
Development of pseudo cereal quinoa based gluten free product to manage celiac 

disease among children 

ABSTRACT 

Background and objectives: Celiac disease is an autoimmune enteropathy induced by 

gluten - protein found in various cereal grains. The present study was undertaken to develop 

quinoa flour based gluten free biscuits for its supplementation in celiac children (7 to 9 

years). Gluten free biscuits were nutritionally analysed and effect of supplementation was 

studied by assessing nutritional statusof the subjects. 

Method: The study was conducted to develop quinoa flour based gluten free biscuits for its 

supplementation in celiac children (7-9 years). 

Findings: The nutrition analysis of most acceptable gluten free biscuits with 40percentquinoa 

flour had appreciable amount of protein (11.45g), lysine (3.69g),tryptophan (0.58g), 

methionine (0.96 g),iron (1.77 mg), calcium (49.43 mg), magnesium (70.08 mg), zinc (1.77 

mg) and fibre (2.45 g)per 100 g. A significant increase (p<0.01) in the intake of protein, iron 

and calcium was observed in children after supplementation. 

Conclusion: Supplementation resulted in significant decrease (p<0.01) in Anti-tTG IgA 

levels from 116.88 to 57.19 U/ml and significant increase in haemoglobin level from 11.59 

g/dl to 12.1 g/dl. Besides, Z- Scores of normal BMI for age improved from 16.6 t to 57.2 %. 

Significance and novelty: Quinoa based gluten free biscuits could be nutritionally superior 

and healthy alternative which could prove a boon to manage celiac disease among children in 

developing countries. 
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1. INTRODUCTION 



Celiac disease is an autoimmune enteropathy induced by gluten - a group of proteins found in 

various cereal grains. It is most common than is perceived in India as every 1 in 96 among 

north Indian community is suffering from celiac disease (Makharia et al., 2011). The 

prevalence of celiac disease and latent celiac disease is 8.53, 3.70 out of 1,000 in northern, 

4.66, and 3.92/1000 in north-eastern and 0.11, 1.22/1000 in southern part of India. Dietary 

intake pattern of wheat is significantly highest in northern (455 g) followed by north-eastern 

and southern part of India (Ramakrishna et al., 2016). On the basis of epidemiology, 

occurrence of celiac disease (CD) is predominantly higher in wheat consuming states such as 

Punjab, Haryana, Delhi, Rajasthan, Uttar Pradesh, Bihar and Madhya Pradesh (Deora, 

Deswal, Dwivedi and Mishra, 2014). The prevalence of celiac disease was found to be 

significantly (p<0.001) higher in children than in adults (0.5 %) i.e. 0.9 % in children and   

0.5 % in adults (Singh et al., 2018). Celiac disease prevalence amongst school going children 

in Punjab was observed to be one in 310 (Sood, Midha, Sood, Avasthi and Sehgal, 

2006).Dietary and life style modifications of the individual are proven effective in reducing 

the risk of celiac disease. Improvement is mostly seen by including gluten free products in 

diet or complete withdrawal of gluten from diet (Penagini et al., 2013). Gluten free diets 

ameliorate the health of the celiac patient as it lessens the symptoms and normalizes the villi, 

which is of great importance for gastrointestinal functioning. Rising demands for gluten free 

products parallels the increase in celiac disease. Products made from corn, rice, soybean, 

tapioca, amaranth seeds and pseudo-cereal such as quinoa can be included in the diet. Quinoa 

is gluten free and can be used to prepare various gluten free products safe for celiac patients 

(Zevallos et al., 2014). 

Quinoa (Chenopodiumquinoa Willd) is a dicotyledonous annual plant which belongs 

to the family Amaranthaceae, originated in the Andes region of Bolivia and Peru also known 

by different namei. equinua or simply quinoa. The United Nations General Assembly 



proclaimed 2013 as "The International Year of the Quinoa" in acknowledgment of tribal 

practices of the Andean individuals, who have protected quinoa as food for present and future 

generation through learning (United Nation, 2011). For the developing Indian population, 

quinoa seeds can be nutritious as compared to rice and wheat (Bhargava, Shukla and Ohri, 

2006). 

Quinoa is a treasure trove of nutrients. As compared to rice, corn, rye and sorghum, 

the protein content of quinoa (13.8-16.5%)is higher and is almost similar to that of wheat 

(USDA, 2015). It has balanced set of essential amino acids such as methionine, lysine and 

cysteine whereas wheat, rice and corn are low in lysine (Maradini et al., 2015). It has low 

concentration of prolamines. Quinoa is considered to be excellent source of antioxidant 

vitamin E and moreover B-complex vitamin levels are higher than the other grains (Alvarez, 

Arendt and Gallagher, 2010).Quinoa seeds contains appreciable amount of magnesium, zinc, 

iron, calcium and considered as sufficient for balanced diet. Quinoa contains a high level of 

protective phytochemicals such as saponins, phytosterols, phytoecdysteroids (Navruz and 

Sanlier, 2016).  

Germination of quinoa grains can bring the desirable changes in the texture and 

sensory characteristics of the product and also improves the nutritive value of the product. 

Germination of quinoa showed a significant effect on the protein, ash, crude fibre, and starch 

and carbohydrate contents of white and red varieties. Also, Significant (p≤0.05) increase in 

antioxidant activity was observed with the significant increase in phenolics, flavonoids and 

ascorbic acid content (Padmashree et al., 2019).Therapeutic properties and gluten free nature 

of quinoa benefits high risk group consumers, including youngsters, elders, and individuals 

with lactose-intolerance, women prone to osteoporosis, diabetes, dyslipidaemia, obesity and 

celiac disease (Galvez et al., 2010). So, Quinoa can prove a boon for celiac patients. 



Quinoa can be used to make novel, healthy, extruded and snack type food products. 

Quinoa flour can be used at different levels in product development such as bread, sweet 

biscuits (10-60%) and extruded products (30-40%) (Zevallos et al., 2014). Due to its 

endurance at low storage temperatures, low gelling point and good freeze-thaw stability, it 

can also be used as thickener in soups, sauces and flours. It can be used alone or in 

combination with other food material such rice flour, oat flour, Bengal gram flour for 

development of various value added products such as cookies, biscuits, bread, salad and  

popup, extruded snacks  up to 25%  level. Quinoa can be considered as excellent novel source 

as natural health promoting food.  

Choices of foods are limited for celiac patients and are not nutritionally balanced. 

Substitute for the wheat, having cereal base should be developed. As Quinoa is an emerging 

novel pseudo cereal with various health benefits and not much clinical trials have been done 

so far. Therefore, the present study was conducted with the objectives to develop and conduct 

organoleptic evaluation of quinoa flour based gluten free biscuits, to determine the 

availability of nutrients from acceptable biscuits and to evaluate the effectiveness of quinoa 

to manage celiac disease among children. 

2. MATERIAL AND METHODS 

2.1 Procurement of raw material 

Quinoa seeds (white variety) were procured from local farmer of Ludhiana. The other 

materials such as sugar, butter, milk, rice flour and maize flour used to develop gluten free 

biscuits were purchased from local market of Ludhiana.  

2.2 Processing of quinoa grains 

Quinoa grains were thoroughly cleaned in running water to remove saponins. Quinoa grains 

were soaked overnight in water at room temperature and were kept for germination for a 

period of 24hours. The germinated grains of quinoa were dried at 50°C in the hot air oven 



for 6hours. After drying, the quinoa grains were milled into fine flour using dry milling 

process in the Department of Food Science and Technology, PAU, Ludhiana. Developed 

flour was stored in air tight containers for further use. 

2.3 Development of gluten free biscuits 

Experimental samples of gluten free biscuits were developed with the combination of rice 

and maize flour and by incorporating different levels of quinoa flour(10-60%) while the 

control sample was prepared from 80 % rice  and 20 % maize flour. Gluten free biscuits were 

prepared in the Experiential Learning Unit of Department of Food and Nutrition, College of 

Community Science, PAU, Ludhiana, India.Biscuits were developed using standardized 

recipe (Kochhar and Kaur, 2015). For the preparation of gluten free biscuits, different 

proportions of gluten free flours were sifted and blended thoroughly along with baking soda 

(2 g) and baking powder (2 g). For creaming purpose,55 g of butter and 50 g of powdered 

sugar were rubbed together on the clean surface. Blended flour was added to the creamed 

mixture and milk (10 ml) was used to obtain the smooth dough. The sheet of about 0.5cm of 

thickness was obtained from the dough and round shapes were carved using mould. Biscuits 

were baked in deck oven at 150°C for 20 minutes. The biscuits were cooled for half an hour 

at room temperature and stored in low density polyethylene packs for further analysis. 

