cm). Then 
placed in a preheated oven and baked at 180˚C for 35 min. After baking, cakes were allowed to cool for 
30 min. in the pans at room temperature, then removed from the pan and allowed to cool for another 30 
min. at room temperature. Then packed in the polypropylene packages and stored at room temperature 
(25±2˚C) or in refrigerator at 4± 1 ˚C   for 15 days. The cakes were subjected to chemical, sensory, 
physical and textural measurements. 

 
Chemical analysis of raw materials and produced cake: 

Moisture, protein, lipids, ash and crude fibers contents were determined in rice flour, corn flour, 
chick pea flour and control cake by using the appropriate A.O.A.C. (2012). Available carbohydrates 
(A.C) were calculated by difference according to the following equation: 

A .C (On dray basis) =100 – (% protein + % total lipids + % ash + % crude fibers). 
Minerals content were determined by using Microwave Plasma Atomic Emission Spectroscopy 

(4210 MP-AES). 
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Physical properties of produced cake: 
The weight (g) for different cakes were determined individually within one hour after baking the 

average was recorded. Both volume (cm3) and Specific volume were determined according to A.A.C.C. 
(2000). Volume (cm3) of different types of produced cakes was determined by rape seeds displacement. 
Specific volume was calculated using the following equation:                           
Specific volume = Volume (cm3) / Weight (g). 

The baking loss rate (%) of each type of cake was calculated based on the percentage of cake 
weight lost after baking and the weight of cake batter. 
 
Sensory evaluation of produced cake: 

Cake produced was evaluated according to the method described by A.A.C.C. (2000) using ten 
panelists from the staff of Bread and Pastries, Research Dept., Food Technol., Res. Institute., Agric. 
Res. Center, Giza, Egypt.  
 
Texture characteristics: 

The texture profile analysis was conducted by BROOKFILED CT3 TEXTURE ANALYZER 
(version2.1, 1000gram unit). Parameters were automatically recorded by computer software (TA-CT-
PRO software). According to A.A.C.C. (2000) the samples (2.5 cm height and 4 cm diameter) were 
compressed twice to 40% deformation using Prope-36 mm Cylindrical, trigger load 5 N, and test speed-
2 mm/s. The experiments were conducted under ambient conditions. 
 
Determination of water activity (aw): 

Water activity was determined by Rotronic Grindelstrasse 6 CH-830 Bassersdorf. Water activity 
characterizes free, unrelated water in the products. It is the ratio of water which is available used for 
biological and chemical reactions. 
 
Statistical analysis: 

Data were analyzed by Analysis of Variance using General Liner Model (GLM) procedure 
according to the procedure reported by Snedecor and Cochran (1997). Means were separated using 
Duncan's test at a degree of significance (P≤ 0.05). Statistical analyses were made using the producer 
of the SAS software system program (SAS, 1997). 
 
Results and Discussion 
 
Chemical composition and minerals content of raw materials and produced cakes: 
 

Proximate chemical composition of wheat, rice, yellow corn, chick-peas flour and produced cakes 
are presented in table (2). The obtain results revealed that chickpeas flour had the highest value of 
protein, fat, crude fiber and ash content (23.17, 6.64, 4.30 and 2.50 %, respectively). Meanwhile, rice 
flour had the lowest value (8.16, 0.72, 0.51 and 0.43%, respectively). Rice flour had the highest 
carbohydrates content 90.20% followed by wheat flour 88.10%. These results are in agreement with 
Šramkováa et al. (2009) and Gunaratne et al. (2011) and Shiriki et al. (2015). 

