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Abstract 

Biscuits are widely consumed bakery products around the globe. Its excess consumption 

has led to many health problems such as diabetes, obesity, and cardiovascular diseases. 

Although sugar replacement may be a step in solving most health-related issues, the 

complication is in its formulation. It is tedious to replace sugar and prepare biscuits with 

quality attributes, including aeration, texture, and mouthfeel. The present study aimed to 

formulate composite flour-based sugar-free biscuits. A composite flour, millet-legume-

based mixture, was used for biscuit preparation. The central composite design of response 

surface methodology (RSM) (Design Expert 11 version) was used to analyse the effect of 

eliminating sugar using polydextrose (A) (10-15%) and guar-gum (B) (0-1.5%) at 

different levels on physical (thickness and spread ratio) and textural (hardness and 

fracturability) attributes. The optimized biscuit was prepared, and the precision of the 

optimized biscuit was determined using a one-sample T-test in SPSS Statistics version 22. 

The optimization with the design expert resulted in the best solution, i.e., polydextrose 

(12.488%) and guar-gum (0.921%) with the highest desirability value of 0.993. The 

ANOVA, R2, and R2 adjusted values for thickness, spread ratio, hardness and fracturability 

showed that the formulated sugar-free biscuits were statistically significant. Sugar 

elimination from the control biscuits noticeably affects its physical and textural attributes. 

Biscuits prepared were of lesser diameter, spread ratio, comparable hardness and 

fracturability than control biscuits, mainly due to the composite flour used in the 

formulation of experimental biscuits. The protein present in the flour restricts the spread 

of sugar-free biscuits because of its higher binding capacity. However, the addition of 

polydextrose and guar-gum resulted in the preparation of accepted quality sugar-free 

biscuits. To conclude, the proposed sugar-free biscuits may be a solution to the present 

dietary recommendations and an alternative to healthy options for health management. 

1. Introduction 

Biscuits are convenient food products consumed 

globally as snacks for nutritional requirements, 

enjoyment, or gifts (Srivastava, 2010). Due to its low 

cost and longer shelf-life, it is preferred among rural and 

urban populations (Banerjee et al., 2014). In biscuit 

preparation, the principal ingredients included wheat 

flour, sugar, fat, water, and salt which are mixed with 

other co-ingredients (baking powder, skimmed milk, 

emulsifier, and sodium metabisulphite) to form the 

dough containing a gluten network (Chevallier et al., 

2000). Although nutritionally rich and appealing, biscuits 

are not healthy due to their higher fat and sugar content. 

Consumption of a high quantity of fat and sugar is 

among the main reasons behind current health problems 

such as obesity, diabetes, and coronary heart diseases 

(Rippe and Angelopoulos, 2016; Cercato and Fonseca, 

2019). Despite numerous health issues, the replacement 

of fat and sugar is difficult in biscuits as both are 

essential for physical and textural attributes. Fat provides 

flavour, and mouthfeel and contributes to appearance, 

palatability, texture, and lubricity, whereas sucrose is 

responsible for sweetness, volume and texture (Zoulias et 

al., 2002). With increasing awareness, the demand for 

healthy products like low-fat, sugar-free, and high-fibre 

is growing. Of late, several researchers worked on 

reducing the fat and sugar content using different fat 

replacers and sugar-free in food products (Ho and 
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Pulsawat, 2020; Di Cairano et al., 2021). 

Polydextrose is a low glycaemic index, a non-

digestible polysaccharide composed of randomly cross-

linked glucose and an energy value of only one kcal/g 

(do Carmo et al., 2016). It has been approved as a direct 

food additive by the US Food and Drug Administration 

for use as a nutrient supplement, texturizer, stabilizer or 

thickener, formulation aid, and humectant (Burdock and 

Flamm, 1999). It provides the bulk, appropriate textural, 

and mouthfeel qualities usually associated with sugar 

while lacking the sweet taste and caloric value connected 

with the conventional food ingredient (Aidoo et al., 

2015). Polydextrose intake reduces glucose absorption in 

the small intestine and improves bowel function 

(Allingham, 1982). Due to its good processing 

performance and potential health benefits, it is widely 

used as a low-calorie bulking agent in various foods and 

a partial replacement for fat and sugar (Veena et al., 

2015). 

