
© 2021 JETIR October 2021, Volume 8, Issue 10                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2110326 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d223 
 

DEVELOPMENT OF GLUTEN FREE SNACKS 

USING CHICKPEA FLOUR AND FLAX SEEDS 

FOR CELIAC PATIENTS 
 

Megha Gupta and Vasudha Bansal* 

 

Research scholar and Assistant professor 

Department of Foods and Nutrition,  

Government Home Science College, Chandigarh, 160011,  

Affiliated to Panjab University, Chandigarh, India 

 

* vasu22bansal@gmail.com  

 

ABSTRACT 

 
Introduction: The study was designed to develop gluten free snacks using chickpea flour and flax seeds for 

the patients diagnosed with celiac disease. Celiac disease is said to be an autoimmune disease that’s occurred 

when gluten containing food sources like wheat, semolina, etc. are eaten in the diet and leads to the damage 

in the small intestine limiting absorption of nutrients particularly iron, folate, vitamin-D and calcium causing 

serious medical complications. To avoid such indigestion caused among the celiac patients one must follow 

up gluten-free products in the diet. 

 

Objective: The objective of this present research work was keeping in the view the problems associated with 

commercial gluten free products and was explored to develop gluten-free snacks for with following 

objectives: To develop an acceptable product by choosing an effective alternative of wheat flour, to develop the 

cost effective product with easy feasibility of ingredients and to assess the nutritional profile of the developed 

product using biochemical analysis. 

 

Materials and Method: Research papers were studied related to the benefits of the chickpea flour , flax seeds 

and the ingredients used in the study and reviewed the findings of each article. Three products namely gluten 

free Ladoos (sweet spherical snack), Mathis (fried salted snack) and kachoris (stuffed salted meal replacer) 

with 3 samples each with different standardized compositions were taken i.e. (a) Sample 1 (chickpea flour-

50% and Flax-10%)  (b) Sample 2 (chickpea flour-55% and Flax-5%) (c) Sample 3 (Chickpea flour-60% 
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and 2%). Also, control sample 1 (using gram flour ) and control sample 2 (using wheat flour) were 

developed and best standardized composition was taken on the basis of the sensory evaluation followed by 

nutritional and biochemical analysis which had also been conducted for the best composition of all samples 

based on sensory evaluation.  

Results and Conclusion:  It was observed that gluten free snacks prepared with 55% of chickpea flour and 

5% of flax (Sample 2) were the most acceptable. Ladoos were found to be the best product as per sensory 

evaluation. The nutritional analysis of the snacks revealed that the total energy obtained is about 500-541.9 

kcal/100 g ,  total fat content was found to be 30-38.1 g/100 g,  iron content was 0.4-1.3 mg/100 g,  calcium 

content was found 0.8-2.1 mg/100 g, zinc content was found to be 0.2-0.6 mg/100 g, magnesium was about 

0.3-1.1 mg/100 g. Thus, it indicates the products provides good source of energy and calcium. Hence, are 

safe for the patients suffering with celiac disease due to their gluten-free property. Further, biochemical 

analysis showed the products are the rich sources of crude protein, fibre and carbohydrates as well.  

 

Keywords: Gluten-free snacks; Celiac disease; Sensory evaluation, Nutritional evaluation; Biochemical-

analysis 

 

 

 

1. Introduction 

Celiac disease is an autoimmune disease that’s occurred when gluten is eaten in the diet and leads to the 

damage in the small intestine. Eating gluten containing foods over the time, the immune reaction to a protein 

found in wheat, rye, barley creates inflammation that damages the lining of the small intestine limiting 

absorption of nutrients particularly iron, folate, vitamin-D and calcium and cause serious medical 

complications when it’s left untreated or undiagnosed (Caio. G, et al., 2019). Celiac disease is also known 

as gluten intolerance or gluten insensitivity (Ishi Khosla, 2011). A number of diseases termed as “gluten 

related disorders” includes celiac disease (CD), non-celiac wheat sensitivity (NCWS) and wheat allergy 

(WA), for which main external trigger is gluten. Celiac disease may occur at any age and is being more 

recognized among the adults of age thirty to forty-five years of age in India by many health professionals. 

