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Abstract 
Flour based peanut snack is a well-known local fried product widely consumed in Thailand. 
Its textural characteristic is one of the key determining factors influencing consumer 
acceptance. The aim of this study was to formulate three flours combinations using mixture 
design facilitated by Design Expert 6.0.5. Rice flour, wheat flour, and tapioca flour were 
chosen for the study. A quadratic model was assumed for the variable design, resulting in 14 
flour combinations so that the total flour was controlled at 25% w/w. Hedonic scoring and 
Just-About-Right scale were employed for sensory evaluation of the product. The results 
indicates that a flour combination consisting of 13% rice flour and 12% tapioca flour achieved 
the highest liking score, satisfactory attributes and minimum cost. 
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1. INTRODUCTION 
Peanut (Arachis hypogaea L.), despite its name, is not a nut but belongs to the Leguminosae 
family. It is planted and consumed worldwide. The main nutrients in peanut seeds include 
protein (30%), fat (47%), and carbohydrate (12%) (http://th.wikipedia.org, 2008). In 
Thailand, it is cultivated nationwide and used as ingredient for various snacks or main dishes. 
Flour based peanut snack is of these locally consumed products. This product is flat-round in 
shape with around 6-7 cm in diameter. The number of peanut seeds in each piece varies (e.g., 
from 8-20 seeds). It is mostly produced and sold daily by small business sellers. Nevertheless, 
its recipe and process have not yet been widely studied and adapted for industrial production. 

The main ingredients of flour based peanut snacks include flour, sugar, salt, egg, water, and 
coconut milk. The brief processing steps include flour and sugar mixing, addition of salt, egg, 
water, and coconut milk, filtration, addition of peanut followed by deep oil frying, cooling 
and packing, respectively. Similar to any other crispy snacks, the textural characteristic of the 
flour based peanut snack is one of the key attributes influencing consumer acceptance. 
Numerous studies have been reported on flour blend effect, mostly focusing on soy flour and 
corn flour incorporation in fried wheat flour based snack (Senthil, Ravi, Bhat, & 
Seethalakshmi, 2002; Ward, Resurreccion, & McWatters, 1998; Ahamed, Singhal, Kulkarni, 
& Pal, 1997). In this context, the amylose-amylopectin ratio of flour or flour blend plays a 
major role because it determines the volume expansion and the texture of the finished snack. 
Amylose content has also been reported to be associated with the extent of oil uptake in deep 
fat-fried snack (Ahamed, Singhal, Kulkarni, & Pal, 1997). These quality attributes influence 
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consumer perception and acceptance of the final product. In flour based peanut snack, 
however, rice flour (83% amylopectin), wheat flour (72% amylopectin), and tapioca flour 
(83% amylopectin) (Hizukuri, 1988) are normally used as mixed ingredients. Therefore, the 
purpose of this study was to find the combination of these three flours which will result in a 
satisfactory flour based peanut snack product. Hedonic and Just-About-Right (JAR) scales 
were employed for sensory evaluation of the product. 

2. MATERIALS AND METHODS 
2.1 Product ingredients
The product contained dried raw peanut seeds, sesame, rice flour, wheat flour, tapioca flour, 
water, coconut milk, egg, fine salt, sugar. Palm oil was used for frying.  
2.2 Flour based peanut snack preparation 
Flour base was prepared from a mixture of flours and sugar to which was incorporated salt, 
egg, water and coconut milk. The combination was well mixed until the sugar was completely 
dissolved before sieving through a strainer to remove large particles. Peanut seeds and sesame 
were then added, and the mixture was transferred into the round-flat metal mould (diameter of 
5.3 cm) to control the product shape and size. The product was subsequently deep fried in 
palm oil at 180 °C for around 40 seconds, then at 140 °C for around 15 seconds. The fried 
product was then let cool down to ambient temperature before being packed in laminated 
aluminium foil bag.  
2.3 Experimental design 
Except for flours of which total amount was controlled at 25% w/w, all other ingredients were 
fixed in product formulation. According to a preliminary experiment, the proportion range 
was 3 to 13% for tapioca flour, 13 to 23% for rice flour and 5 to 13% for all purpose wheat 
flour. Design Expert 6.0.5 (Stat-Ease, Inc.) was employed for mixture design with assumed 
quadratic model, resulting in 14 flour combinations (Table 1).   

Table 1. Flour combinations from mixture design. 
Flour Combination Rice flour (%) Wheat flour (%) Tapioca four (%)

1 15.50 3.35 6.15 
2 18.00 - 7.00 
3 23.00 2.00 - 
4 13.00 - 12.00 
5 18.00 7.00 - 
6 13.00 7.00 5.00 
7 19.25 3.85 1.90 
8 15.50 7.00 2.50 
9 13.00 3.50 8.50 
10 23.00 - 2.00 
11 13.00 - 12.00 
12 18.00 - 7.00 
13 13.00 7.00 5.00 
14 18.00 7.00 - 
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2.4 Product evaluation 
All product samples were evaluated in order to obtain liking scores (7-point hedonic scale) 
and JAR scores (1 = Much too weak, 2 = Too weak, 3 = Just about right, 4 = Too strong, 5 = 
Too much strong). Each of 40 panellists was served with one piece of product. Product 
hedonic attributes included appearance, colour, flavour, sweetness, saltiness, and crispness. 
Selected samples were evaluated for attribute intensity employing JAR. Colour, sweetness, 
saltiness, and hardness were also evaluated. 