Guar gum is a natural non-ionic, water-soluble 

polysaccharide obtained from the guar plant. Guar gum 

is an essential non-calorie source of dietary fibre and one 

of the cheapest hydrocolloids in the food industry 

(BeMiller, 2009). It is used for increasing the dough 

yield in baked goods (Gujral et al., 2002). The addition 

of guar gum in cake and biscuit dough improves the 

machinability of the dough, easily removed from the 

mould, and can be easily sliced without crumbling 

(Mudgil et al., 2014). 

The present research intended to prepare composite 

flour-based sugar-free biscuits with specific ingredient 

replacements, i.e., refined flour with millet-legume-

based composite flour, to increase the fibre content of 

biscuits, sugar with sugar-free, and a slight reduction in 

fat with the carbohydrate-based fat replacer, i.e., 

polydextrose and guar-gum. 

 

2. Materials and methods 

2.1 Source of materials 

A composite flour mixture used for biscuit 

preparation was obtained from our previous research 

(Khan et al., 2021). Litesse 2 (polydextrose) was 

procured from Danisco India Pvt Ltd. as the sample. 

Sugar-free Natura, Delicious cholesterol-free butter was 

obtained from the local market and Urban Platter guar-

gum powder from an online purchase. Baking powder, 

baking soda, and ammonia were used from the bakery 

production laboratory (Assocom institute of bakery 

technology and management AIBTM, New Delhi, India). 

  

2.2 Experimental design  

The central composite design of response surface 

methodology (RSM) (Design Expert 11 version) was 

used to analyze the effect of eliminating sugar and using 

polydextrose (A) (10-15%) and guar-gum (B) (0-1.5%) 

at different levels (Table 1) of its weight percentage on 

physical and textural attributes of formulated sugar-free 

biscuits with 13 random treatments (Table 2). The range 

of the independent variables was based on previous 

literature (Chugh et al., 2013; Banerjee et al., 2014; 

Rana et al., 2020; Di Cairano et al., 2021) and 

preliminary trials. The physical and textural attributes of 

biscuits, i.e., thickness, spread ratio, hardness, and 

fracturability were the dependent variables. 

2.3 Biscuit preparation 

Control biscuits were prepared using refined flour 

(100%), butter (60%), sugar (50%), milk (15%), refined 

oil (4%), custard powder (2.5%), milk powder (2.5%), 

glucose powder (2.5%), baking powder (1.3%), baking 

soda (0.5%), ammonia (0.5%), essence (0.5%) (Table 3). 

KitchenAid stand mixer was used to prepare biscuits. 

Initially, creaming was done (mixing butter and sugar) at 

a medium speed, followed by gradually adding milk and 

oil into it, and lastly, all the dry ingredients were mixed 

to formulate dough. The dough was sheeted on a 

platform and cut into a round shape. Biscuits were placed 

on an oven tray and baked at 160°C for 14-16 mins. For 

the experimental biscuits (sugar-free biscuits) 

preparation, refined flour was replaced by composite 

flour comprising millets, legumes, and wheat (Khan et 

al., 2021), sugar-free (3%), butter (50%), milk powder 

(5%), milk (20%), water (15%), oil (2%) and baking 

powder (1.5%) (Table 3) standardized through trials, 

polydextrose, and guar-gum were mixed in the required 

proportion according to the response surface design 

(Table 2). Baking soda and ammonia were in constant 

quantity. Experimental biscuits were baked at 160°C for 

22-24 mins. After baking, both biscuits were cooled, 

packed, and stored for further analysis. 