Prevalence is seen and reported much higher in the western countries. Symptoms may vary from person to 

person, as it is seen that even on consumption of gluten free diet, patients suffer from various deficiencies 

such as calcium, iron, fibre and folic acid (Gupta A, et al., 2021). Thus, requires strict and lifelong 

avoidance of gluten containing foods like wheat is the only way to treat celiac disease. Thus, a wide variety 

of gluten-free products is available in the market which can be consumed by the patients made the market 

more flourished and prosperous (Sarabhai and Prabhasankar, 2017). As gluten sensitivity is increasing 

among the population. Therefore, in order to provide the wheat alternative to celiac patients, their nutritional 
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requirements to further be considered. Thus, study was investigated to develop gluten free snacks via 

employing the usage chickpea as an major ingredient in combination with flaxseeds that would provide the 

nutritional enriched snack to the population diagnosed with celiac.    

 

Chickpea (Cicer arietinum), is a legume of the family Fabaceae, and also known as Garbanzo beans. 

Chickpeas are an important source of food proteins, unsaturated fatty acid, minerals, and β-carotene (Arooj 

et al., 2021). Soluble fiber present in the chickpeas helps to lower the low-density lipo-protein or bad 

cholesterol. It serves as manganese , magnesium, zinc, iron, copper and vitamins such as thiamine and 

vitamin B6. Chickpea contain high amounts of essential amino acids such as leucine, aspartic acid, lysine, 

glutamic acid and arginine and provide well balanced essential amino acid profiles when consumed with 

cereals (Mohammed, et al., 2014). In addition,  flaxseeds are incorporated as the major sources of omega 3 

fatty acid in combination with chickpea.   

Flaxseeds belong to linaecae family. Two basic varieties of flax seed are: brown and yellow. Approx. 100 g 

of flax seeds contains 534 kcal, 10.9 g carbs, 18.5 g protein, 55.6 g of fats and 266.1 g of fibre. 1 tbsp of flax 

seeds a day can help to meet the daily nutritional requirement. Flax seed help in aiding weight loss having 

good fiber and protein content. Flax seeds are the rich sources of omega-3 fatty acids. They help in lowering 

lipid levels and bad cholesterol in the body. 

 

Today, foods are not only consumed to satisfy hunger and provide necessary nutrients for humans but they 

also prevent nutrition-related diseases with improved physical and mental well- being. Development of new 

product development particularly, gluten‐free consumers always demand for new ingredients and product 

formulations. Plant‐based ingredients particularly attract more attention because of their compatibility with 

diets for special needs developed by trial and error tests (Cakmak, et al., 2021). 

The foods that contain 20 mg gluten/kg (20 ppm) or less can be labelled as ‘gluten free’ as per Food Safety 

Standards Regulations 2011 and sold to the final consumers. Thereby, considering the nutritional necessities 

of the gluten-free consumers, the product of healthy alternative and equivalent to wheat (using chickpea and 

flaxseeds) was developed.  

 

2. Materials and Methods 

 

2.1. Procurement of ingredients 

Non-gluten ingredients in the form of chickpea, flax seeds, peanuts, almonds, cardamom, desiccated coconut, 

jaggery and saturated fat were selected owing to their significant nutritional content and clinical advantages. 

These ingredients were procured from local market of Gurgaon, Haryana, India.  

 

2.2. Formulation  

The ingredients are then weighted using a SF-400 digital weighing scale according to the required amount. 

Three products namely gluten free ladoos (sweet spherical snack), mathis (salted snack) and kachoris 

(stuffed and salted meal replacer) in different three standardized compositions were taken. Products were 

tried using different methods and method with highest sensory score is standardized for the preparation (as 

shown in  Figures 1 and 2) Composition was formulated in such a way that all samples should contain 

chickpea flour as the main ingredient i.e in the maximum amount owing to its binding property. The three 

formulations were as follows. Sample 1 consisted of 50% chickpea flour-and 10% flax- (b) Sample 2 

consisted of 55% chickpea flour-and 5% flax- (c) Sample 3 consisted 60%chickpea flour- and 2% flax- The 

results were compared with two different control samples using gram flour and wheat flour in order to 

develop an equivalent product for celiac population. On the basis of the sensory evaluation the most 

acceptable standardized composition was investigated for nutritional and biochemical analysis.  
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Figure 1 Flow chart for formulating the recipe of the products a) Ladoos b) Mathis 

c) Kachori 

 

