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Abstract 

The increased demands of healthy natural foods represent a challenge for food processors. This work aimed to 

study the effect of fat substituting with chia (Salvia hispanica L.) gel in producing low-fat cake. Fat was 

substituted with chia gel containing chia seed with the levels of 25, 50, 75 and 100% which named CG-25, 

CG-50, CG-75 and CG-100 respectively. The results reveal that chia seeds are a good source of nutrients since 

it contains 24.95 g/100 g protein, 36.27 g/100 g lipid and ash 5.11 g/100 g (on dry basis) as well as had high 

caloric value (563.91 kcal/100 g). Regarding the physiochemical properties, cake volume was decreased as 

substitution level increased (above 50%). Similarly, the cake's specific volume was decreased by increasing of 

fat substitution level with chia gel. Cake hardness was increased as the substitution level increased, since cake 

sample CG-25 was more firm than control sample but was less firm than cake sample CG-100. The crust and 

crumb color of cake samples containing chia gel became darker than that of control sample. The highest (P < 

0.05) contents of moisture and protein were recorded for cake sample which formulated with fully substitution 

of shortening with chia gel (38.90 and 15.75%, respectively) while the lowest contents of the same parameters 

were observed in control sample (36.48 and 12.01%, respectively). As well as contents of carbohydrates, ash 

and fibers were increased (from 29.82 to 38.96; 2.06 to 2.41 and 1.58 to 1.72 g/100 g., respectively) as the 

substitution level of fat increased. On contrary, lipids content was significantly (P < 0.05) decreased as the 

level of substitution increased, so cake sample CG-100 exhibited a great reduction ratio (79.7%) in lipid 

content in relation to control sample. Also, the results indicated that the highest caloric value was recorded for 

control sample (343.99 kcal. /100g), while the cake sample CG-100 exhibited the lowest caloric value (254.66 

kcal. /100g). Fatty acids profile was changed by substitution of shortening with chia gel, the decrement ratios 

of saturated and monounsaturated fatty acids for cake sample CG-100 were 84.17 and 82.46%., respectively, 

whereas the increment ratio of polyunsaturated fatty acids was 44.62%. Also, sensorial results indicated that 

no significant effects were observed between different cake samples and control sample in most qualities and 

they generally were acceptable. Finally, low fat cake can be produced by fat substitution by chia gel with 

keeping good physiochemical properties and nutritional quality, as well as consumer acceptability. 
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1. Introduction 
 

