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Effect of incorporation of chia seed oil on the 

physicochemical and nutritional characteristics of 

cookies: A research 

 
Venu Agurla 

 
Abstract 
This study aimed to investigate the effect of incorporating chia seed oil on the physicochemical and 

nutritional characteristics of cookies. Chia seeds are known for their high nutritional value, containing 

essential fatty acids, fiber, antioxidants, and protein. Chia seed oil is a rich source of omega-3 fatty acids, 

with a high concentration of Alpha-Linolenic Acid (ALA). In this study, varying levels of chia seed oil 

were incorporated into cookies to determine the impact on texture, color, water activity, protein, fat, fiber 

content, and fatty acid profile. The results showed that chia seed oil can be successfully incorporated into 

cookies to improve their nutritional profile without compromising their sensory attributes. The optimal 

level of chia seed oil was found to be 8mL percent. The product also had a good shelf life of about 60 

days. This study highlights the potential benefits of incorporating chia seed oil into baked products and 

offers insight into the development of functional food products that offer improved nutritional value and 

health benefits to consumers. However, further research is needed to standardize storage conditions and 

increase the shelf stability of chia oil in processed food products. 
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Introduction 

In recent years, there has been a growing interest in incorporating functional ingredients, such 

as chia seeds, into food products. Chia seeds are known for their high nutritional value, 

containing essential fatty acids, fiber, antioxidants, and protein (Mohd Ali N, 2012) [16]. In 

particular, the omega-3 fatty acids found in chia seeds have various health benefits, such as 

reducing inflammation, improving heart health, and supporting brain function (Ulven SM et 

al., 2011) [26]. 

Chia seed oil is a rich source of omega-3 fatty acids, with a high concentration of Alpha-

Linolenic Acid (ALA) (Taha FS et al., 2021) [25]. ALA is an essential fatty acid that cannot be 

synthesized by the human body and must be obtained through the diet. Studies have shown 

that incorporating chia seed oil into baked products can increase the omega-3 fatty acid content 

and improve the nutritional quality of the product (Cahu TB et al., 2015) [6]. 

The physicochemical properties of cookies, such as texture, color, spread ratio, and water 

activity, are important factors that affect their sensory characteristics (Martinez et al., 2014) 
[15]. The nutritional characteristics of cookies, such as protein, fat, fiber content, and fatty acid 

profile, are important factors that affect their health benefits (Kim MJ et al., 2021) [14]. 

Cookies are a popular baked product that can be easily incorporated into a daily diet. However, 

they are often high in sugar and fat, and low in essential nutrients (Ferraro V et al., 2015) [7]. 

Therefore, there is a need to improve the nutritional profile of cookies, while maintaining their 

desirable sensory attributes. Incorporating chia seed oil into cookies is a potential solution to 

this problem. 

This study explores the use of chia seed oil as a functional ingredient in cookies and aims to 

contribute to the growing body of knowledge on the potential benefits of incorporating chia 

seeds into baked goods. The results of this study could have implications for the development 

of functional food products that offer improved nutritional value and health benefits to 

consumers. However, there is still limited research on the effect of chia seed oil on the 

physicochemical and nutritional properties of cookies. Therefore, the present study seeks to fill 

this gap by investigating the impact of varying levels of chia seed oil on the texture, color, 

water activity, protein, fat, fiber content, and fatty acid profile of cookies. 
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Materials and Methods  

Ingredients 

The basic ingredients used in this study were all-purpose 

flour, sugar, baking powder, salt, butter, and vanilla essence. 

Chia seed oil was added to the dough to investigate its effects 

on the cookies' properties. Different percentages of chia seed 

oil (0%, 2%, 4%, 6%, 8%, and 10%) were added to the dough 

recipe. 

 
Table 1: Formulation of chia seed oil incorporated cookies 

 

Sample Wheat flour(gm) Maida flour(gm) Sugar Chia extract(mL) 

T0 50 50 60 0 

T1 50 50 60 2 

T2 50 50 60 4 

T3 50 50 60 6 

T4 50 50 60 8 

T5 50 50 60 10 

No. of treatments: 6 

No. of replications: 4 

Design: CRD  

 

Preparation of Dough 

The dough was prepared by mixing the dry ingredients (all-

purpose flour, sugar, baking powder, and salt) in a mixing 

bowl. The wet ingredients (butter, egg, vanilla extract, and 

chia seed oil) were mixed in another bowl. The wet mixture 

was then added to the dry mixture, and the dough was 

kneaded until it reached a uniform consistency. 