                       
                                   

a) b) 
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         Figure 2 Final samples of a) ladoo, b) mathis and c) kachori 

 

2.3. Sensory evaluation 

Sensory evaluation is a combination of different senses of perception which come into play for choosing and 

eating of food that depends upon on whom the products were tested and the responses were recorded which 

plays a vital role in the appearance and preference of the food products in the final analysis. For evaluation 

of the samples, score cards were prepared on the basis of different attributes like color, aroma, taste, mouth 

feel, aftertaste, hardness, spreadability and overall acceptability. 9-point hedonic scale (1– dislike extremely, 

5– neither like nor dislike and 9–like extremely) was used to perform the sensory evaluation. Panelists of 10 

trained along with 20 untrained members were chosen for the process. In accordance with preferences for 

the sample of ladoo, mathi and kachori, the most acceptable sample from each product was selected for 

further evaluation. 

 

2.4. Nutritive and biochemical analysis 

Nutritive evaluation was done to determine the amount of energy, fat, iron, calcium, zinc, magnesium and 

gluten which are essential for monitoring the nutritional status of the patient and strict adherence to gluten 

intake. Also, Biochemical analysis was carried out in order to know its nutritive value. It was analysed for 

the parameters such as Ash, moisture, crude fibre, crude protein, sugar, and carbohydrate. Thus, the 

compositions of foods were quantified according to (AOAC 2000). 

 

 

3. Results and discussion  

3.1 Sensory evaluation  

The data regarding sensory acceptability and mean acceptability score of attributes of all the samples of 

gluten free products ladoo, mathis and kachoris is presented in Table 1 and Figures 3,4 and 5. It was found 

that all the three samples and the two controlled samples were significantly different on the basis of the 

colour, aroma, taste, mouthfeel, aftertaste, hardness, spreadibility and overall acceptability.  

 

Table 1 Sensory evaluation mean acceptability score of attributes for all the samples of each product 

SAMPLES/ 

EVALUATION 

PARAMETERS 

COLOUR AROMA TASTE MOUTH

FEEL 

AFTER 

TASTE 

HARDNESS SPREADI

BILITY 

OVERALL 

ACCEPTABILITY 

 LADOOS 

L01 7.9±1.0 7.8±1.2 7.8±1.1 7.5±1.4 7.2±1.4 7±1.3 7.3±1.1 7.8±1.0 

L02 8.0±1.1 8.1±1.0 8.2±1.0 7.7±1.1 7.8±1.0 7.9±1.0 7.8±1.0 8. 0 ±0.9 

L03 6.9±1.1 6.9±0.8 6.4±1.0 6.7±0.9 6.5±1.3 7.1±0.8 6.6±0.9 6.6±1.1 

 MATHIS 

MO1 6.8±1.3 6.9±1.1 6.8±1.4 6.9±1.3 6.7±1.2 7.1±1.1 7.1±1.1 7.3±1.0 

M02 7.5±0.8 7.7±1.0 7.8±1.0 7.6±0.9 7.5±1.0 7.6±1.4 7.7±1.0 7.8±0.9 

c) 
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M03 7.5±1.0 7.3±1.0 7.5±1.1 6.9±1.1 7.0±0.9 7.7±1.2 7.3±0.9 7.4±1.1 

                                                    KACHORIS 

K01 6.7±0.8 6.6±0.8 6.6±0.6 6.8±0.8 6.7±0.8 6.7±0.8 6.7±0.7 6.9±0.8 

K02 7.6±1.0 7.4±1.0 7.7±1.1 7.4±1.1 7.3±1.1 7.6±1.2 7.4±1.5 7.6±1.1 

K03 7.2±1.2 6.8±0.9 6.7±1.1 6.8±0.9 6.7±0.9 6.8±0.9 6.9±1.1 7.1±1.2 

 

 

Figure 3 Radar 

chart representing the overall mean acceptability scores of ladoo sensory evaluation 

