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ABSTRACT  
Microwave-puffing technique is more efficient and faster than traditional method. 

However, there is a limited information about microwave puffing of rice. In this study, five 
varieties of Thai paddy rice were selected, including glutinous (RD6, RD16 and SPT1) and non-
glutinous rice (RD 33 and RBR). Face-centered central composite design with three levels of 
grain moisture contents (10, 13 and 16% wb) and three levels of calcium chloride concentrations 
(0, 1.5 and 3.0%) was studied. The paddy was soaked in calcium chloride solution by vacuum-
infusion technique before puffing in a home microwave oven at 2,450 MHz with 800 Watt output. 
The results showed that the amylose content (4.78-13.46%) was negatively correlated with puffed 
yield of all puffed rice. Results of ANOVA showed that the effect of moisture content was 
significant (p≤0.05) on puffing yield, expansion ratio and density of RD6, RD 16, RD 33, and 
SPT1 while the calcium chloride significantly affected on expansion ratio of RD6, RD16 and 
SPT1 (p≤0.05). RD6 had highest yield while RBR had lowest yield than other varieties. Puffed 
rice was classified into two types, butterfly-shaped (fully puffed) and rugby-shaped (small puffed) 
were observed. The optimal condition was found to be 13% moisture content and 1.5-3.0% 
calcium chloride. 
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INTRODUCTION 
Puffed rice or popped rice has been 

produced for a long time in many countries in 
Asia. Puffed rice in Thailand is known as 
“Khao Tok or Khao Pong”. It is a whole grain 
puffed products from paddy, parboiled rice or 
milled rice, generally prepared by preconditi-
oning of rice grain, followed by drying and 
puffing [6,12]. There are several methods to 
produce the puffed rice, such as puffing with 
hot-sand roasting, frying in hot oil, puffing in 
hot air and gun-puffing methods [10]. Puffing 
of cereal grains involves the release or 
expansion of vapor inside the grains, while it is 
subjected to intensive heating for a short time. 
This technique can expand an internal structure 
and rupture an original structure [5,10]. In 
Thailand, roasting in hot sand and frying in hot 
oil are generally used. Roasting has the risk of 
burning and producing a lot of defects, while 
the oil can be easily turns rancid [6]. In India, 
puffed rice is mostly produced by sand roasting 
method, heating of the sand is achieved by the 
husk or wood chips fired furnace that poses 

serious environmental hazard along with a risk 
of adherence of silica with the puffed product 
[10,12]. Therefore, there is a need of using 
clean and convenient energy for processing 
that addresses the environmental and health 
issues as well as convenient production. 

At present, there is an increasing trend to 
use microwave for food processing, because 
the microwave heating has several benefits 
over traditional methods such as quick start-up 
time, faster heating rate, energy efficient, space 
saving, selective heating, and final products 
with improved nutritive quality [1, 3, 4, 7, 11]. 
Now a day, retail pack microwav-eable 
popcorn in consumer market is increas-ing [5]. 
A similar approach for production of 
microwaveable puffed rice will be possible if 
optimized process parameters related to 
maximized puffing yield and expansion are 
available. The objective of this research is to 
investigate the effects of moisture contents and 
calcium chloride concentrations on the 
characteristics of puffed rice from different 
paddy varieties. 
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MATERIALS AND METHODS 

Materials 

Five Thai Paddy varieties, RD6 and RD16 
were purchased from Chiang Rai Rice 
Research Center, RD33 was purchased from 
Ubon Ratchathani Rice Research Center,SPT1 
was purchased from Chiang Mai Rice Research 
Center and RBR was obtained from Rice 
Science Center, Kasetsart Universi ty, 
Kamphangsaen Campus. Thailand. All paddies 
were harvested during December 2013 – 
February 2014. 

Methods 

1. Chemical Analysis 
The paddy was dehusked and ground. Then, 

the brown rice flour was sieved through a 100-
mesh sieve. The crude protein was determined 
according to [14] and Kjeldahl protein using 
the factor 5.95. The amylose content was 
determined according to [13]. A standard curve 
was established using amylose from potato 
(Sigma). 

2. Sample Preparation 
The paddy were sorted to remove any 

foreign materials and to separate the immature 
paddy by soaking in tap water. After that, the 
mature paddy (submergence) was drained for 
3 min, blotted with muslin cloth to remove the 
surface water [15]. Vacuum-infusion technique 
was applied. The 500 gram of mature paddy 
was soaked in 2 liters of calcium chloride 
(CaCl2) solution at different concentration 
following experimental design in Table 1. The 
vacuum condition was set at 600 mmHg for 60 
minutes at room temperature (27 ± 3 ˚C). After 
that, the soaked paddy was dried in hot air oven 
at 50˚ C until the grain moisture content were 
decreased to 10, 13 and 16% (wb). 