2.4 Organoleptic evaluation 

Ten semi- trained panellists carried out sensory evaluation of developed biscuits. Two 

sessions of one hour each were conducted to train panellists so as to familiarize themselves 

with the samples. In first session, the panel was served with 80 % rice and 20 % maize flour 

supplemented gluten free biscuits along with experimental samples prepared using 20, 40 and 

60 percent quinoa flour in different ratios viz 20:60:20, 40:40:20 and 60:20:20 (quinoa: rice: 

maize).  During second session, the panellists were able to understand the test and were given 

a score sheet to evaluate sensory attributes, i.e.colour, taste, texture, flavour and overall 



acceptability. The panellists were asked toscore samples on nine point hedonic rating scale 

where scores 1, 2, 3, 4, 5, 6, 7, 8 and 9 illustrated dislike extremely, dislike very much, 

dislike moderately, dislike slightly, neither like nor dislike, like slightly, like moderately, like 

very much and like extremely, respectively (Rangana, 1986).All panelists were instructed to 

rinse their palate with mineral water before testing each sample. The product characterization 

was carried out under “day light” illumination and in isolated booths within nutrition 

laboratory. Samples was given different codes to avoid any biased judgement and mean score 

for each sample was calculated. Experimental sample with 40 % quinoa flour got the highest 

scores of all sensory attributes amongst control as well as other experimental samples.  

2.5 Nutritional and anti-nutritional analysis 

Biscuits prepared by using 80 % rice flour and 20 % maize flour along with experimental 

sample supplemented with 40 % quinoa to 40% rice and 20% maize flour were weighed and 

uniformly grounded and dried at 60°C in oven. Dried ground samples were stored in air tight 

containers for further nutritional analysis. The proximate composition (AOAC, 2000), amino 

acids –tryptophan (Concon, 1975); available lysine (Booth, 1971); methionine (Horn, Jones 

and Blum, 1946), minerals (Piper, 1950) – calcium; magnesium; iron; zinc and anti-

nutritional factors – saponins (Domengza, Steinbronn, Francis, Focken and Becker, 2009); 

phytin phosphorus (Haug and Lantzsch, 1983)were determined using the standard methods.  

2.6 Supplementation trial 

A group of sixty celiac children in the age group of 7 to 9 years age group regardless 

of gender were taken from local hospitals of Ludhiana, Punjab, India. A questionnaire was 

developed to obtain information pertaining to demographic, socio-economic status, dietary 

pattern, medical history,food intake, anthropometric measurements and biochemical 

parameters. Pre-testing of the questionnaire was carried out on 10 young children to check its 

validity and suitability. For supplementation trial, celiac children were divided into two groups 



namely experimental and control having 30 each. The celiac children of experimental group 

were provided six (50±5 g) developed biscuits using quinoa, rice and maize(40:40:20) per 

day for a period of three months. The same amount of rice and maize biscuits (80:20) were 

given to  celiac children in control group. 

2.7Data collection  

The effect of supplementation was determined by taking data pertaining to nutritional status 

of celiac children such as dietary intake, anthropometry and biochemical parameters. The 

data was collected at two time intervals before and after supplementation for three months. 

The supplementary effect was assessed by observing increase and decrease in all the 

parameters used to assess nutritional status of young children. 

2.7.1 Dietary intake: Dietary intake of subjects was recorded for three consecutive days 

using24 hour dietary recall method using standardized measuring containers.Data pertaining 

to nutrient intake was calculated  using ‘Diet Cal software’ (Kaur, 2014).Mean daily food 

intake  and  nutrient intake was compared with suggested dietary intake (SDI) and estimated 

average requirement (EAR) as given  by Indian Council of Medical Research (ICMR, 2010; 

ICMR, 2020).  

2.7.2 Anthropometric measurements: Height was measured by using flexible, non-

stretchable fibre glass tape. The subjects were told to stand barefoot along the wall and erect 

the head comfortably. Head piece was lowered, touching the top of the head with scale and 

height was measured by marking on wall with the pencil. For weighing the subjects, 

weighing balance was used. Subjects were told to remove shoes and stand straight at the 

centre of the platform. Weight was recorded in Kilograms (Kg), up to 0.2 Kg accuracy. For 

the measurement of mid upper-arm circumference (MUAC), fibre tape was placed firmly 

around the left upper-arm, mid-way between acromial and olecranon according to the 

compression of soft tissues and the measurements were noted down.The Z-score for three 



indices visualizing weight-for-age (WAZ), height-for-age (HAZ) and BMI-for-age were 

computed by using ‘WHO: Anthro-plus’ software (WHO, 2009). The prevalence of 

malnutrition was calculated on the basis of Z-score cut off level:>+2.0 SD: Overweight;-2.0 to 

+2.0 SD: Normal; <-2.0 SD: Moderately malnourished; < -3.0 SD: Severely malnourished 

(WHO, 2006). 

2.7.3 Biochemical parameters: The biochemical parameters mainly Haemoglobin (Dacie 

and Lewis, 1989), Packed Cell Volume (Raghuramulu, Mahadevan and Kalyana, 1983), 

Mean Corpuscular Volume, Red Blood Cell count (Hunter and Bomford, 1967) and Anti-

tissue Transglutaminase Immunoglobulin A(NHANES, 2009-10)were assessed using 

standard methods. 

2.7.4 Statistical analysis 

Data were analysed  using appropriate statistical tools such as mean and standard deviation. 

Kruskal-Wallis and Mann-Whitney test was applied using Statistical Package for the Social 

Sciences (SPSS-16.0) to select the best formulation of developed gluten free biscuits. Student t-

test was applied to test the significant difference in nutrient compositionof control and 

experimental sample of gluten free biscuits. Paired t-test was used to analyse the data pertaining 

to dietary intake, anthropometric and biochemical parameters of the celiac children. 

3. Results  

 Quinoa is highly nutritious due to its outstanding protein quality, mineral content and have a 

good source of antioxidants, bioactive compounds as compared to other cereals and pseudo –

cereals (Debski, Mikolaj, Gralak, Bertrandt and Klos, 2013; Hirose, Fujita, Ishi and Ueno, 

2010).Quinoa flour based gluten free biscuits were developed as healthy alternative for celiac 

children. So, it was obligatory to perform acceptability trials. Quinoa flour based gluten free 

biscuits developed by using combination of rice and maize flour  by incorporating 40 percent 

of quinoa flour got the highest scores in sensory attributes. Before starting the 



supplementation trial, the approval was taken from PAU ethical committee (No. DR-8271-80-

19-9-19), Ludhiana,  Punjab. The permission for supplementation was also obtained from the 

parents of selected celiac children. 

3.1Nutritional evaluation  

 Quinoa seeds possess 10.74-11.77 % of moisture, 3.22-3.87 % of ash, 56.69-66.07 % 

carbohydrate, 11.15-17.81 % crude protein, 4.01-6.14 % crude fat and 6.30-8.24 % crude 

fibre (Barakat, Khalifa, Ghazal, Shams and Denev, 2017). In present study,most acceptable 

gluten free biscuits supplemented with 40 percent quinoa were chemically analysed for their 

nutritional as well as anti-nutritional composition (Table I). The results revealed that crude 

protein content of the quinoa based biscuits was significantly (p≤0.05) higher(11.45%) than 

crude protein  of the control sample (8.99%).Protein content was found to be significantly 

higher in sweet quinoa varieties i.e 14.9 and 15.8 % in bitter quinoa (Wright, Pike, Fairbanks 

and Huber, 2002). Crude fibre content of quinoa based biscuits was reported to be 2.45 % 

,which was significantly higher (p≤0.01) than that of control sample (0.94%) 

.Theoutcomesofcurrent study coincide with the findings of previous researchers who reported 

that quinoa flour is good source of protein (12.9-16.5%) and dietary fibre comprising about 

2.6 to 10 percent of the total weight of the grain (Gordillo, Rizzolo, Roura, Massanes and 

Gomis, 2016; Lamothe, Srichuwong, Reuhs and Hamaker, 2015).The total dietary fibre and 

soluble fibre content of quinoa seeds was reported to be 7-11.7 percent and 1.3 – 6.1 percent 

(Gebhardt et al., 2008).The biscuits blended with 40 percent quinoa flour showed the highest 

protein and crude fibre content of 25.37 and 1.16 %, respectively (Puri, Sarao, Kaur and 

Talwar, 2020). 

 Quinoa flour contains appreciable amounts of minerals. The mineral content such as 

calcium, magnesium and potassium were found in sufficient quantities for a balanced diet 

ranging from 874mg/kg, 1901.5 mg/kg and 9562.2 mg/kg(Gordillo, Rizzolo, Roura, 



Massanes and Gomis, 2016).Results of present study revealed that quinoa based biscuits had 

significantly higher (p≤0.01) iron content of 1.77 mg/100g than the control sample having 

1.06 mg/100g. The calcium and magnesium content in control sample was 10.50 mg/100g 

and 22.49 mg/100g which significantly (p≤0.01) increased to 49.43 mg/100g and 70.08 

mg/100g after addition of 40 % quinoa flour in gluten free biscuits. The results are in line with 

the findings of Sohaimy, Mohamed, Shehata, Mehany and Zaitoun (2018) that quinoa flour 

had the most balanced content of essential minerals as compared with the other cereal grains. 

Iron content in quinoa flour was 6.5 times the iron content of wheat which emphasizes the 

benefit of quinoa flour for malnutrition. Quinoa flour possess high levels of minerals such as 

iron (63 mg/ Kg), magnesium (174 mg/ Kg), potassium(443mg/Kg),sodium  (858 mg/ Kg) 

and calcium (127 mg/ Kg) .Zinc content of 1.51 mg/100g in quinoa based biscuits was 

significantly higher (p≤0.01) than the control sample with zinc content of 0.37 mg/100g. 