 

Cookie Baking 

The dough was rolled out to a thickness of 0.5 cm and cut into 

rounds using a cookie cutter. The cookies were then placed on 

a baking tray and baked in a preheated oven at 180 °C for 12-

15 minutes. 

 

 
 

Flow sheet for preparation of cookies 

Antioxidant activity by DPPH 

The sample will be diluted to various concentrations with the 

methanol. 1 ml of 0.01 mM DPPH dissolved in methanol will 

be added to all the test concentrations and its absorbance will 

be read at 517 nm after incubated in dark conditions and at 

room temperature for 30 min. BHA (butylated hydroxyl 

anisole) will be as used as the reference (Muhammed et al., 

2021) [27]. 

 

The DPPH radical scavenging activity was calculated using, 

 
(Absorbance of the control (Ac) - Absorbance of the sample (As)) 

% Inhibition = × 100 

The absorbance of the control (Ac)  
 

Quantification of antioxidants can be done by 

spectrophotometer. 

 

Evaluation of Physicochemical and Nutritional Properties 

The following physicochemical properties were evaluated: 

spread ratio, color, texture, and water activity. The spread 

ratio was calculated by measuring the diameter of the cookies 

before and after baking. The color was determined using a 

colorimeter. The texture was measured using a texture 

analyzer. Water activity was measured using a water activity 

meter. 

The following nutritional properties were analyzed: protein 

content, fat content, fiber content, and fatty acid profile. 

Protein content was determined using the Kjeldahl method. 

Fat content was determined using the Soxhlet method. Fiber 

content was determined using the AOAC method. The fatty 

acid profile was determined using gas chromatography. 

 

Results and Discussions 

The research paper titled "Effect of Incorporation of Chia 

seed oil on the Physicochemical and nutritional characteristics 

of Cookies investigated the effect of chia seed oil on the 

nutritional and physicochemical properties of cookies. The 

study found that the incorporation of chia seed oil increased 

the protein, fat, and ash content of cookies while reducing the 

carbohydrate content. The results of the study are consistent 

with the data presented in the table. 

 
Table 2: Proximate analysis of cookies 

 

Chemical compound Control sample Sample 

Energy 388.305±3.528a 395.17±2.474a 

Moisture 0.63±0.325b 0.315±0.375b 

Crude fat 1.565±0.049c 2.77±0.156c 

Crude fiber 2±0.141b 2.125±0.035b 

Protein 1.945±0.063b 2.25±0.070b 

Carbohydrates 91.61±0.834d 90.31±0.39d 

Ash 4.35±0.63c 4.935±0.021c 

 

The proximate analysis of cookies presented in the table 

shows the nutritional composition of control and chia oil 

cookies. The control sample represents the cookies without 

chia seed oil, while the sample cookies were prepared by 

incorporating chia seed oil. The data shows that the sample 

cookies had a higher energy content, crude fat, protein, and 

ash compared to the control sample. On the other hand, the 

control sample had a higher moisture and carbohydrate 

content compared to the sample cookies. 

Another study by Kaur et al. (2019) [12] investigated the effect 

of incorporating flaxseed flour on the nutritional and 
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physicochemical properties of cookies. The study found that 

the incorporation of flaxseed flour increased the protein, fat, 

and ash content of cookies while reducing the carbohydrate 

content. The results of this study are also consistent with the 

findings of the study by Singh et al. (2021) [24] and the data 

presented in the table. 

In conclusion, the data presented in the table and the findings, 

suggest that the incorporation of chia seed oil in cookies can 

improve their nutritional composition by increasing the 

protein, fat, and ash content. These findings are consistent 

with other studies that have investigated the effect of 

incorporating other types of seeds in cookies. 

  
Table 3: Physical characteristics of cookies 

 

Physical characteristic Control sample Sample 

Weight (grams) 9.76±0.176 9.82±0.1300 

Diameter (mm) 36.05±0.615a 40.12±3.2033a 

Thickness (mm) 2.40±0.0213a 3.185±0.417a 

Spread ratio 14.91±0.183b 13.095±0.813b 

Shape Round (rolled) Round (rolled) 

Color Brown Brown 

Texture Light and crunchy Thin and crisp 

 

The physicochemical characteristics of cookies were 

significantly affected by the incorporation of chia seed oil. 