Concerning to mineral content, it could be observed that chickpea flour had contained the highest 
content of Ca, K, Fe and Zn compared with different type of flours. It was recorded 218.22, 885.50, 
6.73 and 3.60 mg/100g, respectively. Meanwhile, rice flour had the lowest content of Ca, K, Fe and Zn 
being 10.51, 74.00, 1.46 and 0.75 mg/100g, respectively. The obtained results confirmed with those 
obtained by Sokrab et al. (2012) and Youssif and Faid (2014).   The results in the same Table reveal 
that gluten free cake sample had recorded the higher value of protein, fat, crude fiber and ash content 
(11.97, 28.20, 0.76, and 1.72%, respectively) compared with normal cake (100% wheat flour). Also 
gluten free cake had recorded the higher value of mineral content of K, Mg, Fe and Zn 148.60,19.81, 
2.18, and 1.84 mg/100g, respectively compared with normal cake 
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Table 2: Chemical composition and minerals content of raw materials and produced cake (on dry weight basis) 

Component 
Raw materials Control cake 

Wheat 
 flour 

White rice 
flour 

Yellow corn 
flour 

Chick pea 
flour 

Normal  
cake 

gluten Free 
cake 

Chemical composition (%) 
Moisture 12.07c 10.45cd 10.03cd 9.11d 20.35ab 23.24a 
Protein 9.75c 8.16d 9.43c 23.17a 9.32c 11.97b 
Fat 1.02e 0.72f 2.26d 6.64c 22.40b 28.20a 
Crud fiber 0.66c 0.51c 1.27b 4.30a 0.22d 0.76c 
Ash 0.48c 0.43c 1.22b 2.50a 1.32b 1.72b 
Available  carbohydrate 88.10ab 90.20a 86.05ab 63.39c 66.94c 57.36d 
Mineral content (mg/100 g) 
Ca 13.70e 10.51f 21.43d 218.22a 157.26b 149.32c 
K 132.50d 74.00f 332.30b 885.50a 120.48e 148.60c 
Mg 22.04d 34.50c 130.10a 110.75b 15.52f 19.81e 
Fe 1.15d 1.46c 2.17b 6.73a 1.54c 2.18b 
Zn 0.83d 0.75e 1.82b 3.60a 1.28c 1.84b 
Values are mean of three replicates, number followed by different letters in the same raw are significantly different by Duncan's 
multiple test (p<0.05). 

 
Physical properties of different types of produced cakes: 

Results presented in Table (3) show the effect of using carboxy methyl cellulose (CMC) and 
xanthan gum (XG) as a gel or powder form at different concentrations on the physical measurements 
of cakes (i.e. weight, volume, specific volume and baking loss %). 

From the results, it could be observed that, the control sample which prepared from 100% wheat 
flour had a weight of 136.50 g and volume of 327.66 cm3 with specific volume of 2.40 cm3/g. On the 
other hand, the control gluten free cake sample (without gum) had a weight of 132.30 g and volume of 
290.00 cm3 with specific volume of 2.20 cm3/g. The results in this Table showed that, there were 
significant differences in cake weight between the control gluten free cake sample and all cake samples 
(gel form or powder form) except gluten free samples which containing 0.38% CMC and XG gel form. 
Overall, the best treatments for weight, volume and specific volume was the treatment containing 
xanthan gum 1.13% in the gel form. Sciarini et al. (2012) showed that the use of gums additives could 
improve the volume, and reduce the stiffness of the final product, compared with the control sample. 
The increasing in cakes weight may be due to the addition of hydrocolloid materials as CMC and XG 
which characterized by higher water holding capacity as mentioned by Salama et al. (2013) 
 
Table 3: Physical properties of produced cakes 

Properties 
Weight 

(g) 
Volume 

(cm3) 

Specific 
volume 
(cm3/g) 

Baking loss 
(%) 

Control cake 
Normal 136.50abc 327.66a 2.40a 8.97cd 
Gluten Free 132.30e 290.00ab 2.20a 12.11a 

*Gel 

CMC  
0.38% 133.91de 280.00ab 2.10ab 10.70b 
0.75% 135.50bcd 295.00ab 2.18a 9.54bc 
1.13% 134.23cde 295.00ab 2.20a 10.85b 