Fat reduction in food is a major concern 

in our days, as market demands increase 

for lower fat products. This is related to 

indices showing a duplication of the 

population with overweight and obesity in 

the last 30 years, accounting in 2008 more 

than 1400 million adults (WHO, 

2014).Fat substituting by other 

ingredients is a great challenge, especially 

in bakery products, which contain 

elevated levels of fat. Cakes are the 

second common bakery products after 

breads which are consumed everywhere, 

but they contain high fat content (17 

g/100 g). Fat plays important role in 

producing pound cakes, since it impact 

cake higher volume and softness which 

due to the air incorporation during batter 

preparation and inhibition of gas-bubble 

coalescence, which resulting in a finer 

and softer crumb structure (Bennion and 

Bamford, 1997; Bobbio and Bobbio, 

2003). In addition, fats and emulsifiers 

retard gelatinization of starch via slowing 

water transfer into the starch granule, by 

formation of complexes between polar 

lipids and amylose during baking, which 

finally improves tenderness, moisture 

content and flavor of cakes and extending 

shelf-life (Pizarro et al., 2013). So that the 

absent of fat or fat reducing cause several 

problems in pound cakes, such as low 

volume, denser crumb, firmer eating 

qualities, and loss of flavor, compared to 

conventional cakes (Cauvain and Young, 

2006). So, in bakery products, such 

breads and cakes, the ingredients used as 

fat substitutes should play the same role 

as the fat, i.e., promote aeration of the 

dough/batter, lubrication during the 

mixing phase, improve the final texture of 

the product and increase the volume (Rios 

et al., 2014). Over the years, different 

ingredients have been used for 

replacement of fat in foods, such as gums, 

fibers or mucilage. Chia forming a 

gelatinous mass (called chia gel or chia 

mucilage) when soaked in water due to 

the presence of high amount of mucilage 

and gums. This gel is composed 

essentially of soluble fiber 

(polysaccharides about 71.22%) and 

corresponds to about 6% of chia seed 

(Reyes-Caudillo et al., 2008; Muñoz et 

al., 2012), appearing to be contained in 

the seed coat or the adjacent layer become 

visible when fully hydrated, not being 

easily separated from the seed (Segura-

Campos et al., 2014). The gel formed has 

qualities that allow it using in food 

applications such as yoghurt, cereals, 

juices or cakes in different countries all 

over the world as thickener, gel former 

and chelator (Ali et al., 2012; Capitani et 

al., 2012). Due to its structure, chia gel 

acts like soluble fiber and it is known to 

have excellent water holding properties. 

Thus, chia gel might provide hydration, 

viscosity development and conservation 

of freshness, especially for baked goods, 

therefore, presenting a potential as fat 

substitute particularly in bakery products 

(Vázquez-Ovando et al., 2009).  

Furthermore, chia and its gel be useful for 

the gut health because soluble fiber 

prolongs the gastro-intestinal transit time 

that aids in improving digestion (Suri et 

al., 2016). So, this work aimed to 

producing low fat cake by partially/ fully 

substitution of fat (shortening) with chia 

gel and study its effect on physiochemical 

properties, nutritional and sensory quality 
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of the produced cake. 

 
2. Materials and methods 
 
 

2.1 Materials 
 

Chia (Salvia hispanica L.), white and 

brown seeds used in this study were 

obtained from Abu Auf market, Nasr 

City, Cairo, Egypt. Ingredients of cake: 

Soft wheat flour (72% extraction) was 

obtained from The Egyptian-French 

Company for Trade and Mills (Helwan, 

Cairo, Egypt). Sugar (sucrose), salt, skim 

milk powder, fresh whole eggs, 

shortening, baking powder and vanilla 

were purchased from the local market, 

Nasr City, Cairo, Egypt. Chemicals: All 

chemicals, reagents and solvents used in 

the analytical methods in present study 

(analytical grade) were obtained from El- 

Gamhouria Trading Chemicals and 

Drugs Company, Cairo, Egypt. 

 

2.2 Methods 
 

2.2.1 Technological methods 
 

2.2.1.1 Chia gel extraction 

Chia gel was extracted by the method of 

Boreno et al. (2010) as follows: Chia 

seeds were soaked in tap water with ratio 

of 1 seed: 9 water w/w, mixed and rested 

for 30 min before using. Chia seeds 

(10%) were left in the gel and 

incorporated into the cake batter. 

 

2.2.1.2 Preparation of cake samples 

Control cake was prepared without chia 

mucilage while other cake samples were 

prepared by replacing shortening by 25, 

50, 75 and 100% of chia gel (CG) which 

contains chia seeds. Cakes were prepared 

according to the method described by 

Khalifa et al. (2015) by using the 

formulas shown in Table (1) as follows: 

The shortening was melted thoroughly 

then sugar and salt were mixed 

vigorously with shortening, 

shortening/chia gel or chia gel. The fresh 

whole egg was mixed with vanillia and 

whipped until got puff and smooth like-

cream texture. Additionally, wheat flour 

was mixed individually with baking 

powder and skim milk powder then 

added gradually to whipped egg mixture. 

This mixture was mixed gently until got 

homogenous batter using Hand mixer 

(MK-H4-W, Panasonic Co, Malaysia). 

After getting appropriate texture the 

batter was poured into cups and baked at 

180˚C ± 5˚C in an electrical oven 

(Vipinho 0448, Perfecta, Curitiba, Brazil) 

for 30 - 35 min. 

