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Effect of Moisture Content and Temperature on Physical
Properties of Instant Puffed Rice Snacks

Jin Tie', Je-Hyeok Yu?, and Gi-Hyung Ryu®

‘Dept. Qf Food Science and Engineering, Agricultural College of Yanbian University, Yanj, Jilin 133002, China
ZDept. of Food Science and Technology, Kongju National University, Chungnam 340-702, Korea

Abstract

The physical properties of instant puffed rice snacks with non-glutinous, glutinous, and steamed non-gluti—
nous rice were evaluated at different moisture content and puffing temperatures. Raw materials were tempered
to 9%, 12%, 15%, and 18% moisture content and puffed at 200°C, 210°C and 220°C. With the increase in moisture
content and puffing temperature, puffed snacks were less bulky. As the moisture content decreased and puffing
temperature increased, the whiteness (L) value of puffed snacks decreased, while the redness (a) and yellowness
(b) values increased. WSI and WAI were higher with an increase in moisture content and puffing temperature.
Instant puffed rice snacks made from non-glutinous, glutinous, and steamed non-glutinous rice showed differ-
ences in bulk density, WSI, and WAI, while no difference was found in color values. When the moisture content
increased from 9% to 15%, the cells within the products became more uniform and smaller. The instant puffed
rice snacks made from glutinous rice showed the smallest and most uniform cell structure.

Key words: instant puffed rice snack, instant puffing machine, moisture content, puffing temperature, physical properties
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M
P = m Prn
p;t Bulk density of instant puffed rice snack (g/cm’)
p,.: Bulk density of instant puffed rice snack (g/cm®)
M;: Mass of instant puffed rice snack (g)
M,: Mass of millet in cup (g)

M: Mass of millet and instant puffed rice snack in cup (g)
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Table 1. Bulk density of instant puffed rice snack made by different materials and puffing conditions

FA

7719

(unit: g/cm®)

Puffing temperature

Moisture content (%)

Material CC) 9 12 15 18
200 “0.78+0.01" “0.64+0.01" “0.4140.01° “0.37+0.01"
Non glutinous rice 210 °0.71+0.01" °0.5340.01" °0.3240.01¢ °0.29+0.01”
220 0.70+0.16* €0.43+0.02° 0.2640.01¢ 0.23+0.01°
200 “0.55+0.02" “0.43+0.02" “0.3340.00¢ -
Glutinous rice 210 °0.4440.01* °0.35+0.01" °0.16+£0.01° -
220 0.35+0.02* 0.22+0.01" €0.14+0.00¢ -
200 0.2840.03* 0.28+0.01* 0.26+0.01* 0.26+0.00*
Steamed rice 210 %0.2640.01* 50.2340.00% °0.23+0.01" £0.2340.00%
220 °0.21+0.00" €0.2040.00° €0.1940.00° €0.20+0.01°

Means of followed by different superscript alphabets in each column (a-c¢) and row (A-D) are significantly different (p<0.05).
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Table 2. Whiteness (L) value of instant puffed rice snack made by different materials and puffing conditions

Puffing temperature

Moisture content (%)

Material CC) 9 12 15 18
200 “91.01+0.27° “91.40+0.05" “92.30+£0.16" “92.02+0.08"
Non glutinous rice 210 90.8840.18° 91.64+0.44" 92.1940.05" 92.0340.08"8
220 90.4440.15° 91.17+0.17" "91.64+0.03" 91.11+0.07°
200 ?91.69+0.04" "91.2340.07° 91.91+0.05" -
Glutinous rice 210 90.97+0.07" 91.1540.11° 92.04+0.13* -
220 91.2740.19° 91.73+0.06" 92.2740.07" -
200 "90.2640.04° “91.73+0.18" “91.81+0.16" “91.34+0.18"
Steamed rice 210 “91.58+0.06" "90.94+0.05" "90.78+0.09° "90.79+0.06°
220 90.194-0.09" £89.9140.07"¢ °89.6640.29 590.77+0.02*

Means of followed by different superscript alphabets in each column (a-c) and row (A-C) are significantly different (p<0.05).

Table 3. Redness (a) value of instant puffed rice snack made by different materials and puffing conditions

Puffing temperature

Moisture content (%)

Material CC) 9 12 5 18
200 ©-1.35+0.04* "-1.49+0.06" P-1.55+0.03" "-1.56+0.04"
Non glutinous rice 210 b-1.1740.02* P-1.48+0.03" b-1.48+0.05" -15140.01"
220 2-0.8940.05" -1.3040.05° 1-1.2540.04% 2-1.17+0.05°
200 P-1.3840.07" -1.1840.04" 1-1.22+40.03* -
Glutinous rice 210 P-1.38+0.03" °-1.2040.04" b-1.3940.04" -
220 2-1.19+0.02° -1.11+0.01* ©-1.99+0.04" -
200 °-1.40+0.02* €-2.09+0.05" ©-2.15+0.03" ©-2.36+0.12°
Steamed rice 210 €-1.82+40.09"" ’-1.75+0.03" °-1.92+0.04" "-1.82+0.09""
220 1-1.2740.014" 1-1.2340.03* 4-1.34+0.09%¢ 1-1.4140.04°

Means of followed by different superscript alphabets in each column (a-c) and row (A-C) are significantly different (p<0.05).
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Table 4. Yellowness (b) value of instant puffed rice snack made by different materials and puffing conditions