Similarly,another study reported that quinoa is a potential source of minerals as it has a good 

content zinc (3.65 mg/100 g), iron (5.40 mg/100 g) and calcium (176 mg/100 g)  which was 

higher than that of the present findings (Lazarte, Carlsson, Almgren, Sandberg and Granfeldt, 

2015). 

 The dietary protein availability and protein metabolism are dependent upon the 

protein digestibility and amino acid composition present in the food. The analysis with regard 

to amino acid composition of the biscuits revealed a significant (p≤0.05) difference in lysine 

content of quinoa flour based and control biscuits (Table I). quinoa based biscuits had 

significantly higher lysine content than the control sample (3.69 vs 2.28g/100g 

protein).Similar trend was observed in previous study conducted by Elsohaimy, Refaaya and 

Zaytounb (2015) that quinoa protein possess highest level of lysine (17.13g/100g) and 

moderate levels of methionine (1.70g/100g). 

The estimated values of tryptophan and methionine in quinoa based biscuits were 0.58 



and 0.96 g per 100 g protein which was significantly higher (p≤0.01) than that of control 

sample with tryptophan and methionine content of 0.43 and 0.54 g per 100g protein, 

respectively. Overall, the amino acid content was found to be higher in biscuits prepared from 

quinoa flour as compared to control.Quinoa seeds contains appreciable amount of protein and 

incredible balance amino acids (Navruz and Sanlier, 2016). 

The anti-nutritional analysis revealed that the saponin content was found only in the 

experimental sample supplemented with 40% quinoa flour i.e. 0.48%. The present results are 

corroborated with the findings of Lim, Park and Yoon (2020) who found that quinoa seeds 

possess 1.26g/100g of saponin content which was reported to be significantly higher than the 

saponin content of quinoa stem, quinoa leaves, and quinoa roots. Antinutritional factors such 

as phytates, oxalates, tannins, trypsin inhibitors and saponins were found higher in outer 

layers of cereals. Saponin content and bitterness can be easily removed by wet and dry 

methods(Maradini et al., 2015). Germination of quinoa results in significant reduction in 

antinutritional factors (Ananthan et al., 2019). One of the study documented that quinoa 

contained 557 mg/ 100 g saponin content  and it was reduced to 36 mg/ 100g after abrasive 

milling (Pirjo et al., 2018).Phytin phosphorous content in the quinoa based biscuits (38.45 

mg/100g) was significantly (p≤0.05) higher as compared to the control sample (19.03 

mg/100g).Similarly, another study also reported higher concentration of phytates in quinoa 

i.e. 2060 mg/100g (Lazarte, Carlsson, Almgren, Sandberg and Granfeldt, 2015). 

3.2Demographic profile and socio-economic status 

The demographic profile of celiac children is given in Table II. Majority of the children (60 

%) were between 8 to 9 years of age and 40% were of 7 to 8 years age group. A major 

proportion of children (63.33 %) were males while 36.67 percent of children were females. In 

contradiction, Zingoneet al. (2015)documented that among 1247 children, celiac disease 

incidence was higher in girls than in boys. Majority of the subjects i.e. 53.33% were of the 



first birth order, followed by second birth order (43.33 %) and third birth order (3.33 %). 

Birth order might affect the nutritional status of children and the possible reason could be that 

the children with increasing birth order are more likely to be unwanted which may results in 

less attention and care from parents. Child check-up also decreases with the higher birth 

order. As a result, children with higher order of births might suffer from various health 

hazards as well as malnutrition (Khan and Raza, 2014).The data related to family type 

highlighted that most of the subjects (76.67 %) belonged tonuclearfamilieswhile23.33% of 

the subjects were from joint families. 

The information regarding socio-economic status revealed that monthly family income of 

thirty percent children was between Rs.25,000-50,000 i.e. low, 36.67 percent children 

families have medium income (Rs.50,000-75,000), 13.33 percent families had high income 

(Rs.75,000-1,00,000) and twenty percent  families had very high income (above Rs.1,00,000). 

Roy et al. (2016) stated that patients with non-classic symptoms of celiac disease are less 

likely to be diagnosed when they belong to a lower socioeconomic status. Factors such as sex, 

age and low per capita income were considered a significant predictor for the diagnosis of 

celiac disease without any gastrointestinal symptoms. 

As far as the education of children’s parents was concerned, the results revealed that both the 

parents of selected children were well educated as major proportion of fathers (63.33 %) and 

mothers (60 %) of the subjects were graduates and none was illiterate. Igbokwe (2014) reported 

that factors such as age and sex, parental education and socioeconomic class had a significant 

impact on nutritional status. Children of parents with secondary education and below were 

more stunted, wasted and underweight than those whose parents had tertiary education. 

Children from the upper socioeconomic class were more overweight and obese while those 

from lower socioeconomic class were more stunted, wasted and underweight. 

The data related to parents occupation indicated that most of the subject’s father were 



working in a private firm (46.67 %) followed by 26.67 %  having their own business,16.67 

per working in government sector and 10% farmers. Major proportion of children’s mothers 

(56.67 %) were having working status.Haines et al.(2019)stated that busy parents struggling 

to balance work and family life have less time to shop and prepare traditional food. Increase 

in parental stress is linked with consumption of less healthy foods and children are more 

likely to be overweight or have unhealthy eating habits. 

3.3Medical history 

The data regarding the time of diagnosis of celiac disease as shown in Table III 

revealed that 46.67% of the selected children had been diagnosed for more than twelve 

months, followed by 30 % diagnosed for less than six months and 23.33 % for less than six 

months. Almost 40 % of the subjects were having family history of the disease. The reason 

behind the family history of celiac disease might be that it is a genetic hereditary disease. 

Celiac disease was found to be more prevalent among first degree relatives of the subject i.e. 

mother (58.33 %) and father (50 %). Singh, Arora, Lal, Strand and Makharia (2015) observed 

that among 10,252 first degree relatives and 642 second degree relatives of the celiac patient, the 

prevalence of celiac disease was found to be 7.5 and 2.3 percent, respectively. Prevalence of 

celiac disease was reported to be higher among female first degree relatives than male first degree 

relatives. Likewise, another study reported that the prevalence of celiac disease varied from 4.5 

percent among first degree relatives of celiac patient to 0.5-1.0 % in general population (Fasano 

et al., 2003). 

Morbidity record of the celiac subjects indicated that among sixty celiac children, 

63.33 percent of subjects were holding sickness record for past one year. The highest sickness 

observed was fever (73.68%), followed by cough and cold (68.42%) and viral infection 

(21.05%).Almost 4.17 % of subjects with morbidity record of only experimental group 

suffered from chicken pox and dengue. The possible reason behind these 63.33 per cent of 



the subjects with morbidity could be the malabsorption caused due to celiac disease which 

tends to make celiac patients more susceptible to illness than their otherwise healthy 

counterparts. Moreover, the delay in the diagnosis of celiac disease is related with the poor 

health and reduced well-being and also linked with the increased use of medicines and health 

care services (Fuchs et al., 2018). 

The information related to signs and symptoms revealed that abdominal pain was 

observed in seventy percent of the subjects. Nearly half (53.33%) of the total selected celiac 

subjects were reported with breathlessness. Common complaints such as dyspnea which includes 

asthma, myocardial dysfunction, chronic obstructive pulmonary disease and pulmonary embolus 

were reported in celiac disease patients (Kanwal, Sheikh, Biyyani, Sievers and Kyprianou, 2012). 

Fatigue was prominent among sixty percent of the subjects. Irregular heartbeat, breathlessness, 

fatigue, flat nails and paleness might be caused due to iron deficiency anemia as iron deficiency is 

a very common feature of celiac disease. Blistering skin rashes were observed in 63.33 

percentofthesubjects.Salmiet al.(2015) reported that dermatitis herpetiformis is most often an 

indicator of poor adherence to gluten free diet andit may develop by time in celiac patients. 

The subjects with chronic diarrhoea and foul smelling stools were 46.67 and 76.67 % 

respectively. Nearly forty percent of the subjects were having canker sores inside their mouth. 

Almost 43.33 percent of the subjects faced hardships in memorizing. 

3.4Supplementary effect of biscuits on nutritional status of celiac children  

The effect of supplementation of gluten free quinoa based biscuits on nutritional status of 

celiac children was expressed in terms of change in food and nutrient intake, anthropometric 

measurements and biochemical parameters. The prevalence of malnutrition, Anaemia and 

Anti-tTG IgA levels were also recorded (Figure I). 

3.5Dietary Pattern  

The data related to type of food consumed by the celiac children in Table V revealed that the 



subjects of both control and experimental group consumed homemade as well as readymade 

food before the Supplementation. The parents of both groups were very much aware about 

the availability of gluten free products available in the market. After supplementation trail, 

the number of experimental subjects consuming readymade food was observed to be 

decreased. Penagini et al.(2013) reported that limited choice of food products in the diet of 

celiac children results in high consumption of packaged gluten free products such as snacks 

and biscuits. Patron and Barca (2017) stated that traditional homemade meals got replaced by 

ultra- processed foods and ready to eat products because of their ease and availability, but they 

bring on negative impact on health due to their low-fiber and high-fat and sugar composition. 