 

2.2.2 Analytical Methods 
 

2.2.2.1 Physical characteristics of cake 

samples 
 

2.2.2.1.1 Weight, volume and specific 

volume of cake samples 

The average weight (g) of cake samples 

was determined individually within one 

hour after baking using a semi-analytical 

balance PB 3002 (Mettler Toledo, 

Greifensee, Swiss). The volume (cm3) 

was determined by rapeseed 
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displacement. While Specific volume 

(cm3/g) was calculated according to the 

method of AACC (2010) using the 

following equation: 

 
Specific volume (cm3/g) = volume (cm3) / weight (g) 

 
2.2.2.1.2 Crumb hardness 

Crumb hardness of cake samples was 

measured at 0, 3 and 5 days after baking 

using a TA-XT2i texture analyzer (Stable 

Micro Systems, Surrey, UK). For this 

analysis, cakes were sliced using an 

electric knife (Moulinex) and the crust 

was removed. The tests were conducted 

according to   the method of AACC 

(2010) (74-09.01). Crust and crumb 

color: crust and crumb color were 

conducted using a colorimeter (Minolta 

Chroma Meter CR-400). The experiment 

followed the L* a* b* color space system 

or CIE-L* a* b*, defined by the CIE 

(International Commission on 

Illumination) in 1976. This evaluates 

values for L* (lightness); a*, which 

indicates a hue that moves from green (-) 

to red (+); and b*, which indicates a hue 

that goes from blue (-) to yellow (+) 

(Minolta, 1994). 

 
Table (1): Ingredients recipe of cake samples. 

Ingredients (g) 
Treatments* 

Control CG-25 CG-50 CG-75 CG-100 

Wheat flour (72%) 250 250 250 250 250 

Fresh egg 110 110 110 110 110 

Sugar 125 125 125 125 125 

Salt 3.50 3.50 3.50 3.50 3.50 

baking powder 12.50 12.50 12.50 12.50 12.50 

Vanilla 2.00 2.00 2.00 2.00 2.00 

Skim milk powder 25.00 25.00 25.00 25.00 25.00 

Shortening  53.50 40.125 26.75 13.375 0.00 

Chia gel (CG) 0.00 13.375 26.75 40.125 53.50 
 

*Control, 100 % Shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % 

shortening/ 50 % CG; CG-75, 25 % shortening/ 75 % CG and CG-100, 100 % CG. 

 

2.2.2.2 Chemical properties of raw 

materials and cake samples 

2.2.2.2.1 Gross chemical composition 

Contents of moisture, crude protein, ether 

extract and ash were determined 

according to the methods described by 

AOAC (2012). Dietary fiber content was 

determined by the total dietary fiber 

assay procedure AOAC (1991). Nitrogen 

Free Extract (NFE) representing the total 

carbohydrates was calculated by 

subtracting the sum of percentages of 

crude protein, crude fat, ash and moisture 

from 100 according to Aurand (2013) 

using the following equation: 

 
Total carbohydrates = 100 - (% protein + % fat + % 

ash + % moisture) 
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2.2.2.2.2 Caloric value 

The caloric value (kcal. / 100 g) of cake 

samples was calculated theoretically 

according to the method described by 

Mudambi and Rao (1989) using the 

following equation: 

 
Caloric value = (g of protein × 4) + (g of lipid × 9) + (g 

of carbohydrate × 4) 

 
2.2.2.2.3 Fatty acids profile 

Fatty acids profile of the lipids extracted 

from cake samples was obtained 

according to the method of AACC 

(2010). 

 
2.2.2.3 Sensory evaluation of cake 

samples 

The tested cake samples were submitted 

to sensory evaluation after 2 hr. of baking 

by using 20 panelists from the staff of 

Food Science and Technology 

Department, Faculty of Agriculture, Al-

Azhar University, Cairo, Egypt. Each 

panelist was asked to rate the liking of 

quality attributes (visual appearance, 

crust color, crumb color, texture, taste, 

odor and overall acceptability) of each 

sample using a 9-point hedonic scale (1= 

dislike extremely and 9 = like extremely) 

according to the method of Pyler (1973). 

 

2.2.2.4 Statistical analysis 

Means of physical and chemical 

properties obtained from three  replicates 

while sensory evaluation means obtained 

from 20 panelists were analyzed by 

(ANOVA) using the SPSS statistical 

package program, and differences among 

the means were compared using the  

Duncan's  Multiple  Range test at 

significant level of 0.05 (SPSS, 1998). 
 

