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 Development of Gluten – Free Biscuits with Riceberry Flour 

 
Supatchalee Sirichokworrakit,   Siwaporn Butmee and   Thanchanok Aungsirisak   
Suansunandha Rajabhat University, Thailand  
e-mail: Supatchalee.siri@ssru.ac.th 
 

ABSTRACT  

 

Riceberry rice, deep purple grain; (Oryza Sativa L.), a cross-bred strain from the Khao Hom 

Nin Rice variety which is well known as containing high antioxidant properties and Khao 

Dawk Mali 105 well known as a fragrant rice.  This study aimed to develop gluten-free biscuits 

with Riceberry flour. Mixture design was used to define components consisted of Riceberry 

flour (30-80%), rice flour (20-30%) and corn starch (5-15%).  The gluten-free biscuits with 

Riceberry flour were investigated using sensory qualities, chemical and physical properties in 

comparison with the control biscuits (100% wheat flour).  It was found that aw, moisture and 

protein contents decreased when the amount of Riceberry flour increased while ash contents 

increased. Adding Riceberry flour resulted lower L* (lightness), b* (yellowness) spread ratio 

and hardness. However, the result of this adding caused higher a* (redness). Sensory evaluation 

indicated that increasing Riceberry flour to gluten-free biscuits, sensory scores were decreased 

in all of attributes (color, odor, flavor, texture and overall acceptability). 
 

Keywords:  Riceberry flour, Biscuits, sensory evaluation  

I. INTRODUCTION 

Celiac disease, a disease caused by an immune disorder which is also known as gluten sensitive 

enteropathy, occurs in people who have a genetic problem with consumption of gluten (Mert, 

Sahin and Summu, 2015). It is a permanent intolerance to gluten proteins of much common 

cereal such as wheat, rye, barley, and oat (Sakac et al, 2016). Celiac disease affects 

approximately one percent of people in the world and strict gluten-free diet for a lifetime is the 

only available treatment (Jnawali, Kumar and Tanwar, 2016). Celiac disease is not the only 

disease, which is caused by the ingestion of gluten. The intolerances which also fall in the 

category have the umbrella term “gluten-related disorders”. The four main forms besides Celiac 

disease, which are summarized by the umbrella term, are: non-celiac gluten sensitivity, 

dermatitis herpetiformis, wheat allergy and gluten ataxia. Non-coeliac gluten sensitivity 

(NCGS) is the least clearly defined and researched gluten-related disorder. NCGS has been 
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frequently termed “gluten sensitivity” and has been described as gluten-mediated disorder. The 

prevalence of NCGS is estimated to be much higher than celiac disease (3–6%). NCGS has 

similar symptoms to celiac disease and wheat allergy and overlaps with irritable bowel 

syndrome. Wheat allergy is defined as an IgE-mediated immunological response to proteins of 

wheat and related cereals that affects the gastrointestinal tract, the respiratory tract or the skin 

(Morita and et al, 2016). Wheat allergy is one of the most widespread food allergies because 

wheat is the most widely consumed food grain in the world. The prevalence of wheat allergies 

in the European countries and the USA was found to be 0.2-0.9% in adults and 0.4-1.3% in 

children (Morita and et al, 2012). Dermatitis Herpetiformis (DH) is also known as Duhring-

Brocy disease and sometimes referred to as celiac disease of the skin. DH is characterised by 

urticarial plaques and blisters on the elbows, buttocks and knees. Other areas of the body can 

also be affected. Gluten Ataxia (GA) is one of the most common neurological manifestations 

attributed to celiac disease. It is like the other gluten-related disorders, an immune-mediated 

disease triggered by the ingestion of gluten-containing products in individuals which are 

genetically susceptible to it (Morita and et al, 2016). As a result, the market of gluten-free 

products is increasing in order to meet the needs of patients.  

Rice is the staple food of Thailand. It is rich in many nutrient components including 

carbohydrates, proteins, certain fatty acids and micronutrients (vitamins and trace minerals). 

They are also sources of many bioactive non-nutrient compounds, known as an antioxidant, 

including phenolic compounds (Frei & Becker, 2004). Riceberry rice, deep purple grain; 

(Oryza Sativa L.), a cross-bred strain from the Khao Hom Nin Rice variety which is well known 

as containing high antioxidant properties and Khao Hom Mali 105 well known as a fragrant 

rice. It is a new breeding line developed by the Rice Research Center, Kasetsart University, 

Kamphaeng Saen, Nakhon Pathom, Thailand. It is a source of gramma-oryzanol, beta-carotene, 

niacin, thiamin, vitamin B2, anthocyanins and total phenolic compounds.  