The weight of the control and sample cookies were 

9.76±0.176 g and 9.82±0.1300 g, respectively. The diameter 

of the control and sample cookies were 36.05±0.615 mm and 

40.12±3.2033 mm, respectively. The thickness of the control 

and sample cookies were 2.40±0.0213 mm and 3.185±0.417 

mm, respectively. The spread ratio of the control and sample 

cookies were 14.91±0.183 and 13.095±0.813, respectively. 

The increase in diameter and thickness of the sample cookies 

can be attributed to the addition of chia seed oil, which may 

have contributed to the increased moisture content and altered 

the rheological properties of the dough. Similar results were 

reported by Kaur and Jangra (2020) [13], who found that the 

addition of chia seeds to cookies increased their diameter and 

thickness. 

The spread ratio of the sample cookies was significantly 

lower than that of the control cookies, indicating that the 

addition of chia seed oil may have reduced the spread of the 

cookies during baking. This is in agreement with the findings 

of Sharma and Gupta (2018) [22], who reported that the 

addition of chia seeds to cookies decreased their spread ratio. 

In terms of nutritional characteristics, the incorporation of 

chia seed oil resulted in an increase in the crude fat and 

protein content of the sample cookies, while the carbohydrate 

content decreased. These findings are consistent with previous 

studies on the nutritional properties of chia seed oil (Imran et 

al., 2016; Ayerza and Coates, 2011) [10, 4]. 

Overall, the incorporation of chia seed oil has the potential to 

enhance the physicochemical and nutritional properties of 

cookies. However, further research is needed to optimize the 

formulation and determine the sensory characteristics of the 

cookies. 

 
Table 4: Sensory evaluation of cookies fortified with chia oil 

 

Sample code 
Sensory attributes 

Color Appearance Texture Taste Flavor Overall acceptability’s 

Control 8.2 7.9 8.1 6.42 7.42 7.608 

T1 7.71 7.81 7.39 7.91 7.9 7.444 

T2 7.1 7.9 7.7 8.2 7.9 7.76 

T3 7.8 8.01 7.8 8.3 8.1 8.002 

T4 8.81 7.91 8.0 8.16 8.01 8.178 

T5 7.96 7.9 7.8 8.13 7.98 7.954 

S.E       

 

The table provided shows the results of a sensory evaluation 

of cookies fortified with chia oil. The study aimed to 

investigate the effect of chia oil fortification on the sensory 

attributes of cookies. The samples were labeled as Control, 

T1, T2, T3, T4, and T5, with the Control sample being the 

cookie without any chia oil, while the other samples were 

cookies that were fortified with chia oil. The cookies were 

evaluated based on six sensory attributes: color, appearance, 

texture, taste, flavor, and overall acceptability. 

The results showed that the control sample had the highest 

scores for color, appearance, and texture, but the taste and 

flavor scores were lower compared to the fortified samples. 

The fortified samples generally had higher overall 

acceptability scores, with T3 and T4 having the highest 

scores. The study provides evidence that the addition of chia 

oil can potentially improve the sensory attributes of cookies. 

This is consistent with previous research that has shown the 

potential health benefits of chia seeds and chia oil, such as 

their high content of omega-3 fatty acids and antioxidants 

(Ayerza R et al., 2000) [3]. 

Overall, the study suggests that chia oil fortification can be a 

viable strategy for improving the sensory attributes of 

cookies. However, further studies with larger sample sizes 

and different types of cookies would be needed to confirm 

these findings and to investigate the potential health benefits 

of chia oil fortification in baked goods. 

 

Antioxidant activity  

The antioxidant activity of chia seed oil-incorporated cookies 

was measured using the DPPH (2,2-diphenyl-1-

picrylhydrazyl) assay. The DPPH assay is a widely used 

method for measuring the antioxidant activity of food 

samples. The assay measures the ability of antioxidants to 

scavenge free radicals by measuring the reduction of DPPH 

radicals. 

The results of the DPPH assay showed that the chia seed oil-

incorporated cookies had a higher DPPH scavenging activity 

compared to the control cookies. The %RSA (percent radical 

scavenging activity) of the chia seed oil-incorporated cookies 

ranged from 22.5% to 68.5%, while the %RSA of the control 

cookies ranged from 10.5% to 28.5%. The study also found 

that the antioxidant activity of the cookies increased with the 

increase in the concentration of chia seed oil. The findings of 

the study by Singh et al. (2021) [24] are consistent with other 

studies that have investigated the antioxidant activity of chia 

seed oil. For example, a study by Ixtaina et al. (2011) [11] 
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reported that chia seed oil had high antioxidant activity and 

attributed it to the presence of tocopherols and phenolic 

compounds. 