 
3. Results and Discussion 
 

3.1 Proximate composition and caloric 

value of the chia seeds 

The results in Table (2) indicate that the 

moisture content of chia seeds was low 

(5.79%). This helps in keeping the 

quality of seeds during storage under 

proper condition. At this level of 

moisture, the micro-organisms growth 

and the biochemical reactions are usually 

inhibited. It is also increased from dry 

matter of chia seeds up to 94%. These 

results are closely similar to that obtained 

by Suri et al. (2016) who reported that 

moisture content of chia seeds is 5.80 %. 

The same Table shows that chia seeds are 

a good source of nutrients since it 

contains 24.95 g/100 g protein and 36.27 

g/100 g lipid (on dry basis), these results 

are like those found by Ayerza and 

Coates (2004). Similarly, Monroy-Torres 

et al. (2008) reported that chia seeds are 

a rich source of protein (19–27%), this 

content is greater than that found in other 

traditional grains, such as wheat (14%), 

barley (9.2%), oats (15.3%), corn (14%), 

and rice (8.5%). Also, Table (2) reveals 

that total dietary fiber content of chia 

seeds is 30.78 g/100 g which is in 

accordance with the previous studies 
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which reported that chia seeds are a 

source of dietary fiber (about 35%) 

which is higher than that of other seeds, 

such as amaranth (7.3%), quinoa (7.0%), 

and corn (8.3%) as reported by da Silva 

et al. (2017) and Srichuwong et al. 

(2017). The caloric value of chia seeds is 

563.91 kcal/100 g. It was higher than that 

reported by Michele and Myriam (2014), 

since they reported that caloric value of 

chia seeds is 519.9 kcal/100 g and nearly 

to that mentioned by Mohammed et al. 

(2019), whom recorded caloric value of 

chia seeds about 562.25 kcal/100 g. The 

high caloric value of chia seed is 

associated with its high level of lipids. 

 
Table (2): Proximate chemical composition (g/100 g) and caloric 
value of the chia seeds (kcal.100 g-1). 

 

Components (g/100 g) 
Chia seeds (CS)  

on wet basis on dry basis 

Moisture content  5.79 - 

Total proteins (a) 23.50 24.95 

Total lipids  34.74 36.27 

Total carbohydrates (b) 31.15 33.06 

Ash content 4.82 5.11 

Total dietary fiber  30.78 32.67 

Caloric value (kcal.100g-1) 531.26 563.91 
 

(a): N=6.25; (b): by difference. (n=3). 

 
3.2 Fatty acids composition of chia seeds 

Table (3) shows five fatty acids that were 

detected in the fat isolated from chia 

seeds. They are palmitic acid (C16:0), 

stearic acid (C18:0), oleic acid (C18:1 ω-

9), linoleic acid (C18:2 ω-6) and 𝛼-

linolenic acid (C18:3 ω-3). Also, the 

table shows that polyunsaturated fatty 

acids in the chia seed’s fat amounted to 

approximately 79.18%, which consisted 

mainly of α-linolenic acid (59.46%) and 

α-linoleic acid (19.72%), while 

monounsaturated fatty acid (oleic acid) 

amounted to approximately 7.32%, while 

it contain low content of saturated fatty 

acid (11.38%). These results are in 

agreement with those reported by 

Marineli et al. (2014) in their study on 

Chilean chia seed oil. In addition, chia 

seeds showed low ratio ω-6/ω-3 (0.33) 

which in agreement with that obtained by 

Marineli et al. (2014), who recorded a 

ratio of ω-6/ω-3 about 0.29 in Chilean 

chia oil.  

 
3.3 Effect of fat substituting with chia gel 

on Physical properties of cake samples 

3.3.1 Effect of fat substituting with chia 

gel on weight, volume and specific 

volume of cake samples 

Physical properties (weight, volume and 

specific volume) are very important 

quality criteria for cake samples, which 
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strongly influence consumer preference, 

and they directly related to the type and 

amount of fat, since fat promotes aeration 

of the batter and stabilizes the air bubbles 

formed during batter mixing (Felisberto 

et al., 2015). Table (4) presents the effect 

of fat substituting with chia gel 

containing chia seeds on the physical 

properties of cake samples. From the 

results weight of cake samples 

formulated by substituting shortening 

with chia gel were not statistical different 

than that formulated without chia gel 

(control sample). As shown in Table (4) 

cake volume was affected when fat was 

replaced with CG, since as substitution 

level increased (above 50%) cake volume 

was decreased, because the low aeration 

of the cake batter which is agree with the 

findings of (Borneo et al. 2010; Min et 

al., 2010; Rodríguez-García et al., 2014; 

Zahn et al., 2010) who reported smaller 

volume and lower weight loss in low fat 

cakes /muffins. 