Xanthan gum  
0.38% 132.80e 276.00ab 2.08ab 9.50bc 
0.75% 137.16ab 305.00a 2.22a 9.11c 
1.13% 136.33abcd 317.66a 2.33a 9.19c 

Powder 

CMC  
0.5% 138.50a 307.33a 2.22a 7.65d 
1.0% 137.16ab 218.33b 1.58b 8.01cd 
1.5% 136.00abcd 292.66ab 2.15ab 9.18c 

Xanthan gum  
0.5% 137.55ab 287.66ab 2.10ab 7.63d 
1.0% 138.16a 285.00ab 2.09ab 8.30cd 
1.5% 137.10ab 303.66a 2.21a 8.28cd 

Values are mean of three replicates, number followed by different letters in the same column are significantly different by 
Duncan's multiple test (p<0.05). 
*CMC and Xanthan gum were added as gel constants weight by 75gm for different percentages used. 

 
On the other side, Mahsa and Azizi (2015) reported that the increase in gluten free cake samples 

volume may be due increasing of batter viscosity which increased the rate of incorporation of air 
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bubbles inside cake batter. As expected, the values of specific volume recorded the similar trend as that 
of volume. The baking loss rate of gluten free cake samples were decreased compared with control 
gluten free cake sample (without gum). CMC and XG, in powder form at addition level 0.5% for each 
have the lower values for baking loss parameter (7.65 and 7.63% respectively). 
 
Sensory evaluation of produced cakes 

The organoleptic properties of cake produced by using 100% wheat flour (72% ext.) as normal 
control cake sample and gluten free cakes samples which prepared by using CMC or XG in gel or 
powder form at different concentrations were evaluated to select the best level and form (gel or powder) 
for produce high quality gluten free cakes. The cake samples were evaluated by ten panelists for their 
external and internal properties as shown in Table (4). 

The results in this Table showed that, there were no significant differences in cake appearance 
between the control samples (normal and gluten free) and all cakes samples except gluten free samples 
which containing 0.38% xanthan gel and 1.5% CMC powder. 

Concerning the crust color there were no significant differences in cake, between the control 
gluten free sample and all cakes samples except gluten free samples which containing 0.38 and 1.13% 
xanthan gum gel. On the other hand, crumb color and cakes odor showed that no significant differences 
between control samples and all other cakes samples except gluten free sample which containing 1.13% 
xanthan gel. 

For taste, the obtain results indicated that there were no significant differences between normal 
control sample and all other cake samples.  
In addition, the present results indicated that, there were no significant differences between control cake 
samples and all other cakes samples except gluten free sample which containing 0.38% xanthan gel for 
texture. 

The total scores values were a reflection of all the tested quality attributes and acceptability of 
the studied cakes. These values were calculated from 100 as a sum of received sensory score. The results 
demonstrated that, the mean total score values of control cake samples were higher than those of other 
samples and decreased gradually with non-significant differences compared with control gluten free 
sample except gluten free samples which containing 0.38 and 1.13% xanthan gel. These results are in 
agreement with those obtained by Salama et al. (2013) and Mahsa and Azizi (2015). 
 
Table 4: Sensory evaluation of produced cakes 

Treatment 
Appearance 

(20) 

Crust 
color 
(20) 

Crumb 
color 
(20) 

Odor 
(10) 

Taste 
(10) 

Texture 
(20) 

Total 
Score 
(100) 

Control 
cake 

Normal 17.38a 17.38ab 17.46ab 8.15ab 8.03ab 17.77ab 87.65ab 
Free gluten 17.85a 18.00a 18.23a 8.46a 8.81a 18.80a 87.19a 

CMC gel 
0.38% 16.77ab 16.77ab 17.15ab 7.96ab 8.04ab 17.31ab 83.53ab 
0.75% 16.69ab 16.54ab 17.08ab 7.58ab 7.77bc 16.60 ab 82.42ab 
1.13% 16.85ab 16.69ab 16.92ab 7.65ab 7.62bc 16.39ab 82.11ab 