3. Puffing Method 
Home microwave oven (Model KOG-3725, 

Daewoo, Malaysia) with power output of 800 
W at 2450 MHz was used. Paddy of 10 grams 
were placed in a Perti dish (12 cm in diameter) 
and puffed for 70-80 sec. Then, puffed and 
unpuffed rice were separated by sieving and 
hand picking. 

4. Puffing Quality Measurements 
The unpuffed grains were handpicked and 

the weight of puffed rice was recorded. The 
puffed yield was calculated as the weight 
percentage [4,5,9]. 

…(1) 

Expansion ratio was determined by 
measuring the volume of paddy before puffing 
and puffed rice, using 100 ml of graduated 
cylinder [4,5,9]. 

 …(2) 

The density was calculated using the follow-
ing equation 3: [4,5,9]. 

…(3) 

5. Statistical Analysis 
Response surface metho- dology was 

employed. Face-centered central composite 
design (FCCD) with two factors (grain mois-
ture content and calcium chloride concentra-
tion) and three levels were used. Experimen-tal 
values and code of FCCD design are shown in 
Table 1. 

Table 1 Face-centered composite design 
(FCCD) 

Factors  Code  -1  0  +1  

Moisture Content (%)  X1  10  13  16  
CaCl2 Concentration. (%)  X2  0  1.5  3.0  

The responses were analyzed by Minitab 
program version 16 to fit a second-order 
polynomial equation 4 [16]. 

  …(4) 

Chemical compositions were conducted 
using analysis of variance (ANOVA). Signi-
ficant calculated mean values were compared 
using Duncan’s new multiple range test at α = 
0.05 level of significance. 

RESULTS AND DISCUSSIONS 

Chemical Compositions of Paddy 
Varieties 

Chemical compositions of paddy varieties 
are shown in Table 2. The crude protein and 
amylose content of rice were in the range of 
10.83-13.62% and 4.85 – 13. 67%, respecti-
vely. The crude protein content of RBR was 
different significantly (p ≤ 0.05). RBR had 
highest protein of 13.62%, whereas the lowest 
was RD33 for 10.83%. 
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Amylose content was different significan-
tly (p ≤ 0.05) and could be classified into two 
groups; non-waxy rice and waxy rice. Non 
waxy rice includes RD33 and RBR had 
amylose of 13.11-13.67% and RD6, RD16 and 
SPT1 had amylose of 4.85-5.45%, res-
pectively. 

Table 2 Chemical compositions of rice grain 

Variety 
Chemical compositions 

Protein (%)  Amylose (%)  

RD6  10.87 ± 0.76 b  5.45±0.11c  

RD16  11.39 ± 0.76 b  5.27±0.05c d  

RD33  10.83 ± 0.80 b  13.67±0.29 a  

SPT1  11.41 ± 0.18b  4.85±0.11d  

RBR  13.62 ± 0.36 a  13.11±0.34 b  

Average from triplication ± standard deviation. 
Different superscript letters are significantly different (p ≤ 0.05). 

Appearance of Puffed Rice 
The puffed rice obtained in microwave puffing were 
classified into four groups (Fig.1). There were unpuffed 
(Fig.1A), puffed with improper expansion (Fig.1B), puffed 
without rupture in shape (Fig.1C) and fully puffed with 
open shape (Fig.1D). The last two groups of puffed rice 
were calculated in the puffing quality.  

Puffing Qualities  

The effects of grain moisture contents and 
calcium chloride concentrations on puffing 
qualities are shown in Table 3, Analysis of 
variances are shown in Table 4 and The contour 
plots of puffed rice qualities are shown in Fig. 
2, respectively. 

 
Fig. 1 Appearance of puffed rice at different stage of 

microwave puffing, A) Unpuffed rice, B) 
Puffed rice with improper expansion, C) Small 
puffed rice and D) Fully puffed rice. 

Puffed yield shows the puffing ability of 
paddy. The percentage of puffed yield varied 
from 42.46% -77.61% at different moisture 
contents and CaCl2 concentrations. The highest 
puffed yield was found in RD6 followed by 
SPT1, RD16, RD33 and RBR, respectively.  

The percentage of puffed yield in RD6 
varied from 53.62% - 77.61%. The maximum 

puffed yield was found at 13% mc and 1.5% 
CaCl2 and minimum was found at 16% mc and 
1.5% CaCl2.  

For RD16, puffed yield was varied from 
49.94%-60.16%, the highest puffed yield was 
found at 13% mc and 1.5% CaCl2 and the 
lowest was found at 16% mc and 0% CaCl2.  

For RD33, puffed yield was varied from 
46.33%-57.63%, the highest of puffed yield 
was found at 13% mc and 3.0 %CaCl2 and the 
lowest was found at 10% mc and 1.5% CaCl2.  