2.4 Physical attributes 

The diameter and thickness of the biscuits were 

measured using a vernier calliper. The average value of 

six biscuits from each treatment batch was taken to 

calculate the spread ratio (McWatters et al., 2003). 

S. no. 
Independent 

variables 
Symbol 

Minimum 

(%) 
Maximum 

(%) 
1. Polydextrose A 10 15 
2. Guar-gum B 0 1.5 

Table 1. Experimental design using optimal mixture model of 

RSM for sugar-free biscuit. 
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Spread ratio = diameter/thickness 

2.5 Texture analysis 

Texture Analyzer TA. HD Plus (Stable Micro 

Systems, Surrey, England) was used for the texture 

analysis of formulated biscuits. Six replicates from each 

treatment batch were picked to calculate the hardness 

and fracturability of the formulated biscuits as per the 

AACC method 74-09 (AACC, 2010). The mode of the 

test was compression, and the analyser was set to 'return 

to start' cycle with the following test conditions: pre-test 

speed of 1.00 mm/s, test speed of 3.00 mm/sec, post-test 

speed of 10 mm/s, a distance of probe was 5 mm, 

automatic trigger type force of 50 g was used, and 

method settings were maintained by adjusting data 

acquisition rate at 400 pps. 

 

2.6 Statistical analysis 

The obtained data were assessed for analysis of 

variance (ANOVA) and regression models using the 

Response Surface Methodology (Design-Expert software 

version 11, Stat-Ease Inc. Minneapolis, USA) to 

understand the effect of polydextrose (A) and guar-gum 

(B) on the physical and textural characteristics of the 

experimental biscuits. Second-order mixture polynomial 

was fitted to the data to get the regression equations. The 

statistical significance of the model was assessed using 

model analysis, lack of fit F- value, model F- value and 

coefficient of determination (R2) (Weng, Liu, and Lin 

2001). The linear, quadratic, and interactive effect of 

variables on the response was described at 1% and 5% 

levels of confidence.  

2.7 Optimization 

The optimization process was executed using the 

numerical method with the Design-Expert software 

(version 11, Stat-Ease Inc. Minneapolis, USA). The 

optimization objective was to find the best combination 

of polydextrose and guar-gum with desired physical and 

textural characteristics. In the optimization process, both 

the independent variables, namely polydextrose and guar

-gum, were kept in range while within the responses, 

only the spread ratio was maximized, and the remaining 

parameters, i.e., thickness, hardness, and fracturability 

were kept in range. These parameters are a key index to 

measure the desirability function, a technique primarily 

employed in process optimization with multiple 

responses where desirability varies from 0 (lowest) to 1 

(highest) (Myers et al., 1995). The solution with the 

maximum desirability was selected for further 

experiments. Response surface graphs were generated 

showing the effect of different independent variables on 

responses. Experiment biscuits were prepared with 

optimal conditions of polydextrose and guar-gum, and 

their physical and textural attributes were analysed. The 

Treatment A (%) B (%) Diameter (mm) Thickness (mm) Spread Ratio (mm) Hardness (g) Fracturability (mm) 

1 10 0 55.26 11.03 5.01 1382.08 15.33 

2 15 0 55.35 9.8 5.75 1366.25 10.84 

3 10 1.5 53.23 8.67 6.14 1948.4 7.93 

4 15 1.5 52.9 8.92 5.93 2279.5 8.61 

5 10 0.75 53.35 7.88 6.77 1696.5 7.19 

6 15 0.75 54.23 8.33 6.51 2333.56 8.08 

7 12.5 0 56.72 8.44 6.72 876.04 8.38 

8 12.5 1.5 53.11 7.72 6.88 2715.84 7.19 

9 12.5 0.75 51.37 7.37 6.97 1224.34 6.01 

10 12.5 0.75 51.36 7.39 6.95 1216.11 6.25 

11 12.5 0.75 51.38 7.01 7.33 1202.26 5.25 

12 12.5 0.75 51.36 7.62 6.74 2221.34 6.64 

13 12.5 0.75 51.32 7.47 6.87 1233.34 6.98 

Control 0 0 57.84 6.11 9.466 1757.2 7.69 

Table 2. Effect of independent variables on biscuits physical attributes and texture 