Xanthan 
gum gel 

0.38% 16.00b 15.92b 16.92ab 7.30ab 7.50bc 15.92c 79.77b 
0.75% 16.85ab 16.38ab 16.62ab 7.54ab 7.62bc 16.23ab 81.46ab 
1.13% 16.50ab 15.92b 16.25b 7.25b 6.92bc 16.25ab 79.92b 

CMC 
powder 

0.5% 16.61ab 16.31ab 16.54ab 8.38ab 7.50bc 16.62ab 81.88ab 
1.0% 17.23a 16.85ab 16.92ab 8.00ab 7.80bc 17.00ab 84.12ab 
1.5% 15.92b 17.15ab 17.00ab 7.77ab 7.73bc 17.54ab 84.42ab 

Xanthan 
gum 
powder 

0.5% 16.92ab 16.92ab 16.92ab 7.92ab 7.88abc 17.00ab 83.27ab 
1.0% 16.61ab 16.69ab 16.69ab 7.38ab 7.58bc 16.84ab 81.89ab 
1.5% 16.54ab 16.92ab 16.77ab 7.62ab 7.7bc 16.69ab 82.19ab 

Hardness of fresh and storage cake samples during storage at room temperature (25±2˚C) and at refrigerator (4±1˚C) 

            
According to Table (5) it could be found that the minimum hardness of gluten-free cake was 

found at a time when the minimum xanthan gel form was added (0.38%) to the floury mix at zero time 
(17.55N). Mezaize et al (2009) reported that the addition of hydrocolloids to formulations caused to 
produce gluten-free bread with softer crumb. At room temperature by increasing the storage period 
hardness was increasing and the lowest value was found in 0.75% xanthan gel (22.76 N). While during 
storage in refrigerator (4±1˚C), the lowest value of hardness 17.55, 18.55, 19.83and 26.87 N was found 
in the zero time, after 5, 10 and 15 days respectively for xanthan gel form 0.38%. Overall, in all samples 
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during the preservation period to storage days, the hardness of texture was increased, which is indicative 
of staling during the storage period. Moore et al. (2006) and Gambus et al. (2007). It found that the 
main reason of staling in gluten-free products is reduced moisture and thus its easy emigration from the 
crumb to the crust in the absence of gluten. 

 
Table 5: Hardness of fresh and storage cake samples during storage at room temperature (25±2˚C) and at 

refrigerator (4±1˚C) 
Gel % 

Control 

Parameters 
Xanthan CMC 

1.13 0.75 0.38 1.13 0.75 0.38 
Gluten 

free 
cake 

Normal 
cake 

Hardness (N) of cake samples storage at room temperature (25±2 ˚C)* 

20.59c 19.25c 17.55d 24.76ab 23.71b 22.85bc 24.38ab 17.73d Fresh 

26.78c 22.76d 25.69cd 27.47c 26.10c 26.47c 30.73bc 19.74d After 5  days 

Hardness (N) of cake samples storage at refrigerator (4±1 ˚C) 

20.59c 19.25cd 17,55d 24.76ab 23.71ab 22.85b 24.38ab 17.73d Fresh 

20.72c 25.69ab 18.55d 25.51ab 24.83b 27.39a 27.39a 18.33d After 5 days 

22.76cd 26.66bc 19.83d 25.33c 28.80b 32.27a 33.19a 18.63d After 10 days 

28.09bc 28.25b 26.87c 27.88bc 31.76ab 34.58a 34.58a 20.30d After 15 days 

Powder %    

Hardness (N) of cake samples storage at room temperature (25±2 ˚C)* 

25.82a 21.98bc 21.47bc 25.29a 24.78ab 23.59b 24.38ab 17.73d Fresh 

39.36a 34.19ab 30.40bc 30.65bc 27.56c 24.38cd 30.73bc 19.74d After 5  days 

Hardness (N) of cake samples storage at refrigerator (4±1 ˚C) 