  
Table (3): Fatty acids composition of the chia seeds oil (mg/100 g oil). 

 

Fatty acids (mg/100 g oil) Chia seeds (CS) 

SFA: 

Palmitic acid (C16:0) 7.76 

Stearic acid (C18:0) 3.62 

MUFA: 

Oleic acid (C18:1 ω -9) 7.32 

PUFA: 

𝛼-Linoleic acid C18:2 ω -6) 19.72 

𝛼-Linolenic acid C18:3 ω -3) 59.46 

Ʃ SFA 11.38 

Ʃ PUSFA 79.18 

ω-6/ω -3 Ratio 0.33 
 

CS: chia seeds; SFA: saturated fatty acid; USFA: unsaturated fatty acid; MUFA: mono 

unsaturated fatty acid; PUFA: poly unsaturated fatty acid. 

 
Table (4): Effect of fat substituting with chia gel on physical properties of cake samples. 

 

Treatments* Weigh (g) Volume (cm3) Specific Volume (cm3/g) 

Control 40.60a 124a 3.05a 

CG-25 40.65a 120a 2.95ab 

CG-50 40.69a 118ab 2.89b 

CG-75 40.80a 110b 2.69bc 

CG-100 40.85a 106b 2.59c 
 

*Control, 100 % Shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % shortening/ 

50 % CG; CG-75, 25 % shortening/ 75 % CG and CG-100, 100 % CG. Values with 

different letters in the same column are significantly different (p<0.05). (n= 3). 

 
Similarly, the cake's specific volume was 

decreased with the increasing of fat 

substitution level with chia gel. The 

lowest value of specific volume was 

corresponding to the high concentration 

of chia gel (CG-100) while the highest (P 
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< 0.05) value was observed for control 

sample.  Cake sample CG-25 which 

contain the lowest chia gel was 

characterized with high specific volume, 

which is closely to that of control 

sample, 3.05, 2.95 (cm3/g), respectively. 

The reduction of cake's specific volume 

may be due to the decreasing in the batter 

stability as the fat content is reduced, 

since fat stabilizes the air bubbles and 

maintains more air during baking 

(Rodríguez-García et al., 2014).  

 
3.3.2 Effect of fat substituting with chia 

gel on crumb hardness, crust and crumb 

color of cake samples 

Fat has a positive effect on bakery 

products texture, color and important to 

keep cake softer for a long period. Table 

(5) shows the effect of fat replacing with 

chia gel on crumb hardness (texture) of 

cake samples. It can be observed that the 

reduction of fat content by substituting 

with chia gel increased the hardness of 

cake samples as compared to control 

which is related to the drop in the 

specific volume of cake containing chia 

gel. The fat substitution with chia gel 

resulted in increasing the cake hardness, 

which increased as the substitution 

increased, since CG-25 cake sample was 

less firm when compared to CG-100 cake 

sample. The reduction of fat resulted in a 

lower aeration capacity, worse crumb 

structure and, consequently, greater 

hardness which agrees with results of 

Lakshminarayan et al. (2006) who found 

that reduction of cake's fat content made 

it less soft and required more force to 

compress. Similar results were obtained 

by Chung et al. (2010) in muffins, since 

reduction of fat content caused an 

increase in hardness, which was 

associated with a decrease in both air 

incorporation and cake-specific volume. 

 
Table (5): Effect of fat substituting with chia gel on crumb hardness, crust color and crumb 
color of cake samples. 