 

Figure 4 Radar chart representing the overall mean acceptability scores of mathis sensory evaluation 

0

2

4

6

8

10
COLOUR

AROMA

TASTE

MOUTHFEEL

AFTERTASTE

HARDNESS

SPREADIBILITY

OVERALL ACCEPTABILITY

LADOO SENSORY EVALUATION

L01

L02

L03

6

6.5

7

7.5

8
COLOUR

AROMA

TASTE

MOUTHFEEL

AFTERTASTE

HARDNESS

SPREADIBILITY

OVERALL ACCEPTABILITY

MATHIS SENSORY EVALUATION

M
01

http://www.jetir.org/


© 2021 JETIR October 2021, Volume 8, Issue 10                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2110326 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d229 
 

 
 

Figure 5  Radar chart representing the overall mean acceptability scores of kachoris sensory evaluation 

 

It was observed that gluten free snacks prepared with 55% of Chickpea flour and 5% of flax (Sample 2) were 

the most acceptable. Special preferences were shown to ladoos as they came out to be the most liked product 

in comparison to mathis and kachoris. In spite of  having gluten free property chickpea flour and gram flour 

acted as a good binding agent in all three products made for the study. 

 

3.2. Nutritional and biochemical analysis 

Ladoos scored the highest sensory score followed by mathis and the kachoris, whose recipes were also 

accepted  in all aspects organoleptically, biochemically and in terms of nutritive value as well. On the basis 

of this study, the nutritional analysis of the snacks revealed that the total energy obtained was about 500-

541.9kcal/100g ,  total fat content was found to be 30-38.1g/100g,  iron content was 0.4-1.3mg/100g,  

calcium content was found to be 0.8-2.1mg/100g, zinc content was found to be 0.2-0.6mg/100g, magnesium 

was about 0.3-1.1mg/100g, respectively.  

Further, biochemical analysis showed the products were also the rich sources of crude protein, fibre and 

carbohydrates.  

 

4. Discussion 

4.1 Appearance acceptability 

The color changes during frying were described in terms of brightness, hue and chroma. The yellowness of 

chickpea related products decreased from bright yellowish orange (raw dough) to dull orange (finished 

product) as also observed by Bhat, et al., (2001) during deep fat frying characteristics of chickpea flour 

suspensions. Roasting is a process that combines chemical reactions, heat transfer, and drying that could also 

result in puffing (Bagheri et al., 2016; Mukhopadhyay et al., 2015). The puffing performance of chickpea 

was investigated in relation to roasting. A good puff size is valued for obtaining desirable sensory properties 

of the final products. 

 

4.2 Aroma acceptability 

As raw chickpea seeds do not have much aroma but cooking had a great impact in the distinguishing 

between the aroma of the chickpea products.  While, on  roasting over dry heat,  the ground chickpea flour,  

tend to leave the natural aroma  and slighter change in colour to yellowish orange. However, when the 

ingredients were combined together then cardamom in itself is highly aromatic in nature. Thereby, on 

binding the snacks, aroma was the most acceptable in ladoos (8.1±1.0).  
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4.3 Taste acceptability 

The chickpea snacks found to have bit of nutty and bitter taste. Some antinutritional compounds, such as 

saponins, are related to the bitter taste in chickpea according to (Bar-El Dadon et al., 2019). The taste as per 

the panelists chosen for the recent study rated the finalized ladoo sample which was taken to carry out the 

research were (7.8±1.1) , mathis (7.8±1.0 ) and kachori (7.7±1.1) on hedonic scale. 

 

4.4 Carbohydrate content 

Recent study showed 40.4-42.6% of CHO in the chickpea snacks which is more than the contol samples 

(Hall et al., 2016). Carbohydrates were the main component of dry chickpeas (30–56%) with starch and 

fiber being the most relevant. The carbohydrates in chickpea, as in other pulses, are absorbed and digested 

slowly, and thus help control diabetes and obesity (Malunga et al., 2014). 

 

4.5 Protein Content 

The increasing demand for alternative sustainable protein sources has led to a more common use of chickpea. 