Genetically predisposed children should avoid ultra-processed food products so as to 

decrease the susceptibility of celiac disease. All the subjects of experimental group 

consumed quinoa based gluten free biscuits during supplementation period while the 

subjects of control group consumed gluten free biscuits without quinoa. Valitutti et al. 

(2017) observed significant differences in the consumption of bread, biscuits, and crackers 

by the celiac patients and control population. The consumption of biscuit and cracker was 

found higher (165.8g vs 22.7g and 44.7g vs 10.6g, p<0.05 ) among children in experimental 

group than in control.  

3.6 Food and nutrient intake 

The data regarding the food intake by the subjects of both groups in Table VIreported 

an inadequate food intake of all food groups except sugars, fats and eggs before 

supplementation. After supplementation trail, a significant (p≤0.01) increase in the intake of 

cereals and millets, roots and tubers, fruits, milk and milk products, pulses and 

legumes(p≤0.05) and eggs (p≤0.05) by experimental group subjects was observed. However, 

the control group showed non-significant improvement in all the foods except other 

vegetables, animal meat, fish and eggs. Similarly, a significant (p≤0.01) increase in the intake 



of nutrients such as energy, protein, carbohydrates, iron, calcium and thiamine (p≤0.05) was 

observed in the experimental subjects after the supplementation whereas non-significant 

improvement in the nutrient intake except iron, folic acid and vitamin C was observed in the 

control subjects. After supplementation, mean daily dietary intake of protein 

significantly(p≤0.01) increased by 13.72 percent from26.32 g to 29.93 g in the experimental 

and non-significant increase by 7.5 percent in the control subjects i.e.from24.66 to 26.51 g 

was observed. The percent adequacy of protein intake also increased from 129.78 to 139.52 

percent after supplementation in the experimental group. However the protein intake was 

found higher than the EAR (19 g/day) in both the groups before and after the 

supplementation. Zuccotti et al. (2013) supported the present results by reporting that the 

dietary protein intake was significantly higher among the celiac children and exceeded the 

National recommendations for health and also, median energy intake was observed to be 

significantly (p< 0.001) higher in celiac patients than in controls. 

A significant increase (p≤0.01) by 30.42 percent was observed in the mean daily iron intake of 

the experimental subjects as it increased from 10.06±2.20 mg to 13.12±1.82 mg after the 

supplementation whereas non-significantly decrease by 5.06 percent from 12.26±1.96 mg to 

11.64±2.17mg was observed in the control subjects. The percent adequacy of iron increased 

from 100.6 to 131.2 % in experimental group after supplementation.Likewise, Ohlund, 

Olsson, Hernell and Ohlund (2010) found that the nutrient density of iron was higher in celiac 

children than in controls. 

3.7Anthropometric profile 

The anthropometric data of the celiac children revealed that the average height of 

selected subjects increased by 0.15 %in the control group while the corresponding figure in 

experimental group was 0.08 % (Table VII). Further it was observed that average height of 

control and experimental children was 127.22±7.49 and 127.02±9.01 cm, respectively which 



non-significantly increased to 127.42±7.68 and 127.12±9.00 cm after the supplementation of 

gluten free biscuits. Soliman et al (2019) reported that among 26 celiac children, the follow 

up of gluten free diet resulted in fast-linear growth (increased Ht-SDS) in seven of the man 

catch-up growth occurred in some of them after 2 years of being on gluten free diet. In 

contrast, one previous study reported that there was significant statistical difference 

(p<0.01) in the mean height of gluten free diet compliant children (130.47 cm) as 

compared to the non-compliant children (112.19 cm) (Khurana et al., 2015). 

 In terms of weight of the selected celiac children, the average weight of celiac 

children in both the groups remained lower than the standard value (25.3 kg) given for 

children in age group of 7-9 years ( ICMR2020). A significant (p≤0.01) increase and 

maximum percent increase in weight was observed in experimental group (6.86 %) after 

the supplementation whereas non-significant increase was observed in control group from 

20.84±3.03 to 21.02±2.87 kg with percent increase of 0.86%. The results of present 

investigation are in collaboration with the findings of Zuccotti et al (2013) who revealed that 

gluten free products consumption accounted for 36.3 % of daily total energy intake and the 

median energy intake was observed to be significantly (p < 0.001) higher in celiac patients 

than in control. Weight gain was reported in the celiac patients who strictly adhered to the 

gluten free diet. Nearly 15.8 % of patients with celiac disease  had a move from a normal or 

low BMI class at diagnosis to an overweight BMI class and 22 percent of those already 

overweight at diagnosis gained more weight (Kabbani et al., 2012). 

 Mid upper arm circumference (MUAC) of experimental subjects was 19.84 cm, which 

significantly (p≤0.05) increased to 19.90 cm after the supplementation period whereas non-

significant improvement was observed in MUAC of control subjects. Likewise, significant 

increase (p≤0.05) in the body mass index of about 6.70 % was observed in the experimental 

group after the supplementation. The significant increase of BMI might be due to the 



increase in weight of the subjects after the supplementation. For instance, one study 

revealed that that celiac children were found significantly (p= 0.014) less overweight or 

obese than healthy controls i.e 12 and 23.3 % respectively and significantly (p<0.001) 

more frequently underweight than healthy controls i.e 16 and 4.5 %, respectively 

(Brambilla et al., 2013). 

3.8Prevalence of malnutrition 

Perusal of the data related to prevalence of malnutrition in celiac children is presented 

in Figure I. Low height-for-age refers to stunted growth, can be used as a standard, which 

assesses chronic malnutrition. Z-score for the height-for-age revealed that stunting was present 

in the subjects of both groups before and after supplementation periods. Moreover, the moderate 

type of stunting was noticed to be more among experimental group (33.33 %) than the control 

group (26.7 %). Bhavika et al. (2020) found that stunting was present in 61.1 % of celiac children 

and 5.6 % of the control children. Nearly 50 % of celiac children and 2.8 % of normal children 

had wasting. Igbokwe (2014) also reported that the prevalence of stunting, underweight and 

wasting among the primary school children were 0.8 , 3.3 and 3 % respectively, while the 

prevalence of overweight and obesity were 8.5 and 4.1 % respectively. 

Weight-for-age is an index of the adequacy of the child’s nutrition to support growth, 

which is a relevant marker for underweight, corresponds to the extended malnutrition. The 

large number of subjects of both the groups were found to be underweight before 

supplementation. The supplementation resulted in great increase in the number of normal 

weight subjects of experimental group from 46.7 to 73.3 % while the number of normal weight 

control subjects increased from 40  to 53.4 %. Similar trend was observed in the Z-score for 

BMI-for-age of the subjects. Supplementation showed a great effect on the Z-score of BMI-for-

age of the experimental subjects as the scores of normal BMI-for-age improved from 16.6  to 

57.2 %. Reilly et al. (2011) observed that nearly 75 % celiac children were having increased BMI 



at the time of diagnosis which significantly decreased to 44 %. The celiac children could manage 

to reduce their BMI Z-scores after strict follow up of gluten free diet. Weight Z-scores of celiac 

children with a normal BMI at the time of diagnosis, increased significantly after the follow up 

and 13 % of them became overweight.Wiech et al. (2018) also reported that gluten free diet 

resulted in a significantly (p< 0.05) higher increase in weight and body mass index in celiac 

children. 

3.9Biochemical parameters 

The data regarding biochemical parameters of the celiac subjects is presented in Table 

VIII. It was noticed that subjects of experimental group were found anaemic before the 

supplementation as the mean haemoglobin level was 11.59 g/dl which was less than the 

normal range (12-17 g/dl). After supplementation, it was significantly (p≤ 0.01) increased to 

12.1 g/dl with percent increase of 4.35 % whereas the haemoglobin of the control subjects 

non-significantly increased by only 0.55 % from 12.04 to 12.11g/dl. Narang et al. (2018) 

revealed that celiac disease was indirectly linked with moderate-to-severe anemia in 4% of 

the children. 

  Supplementation ofquinoa based gluten free biscuits for the period of three 

months to the experimental subjects resulted in a significant decrease (p≤0.01) of anti-tTg 

IgA level from 116.88 to 57.19 U/ml. The levels declined by 51.07 % in experimental 

subjects whereas the anti-tTg IgA level in control subjects non-significantly decreased by 

23.13% from 93.61 to 71.96 U/ml. However, even after supplementation, the anti-tTg IgA 

level of both the groups was reported to be higher than the standard value (< 7 U/ml).Upon 

analyzing the PCV, RBC count and MCV of the subjects, the data showed non-significant 

improvement in the subjects of both the groups after thesupplementation.Kaur, Chinna, Bhat 

and Verma (2012) studied the prevalence of celiac diseases in symptomatic children in 

Punjab. Anti tTG-IgA was estimated by ELISA and the results showed that 18 % children 



were having significantly higher levels of anti tTG-IgA (>20U/ml) in sero positive cases than 

sero negative cases i.e. 195.48 and 4.02 %. Sero positive cases were found to be higher in the 

age group of 6-10 years. Toma et al.(2019) reported that the reduction or total elimination 

of dietary gluten leads to a decrease in the levels of antibodies directed against gliadin or 

tTG. After 6–12 months of adhering to a gluten free diet, 80 percent of subjects will test 

negative by serology. Oliveira, Mohan and Fagbemi (2018) reported that 23 % of them 

were found anaemic, 63 % were having low ferritin and 62 % were observed with a 

moderate to severe deficiency of 25-hydroxyvitamin D. Twelve months follow up of 

gluten-free diet resulted in complete clinical improvement in 51% and partial in 49%. IgA 

tTG levels were found to be normalized in 45 percent of the selected celiac children after 

the follow up of gluten-free diet for 12 to 30 months. 