Independent variables A: Polydextrose, B: Guar-gum 

S.no. Ingredients C (%) SFB (%) 

1 Refined flour 100 - 

2 Composite flour - 100 

3 Butter 60 50 

4 Sugar  50 - 

5 Sugar-free - 3 

6 SMP 2.5 5 

7 Custard powder 2.5 - 

8 Glucose powder 2.5 - 

9 Baking powder 1.3 1.5 

10 Baking soda 0.5 0.5 

11 Ammonia 0.5 0.5 

12 Essence 0.5 0.5 

13 Refined oil  4 2 

14 Milk 15 15 

15 Water - 15 

Table 3. Cookie formulation 

SMP: skim milk powder, C: control biscuit, SFB: sugar-free 

biscuits 
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experimental results were comprehended with predicted 

values from the fitted model. The precision of the model 

was established with a two-tailed, one-sample T-test 

using SPSS Statistics version 22 (IBM).  

 

3. Results 

3.1 Physical attributes 

The thickness of the experimental biscuits ranges 

from 7.01 mm to 11.03 mm and the spread ratio from 

5.007 mm to 7.325 mm (Table 2). Thickness is 

maximum for treatment 1 (polydextrose 10 %, guar gum 

0) and minimum for treatment 11 (polydextrose 12.5%, 

guar gum 0.75%) in contrast to spreading ratio as a 

maximum is for treatment 11 (polydextrose 12.5% and 

guar gum 0.75%) and minimum for treatment 1 

(polydextrose 10%, guar gum 0%) establishing an 

inverse relationship between both the physical attributes. 

The thickness and spread ratio of the control biscuit is 

6.11 mm and 9.466 mm, respectively. The coefficient of 

thickness estimation shows that increasing levels of 

factor A and factor B are inversely proportional to the 

thickness of the biscuit. In contrast, the synergistic effect 

of both factors is positive (Table 4). 

In contrast, the coefficient of estimation of the 

spread ratio displays increasing levels of factor A and 

factor B are directly proportional to the spread ratio of 

biscuits. However, the interactive effect of both factors is 

negative. The ANOVA reveals that model (quadratic) 

and model terms (A, B, AB, A2, B2) are significant for 

thickness (p˂0.01) and spread ratio (p˂0.05) of the 

biscuit establishing both the factors have a positive effect 

on thickness along with spread ratio. The 3D plots 

showing the impact of both factors on the thickness and 

spread ratio are shown in Figure 1. The R- squared and 

adjusted R-squared values for thickness are 0.9214 and 

0.8652, and the spread ratio is 0.8407 and 0.7269, 

respectively (Table 4).  

3.2 Textural analysis 

The hardness of the biscuit ranges from 876.04 g to 

2715.84 g. Maximum hardness is for treatment 8 

(polydextrose 12.5%, guar gum 1.5%) and minimum for 

treatment 7 (polydextrose 12.5%, guar gum 0.0 %) 

(Table 2). The hardness of the control biscuit is 1757.2 g. 

The coefficient of estimation for hardness shows a linear 

positive effect of both factors on hardness. The ANOVA 

shows that the model (linear) and model terms (A and B) 

are significant (p˂0.05) (Table 4), indicating a 

significant effect of both factors on the hardness of 

biscuits. The 3D plots showing the effect of factor A and 

factor B on the hardness of the biscuit are shown in 

Figure 1. The R- squared and adjusted R-squared values 

are 0.5087 and 0.4104 (Table 4), respectively. 