Euromonitor, 2019; Mintel Reports (2019) mentioned that chickpea can be applied either as a main 

component of new products or as a functional food added in product formulations. Gupta et al., (2019) 

investigated chickpea-based high protein, ready-to-eat snack that was prepared using 6 chickpea types. The 

chickpea seeds and their corresponding snack products were analyzed for proximate composition. Thus, 

chickpea snacks had 23.33% to 30.95% protein but as per the results achieved in our study, the chickpea 

snacks contained less protein than the control sample made of gram flour. Thus, it is concluded that using 

chickpea type in the snacks contained 10% less of the protein content which may be due to the frying which 

is the cooking process involved during the study by which the protein and oil levels in the cooked samples is 

either decreased or did not change significantly as compared to the raw chickpea protein content. The similar 

observations were reported by Yixiang Xu, et al., (2013).  

 

4.6 Energy content 

The chickpea-based baked food products (Gonzales et al., 2016)  found to be good sources of nutrients 

particularly energy and contained around 105- 526 Kcal, however, our study developed energy dense 

chickpea based snacks were with 500- 541 Kcal owing to deep- frying cooking method for making of the 

products. While, soaking method was used in softening the skin of the chickpeas for preparing the ladoos as 

it tend to cook fast (reduced cooking time) and very little fat was used while cooking. Besides it, the other 

ingredients such as coconut, almonds peanuts, flax seeds (that contain omega-3 & omega-6 fatty acids) 

contributed to nutritional enrichment.  

 

4.7 Moisture Content 

Chickpea products contains moisture upto (6.63% to 9.15%), in spite of  having gluten free property, 

chickpea flour and gram flour acted as a good binding agent and rendered smooth light yellow- texture to the 

dough on kneading with water. Thus, the presence of 3-5% of moisture content appeared in the products.  

Kachori contained the maximum moisture because of the pulse content which was added after getting  it 

softened (with the soaking method that reduced the cooking time) for stuffing in the kachoris and dough was 

kneaded with some amount of water. Dough kneaded with chickpea flour found to be elastic in nature as 

compared to other gluten free flours available in the market and showed good stability for the products as 

compared to wheat flour dough which did not show smooth texture. Thus, it contradicted to the fact that 

fineness of the dough is deteriorated due to the presence of smaller amounts of grain gluten. Yixiang Xu, et 

al., (2013) stated that hydration and swelling capacities as well as water absorption and holding capacities of 

cooked chickpeas were higher than raw samples, with the largest increases in the pressure-cooked seeds. 

So, kneading the dough from chickpea flour, resulted in substantial changes in dough rheology & led to an 

increase in water-soluble proteins of chickpea. The chickpea proteins are mainly albumins (water-soluble 

proteins) and globulins (salt soluble proteins), which usually add up to 97 % on average. The fractional 
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composition data of these proteins confirm that the products of chickpea processing can be used in the 

technology of cooking foods with low gluten content (Sadigova, 2009). 

Proceeding from the Sadigova, et al., (2018), it is concluded that the methods of dough processing and 

chickpea seeds treatment allowed removal of the specific legume odor and reduced the content of anti-

nutritional substances of chickpea flour. In our present study, the soaking method used in the preparation of 

chickpea ladoos reduced the anti-nutritional content and natural odor of chickpea got retained.Further,  

cardamom was used as the fragrant ingredient in all the gluten free snack., Thereby the gluten free snacks 

got developed with high availability of calcium, iron, carbohydrates, energy.  

 

 

 

 

 

Table 2 Nutritive and biochemical analysis of the gluten free products 

 

SAMPLES 

 LADOOS   MATHIS KACHORIS 

 

NUTRIENTS 

L02 

(chickpe

a flour) 

CSL1 

(with 

gram 

flour) 

CSL2 

(with 

wheat 

flour) 

 M02 

(chickpea 

flour) 

CSM1 

(with 

gram 

flour) 

CSM2 

(with 

wheat 

flour) 

 K02 

(chickpea 

flour) 

CSK1 

(with 

gram 

flour) 

CSK2 

(with 

wheat 

flour) 

ENERGY 

(Kcal) 