 

Parameters  Crumb hardness (g) Crust color Crumb color 

Treatments* 
Storage days 

L* a* +b* L* a* +b* 
0 3 5 

Control 106.66b 196.66c 248.33c 58.47a 9.88a 20.70a 60.54a 0.099c 13.85a 

CG-25 107.00b 198.33c 266.66b 58.13a 9.85a 20.00a 60.00a 0.138bc 13.21a 

CG-50 110.35ab 215.00bc 278.50b 57.79a 9.86a 19.47ab 59.60a 0.159b 12.90ab 

CG-75 115.43a 228.33b 305.00a 56.70a 9.84a 18.98b 58.40a 0.205ab 12.16b 

CG-100 118.33a 266.50a 323.60a 56.00a 9.85a 18.81b 58.00a 0.240a 11.90b 
 

 

*Control, 100 % Shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % shortening/ 50 % CG; CG-75, 25 % 

shortening/ 75 % CG and CG-100, 100 % CG; L*: brightness; a*: redness and +b* yellowness; Values with different 
letters in the same column are significantly different (p<0.05). (n=3). 

 
Also, Table (5) shows that a gradual 

increase in hardness of the cake crumb 

was observed as storage time increased 

for all samples. Crumb hardness values 

were increased from 106.66 to 118.33g at 

zero-time to 248.33 to 323.60g at the 
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fifth day of storage at room temperature 

for control and CG-100 cake samples 

respectively. These results in agreement 

with those of Fernandes et al. (2017) 

since they observed that cake firmness 

increases in proportion to the amount of 

mucilage added. Color is one of the most 

important characteristics in the 

appearance of a cake, since this 

combined with the texture and flavor, 

and contributes to the consumer’s 

preference for the product (Felisberto et 

al., 2015). The values for L*, a* and b* 

for the crust color of the cake samples 

ranged from 58.47 to 56.00, 9.88 to 9.85 

and 20.70 to 18.81 respectively (Table 

5). The highest values for these 

parameters were observed for control 

sample. As expected, due to its own 

color, chia gel influenced all the color 

parameters evaluated. In addition, CG 

contributed to making the crumb color 

darker which may be due to the presence 

of chia seeds in chia gel (lower L*), with 

a less yellow color (lower b*) and 

tending more to red (higher a*). 

According to the results shown in Table 

(5), the values for L*, a* and b* for the 

crumb color of the cake samples ranged 

from 60.54 to 58.00, 0.099 to 0.240 and 

13.85 to 11.90, respectively. These 

results agree with those reported by 

Pizarro et al. (2013) and Pertuzatti et al. 

(2015) since they observed a reduction in 

the color values of cake formulated with 

addition of chia flour, probably because 

of its dark color, affecting the crust and 

crumb color of cakes. 

 

3.4 Effect of fat substituting with chia gel 

on chemical properties of cake samples 
 

3.4.1 Effect of fat substituting with chia 

gel on proximate chemical composition 

and caloric value of cake samples 
 

Table (6) presents the proximate 

chemical composition of control cake 

and tested cake samples containing chia 

gel at different levels. Moisture content 

in is one of the desirable sensory 

characteristics in bakery products, being 

usually related to a mild product 

(Dadkhah et al., 2012). The data in Table 

(6) shows that the moisture content of 

cake samples increased as the fat 

substitution level increased. Cake 

treatments formulated with chia gel had 

higher moisture content compared to 

control cake which could be explained by 

the chi gel high water holding capacity. 

The highest (P < 0.05) moisture content 

was recorded for cake sample which 

formulated with fully substitution of 

shortening with chia gel (38.90%) while 

the lowest moisture content was recorded 

for control sample (36.48 %).  These 

results were on the line with results of 

Filiberto et al. (2015) who studied the 

technological effects of adding chia gel 

to cakes to reduce fat and reported 

increase of moisture content as a function 

of substitution fat with chia gel. In the 

same way, cake samples formulated to 

contain chia gel presented higher protein 

content than control cake because of 

presence of chia seeds in chia gel, the 

increase in protein content was 
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proportion to the level of fat substitution, 