25.82a 21.98bc 21.47bc 25.29a 24.78ab 23.59ab 24.38ab 17.73d Fresh 

26.69ab 23.59bc 25.39ab 27.04a 25.85ab 23.22bc 27.39a 18.33d After 5 days 

27.91b 25.32bc 30.40ab 30.65ab 24.38cd 26.60bc 33.19a 18.63d After 10 days 

35.00a 31.19ab 32.04ab 31.76ab 29.07b 27.56bc 34.58a 20.30d After 15 days 

Means followed by different letters in the same raw are significantly different by Duncan's multiple test (p<0.05) 
*At the 10 days samples were spoiled so that samples were not majored or evaluated.  

 
Texture profile analysis of cake during storage period. 
 
1- At room temperature 

 
Regarding to Fig (1) presented texture analysis results for fresh and after 5 days storage cake 

samples. Data showed that, the hardness values were increased during storage times but addition of 
different levels of CMC or XG in gel or powder form causes low decreased in hardness levels than 
control free gluten cake sample except 1.0 and 1.5 % XG powder. 

Cohesiveness quantifies the internal resistance of food structure. As happened with firmness, fresh 
cake cohesiveness depended on the level of addition CMC or XG in gel or powder. Regarding the 
behavior during storage a general decrease in cohesiveness was observed. The highest value of 
Cohesiveness was recorded at the level of addition of 1.13% XG in gel form. 

Chewiness is one of the texture parameters easily correlated with sensory analyses through trained 
panels. Both, chewiness and gumminess are parameters dependent firmness, therefore, their values, 
both in fresh and storage cakes, followed by a similar trend than that of firmness. The highest value of 
chewiness and gumminess were recorded at the level of addition of 1.5% CMC in powder form. 

Resilience and springiness are measures of the ability of a sponge to recover after compression. In 
the fresh cake resilience was recorded the lowest value at addition  level 0.38% XG in the gel form, and 
the highest value of springiness was recorded at addition level 0.38% CMC in the gel form.These results 
are in agreement with Davidou et al. (1996) and Gómez-Díaz and Navaza (2003).  

After 5 days of storage the lowest value recorded for control normal cake and highest of springiness 
was value recorded for 0.38% XG gel.  
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On the other hand after 5 days of storage the cake resilience was recorded the lowest value for 0.38 
% XG gel addition  and the highest value for 1.13 % XG gel addition.  
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Fig. 1: Texture parameters of fresh and storage cake samples at room temperature(25±2ºC) 
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In refrigerator  
 

Regarding to fig (2) presents texture analysis results for fresh and 15 days storage cake samples 
in refrigerator. Data showed that, the hardness values were increased during storage times but addition 
of different levels of CMC or XG in gel or powder form causes decreased in hardness values than 
control free gluten cake sample. 
Cohesiveness quantifies the internal resistance of food structure. As happened with firmness, fresh cake 
cohesiveness depended on the level of addition CMC or XG in gel or powder, the maximum amount of 
Cohesiveness is record to sample containing 1.13% XG gel but regarding the behavior during storage a 
general decrease in cohesiveness was observed.  
Chewiness is one of the texture parameters easily correlated with sensory analyses through trained 
panels. Both, gumminess and chewiness are parameters dependent firmness, therefore, their values, 
both in fresh and storage cakes, followed by a similar trend than that of firmness.  
             Resilience is measure of the ability of a sponge to recover after compression, at storage time 
resilience was decreased.  The resilience of fresh cake depended on the level of addition CMC or XG 
in the form of gel or powder. The lowest resilience was recorded at the addition of 0.38% xanthan gel 
and the highest value is at the level of 1.13% xanthan gel. These results are in agreement with 
Mohammadi et al. (2014) and Encina-Zelada et al. (2019). 
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Fig. 2: Texture parameters of fresh and storage cake samples in refrigerator (4±1ºC) 

 
Water activity (aw) of produced cake storage at room temperature and refrigerator 
 

Water activity (aw) is an appropriate factor for assessing the microbiological stability and 
durability of the food products (Winkelhausen et al., 2007). Lower aw leads to increased endurance and 
delay in molding of the baked cakes.  