502.41 541.93 531.51 500.27 534.01 531.14 500 535.78 531.52 

FAT(g) 30.65 39.25 34.95 31.35 38.89 34.62 31.12 38.10 34.76 

IRON(mg) 1.29 1.39 1.35 1.2 1.13 1.27 0.48 0.5 0.65 

CALCIUM 

(mg) 

2.10 2.10 1.45 1.39 1.28 1.17 0.92 0.8 1.39 

ZINC (mg) 0.5 0.2 0.3 0.56 0.35 0.38 0.25 0.6 0.42 

MAGNESIU

M(mg) 

0.85 1.1 0.9 1.38 0.6 0.82 0.35 0.9 1.18 

GLUTEN 

(g) 

2.63 2.39 10.85 2.82 2.55 10.34 2.77 2.18 10.54 

    

ASH (%) 2.62 2.29 2.29 2.89 2.43 2.13 3.04 2.35 2.18 

MOISTURE 

(%) 

5.39 4.28 3.58 5.59 4.65 3.83 5.76 4.32 3.77 

CRUDE 

FIBRE(g) 

4.7 7.29 4.94 5.64 8.03 4.53 5.10 7.76 4.65 

CRUDE 

PROTEIN 

(g) 

13.96 23.9 11.25 14.12 22.9 11.18 13.74 23.67 11.36 

SUGAR (g) 1.3 1.21 1.9 0.85 0.9 0.96 0.39 0.0 0.0 

CARBOHYD

RATE 

(g) 

42.68 23.27 42.99 40.41 23.1 43.71 41.24 23.8 43.31 
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Figure 6a and 6b Represents the Nutritive and biochemical analysis  results of ladoos 

 

As shown in Figure 6a statistically, it has been observed that ladoo control sample 1 (with gram flour) 

contains more energy, fat , iron and magnesium as compared to that of chickpea ladoo with the same 

composition and some traces of gluten has been seen, that might be due to cross- contamination of gluten. 

Calcium content is same in both gluten free flours. Hence, good for bones and teeth of the celiac patients. 

It has also been found that control sample 2 (with wheat flour) had low calcium and zinc content in 

comparison to chickpea ladoo. While, chickpea contains least fat and energy content. Thus, it can be 

concluded that wheat flour and gram flour are more energy dense. As, it is known that wheat cereal contains 

gluten and control sample 2 contains  maximum amount of gluten toxicity that is highly dangerous for the 
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celiac patients to consume also, chickpea is found to be a good substitute to wheat be used in ladoos for 

consumption.  As shown in Figure 6b statistically, it has been observed that ladoo control sample 1 (with 

gram flour) contains highest amount of crude fibre and crude protein. Moisture is present in all the samples 

thus, they may tend to deteriorate after a certain period of time. Highest sugar is found to be present in 

control sample 2(with wheat flour) because of the natural sweetness of gluten. Also, maximum carbohydrate 

content are present in wheat flour ladoos followed by chickpea ladoos, hence the ladoos are found to be 

energy giving. 
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Figure 7a and 7b Represents the nutritive and biochemical analysis  results of mathis 

 

 As shown in Figure 7a statistically, it has been observed that mathis control sample 1 (with gram flour) 

contains more energy and fat as compared to that of chickpea mathis with the same composition, while on 

the other hand control sample 2 (with wheat flour) had low nutritional value in comparison to chickpea 

mathis except energy and fat content. Some traces of gluten has been seen in gluten free flours, that might be 

due to cross- contamination of gluten.While the presence of greater content of iron , calcium , zinc and 

magnesium makes chickpea flour mathis rich in micro-nutrients than control sample 1 (with gram flour) and 

control sample 2(with wheat flour). As, it is known that wheat cereal contains gluten and control sample 2 

contains  maximum amount of gluten toxicity that is highly dangerous for the celiac patients to consume also, 

chickpea is found to be a good substitute to wheat be used in mathis for consumption. As shown in Figure 

7b statistically, it has been observed that mathis control sample 1 (with gram flour) contains highest amount 

of crude fibre and crude protein. Moisture is present in all the samples. Thus, they may tend to deteriorate 

after a certain period of time. Highest sugar is found to be present in control sample 2(with wheat flour) 

because of the natural sweetness of gluten while the chickpea mathis have least sugar content also, 

maximum carbohydrate content are present in wheat flour ladoos followed by chickpea mathis, hence the 

ladoos are found to be energy giving. 
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Figure 8a and 8b Represents the  nutritive and biochemical analysis  results of kachoris 