Fracturability of the biscuit ranges from 5.25 mm to 

15.33 mm. Maximum fracturability is for treatment 1 

(polydextrose 10%, guar gum 0%) and minimum for 

treatment 11 (polydextrose 12.5%, guar gum 0.75%) 

(Table 2). The Fracturability of the control biscuit is 7.69 

mm. The coefficient of estimation for fracturability 

shows that increasing levels of factor A and factor B are 

inversely proportional to fracturability while the 

interactive effect is positive. The ANOVA explains that 

the model (quadratic) and model terms (A, B, AB, A2, 

B2) are significant for fracturability (p˂0.01) (Table 4). 

This indicates that both factors have a positive effect on 

fracturability. The 3D plots showing the effect of factor 

A and factor B on the fracturability of the biscuit are 

shown in Figure 1. The R- squared and adjusted R-

squared values are 0.8737 and 0.7834 (Table 4), 

respectively.  

 

 

 

 

Factor Thickness Spread ratio Hardness Fracturability 
Intercept 7.26 7.08 1668.89 6.02 

A -0.0883 0.0468 158.72 -0.4867 
B -0.6600 0.2438 553.23 -1.80 

AB 0.3700 -0.2380   1.29 
A2 1.12 -0.6988   2.13 
B2 1.09 -0.5388   2.28 

Model 
Type quadratic quadratic linear quadratic 

F- value 16.41 7.39 5.18 9.68 
p- value 0.0010** 0.0103* 0.0286* 0.0048** 

Lack of fit ns ns ns ns 
R2 0.9214 0.8407 0.5087 0.8737 

Table 4. Coefficient of analysis and ANOVA model 

ns: non-significant, s: significant, * significant at 5% (p˂0.05); ** significant at 1 % (p˂0.01) 
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4. Discussion 

4.1 Effect of independent variables on physical attributes 

of biscuits 

The physical attributes of biscuits are the primary 

and significant parameters that appeal to consumers. In 

general, biscuits with a higher spread ratio are preferred 

(Igbabul et al., 2018). This is achieved by the sucrose 

present in the biscuit. Control biscuits containing soft 

flour and sucrose had the highest diameter (57.84 mm), 

lesser thickness (6.11 mm), and more excellent spread 

ratio (9.466 mm). The presence of high sugar and fat is 

the primary reason for the greater diameter and spread 

ratio. During baking, sugar left undissolved melts, 

decreasing the dough's viscosity, leading to the larger 

diameter and spread ratio of control biscuits. During the 

mixing of ingredients, sugar hinders gluten development 

in dough. It competes with gluten protein over water, 

resulting in lesser biscuit thickness (Handa et al., 2012; 

Ho and Pulsawat, 2020). 

Experimental biscuits have less diameter, spread 

ratio, and thickness in comparison with control biscuits 

which might be attributed to the use of composite flour 

in the formulation of experimental biscuits. The higher 

binding capacity of protein present in the flour restricts 

the spread of the experimental biscuits. AL-Ansi et al. 

(2018) also established a low spread ratio and increased 

thickness of cookies on replacing wheat flour with millet 

flour, lentil flour, and whole wheat flour. Akter et al. 

(2020) also reported a decrease in the spread ratio of 

biscuits on incorporating protein concentrate in flour. A 

similar reduction in spread ratio was also recognized by 

Chugh and Kumbhar (2016) on the increasing quantity of 

sugar and fat replacer. Apart from composite flour used 

in biscuit making, the absence of sugar is another factor 

influencing dough viscosity and resulting in a low spread 

ratio. 

The 3D plot of Figures (a) and (b) show the effect of 

polydextrose (factor A) and guar-gum (factor B) on the 

thickness and spread ratio of biscuits simultaneously. 

Figure 1 (a) illustrated the maximum thickness at starting 

of the graph when both factors were at minimum levels. 

As the levels of both factors increase, thickness also 

increases and falls in the end. This indicates thickness 

decreases with an increase in both factors, and a non-

significant increase was observed at the end of the graph. 

In Figure 1 (b) spread ratio increases as the level of both 

factors increases, and reaches a maximum level, with 

subsequent fall. 