4.Conclusion 

The present research work explored that gluten free biscuits supplemented with 40 percent 

quinoa flour were nutritionally superior than maize and rice flour based biscuits. 

Supplementation resulted in significant decrease in anti-tTG IgA levels and also, improved 

percent adequacy of food and nutrient intake of celiac subjects.  Supplementation was found 

to be effective tool in reducing the incidence of malnutrition and anemia among the celiac 

children. Therefore, the findings of current investigation suggested that quinoa flour in 

combination with maize and rice flour should be utilized to develop gluten free highly 

nutritious foods and highly recommended for long duration supplementation to celiac 

children for better result. 

 

5.References 

1. Alvarez, J. L., Arendt, E. K. and Gallagher, E. Polyphenol composition and in vitro 

antioxidant activity of amaranth, quinoa buckwheat and wheat as affected by 



sprouting and baking. Fd Chem (2010), 119, 770-78. 

2. Ananthan, P., Negi, N., Handu, S., Khan, M. A., Semwal, A. D. and Sharma, G. K. 

Effect of germination on nutritional, anti-nutritional and rheological characteristics of 

quinoa (Chenopodium quinoa). Def Life Sci J,(2019) 4, 55-60. 

3. AOAC Official method of analysis.Association of Mineral chemis.In (ed)Interscience 

publishers. (2000) Pp.325-35. 

4. Barakat, H., Khalifa, I., Ghazal, G. A., Shams, A. and Denev, P. N.Chemical 

composition and nutritional value of seeds from new quinoa accessions, cultivated in 

Egypt.Bulg Chem Comm, (2017) 49, 231-38. 

5. Bhargava, A., Shukla, S. and Ohri, D. Chenopodium quinoa- An Indian perspective. 

Ind.Crops Prod, (2006) 23,73-87. 

6. Bhavika, Y. M., Dewan, V., Nath, R. K., Yadav, T. P., Mittal, H., Yadav, A. K. and 

Nabum, S. Echocardiographic and biochemical profile in children with celiac disease. 

Ind J Child Health, (2020)  3, 130-3. 

7. Booth, V. H. Problems in the determination of FNDB: Available lysine. J Sci Fd 

Agric, (1971) 22, 658. 

8. Brambilla, P., Picca, M., Dilillo, D., Meneghin, F., Cravidi, C., Tischer, M. C., 

Vivaldo, T., Bedogni, G. and Zuccotti, G. V. Changes of body mass index in celiac 

children on a gluten-free diet.Nutr Metab Cardiovasc  Dis, 23, (2013) 177-82. 

9. Concon, J. M. Rapid and simple method for the determination of tryptophan in cereal 

grains.Anal Biochem, (1975) 67, 206. 

10. Dacie, J. B. and Lewis, S. M. Practical hematology. English language book society 

and Churchill limited, London. (1989) Pp. 214-17. 

11. Debski, B., Mikolaj, A., Gralak, Bertrandt, J. and Klos, A. Minerals and polyphenols 

content of quinoa (Chenopodium quinoa Willd) plant. Probl Hig Epidem, (2013) 94, 



300-04. 

12. Deora, N. S., Deswal, A., Dwivedi, M. and  Mishra, H. N.  Prevalence of coeliac 

disease in India: A mini review. Int J Latest Res Sci Tech, (2014) 3, 58-60. 

13. Domengza, E., Steinbronn, S., Francis, G., Focken, U. and Becker, K. Investigation 

on the nutrient and anti-nutrient content of typical plants used as fish feed in small 

scale aquaculture in the mountaineous regions of Northern Victam.Anim Feed Sci 

Tech, (2009) 149,162-78. 

14. Elsohaimy, S. A., Refaaya, T. M. and Zaytounb, M. A. Physicochemical and 

functional properties of quinoa protein isolate. Annals Agri Sci,(2015) 60, 297-305. 

15. Fasano, A., Berti, I., Gerarduzzi, T., Not, T., Colletti, R. B., Drago, S., Elitsur, Y., 

Green, P. H., Guandalini, S. and Hill, I. D.  Prevalence of celiac disease in at-risk and 

not-at-risk groups in the United States: A large multicenter study. Arch Intern Med, 

(2003) 163, 286-92. 

16. Fuchs, V., Kurppa, K., Huhtala, H., Maki, M., Kekkonen, L. and Kaukinen, K.  

Delayed celiac disease diagnosis predisposes to reduced quality of life and 

incremental use of health care services and medicines: A prospective nationwide 

study. United Euro Gastroenterol J, (2018) 6, 567-75. 

17. Galvez, V. A., Miranda, M., Vergara, J., Uribe, E., Puente, L. and Martinez, E. A.  

Nutrition facts and functional potential of quinoa (Chenopodium quinoa Willd),an 

ancient Andean grain: A review. J Sci Fd Agric, (2010) 90, 2541-47. 

18. Gebhardt S,  Lemar L, Haytowitz D, Pehrsson P, Nickle M, Showell B, Thomas R 

and Exler J H United States Department of Agriculture Agricultural Research Service 

(2008). 

19. Gordillo, B. E., Rizzolo, D. A., Roura, E., Massanes, T. and Gomis, R.Quinoa 

(Chenopodiumquinoa Willd) from nutritional value to potential health benefits: An 



integrative review. J Nutr Fd Sci, (2016) 6, 497. 

20. Gordillo, B. E., Rizzolo, D. A., Roura, E., Massanes, T. and Gomis, R. Quinoa 

(Chenopodium quinoa Willd) from Nutritional Value to Potential Health Benefits: An 

Integrative Review. J Nutr Fd Sci, (2016)  6, 497. 

21. Haines, J., Haycraft, E., Lytle, L., Nicklaus, S., Kok, F. J., Merdji, M., Fisberg, M., 

Moreno, L. A., Goulet, O. and Hughes, S. O. Nurturing children's healthy eating: 

Position statement. Appetite, (2019) 137, 124-33. 

22. Haug, W. and Lantzsch, H. T. Sensitive method for rapid determination of phytate in 

cereals and cereal products. J Sci Fd Agric, (1983)  34, 1423-26. 

23. Hirose, Y., Fujita, T., Ishi, T. and Ueno, N. Anti-oxidative properties and flavonoid 

composition of chenopodium quinoa seeds cultivated in Japan. Fd Chem, (2010) 119, 

1300-06. 

24. Horn, J. M., Jones, D. B. and Blum, A. E. Colorimetric determination of methionine 

in proteins and foods. J Biol Chem, (1946) 166, 313-20. 

25. Hunter, I. and Bomford, V. N. Clin.Haematol, Academic Press, New York (1967). 

26. ICMR Nutrient Requirements and Recommended Dietary Allowances for Indians. 

(2010) Pp.254. NIN, Jamai Osmania, Tarnaka, Andhra Pradesh, India. 

27. ICMR RDA and EAR - A short report.NIN, Jamai Osmania, Tarnaka, Andhra 

Pradesh, India (2020). 

28. Igbokwe, O. O. Assessment of nutritional status of primary school children in Enugu 

north local government area using anthropometry.Ph.D. Dissertation.National 

Postgraduate Medical College of Nigeria, Enugu, Nigeria, West Africa (2014).  

29. Kabbani, T. A., Goldberg, A., Kelly, C. P., Pallav, K., Tariq, S., Peer, A., Hansen, J., 

Dennis, M. and Leffler, D. A.  Body mass index and the risk of obesity in coeliac 

disease treated with the gluten free diet. Aliment PharmacolTher , (2012) 35, 723-9. 



30. Kanwal, A., Sheikh, I., Biyyani, S. S., Sievers, C. and Kyprianou, A. Shortness of 

breath: Anyone consider the gut?.J Gastroint Dig Syst, (2012) 2, 115. 

31. Kaur, G. Diet cal- A tool for dietary assessment and planning. AIIMS, New Delhi 

(2014). 

32. Kaur, S., Chinna, R. S., Bhat, D. and Verma, I. The prevalence of celiac disease in 

symptomatic children in Punjab.Ind J Mater Child Health,(2012) 15, 2-10. 

33. Khan, R. E. and Raza, M. A.  Nutritional status of children in Bangladesh: Measuring 

Composite Index of Anthropometric Failure (CIAF) and its determinants. Pak J 

Comm So cSci,(2014)  8, 11-23. 

34. Khurana, B., Lomash, A., Khalil, S., Bhattacharya, M., Rajeshwari, K. and Kapoor, S. 

Evaluation of the impact of celiac disease and its dietary manipulation on children and 

their caregivers.Indian J Gastroenterol,(2015) 34, 112-6. 