 

As shown in Figure 8a statistically, it has been observed that kachoris control sample 1 (with gram flour) 

contains more energy, fat and zinc as compared to that of chickpea mathis with the same composition, while 

on the other hand control sample 2 (with wheat flour) had more iron, calcium and magnesium content in 

comparison to chickpea mathis. In general, chickpea kachoris were not found to have adequate nutrition in 

terms of the evaluated parameters. Some traces of gluten has been seen in gluten free flours, that might be 

due to cross-contamination of gluten. As, it is known that wheat cereal contains gluten and control sample 2 

contains  maximum amount of gluten toxicity that is highly dangerous for the celiac patients to consume. As 

shown in Figure 8b statistically, it has been observed that kachoris control sample 1 (with gram flour) 
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contains highest amount of crude fibre and crude protein. Moisture is present in all the samples thus, they 

may tend to deteriorate after a certain period of time. There is no presence of sugar found in the samples of 

kachoris as it included spices. Also, maximum carbohydrate content are present in wheat flour ladoos 

followed by chickpea mathis, hence the kachoris are found to be energy giving too. Combined nutritional 

and biochemical analysis of the products has been shown below in the Table 2. 

Gluten free contamination 

Many grains and their products were naturally gluten-free but during the study some traces of gluten may get 

entered in the samples which may be due to various reasons that may lead to the contamination. It has been 

studied in many researches that prove gluten contamination is not a myth and should be considered 

important to monitor during the study. As risk for cross-contamination of gluten free foods may occur in a 

kitchen environment with the  wheat-shared wooden spoons, colanders, or knives with gluten containing 

foods..  

 

In a pilot study performed in India by Raju N, et al., (2020) among products made from naturally gluten-

free grains, 35.9% of the flour samples and 85% of the oat samples (11.67-1830 mg/kg) were contaminated 

with gluten. In the case of flours, unbranded samples collected from local markets (70%) and directly from 

local mills (30%) showed gluten content above Codex safety levels which is 20-400 mg/Kg. 

 

There are findings about the prevalence of gluten contamination in gluten-free industrial and non-industrial 

products also which indicates that foods labeled as "gluten-free" should not be considered safe for patients 

with Gluten Related Disorders since information on the label regarding the presence/absence of gluten is 

unreliable. Therefore, any gluten-contamination in products that are labeled as gluten-free is a serious 

problem for celiac patients ( Falcomer AL, et al., 2020). 

 

Conclusion 

The present study showcased that the gluten free recipes containing chickpea in combination with flax seeds 

were well accepted. In the present study, cooking methods like soaking, drying, roasting, pressure cooking, 

grinding, kneading and deep frying has been used which also influenced the nutritional compositions of the 

cooked products. Efforts were made during the procurement of ingredients and by cleaning of processing 

equipment adequately to exclude the contamination in the products prepared and the acceptable samples 

were defined as per Codex safety levels. The above study imposes the development of new gluten-free 

snacks to cater to the ones diagnosed with celiac disease. It is a technological challenge and an extensive 

area of development of gluten-free products as the demand for these products is increasing worldwide with 

the increase in the number of patients to improve overall nutritional status of the consumer. 

Hence, in addition, variety of  these recipes can be given as snacks in the daily diet of celiac patients for 

beneficial effects to improve one’s health. In an interview reported by Schierhorn, (2020), Michelle 

Lieszkovszky stated that “snacking has become a lifestyle.” Consumers are also looking for premium 

experiences in their snacks. In this regard, we found that the use of ingredients used in this study were 

perceived well under the sensory evaluation Also, chickpea, delivered overall acceptability  without 

compromising taste and texture (Euromonitor, 2019). 

 

Thus, chickpea flour can be used as an healthy alternative of wheat flour as well as to other grains in one’s 

diet to maintain a healthy lifestyle by consuming it in commonly consumed recipes to make the diet more 

nutritious and wholesome. 
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