For SPT1, puffed yield was varied from 
49.24% -76.02%, the highest puffed yield was 
found at 13% mc and 3.0 % CaCl2 and the 
lowest was found at 10% mc and 0% CaCl2.  

For RBR, puffed yield was varied from 
42.46% - 49.16%, the highest puffed yield was 
found at 16% mc and 1.5% CaCl2 and the 
lowest was found at 10% mc 0% CaCl2 and 
13% mc and 1.5% CaCl2. According to this 
study when the moisture content was increasing 
tend to higher puffed yield; however, when the 
moisture increased to 16% yields lower puffed 
yield. These results correlated with the previous 
studies [9,10] which reported the optimum 
moisture content for maximum expansion was 
14%. The drop in the puffed yield at low 
moisture content could be due to lack of 
enough pressure to burst the husk, on the other 
hand when the moisture content is high, the 
pressure inside the grain at puffing moment is 
lower causing less expansion and lower puffed 
yield. This study shows that optimal level of 
moisture in the grain is essential for puffing, in 
this case 13% (wb). This study supported by 
[8] that at high moisture level, starch structure 
collapse producing lesser expansion due to 
nucleation during corn popping process.  

Expansion ratio was expressed as the degree 
of expansion when the paddy was puffed. 
Expansion ratio varied from 1.75-3.00. The 
highest expansion ratio was found in SPT1 
followed by RD6, RD16, RD33 and RBR, 
respectively.  

The expansion ratio in RD6 varied from 
1.98-3.00. The maximum expansion ratio was 
found at 13% mc and 1.5% CaCl2  and mini-
mum was found at 10% mc and 0% CaCl2.  

In RD16, expansion ratio was varied from 
1.90-2.50 the highest expansion was found at 
13% mc and 1.5% CaCl2 and lowest was found 
at 10% mc and 0% CaCl2.  

In RD33, expansion ratio was varied from 
1.73-1.90 the highest expansion was found at 
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13% mc and 1.5% CaCl2 and lowest was found 
at 10% mc and 0% CaCl2.  

In SPT1, expansion ratio was varied from 
2.18-3.00 the highest expansion was found at 
13% mc and 3.0% CaCl2 and lowest was found 
at 10% mc and 0% CaCl2.  

In RBR, expansion ratio was varied from 
1.86-2.06 the highest expansion was found at 
16% mc and 1.5 % CaCl2 and lowest was found 
at 10% mc and 0% CaCl2.  

According to ANOVA in Table 4, CaCl2 had 
significant effect on expansion ratio of on 
SPT1, RD6 (p ≤ 0.01) and RD16 (p ≤ 0.05) 
because CaCl2 increases the dielectric 
properties than the water alone, it could 
generate more heat in the grain when absorbing 
microwave power. Resulting, quickly and 
simultaneously transfer the heat to the grain 
and build internal pressure of the grain for 
puffing [2,9].  

Amylopectin in SPT1, RD6 and RD16 
leads to light, elastic and homogeneously 
expanded texture while amylose leads to hard 
texture and less expansion [4,8].  

The density has been linked with the 
expansion ratio in describing the degree of 
puffing in product. The density of the puffed 
rice varied between 0.088-0.144 g/ml. The 
lowest density value was obtained in RBR and 

RD33, whereas the highest value was obtained 
in SPT1 and RD6. The moisture content had 
high significant effect with density (p ≤ 0.01). 
However, it was not affected by the calcium 
chloride.  

Water plays an important role in expan-
sion. The moisture in the grain is converted to 
superheated vapor, providing the driving force 
for expansion. Thus, when microwave-puffing, 
not only moisture content but also microwave 
power, time and dielectric properties of 
material are important in determining the 
expansion and other quality of puffed rice 
[2,9,15]. 

CONCLUSIONS 
Puffed yield and expansion are two major 

criteria for deciding the effectiveness of 
microwave-puffing. This study provided some 
information of characteristics of puffed rice 
from paddy by microwave. The moisture 
content had a highly significant effect on 
puffed yield, expansion ratio and density of 
puffed rice from paddy. The calcium chloride 
concentration had a significant effect on 
expansion ratio. The puffed yield of RD6 SPT 
1 RD16 RD33 and RBR were 76.61%, 
76.02%, 60.16%, 57.63 and 

 

Table 3 Face-centered composite design arrangement and responses. 

 

Table 4 Regression coefficients and coefficient of determination of puffing qualities for each variety 
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Fig. 2 The contour plots of puffed yield, expansion ratio and density of different puffed rice varieties as affected by 

moisture contents and calcium chloride concentrations. 
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49.16%. RD6 has high potential for 
microwave puffing more than other varieties. 
The optimum conditions for puffing by 
microwave was 13% mc and 1.5-3.0%CaCl2. 
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