Puffing temperature

Moisture content (%)

Material ©C) 9 12 15 18
200 8.97+0.14% ’8.50+0.16" 6.834:0.03¢ 6.82:£0.09°
Non glutinous rice 210 "9.79+0.21* ’8.2940.05" *7.49+0.08" "7.73+0.09°
220 10.374+0.22* 9.3940.12° 8.87+0.10° %9.3940.06"
200 *7.53+0.05" “7.20+£0.07 6.53£0.09° -
Glutinous rice 210 862+0.07" 7.85+0.04° >7.35+0.10° —
220 3 85+0.20" 57.6940.09" 7 75+0.06" -
200 "10.65+0.05" 9.78+0.08" 9.62£0.17° ?9.960.19"
Steamed rice 210 £10.39+0.09° 10.79+0.13* 10.56+0.12¢ 10.68+0.07""
220 11.51+0.14* 11.63+0.03" 11.5740.09" 10.60+0.09"

Means of followed by different superscript alphabets in each column (a-c¢) and row (A-D) are significantly different (p<0.05).
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Table 5. Water solubility index of instant puffed rice snack made by different materials and puffing conditions (%)
. Puffing temperature Moisture content (%)
Material ©C) 9 12 15 18
200 ©1.42+0.05° ©1.64+0.05" ©2.60+0.04* ©2.68+0.13*
Non glutinous rice 210 "1.55+0.03" °2.05:£0.01° °2.99+0.05" ’3.14+0.09"
220 1.78+0.08° 2.48+0.10¢ 315+0.09" 23.92+0.07*
200 “7.5840.13° °8.44+0.05" °11.20+0.20" -
Glutinous rice 210 "7.92+0.03° "10.62+0.50" "16.28+0.46" -
220 10.47+0.12° 13.50+0.70" 24.36+0.54" —
200 °5.7040.40° 6.95+0.18" °6.80+0.10*% 6.42+0.13"
Steamed rice 210 b7.3840.09" 7.8240.03" "6.9540.14° °6.67+0.14°
220 8.36+0.13" 853+0.11% 18.0540.03° 7.63+0.06"

Means of followed by different superscript alphabets in each column (a-c) and row (A-D) are significantly different (p<0.05).
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Table 6. Water absorption index of instant puffed rice snack made by different materials and puffing conditions (g/g)
. Puffing temperature Moisture content (%)
Material ©C) 9 12 15 18
200 °5.15+0.12° °5.3240.07° 6.14+0.06" 7.38+0.16"
Non glutinous rice 210 b5.5940.03° "5.81+0.10° b6.45+0.05" *7.23+0.35"
220 5.81+0.08° %6.33+0.19° 7.18+0.12% 27.21+0.04*
200 “7.89+0.08° °8.76+0.03" "11.80+0.06" -
Glutinous rice 210 °9.05+0.06° 10.6440.14° 12.60+0.19" -
220 410.46+0.22° 12.36+0.01° 12.69+0.07" -
200 6.27+0.02" 6.58+0.01° 6.730.04 ’6.82+0.06"
Steamed rice 210 "6.5140.01° °6.74:+£0.04 "6.84£0.02% "6.86+0.04"
220 6.70+0.03° %6.8540.07° 7.01+0.01° 7.16+0.07*

Means of followed by different superscript alphabets in each column (a—c) and row (A-D) are significantly different (p<0.05).
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rice
SEM HV: 10.00 kV WD: 50.08 mm SEM HV: 10.00 kv WD. 50.08 m
SEM MAG: 30 x. Det: SE 2mm SEM MAG: 30 x. Det: SE
Glutinous
rice
& ;~ 3
SEM HV: 10.00 kV WD: 49.25 mm SEM HV: 10.00 kV 'WD: 50.08 mm
SEM MAG: 30 x. Det: SE 2mm 7 SEM MAG: 30 x. Det: SE 2mm 7
KNU n KNU n
0,
(M.C. 9%)
Steamed
non glutinous
rice

SEM HV: 10.00kV  WD: 43.99 mm
SEM MAG: 30 x Det: SE

i P
SEM HV: 10.00 kV WD: 43.99 mm
SEM MAG: 30 x Det: SE

Fig. 1. Scanning electron micrographs of surface of instant puffed rice snack made at moisture content (9, 15%) and puffing
temperature (220°C).



FEEds exd ge =

Non glutinous

rice
SEM HV: 10.00 kV' WD: 49.25 mm
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Steamed
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rice

A
WD: 46.21 mm
SEM MAG: 70 x Det: SE 1mm

MIRAN TESCAN

SEM MAG: 70 x Det: SE
P /| [
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Bt 2 2de] BE3 54 851

(M.C. 15%)

SEM HV: 10.00 kV WD: 49.25 mm MIRAW TESCAN

SEM HV: 10.00 kV  WD: 4925 mm MIRAW TESCAN
SEM MAG: 70 x Det: SE 1mm -
o

SEM HV: 10.00 kV WD: 46.21 mm

- SEM MAG: 70x Det: SE Tmm 4
KNU n KNU n

Fig. 2. Scanning electron micrographs of cross section of instant puffed rice snack made at moisture content (9, 15%) and

puffing temperature (220°C).
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