35. Kochhar, A., and Kaur, N. Manual of experiential learning in bakery and 

confectionery (2015) .Page 39.Department of Food and Nutrition, College of Home 

Science, Punjab Agricultural University, Ludhiana. 

36. Lamothe, L. M., Srichuwong, S., Reuhs, B. L. and Hamaker, B.R. Quinoa 

(Chenopodiumquinoa W.) and amaranth (Amaranthuscaudatus L.) provide dietary 

fibres high in pectic substances and xyloglucans. Food Chem, (2015) 167, 490-6. 

37. Lazarte, C. E., Carlsson, N., Almgren, A., Sandberg, A. and Granfeldt, Y. Phytate, 

zinc, iron and calcium content of common Bolivian food, and implications for mineral 

bioavailability. J Fd Comp Anal, (2015) 39, 111-19. 

38. Lim, J. G., Park, H. M. and Yoon, K. S. Analysis of saponin composition and 

comparison of the antioxidant activity of various parts of the quinoa plant 

(Chenopodium quinoaWilld).Fd Sci  Nutri, (2020) 8, 694-702. 

39. Makharia, G. K., Verma, A. K., Amarchand, R., Bhatnagar, S., Das, P., Goswami, A., 



Bhatia, V., Ahuja, V., Gupta, S. D. and Anand, K.  Prevalence of celiac disease in the 

northern part of India: A community based study. J Gastro Hepatol, (2011) 26, 894-

900. 

40. Maradini, M. F., Pirozi, M. R., Borges, T. J., Pinheiro, M. S., Chaves, B. P. and 

Coimbra, J. S. Quinoa: Nutritional, functional and anti-nutritional aspects. Crit. Rev. 

Fd .Sci .Nutr, (2015) 3, 1-53. 

41. Narang, M., Natarajan, R., Shah, D., Puri, A. S., Manchanda, V. and Kotru, M. Celiac 

disease in children with moderate-to-severe iron-deficiency anemia.IndianPediatr, 

(2018) 55,31-4. 

42. Navruz, V. S. and Sanlier, N. Nutritional and health benefits of quinoa 

(Chenopodiumquinoa Willd). J Cer Sci, (2016) 69, 371-76. 

43. NHANES  Tissue Transglutaminase assay in serum.National Health and Nutrition 

Examination Survey Mayo Clinic Rochester, Minnesota Pub.Co.Ltd.New Delhi. 

(2009-10) Pp.294-95. 

44. Ohlund, K., Olsson, C., Hernell, O. and Ohlund, I. Dietary shortcomings in children 

on a gluten-free diet.J Hum Nutr Diet, (2010) 23, 294-300. 

45. Oliveira, G. N., Mohan, R. and Fagbemi, A. Review of celiac disease presentation in a 

pediatric tertiary centre. Arq Gastroenterol,(2018) 55, 86-93. 

46. Padmashree, A., Negi, N., Handu, S., Khan, M. A., Semwal, A. D. and Sharma, G. K. 

Effect of germination on nutritional, antinutritional and rheological characteristics of 

Chenopodium quinoa.Def Life Sci J,(2019) 4, 55-60. 

47. Patron, S. V. and Barca, A. M. Old fashioned vs. ultra-processed-based current diets: 

possible implication in the increased susceptibility to type 1 diabetes and celiac 

disease in childhood. Foods, (2017) 6, 100. 

48. Penagini, F., Dilillo, D., Meneghin, F., Mameli, C., Fabiano, V. and Zuccotti, G. V. 



Gluten-free diet in children: An approach to a nutritionally adequate and balanced 

diet. Nutr,(2013) 5,4553-65. 

49. Penagini, F., Dilillo, D., Meneghin, F., Mameli, C., Fabiano, V. and Zuccotti, G. V. 

Gluten-free diet in children: an approach to a nutritionally adequate and balanced diet. 

Nutr, (2013) 5, 4553-65. 

50. Piper, C. S. Soil and plant analysis. IntersciencePublication, Inc, New York, (1950) 

Pp.212. 

51. Pirjo, H. M., Pihlava, J. M., Jarkko, H., Nurmi, M., Eurola, M., Makinen, S., Jalava, 

T. and Pihlanto, A. Contents of phytochemicals and anti-nutritional factores in 

commercial protein-rich plant products.Fd Quality Saf , (2018) 2, 213-19. 

52. Puri, S., Sarao, L. K., Kaur, K. and Talwar, A. Nutritional and quality analysis of 

quinoa seed flour fortified wheat biscuits. Asian Pac J Health Sci, (2020) 7, 48-52. 

53. Raghuramulu, N., Mahadevan, N. K. and Kalyana, S. S. A Manual of laboratory 

Techniques. National Institute of Nutrition, Indian Council of Medical Research, 

Hyderabad, India. (1983) Pp. 254-56. 

54. Ramakrishna, B. S., Makharia, G. K., Chetri, K., Dutta, S., Mathur, P., Ahuja, V., 

Amarchand, R., Balamurugan, R., Chowdhury, S. D., Daniel, D., Das, A.,  George, 

G., Gupta, S. D., Krishnan, A., Prasad, J. H., Kaur, G., Pugazhendhi, S., Pulimood, A. 

and Ramakrishna, K. Prevalence of adult celiac disease in India: Regional variations 

and associations. Am J Gastro, (2016) 111,115-23. 

55. Rangana, S. (1986).Manual of analysis of fruits and vegetable products. Tata 

McGraw-Hill publication company limited, New Delhi, India. 

56. Reilly, N. R., Aguilar, K., Hassid, B. G., Cheng, J., Defelice, A. R., Kazlow, P., 

Bhagat, G. and Green, P. H. Celiac disease in normal-weight and overweight children: 

clinical features and growth outcomes following a gluten-free diet. J Pediatr 



Gastroenterol Nutr, (2011)  53, 528-31. 

57. Roy, A., Mehra, S., Kelly, C. P., Tariq, S., Pallav, K., Dennis, M., Peer, A., Lebwohl, 

B., Green, P. H. and Leffler, D. A. The association between socioeconomic status and 

the symptoms at diagnosis of celiac disease: A retrospective cohort study. Ther Adv 

Gastroenterol, (2016)  9,495-502. 

58. Salmi, T. T., Hervonen, K., Kurppa, K., Collin, P., Kaukinen, K. and Reunala, T.  

Celiac disease evolving into dermatitis herpetiformis in patients  adhering to normal 

or gluten free diet. Scand J Gastroenterol, (2015) 50, 387-92. 

59. Singh, P., Arora, A., Strand, T. A.,  Leffler, D. A., Catassi, C., Green, P. H., Kelly, C. 

P., Ahuja, V. and Makharia, G. K.  Global prevalence of celiac disease: systematic 

review and meta-analysis. Clinical Gastro Hepatol, (2018) 16, 823–36. 

60. Singh, P., Arora, S., Lal, S., Strand, T. A. and Makharia, G. K. Risk of celiac disease 

in the first- and second-Degree relatives of patients with celiac disease: A systematic 

review and meta-analysis. Am J Gastroenterol, (2015) 110, 1539-48. 

61. Sohaimy, S. A., Mohamed, S. E., Shehata, M. G., Mehany, T. and Zaitoun, M. A. 

Compositional analysis and functional characteristics of quinoa flour.Ann Res Rev 

Bio, (2018) 22, 1-11. 

62. Soliman, A.T., Laham, M., Jour, C., Shaat, M., Souikey, F., Itani, M., Al-Safi, A., 

Karmallah, A., aqQudaisat, A., Alarabi, Z., Hassan, A., Quraan, E., Al-Naimi, N., 

Alsaadi, R. K., Sanctis, V. Linear growth of children with celiac disease after the first 

two years on gluten- free diet: A controlled study. Acta Biomed, (2019) 90, 20-27. 

63. Sood, A., Midha, V., Sood, N., Avasthi, G. and Sehgal, A. Prevalence of celiac 

disease among school children in Punjab, North India. J GastroenterolHepatol, (2006) 

21,1622-25. 

64. Toma, A., Volta, U., Auricchio, R., Castillejo, G., Sanders, D. S., Cellier, C., Mulder, 



C. J. and Lundin, K. E.  European Society for the Study of Coeliac Disease (ESsCD) 

guideline for coeliac disease and other gluten-related disorders. Unit Euro 

Gastroenterol J, (2019) 7, 583-613. 

65. United Nation (2011) Launching ceremony of the International year of quinoa 2013, 

United Nations General Assembly, New York. 

66. United States Department of Agriculture (USDA).National Nutrient Database for 

Standard Reference Release, (2015) 28 (Basic Reports). 

67. Valitutti, F., Iorfida, D., Anania, C., Trovato, C. M., Montuori, M., Cucchiara, S. and 

Catassi, C. Cereal consumption among subjects with celiac disease: A snapshot for 

nutritional considerations. Nutrients, (2017) 9, 396. 

68. WHO (2006) World Health Organization Child Growth Standards: Methods and 

Development. Geneva. 

69. WHO (2009) Global Health Observatory (GHO) Data. Cited from: 

http://www.who.int/gho/en. 