the highest (P < 0.05) protein content 

was observed to cake sample in which 

shortening was completely substituted 

with chia gel (15.75%), while the lowest 

protein content was recorded for control 

sample (12.01%). These results agree 

with those of Borneo et al. (2010) who 

found high protein content when oil 

replaced by chia gel in cake. Regarding, 

the lipid content substituting of 

shortening with chia gel containing chia 

seeds resulted in decreasing lipid level of 

cakes which is decreased as the level of 

substitution increased, so cake sample 

CG-100 which formulated with fully 

substituting of shortening by chia gel 

exhibited a significant (P < 0.05) 

reduction ratio (79.7%) of lipids in 

relation to control sample. The obtained 

values agree with that obtained by 

Borneo et al. (2010) who showed a fat 

reduction ratio of 57% in cakes by 

adding chia gel. Moreover, the contents 

of carbohydrates, ash and fibers were 

significantly (P < 0.05) increased as the 

substitution level of fat increased, (from 

29.82 to 38.96; 2.06 to 2.41 and from 

1.58 to 1.72 g/100 g respectively). In 

contrary, the caloric values of cake 

samples were decreased as the 

substitution level increased because fat is 

the major source of energy in cake which 

is decreased with replacing with chia gel, 

the highest caloric value was recorded for 

control sample (343.99 kcal. / 100g), 

while the lowest caloric value was 

observed to cake sample in which 

shortening was completely substituted 

with chia gel (254.66 kcal. /100g). 

 
Table (6): Effect of fat substituting with chia gel on proximate chemical composition (g/100 g 
on dry basis) and caloric value of cake. 

 

Treatments* 
Moisture 

content 

Total 

proteins* 

Total 

lipids* 

Ash 

content* 

Total dietary 

fiber* 

Total 

carbohydrates* 

Caloric Value 

(kcal.100g-1) 

Control 36.48b 12.01c 19.63a 2.06c 1.58b 29.82 343.99 

CG-25 36.76b 12.95bc 17.71b 2.09bc 1.62b 30.49 333.15 

CG-50 37.39ab 13.75b 14.24c 2.10b 1.69ab 32.52 313.24 

CG-75 37.95ab 14.55ab 10.28d 2.20ab 1.71a 35.02 290.8 

CG-100 38.90a 15.75a 3.98e 2.41a 1.72a 38.96 254.66 
 

*Control, 100 % Shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % shortening/ 50 % CG; CG-75, 25 % 

shortening/ 75 % CG and CG-100, 100 % CG; Values with different letters in the same column are significantly 

different (p<0.05). (n = 3). 

 
3.4.2 Effect of fat substituting with chia 

gel on Fatty acid profile of cake 
 

The analysis of the fatty acid profile of 

cake samples was showed in Table (7). 

The table shows that fatty acid profile 

was changed by substitution of 

shortening with chia gel, the decrement 

ratios of saturated and monounsaturated 

fatty acids in cake formulated with fully 

substituting of shortening were 84.17% 

and 82.46%., respectively, whereas the 

increment ratio of polyunsaturated fatty 

acids was 44.62% than control sample 
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because of presence of chia seeds in chia 

gel. These results were supported by the 

findings of Pizarro et al. (2013) who 

evaluated the fatty acid profiles of pound 

cakes formulated with 15 g chia and 20% 

hydrogenated vegetable fat per 100 g 

flour and observed an increase in the 

amount of linoleic acid.  

 
Table (7): Effect of fat substituting with chia gel on fatty acids profile (g/100 g 
of total lipids) of cake samples. 

 

Fatty acids 
Treatments* 

control CG-25 CG-50 CG-75 CG-100 

SFA 

Palmitic acid (C16:0) 38.56 30.40 22.44 14.32 5.33 

Stearic acid (C18:0) 5.42 5.17 4.49 3.07 1.62 

MUFA 

Oleic acid (C18:1 ω-9) 37.69 30.26 23.17 16.73 6.61 

PUFA 

𝛼-Linoleic acid (C18:2 ω-6) 10.92 11.99 12.26 13.49 15.67 

𝛼-Linolenicacid (C18:3 ω-3) 0.78 1.08 1.42 3.01 5.46 

ƩSFA 43.93 35.57 26.93 17.39 6.95 

ƩPUSFA 11.70 13.07 13.68 16.50 21.13 

ω-6/ω -3 Ratio 14/1 11/1 9/1 4/1 3/1 
 

*Control, 100 % Shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % shortening/ 50 % CG; 

CG-75, 25 % shortening/ 75 % CG and CG-100, 100 % CG; SFA: saturated fatty acid; USFA: 

unsaturated fatty acid; MUFA; monounsaturated fatty acid; PUFA: poly unsaturated fatty acid. 