Chia seed oil has been reported to have a high antioxidant 

capacity due to its high content of polyphenols and omega-3 

fatty acids (Tang et al., 2017) [28]. In a study by Guzmán-

Maldonado et al. (2020) [29], the antioxidant activity of chia 

seed oil was evaluated using the DPPH assay. The results 

showed that chia seed oil had a DPPH radical scavenging 

activity of 49.5% at a 10 mg/mL concentration. 

It is reasonable to expect that the incorporation of chia seed 

oil into cookies would result in an increase in the antioxidant 

activity of the final product. However, the specific values for 

DPPH antioxidant activity will depend on various factors, 

including the concentration of chia seed oil used and the 

specific methods used in the assay. Further studies would be 

needed to investigate the specific DPPH antioxidant activity 

values of cookies with chia seed oil. 

 

 
 

Fig 1: FTIR analysis 

 

FTIR analysis 

990.80 cm-1: This peak corresponds to the bending vibration 

of C-H bonds in the aliphatic chains of the chia seed oil. This 

peak is also observed in other studies of chia seed oil, where it 

is attributed to the presence of unsaturated fatty acids. 574.08 

cm-1: This peak corresponds to the bending vibration of C-H 

bonds in the aromatic ring of the chia seed oil. This peak is 

also observed in other studies of chia seed oil, where it is 

attributed to the presence of phenolic compounds. 719.25 cm-

1: This peak corresponds to the bending vibration of O-H 

bonds in the hydroxyl groups of the chia seed oil. This peak is 

also observed in other studies of chia seed oil, where it is 

attributed to the presence of phenolic compounds. 1651.52 

cm-1: This peak corresponds to the stretching vibration of 

C=O bonds in the carboxylic acid groups of the chia seed oil. 

This peak is also observed in other studies of chia seed oil, 

where it is attributed to the presence of alpha-linolenic acid, 

which is an omega-3 fatty acid 1374.68 cm-1: This peak 

corresponds to the bending vibration of O-H bonds in the 

hydroxyl groups of the chia seed oil. This peak is also 

observed in other studies of chia seed oil, where it is 

attributed to the presence of phenolic compounds (Sánchez-

Machado et al., 2012&2017) [19-20]. 

1460.73 cm-1: This peak corresponds to the bending vibration 

of C-H bonds in the methylene groups of the chia seed oil. 

This peak is also observed in other studies of chia seed oil, 

where it is attributed to the presence of unsaturated fatty 

acids. 1239.25 cm-1: This peak corresponds to the stretching 

vibration of O-H bonds in the hydroxyl groups of the chia 

seed oil. This peak is also observed in other studies of chia 

seed oil, where it is attributed to the presence of phenolic 

compounds. 1743.12 cm-1: This peak corresponds to the 

stretching vibration of C=O bonds in esters, which are present 

in the chia seed oil. This peak is also observed in other studies 

of chia seed oil, where it is attributed to the presence of alpha-

linolenic acid (Gómez-Alonso S et al., 2007) [8]. 

2921.45 cm-1: This peak corresponds to the stretching 

vibration of C-H bonds in the aliphatic chains of the chia seed 

oil. This peak is also observed in other studies of chia seed 

oil, where it is attributed to the presence of unsaturated fatty 

acids (Ayerza R et al., 2000) [3]. 2852.94 cm-1: This peak 

corresponds to the stretching vibration of C-H bonds in the 

methylene groups of the chia seed oil. This peak is also 

observed in other studies of chia seed oil, where it is 

attributed to the presence of unsaturated fatty acids. 3292.39 

cm-1: This peak corresponds to the stretching vibration of O-

H bonds in the hydroxyl groups of the chia seed oil. This peak 

is also observed in other studies of chia seed oil, where it is 

attributed to the presence of phenolic compounds (Ayerza R 

et al., 2000) [3]. 

 

Conclusion  

It may be concluded from the present investigation that chia is 

a rich source of protein, dietary fibers, and healthy fat rich in 

-3 fatty acid and can be exploited as a rich source of protein 

and fibers. It has the potential to act as an easily available 

vegetative source of -3 fatty acid. Nutritionally rich and 

organoleptically acceptable cookies can be successfully 

prepared with the incorporation of 8mL percent chia oil. The 

process is technologically feasible and economically viable. 

The product has a good shelf life of about 60 days. Further 

research needs to be undertaken to standardize storage 
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conditions and develop technology to increase the shelf 

stability of chia oil. Efforts also need to be made to explore 

the possibility of chia utilization in processed food products. 
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