70. Wiech, P., Chmiel, Z., Bazalinski, D., Sałacinska, I., Bartosiewicz, A., Mazur, A., 

Korczowski, B., Bury, B. M. and Dabrowski, M.The relationship between body 

composition and a gluten free diet in children with celiac disease. Nutrients,(2018) 

10,1817. 

71. Wright, K. H., Pike, O. A., Fairbanks, D. J. and Huber, S. C. Composition of atriplex 

hortensis, sweet and bitter chenopodium quinoa seeds.Fd Chem, (2002) 67, 1383-85. 

72. Zevallos, V. F., Herencia, L. I., Chang, F., Donnelly, S., Ellis, H. J. and Ciclitira, P. J. 

Gastrointestinal effects of eating quinoa (Chenopodium quinoa) in celiac patients. Am 

J Gastro,(2014) 109,270-78. 



73. Zingone,F., West,J.,Crooks,C. J.,Fleming,K. M.,Card,T. R.,Ciacci,C.andTata-

Zingone,L. J. Socioeconomic variation in the incidence of childhood celiac disease 

in the UK.J Arch Dis Child,(2015) 100, 466-473. 

74. Zuccotti, G., Fabiano, V., Dilillo, D., Picca, M., Cravidi, C. and Brambilla, P. Intakes 

of nutrients in Italian children with celiac disease and the role of commercially 

available gluten-free products. J Hum Nutr Diet, (2013) 26, 436-44. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table I:Nutrient composition of quinoa based gluten free biscuits  



Parameters Control Experimental t value 

Crude protein (g %) 8.99±0.45 11.45±0.74 4.009* 

Crude fibre (g %) 0.94±0.03 2.45±0.04 35.10** 

Energy (Kcal/100g) 613.86±3.45 634.44±4.44 5.17* 

Minerals (mg/100g) 

Calcium 10.50±0.61 49.43±1.25 39.47** 

Iron 1.06±0.11 1.77±0.07 7.36** 

Magnesium 22.49±0.43 70.08±0.82 72.36** 

Zinc 0.37±0.02 1.51±0.01 57.44** 

Amino acids (g/100g protein) 

Tryptophan 0.43±0.01 0.58±0.01 13.58** 

Methionine 0.54±0.01 0.96±0.02 21.16** 

Lysine 2.28±0.29 3.69±0.18 5.70* 

Anti-nutritional factors 

Phytin phosphorus (mg/100g) 19.03±3.75 38.45±2.39 6.16* 

Saponins (%) 0.00 0.48 - 

 Biscuits: Experimental - quinoa, rice & maize (40:40:20) 

                Control - rice & maize (80:20) 

Values are mean ± SD. Results are on dry matter basis. QF- Quinoa flour. 

*Significant at 5 percent level of significance 

**Significant at 1 percent level of significance 

 

 

 

 

 

 

 

 

 

 

 

Table II: Demographic profile and socio-economic status of celiac children 



Variables Control (n=30) Experimental (n=30) Total (n=60) 

Age (years) 

7-8 14 (46.67) 10 (33.33) 24 (40.00) 

8-9 16 (53.33) 20 (66.67) 36 (60.00) 

Gender 

Male 22 (73.33) 16 (53.33) 38 (63.33) 

Female 8 (26.67) 14 (46.67) 22 (36.67) 

Birth Order 

Ist 14 (46.67) 18 (60.00) 32 (53.33) 

IInd 16 (53.33) 10 (33.33) 26 (43.33) 

IIIrd - 2 (6.67) 2 (3.33) 

Type of Family 

Nuclear 24 (80.00) 22 (73.33) 46 (76.67) 

Joint 6 (20.00) 8 (26.67) 14 (23.33) 

Father’s Education 

Senior Secondary 6 (20.00) 4 (13.33) 10 (16.67) 

Graduate 20 (66.67) 18 (60.00) 38 (63.33) 

Postgraduate 4 (13.33) 8 (26.67) 12 (20.00) 

Mother’s Education 

Senior Secondary 12 (40.00) 4 (13.33) 16 (26.67) 

Graduate 16 (53.33) 20 (66.67) 36 (60.00) 

Postgraduate 2 (6.67) 6 (20.00) 8 (13.33) 

Family Income (Rupees/month) 

25000-50000 12 (40.00) 6 (20.00) 18 (30.00) 

50000-75000 8 (26.67) 14 (46.67) 22 (36.67) 

75000-100000 6 (20.00) 2 (6.67) 8 (13.33) 

100000 or more 4 (13.33) 8 (26.67) 12 (20.00) 

Father’s Occupation 

Private job 16 (53.33) 12 (40.00) 28 (46.67) 

Government 6 (20.00) 4 (13.33) 10 (16.67) 

Farmer 2 (6.67) 4 (13.33) 6 (10.00) 

Business 6 (20.00) 10 (33.33) 16 (26.67) 

Mother’s Working Status 16 (53.33) 18 (60.00) 34 (56.67) 

Experimental: supplemented with quinoa based gluten free biscuits   

Control : supplemented with gluten free biscuits without quinoa 

Values in parentheses are percentages 

 

 

 

 

 

Table III: Medical history of celiac children 

Medical History  Control (n=30) Experimental (n=30) Total (n=60) 



Period of suffering from celiac disease 

<6 months  6 (20.00) 8 (26.67) 14 (23.33) 

6-12 months 14 (46.67) 4 (13.33) 18 (30.00) 

>12 months 10 (33.33) 18 (60.00) 28 (46.67) 

Family history of the disease 10 (33.33) 14 (46.67) 24 (40.00) 

Relation with subjects*       (n=10) (n=14) (n=24) 

Mother 6 (20.00) 8 (26.67) 14 (58.33) 

Father 8 (26.67) 4 (13.33) 12 (50.00) 

Grandparents 6 (20.00) 2 (6.67) 8 (33.33) 

Uncle  2 (6.67) 4 (13.33) 6 (25.00) 

Aunt  2 (6.67) 2 (6.67) 4 (16.67) 

Sickness record 

Morbidity in the last 1 year 14 (46.67) 24 (80.00) 38 (63.33) 

Name of Disease* (n=14) (n=24) (n=38) 

Fever 12 (85.71) 16 (66.67) 28 (73.68) 

Cough and cold 14 (100.00) 12 (50.00) 26 (68.42) 

Viral infection 6 (42.85) 2 (8.33) 8 (21.05) 

Chicken pox - 1 (4.17) 1 (2.63) 

Dengue - 1 (4.17) 1 (2.63) 

Experimental: supplemented with quinoa based gluten free biscuits   

Control : supplemented with gluten free biscuits without quinoa 

*Multiple responses, Values in parentheses are percentages 

CD- Celiac Disease 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table IV: Prevalence of signs and symptoms among celiac children 

Signs and Symptoms* Control (n=30) Experimental (n=30) Total (n=60) 



Abdominal bloating/pain 16 (53.33) 26 (86.67) 42 (70.00) 

Breathlessness 12 (40.00) 20 (66.67) 32 (53.33) 

Chronic diarrhoea 10 (33.33) 18 (60.00) 28 (46.67) 

Foul-smelling stools 20 (66.67) 26 (86.67) 46 (76.67) 

Blistering skin rash 14 (46.67) 24 (80.00) 38 (63.33) 

Fatigue 14 (46.67) 22 (73.33) 36 (60.00) 

Canker sores inside mouth 8 (26.67) 16 (53.33) 24 (40.00) 

Difficulty in memorizing 10 (33.33) 16 (53.33) 26 (43.33) 

Experimental: supplemented with quinoa based gluten free biscuits   

Control: supplemented with gluten free biscuits without quinoa 

*Multiple responses, Values in parentheses are percentages 

CD- Celiac Disease 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table V: Dietary pattern of celiac children 



Dietary Pattern Control (n=30) Experimental (n=30) 

Food Habits Before After Before After 

Vegetarian 24 (80.00) 24 (80.00) 18 (60.00) 14 (46.67) 

Non-vegetarian 2 (6.67) 2 (6.67) 10 (33.33) 10 (33.33) 

Ova- vegetarian 4 (13.33) 4 (13.33) 2 (6.67) 6 (20.00) 

School lunch (Tiffin) 28 (93.33) 28 (93.33) 26 (86.67) 30 (100.00) 

Preference for fast food 24 (80.00) 24 (80.00) 28 (93.33) 16 (53.33) 

Frequency of consuming fast food (n=24) (n=24) (n=28) (n=16) 

Once in a fortnight 4 (16.67) 2 (8.33) 8 (28.57) 12 (66.67) 

Once in a week 10 (41.67) 8 (33.33) 14 (50.00) 4 (16.67) 

Twice in a week 10 (41.67) 14 (58.33) 6 (21.43) - 

Regular in taking meals 22 (73.33) 20 (66.67) 20 (66.67) 28 (93.33) 

Frequency of skipping meals     

Breakfast 2 (6.67) 2 (6.67) 6 (20.00) 2 (6.67) 

Lunch 6 (20.00) 6 (20.00) 4 (13.33) - 

Type of food consumed 

Homemade 30 (100.00) 30 (100.00) 30 (100.00) 30 (100.00) 

Readymade 30 (100.00) 30 (100.00) 30 (100.00) 22 (73.33) 

Types of readymade food consumed* 

Haldiram  bhujia 18 (60.00) 18 (60.00) 20 (66.67) 14 (46.67) 

Gluten free bread 12 (40.00) 12 (40.00) 10 (33.33) 14 (46.67) 

Gluten free flakes 8 (26.67) 8 (26.67) 12 (40.00) 12 (40.00) 

Gluten free dalia 2 (6.67) 2 (6.67) 4 (13.33) 4 (13.33) 

Gluten free pasta 14 (46.67) 14 (46.67) 12 (40.00) 12 (40.00) 

Rice and corn spaghetti 6 (20.00) 6 (20.00) 4 (13.33) 4 (13.33) 

Rice cracker 4 (13.33) 4 (13.33) 6 (20.00) 6 (20.00) 

Gluten free biscuits/ cookies 30 (100.00) 30 (100.00) 28 (93.33) 30 (100.00) 

Others 10 (33.33) 10 (33.33) 14 (46.67) 8 (26.67) 

Experimental: supplemented with quinoa based gluten free biscuits   

Control: supplemented with gluten free biscuits without quinoa 

* Multiple responses, Values in parentheses are percentages 

Bhujia is an Indian ready to eat snack made from the gram flour. 