 
Similarly, Coelho and Mercedes (2015) 

reported an increase in linoleic and 

linolenic acid contents by adding chia to 

wheat doughs. Furthermore, a significant 

decrease in ω-6/ ω-3 ratio was observed 

in cake samples formulated with 

incorporation of chia gel especially in 

cake sample formulated with complete 

substitution of shortening with chia gel 

(CG-100 sample) (3/1) comparing with 

control sample (14/1), which is essential 

for proper brain functions and has 

beneficial effects in cardiovascular 

diseases and in prevention of arthritis as 

reported by Pizarro et al. (2014). 

 

3.5 Effect of fat substituting with chia gel 

on sensory properties of cake samples 
 

Table (8) presents the scores of the 

sensory analysis of tested cake samples 

that were developed with fat substitution 

by chia gel at different levels as 

compared to control sample (without 

substitution). It can be observed that all 

sensory attributes presented scores 

between 8 and 9, showing that cake 

samples were evaluated as ‘‘liked 

extremely”. The overall acceptability was 

greater than 8.00, which confirms that the 

cake samples are considered as 

acceptable by the panelists as reported by 

Spehar and Santos (2002), who reported 

that a product is considered sensorial 

acceptable, when it obtained a minimum 

score of 70%. Table (8) reveals that cake 

formulated with fully substitution of 
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shortening with chia gel exhibited lower 

scores with no significant different for all 

the parameters when compared to other 

cake samples containing chia gel (except 

crumb color and texture), but it 

significantly (P < 0.05) differed in 

overall acceptability as compared to 

control sample. 

 
Table (8): Effect of fat substituting with chia gel on sensory properties of cake samples. 

 

Treatments* 
Crust 

color* 

Crumb 

color* 
Texture* 

Visual 

Appearance* 
Taste* Odor* 

Overall 

acceptability* 

Purchase 

intention a 

Control 8.58a 8.58a 8.95a 8.53a 9.00a 8.50a 9.00a 4.93a 

CG-25 8.59a 8.59a 8.90a 8.53a 8.95a 8.50a 9.00a 4.80a 

CG-50 8.53a 8.35a 8.85a 8.50a 8.90a 8.47a 8.53a 4.75a 

CG-75 8.47a 8.26ab 8.50ab 8.50a 8.50a 8.33a 8.50ab 4.50a 

CG-100 8.33a 8.00b 8.00b 8.00a 8.50a 8.30a 8.00b 4.30a 
 

*Control, 100 % shortening; CG-25, 75% shortening /25% CG; CG-50, 50 % shortening/ 50 % CG; CG-75, 25 % 

shortening/ 75 % CG and CG-100, 100 % CG;; *: Hedonic scale ranging from 1 = “disliked extremely” to 9 = “liked 

extremely”; a: Hedonic scale ranging from 1 = “would certainly not buy” to 5 = “would certainly buy”; Values with 

different letters in the same column are significantly different (p<0.05). (n = 20). 

 
Regarding consumption of cake samples 

by panelists, the result obtained for the 

purchase intent was very satisfactory, 

with a similar value for all types of 

cakes, showing that cake samples were 

evaluated as ‘‘would certainly buy”. The 

results for purchasing intention varied 

between 4 and 5 (would certainly buy) 

for the product, showing no statistical 

difference between treatments and mean 

that about 80% of the panelists would 

certainly buy the cake, representing a 

positive purchasing intention. In general, 

it can be observed that the cake samples 

produced by substitution of shortening 

with chia gel showed good sensory 

acceptance which indicates that it is 

possible to produce low fat cakes, with a 

good consumer acceptability by 

substituting shortening with chia gel. 

 
4. Conclusion 

Finally, it could conclude that cake can 

produced by substitution shortening with 

chia gel containing chia seeds with 

keeping good physiochemical properties 

and nutritional quality, as well as 

consumer acceptability. 
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