Biscuit is one of the most popularly consumed bakery products widely consumed around the 

world, mainly resulting from their ready to eat nature, affordable cost, good nutritional quality, 

availability in different tastes and longer shelf life (Raymund, Fradinho and Nunes, 2014). In 

recent years, gluten-free bakery food, especially bread, cake, and biscuits have been commonly 

investigated by many researchers. Researchers have tried to use various composite flours with 

added value are growing rapidly. For biscuits and the similar food type like cookies, the 

ingredients, such as buckwheat flour, chestnut flour, rice flour, sorghum flour, oat flour, corn 

flour, chickpea flour, amaranth and soybean flours have been studied so as to replace wheat 

flour of gluten-free bakery products and improve the nutritional value and functional properties 

of the product. Therefore, the objective of this project was to use Riceberry flour as an 

ingredient to make biscuits of high nutritional quality. The effect of Riceberry flour was 

investigated in terms of physicochemical, textural, and sensory of biscuits.  
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II. MATERIALS AND METHODS 

Rice flour (Cho Heng Rice vermicelli Factory Co. Ltd.), corn flour (Uniliver (Thailand) Co.) 

and wheat flour (UFM All Purpose Flour) were purchased from a local market in Bangkok, 

Thailand. Riceberry rice was purchased Chiameng Marketing Co. Ltd.. Riceberry rice was 

ground to flour in a grinder and passed through an 80-mesh screen. The moisture, crude fat, 

crude fiber, protein and ash contents of Riceberry flour were 5.85, 0.66, 2.76, 6.56 and 1.45 

g/100 g., respectively (Sirichokworrakit, Phetkhut & Khammoon, 2015).  The Riceberry flour 

was kept in sealed container at 4C until future analysis. All other chemicals used were reagent 

grade.  

Biscuits Preparation                                                                             

A basic recipe containing wheat flour (42%), corn flour (8%), sugar (14%), vanilla extract 

(0.2%), milk (9.5%), butter (26%) and salt (0.3%) was prepared. Mixture design was used to 

define components consisted of Riceberry flour (30-80%), rice flour (20-30%) and corn flour 

(5-15%) by flour weight. Three different flour mixtures were formulated as shown in Table 1. 

The biscuit dough was prepared by hand-mixing the butter and milk in a mixing bowl. Flour, 

sugar, vanilla extract and salt was added and blended in. The mixture was kneaded to form a 

dough. The dough was kept in plastic wrap at 4C for 30 min. It was rolled to a thickness of 

about 5 mm and cut to a 3 cm diameter. The pieces were baked in greased pans at 200C for 7 

min in a baking oven. The prepared biscuits were cooled to room temperature and packed in 

high-density polyethylene bags. 

Table 1. Recipes for biscuits preparation. 

 

Ingredient control B1 B2 B3 B4 B5 

Wheat flour 100 - - - - - 

Riceberry flour - 55 65 65 65 75 

Rice Flour - 30 20 25 30 20 

Corn Flour - 15 15 10 5 5 

sugar 14 14 14 14 14 14 

Vanilla extract 0.2 0.2 0.2 0.2 0.2 0.2 

milk  9.5 9.5 9.5 9.5 9.5 9.5 

butter 26 26 26 26 26 26 

salt 0.3 0.3 0.3 0.3 0.3 0.3 

Proximate Analysis 

The chemical proximate compositions of Riceberry flour and donut samples were analyzed 

according to AOAC methods (AOAC, 2010). The aw was determined at 25 °C using aw meter, 

AquaLab Series 3 TE (Decagon Devices Inc., Pullman, Washington, U.S.A.). Approximately 

3 g of the ground samples were used for the analysis. 
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Biscuits color analysis   

The color of biscuits was measured with spectrophotometer (Hunter Lab, Color Quest XE, 

USA) equipped with a D65 illuminant using the CIE L* a* b* system. L* value measures 

brightness (0-100); a* value represents the red – green coordinates (- is green with + indicating 

redness) while b* value measures the blue – yellow coordinates (- is blue with + indicating 

yellowness) of the product. All measurements were performed in triplicate.  

Biscuits texture analysis 

Texture analysis was performed using a Texture Analyzer (Lloyd Instrument, TA plus, UK) 

with a maximum force of 1 kN. An adaptor, a cylinder with a diameter of 35 mm, was used. 

The biscuits were measured after 60 min of cooling. The biscuit was compressed at the center 

to 70% of their original height at a test speed of 1.0 mm/s. Three replicates of biscuit at each 

formulation were determined. 