3. RESULTS AND DISCUSSIONS 
Regarding the hedonic sensory evaluation, the results indicate that combinations 1, 2, 4, 5, 6, 
8, 9, 11, 12, and 13 did not differ significantly (see Table 2). We also found that crispness 
contributed significantly to the overall hedonic score (see Table 3). As indicated in Table 2, 
the flour combination 11 (rice flour 13%, tapioca flour 12%). received the highest score 
which was not significantly different from the score of combination 13 (rice flour 13%, wheat 
flour 7%, tapioca flour 5%). The results also suggest that rice flour at 13% constitute the right 
proportion. The largest proportion of rice flour at 23% (combinations 3 and 10) tended to 
lower the crispness hedonic score. This result could be explained by the influence of amylose-
amylopectin ratio of flour or flour blend as reported in the literature (Senthil, Ravi, Bhat, & 
Seethalakshmi, 2002; Ward, Resurreccion, & McWatters, 1998; Ahamed, et al., 1997). 
However, further investigation was made on flour combinations 11 and 13 employing JAR to 
profile the product so that a specific improvement could be suggested. 

Table 2. Hedonic scores (1 = Extremely dislike, 5 = Neither like nor dislike, 9 = Extremely like) 
of flour based peanut snacks from 14 flour combinations. Letters indicate significant difference 

amongst values in the same column (p < .05). 
Mean liking score 

Flour combination 
Overall  Appearance Colour Flavour Sweetness Saltiness Crispness

1 6.4ab 6.4bc 6.4a 6.2a 6.1ab 5.9a 6.0bc 
2 6.4ab 6.4bc 6.4a 6.2a 6.1ab 5.9a 6.0bc 
3 6.1bc 6.3c 5.9ab 5.8ab 5.6b 5.6a 5.8bcd 
4 6.4ab 6.4bc 6.4a 6.2a 6.1ab 5.9a 6.0bc 
5 6.4ab 6.4bc 6.4a 6.2a 6.1ab 5.9a 6.0bc 
6 6.4ab 6.4bc 6.4a 6.2a 6.1ab 5.9a 6.0bc 
7 5.9bc 6.1c 6.1ab 5.5ab 5.7ab 5.8a 5.8bcd 
8 6.2abc 6.2c 6.7a 6.0ab 6.1ab 5.9a 5.3cd 
9 6.4ab 6.9ab 6.1ab 6.1ab 6.4a 6.1a 6.0bc 
10 6.1bc 6.5abc 6.5a 5.4b 5.7ab 5.7a 5.6bcd 
11 6.4ab 5.9c 5.5b 6.1ab 6.38ab 6.2a 7.4a 
12 6.4abc 6.4bc 6.4ab 6.4a 6.34ab 6.1a 5.7bcd 
13 6.6ab 7.2a 6.9a 6.1ab 6.38ab 6.1a 6.7ab 
14 5.5bc 6.6abc 6.3ab 5.7ab 5.54b 5.5a 4.8d 
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Table 3 Linear model describing relationship between overall liking score and product attribute liking 
scores (Overall liking score = Y = 2.18247901352456-9.22815493277694E-02*X1+.228769258786121* 

X2+6.34402086385718E-02* X3+.994663018412948* X4-.769223467650164* X5+.234665755839502* X6)

Source Value Standard error t Pr > |t| 
Intercept 2.182 1.623 1.345 0.221 

Appearance (X1) -0.092 0.106 -0.867 0.415 
Colour (X2) 0.229 0.121 1.893 0.100 
Flavour (X3) 0.063 0.208 0.306 0.769 

Sweetness (X4) 0.995 0.513 1.941 0.093 
Saltiness (X5) -0.769 0.482 -1.595 0.155 
Crispness (X6) 0.235 0.079 2.966 0.021* 

According to the JAR test (Figure 1), over 50% of the panellists were satisfied with the 
product attributes of colour, sweetness, saltiness and hardness. However, the product obtained 
from flour combination 11 seemed to be too strong in colour and hardness for some tasters 
(about 40%). This result suggested that two formulas of the product could be developed as 
hard texture and soft texture to satisfy two different consumer groups of preference. However, 
when cost is considered, flour combination 11 should be selected. 

 
Figure 1 Product attribute intensity justified by panellists using JAR scale a) Flour combination 11  

(left panel) and b) Flour combination 13 

4. CONCLUSIONS 
According to this study, the most suitable flour combination for flour based peanut snack 
production consists of 13% rice flour and 12% tapioca flour because this combination 
obtained the highest hedonic score and had minimum cost.     
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