4.2 Effect of independent variables on the texture of 

biscuits 

Textural qualities are essential attributes that 

determine the eating quality of a product. Among the 

various textural parameters for biscuits, hardness is 

considered an important characteristic measured as the 

peak force needed to snap the biscuit (Cheng and Bhat, 

2016). The breaking strength of biscuits is a factor that 

defines how they work when placed in the mouth and 

pressed in between the teeth; moderate crackling strength 

and crisp mouthfeel are the key elements that verify the 

level of acceptability by consumers. The average 

intensity of breaking strength is the practical 

(a) (b) 

(c) (d) 

Figure 1. 3D plots showing the effect of polydextrose and guar-gum on (a) thickness (b) spread ratio (c) hardness and (d) 

fracturability of biscuits/cookies. 
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characteristic operated through the percentage of fat 

proportion and moisture utilized in biscuit preparation 

before baking. Later on, acquired moisture during 

storage resulted in sogginess, which alters mouthfeel, 

lower breaking strength values, and acceptability (Park et 

al., 2015; Parul et al., 2015; AL-Ansi et al., 2018).  

The texture profile of cookies was analysed for 

hardness and fracturability. Sucrose acts as a hardening 

agent, it makes the biscuit crisp by crystallisation 

(Chevallier et al., 2000). There was a significant 

difference in hardness and fracturability of 100% sucrose 

and sugar-free cookies (Handa et al., 2012). In this 

study, the complete removal of sugar from the 

experimental biscuits resulted in a comparable hardness 

and fracturability with control biscuits due to the high 

protein content and strong binding of starch present in 

the composite flour. This is in line with previous studies, 

where the use of composite flour resulted in higher 

hardness of biscuits in sucrose-containing cookies (Park 

et al., 2015; Parul et al., 2015; AL-Ansi et al., 2018). 

The 3D plots of Figures 1 (c) and (d) show the effect 

of both factors on the hardness and fracturability of 

biscuits simultaneously. Figure 1(c) shows the linear 

effect of both factors on hardness indicating as the level 

of both factors increases, hardness also increases 

whereas figure 1(d) shows the highest fracturability at 

initial levels of both factors which decreases with 

increasing levels of both the factors and a non-significant 

increase is recorded towards the end.  

4.3 Optimization of sugar-free biscuits 

Optimization of sugar-free biscuits resulted in a 

desirability value of 0.993. This desirability value 

corresponds to the conditions: polydextrose 12.485% and 

Guar-gum 0.921% with predicted value by design for 

thickness 7.17 mm, spread ratio 7.10 mm, hardness 

1794.22 g, and fracturability 5.73 mm (Table 5). A 

desirability value > 0.7 is considered to be excellent 

(Carrera 1998). The experiment is carried out with the 

optimal conditions of biscuit. The physical and textural 

attributes were analysed and compared with the 

predicted values to validate the model obtained. There is 

no significant difference between the predicted values 

and the validated values. (Table 5). Therefore, the model 

used in each response resonates with the optimal level of 

polydextrose and guar-gum to formulate composite flour

-based sugar-free biscuits.  

 

5. Conclusion  

Replacement of sugar from bakery products is 

challenging because it gives taste to the product and 

determines the physical and textural attributes. At the 

same time, the adverse effects of sugar on health cannot 

be ignored, which brings a need for its replacement. This 

study efficaciously prepared sugar-free biscuits with 

accepted physical and textural attributes. Polydextrose 

and guar-gum have a significant effect on these 

attributes. The results show a decrease in the spread ratio 

of the biscuits in comparison to the control, which is not 

desirable. Apart from complete sugar replacement, this 

study successfully replaced 10% fat from the control 

biscuits without sacrificing the textural quality of the 

experimental biscuits. The use of composite flour 

containing millets and legumes further adds sugar-free 

biscuits as a healthy choice for diabetic and health-

conscious consumers. Together these shifts may help the 

bakery industry achieve a healthy outlook from 

customers and hopefully improve the health 

infrastructure affected by the consumption of bakery 

products. 
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