According to results presented in Table (6), the maximum amount of aw was related to the cakes 
samples which prepared using level 1.13 % of CMC or XG in gel form  and the lowest aw belongs to 
the cake sample using CMC 0.5% powder.  

 
Table 6: Water activity (aw) of produced cake storage at room temperature and refrigerator 

Treatments 

Water activity (aw ) 

Zero 
time 

After 5 days After 10 days After 15days 

At room 
temp. 

In 
refrig. 

At 
room 
temp. 

In 
refrig. 

At room 
temp. 

In 
refrig. 

Control 
cake 

Normal 0.86cd 0.825f 0.86 cde ND 0.84ab ND 0.83hi 

Free gluten 0.84d 0.85cde 0.87 abc ND 0.828ab ND 0.84ef 

CMC Gel 
0.38% 0.86bc 0.869abc 0.85 de ND 0.84ab ND 0.84ef 

0.75% 0.86bc 0.86abcd 0.88 ab ND 0.83ab ND 0.82j 

1.13% 0.88a 0.87abc 0.87 abc ND 0.84ab ND 0.82ij 

Xanthan 
Gel 

0.38% 0.85d 0.86bcde 0.88 a ND 0.84ab ND 0.85de 

0.75% 0.86bcd 0.88ab 0.86 bcd ND 0.84ab ND 0.84fg 

1.13% 0.88ab 0.88a 0.86 bcd ND 0.75b ND 0.84gh 

CMC 
Powder 
Xanthan 
Powder 

0.5% 0. 71g 0.839ef 0.85 e ND 0.83ab ND 0.84gh 

1.0% 0.8ef 0.85de 0.84 e ND 0.84ab ND 0.84ef 

1.5% 0.8ef 0.85cde 0.86 cd ND 0.87a ND 0.86bc 

Xanthan 
Powder 

0.5% 0.79f 0,86abcde 0.86 cde ND 0.84ab ND 0.86ab 

1.0% 0.82e 0.82f 0.86 cde ND 0.82ab ND 0.85cd 

1.5% 0.84d 0.84ef 0.86 cd ND 0.82ab ND 0.87a 

*Means followed by different letters in the same column are significantly different by Duncan's multiple test (p<0.05). 
ND: Not determined for its spoiled. 

 
After 5 days of storage at room temperature the results showed that there were no significant 

differences between all samples and control free gluten cake,  except gluten free samples which 
containing 0.75, 1.13% xanthan gel and 1.0 % xanthan powder. On the other hand, after 5 days of 
storage in refrigerator there were no significant differences between the gluten free control cake sample 
and all cakes samples except gluten free samples which containing 0.38% CMC gel form and 0.5, 1.0% 
CMC powder form. The wa cake was not determined after 10 and 15 days because the fungi start to 
growth on the all samples at room temperature.  As well as, the highest value after 10 days storage in  
refrigerator was 0.87  in the sample which contain CMC powder form with 1.5 %. Whereas, under the 
refrigerator storage (15 days) the valuable value was obtained by XG with 1.5 %. This result is in 
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agreement with Masha and Azizi (2015) who found that The maximum amount of aw is related to the 
1%  xanthan, and the lowest  aw belongs to the control. 
 

Conclusion 
From this Study it could be concluded that incorporated of Carboxy Methyl Cellulose or Xanthan 

Gum with cereals (Rice flour and corn flour) and legume whole meal chickpea case to improved quality 
characteristics of gluten Free Cake, and the resulted of gluten free cakes (by using mixed cereals and 
legume) have high nutrition value.  
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