Spread ratio of biscuits 

The width of biscuits was measured by laying six biscuits edge to edge with the help of a scale 

rotating them 90° and re-measuring the width of six biscuits in cm and then taking average 

value. Thickness or height of biscuits was measured by stacking six biscuits on top of one 

another and taking average thickness of six biscuits in cm. Spread ratio was calculated by 

dividing the average value of width by average value of thickness of biscuits. Percent spread 

ratio was calculated according to AACC method (1984) by dividing the average value of width 

by average value of thickness of biscuits.  

Sensory Evaluation 

The biscuits were measured after 30 min of cooling. All biscuits were evaluated for color, 

flavor, taste, texture and overall acceptability of the samples by 30 untrained panelists which 

consisted of students, employee and visitors of Suan Sunandha Rajabhat University (Bangkok, 

Thailand) using nine-point hedonic scales, where 9 = extremely like and 1 = extremely dislike. 

The biscuits were offered in plastic white bowls coded with random 3 digit numbers. Each 

panelist evaluated six samples in a balanced sequential order. The optimal ratio of Riceberry 

flour in the biscuits was investigated using sensory qualities in comparison to the control 

biscuits. Sensory evaluation was repeated on two different days. 

 

III. RESULTS AND DISCUSSION 

Proximate Compositions 

The chemical compositions of gluten-free biscuits with Riceberry flour and control biscuits are 

presented in Table 2. The results indicated that aw, moisture, protein and ash content were 

significant (p≤0.05). The moisture content of control biscuits had higher than gluten-free 

biscuits with Riceberry flour. The moisture content decreased when the Riceberry flour amount 

in the biscuits increased. The moisture content of all gluten-free biscuits was in the range of 
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1.06 – 2.14 g/100 g.  Furthermore, aw of control biscuits had higher than gluten-free biscuits 

with Riceberry flour.  

 

Table 2. Chemical compositions of gluten-free biscuits with added Riceberry flour. 

 

Parameter control B1 B2 B3 B4 B5 

aw 0.370.01a 0.290.01b 0.270.01c 0.230.01d  0.230.01d 0.200.01e  

Moisture (g/100 g) 4.480.34a 1.490.04b 2.140.41b 1.910.98b 1.100.06b 1.060.14b 

Crude fat (g/100 g)ns 25.020.38 25.620.87 25.600.07 26.210.37 24.010.78 25.430.75 

Crude fiber (g/100 g)ns 0.590.05 0.780.04 0.700.01 0.830.27 0.650.06 0.720.09 

Protein  (g/100 g) 6.540.81a 1.980.54b 2.530.60b 3.140.63b 3.670.71b 3.710.82b 

Ash    (g/100 g) 0.640.34c 0.890.60b 1.010.53b 1.340.46a 1.400.41a 1.450.28a 

 

Different superscript letters in a row indicate significant difference. (P0.05) 
ns = no significant difference (P0.05) 

 

Values of aw were also different (p≤0.05) for different levels of Riceberry flour and the 

decreased of the Riceberry flour addition. The protein content increased when the Riceberry 

flour amount in the gluten-free biscuits increased but protein content in control biscuits was 

highest due to protein content in wheat flour was higher than Riceberry flour. The ash content 

was obtained in the gluten-free biscuits with the addition of Riceberry flour. The control sample 

showed the lowest while the gluten-free biscuits containing 75% Riceberry flour possessed the 

highest value of the Riceberry flour. The ash content of all biscuit samples was in the range of 

0.64 – 1.45 g/100 g. The biscuit samples had crude fat content of 24.01-25.62 g/100 g and 

crude fiber content of 0.59-0.78 g/100 g. The crude fat and crude fiber content of biscuit 

samples were not significant among (P≤0.05) treatments. 

Physical properties  

The color is one of the most important factors in determining consumer acceptance. Color 

characteristics of gluten-free biscuits with Riceberry flour and control biscuits are shown in 

Table 3. As compared between control biscuits and gluten-free biscuits with Riceberry flour, 

the results indicated that the color of gluten-free biscuits with Riceberry flour had lower L* 

and a* value than control biscuits. It was affected by the natural color of Riceberry flour used 

for biscuits preparation. The Riceberry flour used in this study has high anthocyanin pigment 

caused dark flour color (Yodmanee et al., 2011). The b* value of gluten-free biscuits decreased 

when the Riceberry flour amount in the biscuits increased. On the other hand, an increasing of 

rice flour contents related to the increased of L* value and b* value and an increasing of corn 

flour contents related to the decreased of a* value and increased b* value.  
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Table 3.  Color characteristics, texture and spread ratio of gluten-free biscuits with added 

Riceberry flour. 