 



Table VI: Impact of supplementation on the average intake and percent adequacy of food and nutrient of celiac children 

Food and Nutrients 
 

Standard 

Control (n=30) Experimental (n=30) 

Before After tvalue Before After t value 

Av % A Av % A  Av % A Av % A  

Food groups SDI(g/d)  

Cereals and Millets 180 139.88±26.23 77.71 146.92±17.21 81.62 1.36
NS 

142.67±24.21 79.26 157.45±18.64 87.47 2.91** 

Pulses and Legumes 60 47.05±9.31 78.42 48.18±9.68 80.30 0.44
NS

 44.85±12.27 74.75 50.95±8.90 84.93 2.23* 

GLVs 100 35.02±17.35 35.02 39.23±19.39 39.23 0.94
NS

 37.05±23.62 37.05 43.67±17.38 43.67 1.47
NS

 

Roots and Tubers 100 69.15±30.20 69.15 73.62±26.93 73.62 0.60
NS

 54.90±30.10 54.90 78.21±28.78 78.21 4.52** 

Other Vegetables 100 48.31±14.78 48.31 43.47±11.58 43.47 1.70
NS

 43.58±13.57 43.58 47.34±11.79 47.34 1.08
NS

 

Fruits 100 84.81±35.19 84.81 89.28±23.35 89.28 0.53
NS

 78.02±24.14 78.02 91.01±17.57 91.01 4.09** 

Milk and  Milk 

Products (ml) 
500 384.47±65.65 76.89 394.67±76.31 78.93 0.57

NS
 344.54±80.36 68.90 419.25±75.82 83.85 3.31** 

Fats and Oils 30 33.33±8.46 111.12 36.61±11.88 122.04 1.28
NS

 31.66±6.93 105.54 35.34±8.94 117.82 1.98
NS

 

Sugars and Jaggery 20 24.18±7.20 120.91 25.92±7.47 129.60 1.28
NS

 21.69±6.21 108.47 20.99±6.72 104.97 0.34
NS

 

Eggs  50 55.55±3.44 111.1 53.33±3.41 106.66 1.58
NS 

53.33±1.81 106.66 54.70±1.83 109.4 2.35* 

Animal meat 50 45.00±7.07 90.00 40.00±7.05 80.00 1.00
NS

 40.00±4.20 80.00 42.00±4.21 84.00 1.50
NS

 

Fish 50 35.00±7.07 70.00 30.33±7.04 60.66 0.93
NS

 30.33±0.00 60.66 30.22±0.17 60.44 1.58
NS

 

Nutrients EAR
 

 

Energy (Kcal/d) 1700 1571.35±135.9 92.43 1606.81±108.3 94.51 1.22
NS

 1496.16±125.3 88.00 1619.81±91.04 95.28 4.64** 

Carbohydrates (g/d) 100 236.68±35.73 236.68 245.47±23.12 245.47 1.13
NS

 222.28±18.03 222.28 246.89±28.82 246.89 3.96** 

Protein (g/d) 19 24.66±2.85 129.78 26.51±4.10 139.52 1.81
NS

 26.32±3.34 138.52 29.93±3.18 157.52 4.00** 

Visible Fat (g/d) 30 33.33±8.61 111.1 36.61±12.09 122.03 1.28
NS

 31.66±7.05 105.53 35.34±9.10 117.8 1.98
NS

 

Iron (mg/d) 10 12.26±1.96 122.6 11.64±2.17 116.4 1.84
NS

 10.06±2.20 100.6 13.12±1.82 131.2 5.10** 

Calcium (mg/d) 500 461.03±58.11 92.20 470.51±51.03 94.10 1.71
NS

 437.80±56.66 87.56 480.36±59.36 96.07 2.63** 

Thiamine (mg/d) 1.0 0.65±0.11 65.00 0.67±0.12 67.00 0.66
NS

 0.63±0.12 63.00 0.68±0.09 68.00 2.04* 

Riboflavin (mg/d) 1.3 0.73±0.11 56.15 0.77±0.09 59.23 1.62
NS

 0.74±0.15 56.92 0.78±0.12 60.00 1.26
 NS

 

Niacin (mg/d) 10 8.81±1.76 88.1 8.99±1.69 89.9 0.48
NS

 8.43±1.73 84.3 9.01±1.35 90.1 1.63
 NS

 

Folic acid (µg/d) 142 96.1±9.35 67.67 93.91±7.44 66.13 0.99
NS

 92.14±16.07 64.88 99.41±14.42 70.00 1.95
 NS

 

β-carotene (µg/d) 4800
#
 2478.87±911.9 51.64 2538.57±833.9 52.88 0.34

NS
  2334.08±1017 48.62 2593.10±835.3 54.02 1.12

 NS
 

Vitamin C (mg/d) 36 25.66±5.14 71.27 24.82±3.93 68.94 0.91
NS

 23.93±4.93 66.47 26.42±4.87 73.38 1.93
 NS

 

Experimental: supplemented with quinoa based gluten free biscuits   

Control: supplemented with gluten free biscuits without quinoa 
Values are Mean±SD 



AV: Average daily food or nutrient intake, % A: Percent adequacy of daily food or nutrient intake 

 

*significant at 5% level of significance, **significant at 1% level of significance, NS- Non-significant  

Suggested dietary intake (ICMR 2010),Estimated average requirement (ICMR 2020), # Recommended dietary allowance (ICMR 2010) 

 

 



 

 

Table VII: Impact of supplementation on the anthropometric profile of celiac children 

Anthropometric 

Measurements 

Control (n=30) Experimental (n=30) 

Before After % change t value Before After % change t value 

Height (cm) 127.22±7.49 127.42±7.68 0.15 0.09
NS

 127.02±9.01 127.12±9.00 0.08 0.04
NS

 

Weight (kg) 20.84±3.03 21.02±2.87 0.86 1.87
NS 21.86±3.27 23.36±3.23 6.86 14.49** 

BMI  (Kg/m
2
) 12.84±1.20 12.92±1.15 0.65 0.27

NS
 13.57±1.81 14.48±1.70 6.70 2.003* 

MUAC (cm) 20.94±2.35 20.98±2.38 0.16 1.16
NS

 19.84±2.16 19.90±2.15 0.27 4.00** 

Experimental: supplemented with quinoa based gluten free biscuits   

Control: supplemented with gluten free biscuits without quinoa 
Values are Mean±SD 

BMI: Body Mass Index, MUAC: Mid UpperArmCircumference 

*Significant at 5% level of significance 

**Significant at 1% level of significance 

NS-Non-significant 

 



Table VIII:Impact of supplementation on the biochemical parameters of celiac children 

Parameters 

Control (n=30) Experimental (n=30) 

 

Normal 

range 

Before After tvalue Before After tvalue  

Hb (gm/dl) 12.04±0.71 12.11±0.73 1.17
NS

 11.59±0.75 12.1±0.53 3.75** 
12.0-

17.0 

PCV (%) 44.07±4.17 

 

44.21±4.18 

 

0.53
NS

 46.67±2.28 47.06±2.47 0.83
NS 45.0-

55.0 

RBC count 

(10
6
/ul) 

4.52±0.18 4.55±0.27 0.50
NS

 4.60±0.28 4.66±0.28 0.71
NS

 4.5-5.5 

MCV (fl) 87.94±4.47 88.10±5.92 0.18
NS

 85.28±4.09 85.49±3.21 0.23
 NS

 
83.0-

101.0 

Anti-tTG 

IgA (U/ml) 
93.61±50.76 71.96±39.00 1.94

NS
 116.88±60.08 57.19±24.18 6.46** <7 

Experimental: supplemented with quinoa based gluten free biscuits   

Control: supplemented with gluten free biscuits without quinoa 
Values are Mean±SD 

Hb: Haemoglobin, PCV: Packed Cell Volume, RBC: Red Blood Count,  

MCV: Mean Corpuscular Volume, tTG: tissue Transglutaminase, IgA: Immunoglobulin A 

**significant at 1% level of significance 

NS- Non-significant 
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FIGUREI: Impact of supplementation on prevalence of malnutrition in celiac children  
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