Parameter control B1 B2 B3 B4 B5 

L* 76.970.54a 50.590.68b 46.600.82c 44.181.02d 44.54 0.11d 40.920.48e 

a* 1.170.42d 5.520.44c 6.320.10b 6.820.13ab  7.04 0.21ab 7.110.45a 

b* 21.690.07a 12.130.35b 13.090.20b 12.150.14b  13.19 0.16b 10.470.56c 

Hardness (N) 6.700.17a 4.100.10c 4.500.10b 3.26 0.05d 2.46 0.32e 1.160.14f 

Spread ratio 1.750.07b 1.830.02b 1.840.06b 1.88 0.05b 1.89 0.24b 2.090.49a 

Different superscript letters in a row indicate significant difference. (P0.05) 

RF = Riceberry flour 

  

The texture parameters and spread ratio of biscuits with added Riceberry flour are presented in 

Table 3. Gluten-free biscuits with higher content of Riceberry flour had hardness lower than 

the control biscuits. This result is in the agreement with Chakraborty, Kumbhar, Chakraborty 

& Yadav (2011) who reported reduction in hardness of cookies fortified with millet flour. 

Spread ratio is a measure of biscuits quality. For better biscuits, higher spread ratio is desirable. 

Biscuits with 55-75% Riceberry flour had spread ratio similar to control biscuits (p>0.05). 

Biscuits with 75% Riceberry flour were the highest spread ratio of all biscuits (p≤0.05).  An 

increasing of rice and corn flour contents related to the increased of hardness and decreased of 

spread ratio. These results are similar to the report on cookies with corn and potato flour by 

Singh, Singh, Sharma & Saxena (2003). They found that the spread ratio of samples with more 

corn flour will be increased. This effect relates to swelling power of corn flour.  In fact, it is 

found that for Riceberry flour concentrations, the biscuits become difficult to shape and have 

a substantial change in hardness, with a negative impact on the sensory assessment. 

Sensory Evaluation  

The biscuits were evaluated for their sensory quality characteristics color, flavor, taste, texture 

and overall acceptability. The results indicated that color score increased by the addition of 55-

75% Riceberry flour biscuits and decreased by the addition of 75% Riceberry flour biscuits. 

The quantity of Riceberry flour increased, the color of biscuits darken which had an effect on 

color score decreased. The flavor score of biscuit increased when adding Riceberry flour but it 

decreased by the addition of 75% Riceberry flour. The highest taste score of biscuits were 7.20 

obtained with 55% Riceberry flour, while 75% Riceberry flour resulted in the lowest taste score 

of biscuits of 5.93. The texture and overall acceptability scores of control biscuits were not 

significantly different with 55-65% Riceberry flour and decreased significantly by the addition 

of 75% Riceberry flour. The color, flavor, texture and overall acceptability scores of gluten-

free biscuits increased with the addition corn flour increased. This finding might conclude that 

using the Riceberry flour as an ingredient up to 65% could obtain the similar quality and 

pleasant appearance as control biscuits. 
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Table 4. Sensory evaluation of gluten-free biscuits with added Riceberry flour. 

Attribute control B1 B2 B3 B4 B5 

color 7.131.33a 7.201.24ab 7.531.48a 7.131.70ab 6.631.59bc 6.201.06c 

Flavor  7.371.43ab 7.871.20a 7.271.64ab 7.37 1.48ab  6.831.29bc 6.471.70 c 

Taste 7.130.36a 7.200.58a 6.870.64ab 7.130.61a  6.130.69bc 5.930.69c 

texture 7.200.74a 6.730.49ab 6.900.59ab 7.20 0.55a 6.230.82bc 5.570.82c 

Overall 

acceptability 
7.530.38a 7.600.71a 7.400.45a 7.530.41a 6.570.41b 6.17 0.48b  

 

Different superscript letters in a row indicate significant difference (P0.05) 
ns = no significant difference (P0.05) 

   

V.   CONCLUSION  
 

 The results of the study indicated that it is possible to obtain gluten-free biscuits with 

similar quality to biscuits made with wheat flour, without any additives. Nonetheless, 

Riceberry, rice and corn flour had a significant influence on properties of biscuits. The health 

benefits of the gluten-free biscuits with Riceberry flour should be highlighted to consumers in 

order for this product to be accepted. In addition to the gluten free biscuits with Riceberry flour 

in market would increase the diversity of functional bakery products and, even more 

importantly, of functional foods suitable for celiac disease patients.  
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