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Study on Puffing of Rice using a Rice Cake Machine
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Abstract

Puffed rice cake product is made by heating rice kernels under high pressure in the presence of steam. It is
flat, round, crispy and low calorie. This study aimed to determine the effects of temperature, rice moisture
content and heating time on the characteristics of the puffed rice from Pathum Thani 1. In the experiment, the
rice moisture content, temperature and holding time were varied in the ranges of 13-19% (w.b.), 220-240°C and
3-7 s, respectively. It was found that these three parameters significantly affected the characteristics of puffed
rice (P<0.05) and the rate of rice expansion were increased when all factors were higher (P<0.05). The color
values of puffed rice were depended on the increasing of temperature and heating duration. The results
exhibited that the L* value decreased, whereas the b* value increased (P<0.05). However, the texture properties
as the hardness and the brittleness were changed upon the rice extension rate. The hardness was more stiffness,
but the crispness was decreased (P<0.05). The optimum conditions for puffing were using the rice with moisture
content of 13%, the temperature of 240°C and the extension time of 7 s that caused the expansion ratio was
6.30 times. Therefore, the product had the volume of 29.22 cm’, the L* of 73.51, the b* of 16.23 and the
hardness value of 18.68 N.
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Framedliifunatuiuaryiliiannaudiule @1a, 2535)
nsaaAsiaesisdslimnzaulunisuantnesfiogunin
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21 Msneuiieg

Fmasildlunismaass Ae Tasiugnenuyusid 1
ALTUENAY 13% (wb) thdnarsuiiuaudu 3
JEAU A 15 17 Wag 19% (w.b.) aufeInis medsnisiiy
ih anduthldnmusdaainliiuiigungd 4°C Wuna
24 h Fadunsdautasanivesgiiun (2555) LieliAn
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|V|2 _ M3XW,3 _Mlxw,l 0
X
w,2
dlo My = wavestias (ke)
M, = saveshidesiudnly (ke)
M; = savesdnansiteuduaudesnis (ko)
Xo = Endauauduvesdnansisuiy
Xz = AT (100% (w.b.)
X3 = ndrumnutuvestinansigesnis (15

17 Wa¥19% (w.b.)

22 nsanTINed
ihdmansvenuyuiiviuaruduuda (13 15 17 waz
19% (w.b.) sFugtibuuriudrowesfianinzding s uans
Tu Table 1 feiAdaanani1anes (Figure 1) Fegniamun
Tng InBiasug uaveAand (2559) Judumisdauvasan
W3 NARt1INesLUY Lite energy rice cake machine
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(Real Foods Pty Ltd., St. Peters, Usgindoadlnsiae)
druusenaufiddn Toud wifiuvivsinszuennauduuy
wazA1uans (Figure 2) LLajﬁmﬁﬁﬂaaagﬂﬁﬂﬁ%wé’aEJ%G]
washuuiavie (Band heater) ingnngiimemesiuduiles
vilata (Thermocouple type K) WwIosauisauiunay
ﬂ?UﬂuqmwQﬁéfw temperature control

Table 1 Treatment combinations for production
process of puffed rice.
Treatment Moisture Heating Heating
content temperature time

(%) (°C) (s)

1 13 220 3
2 13 220 5
3 13 220 7
4 13 230 3
5 13 230 5
6 13 230 7
7 13 240 3
8 13 240 5
9 13 240 7
10 15 220 3
11 15 220 5
12 15 220 7
13 15 230 3
14 15 230 5
15 15 230 7
16 15 240 3
17 15 240 5
18 15 240 7
19 17 220 3
20 17 220 5
21 17 220 7
22 17 230 3
23 17 230 5
24 17 230 7
25 17 240 3
26 17 240 5
27 17 240 7

PANNISHNIIUVBILATBINANT1INDY ALl ld
aslundiuvimuaefalivuiaduriugudnats 65 mm an
6 MM KAIFTUAADULUAUNAUVLAINATALLRUNA1UAN

A o 9 v g a a A v aa & P2y
wavhlidunvuslaaiin Weadansisianudulasuainy
FouguneluvieseuinUnaiin dwalvidosinesenineualfiam
nareduiiesevaungligenasiianuduginiininudu
ussgrna i lmdandainnisnessn wasiinuuiunig
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weRuTieumieresteyszanulitnesnaeduwsiu
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Aunsau (bnyad, 2545; Hsieh and Luh, 1991)
Bmsnageuiiemannefimuzaulunisudadiimes
wuuLHY Tduneudtl e ¥idia1sanutu 13% (w.b.)
§1uau 5 ¢ ldasluadowdndanes Inevnisvaaeud
gounnll 3 SzAU Ao 220 230 waz 240°C Wuszesiian 3 5
way 7 s 9ntuIEEnsAinNTy 15 17 uag 19% (w.b.)
11YNSNAEUANEANTIET9AY (Table 1)

Temperature Molding

control

Upper platen

Lower platen

Figure 2 Mold of puffed rice cake.
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231 UM (size)

Saaurnvosuiudanesiilésae Vernier caliper Bve
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YUIA AUATIE WAZAMINNAUT 1UIY 3 ALUUL TOULKU
Framesreniaiiogns Inensiuau 5 Fureaning auss
284 Sharma (2012)
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232 U515 (Volume) Yoduaiud17ned
PIUSUINTVDILRUTIINGS ANUITVUBS Sharma (2012)
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Volume of rice cake (Cm3) = 7Z'r2h 2)

We r = SAfuaakaut1Ined (cm)

h = AUNUIVDILHUTINBS (cm)

233  9M5IN15IUNTINDIGI (Expansion ratio)

8MIINIINTNOIIVDIUHUTIINGS gnAWInIAEITVDS
Goodman and Rao (1984) uaz guaini (2549) Aeaun1s
(3)

Volume of rice cake
Expantion ratio = (3)

Volume of rice

234 @4 (CE L% a* b*%

SaAnd (CIE L%, a% b*) UULHUT19M09 #181AT0 9
Konica Minolta (§u CR-10, UszinAdiu) $1uau 3 sduvis
fo 1 Fusneths Tnginsuiu 5 Jusdeanie
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point bending) lngALTINAZagA AR Hardness (N) uag
ANAINNTOU Fraturability (mm) NAADUAIYLTINATUIA
50 N Wanapdeudisaeainuds 3 mm s’ sveznnaInia
10 mm AakUaIaINI3U8Y Sangnark et al. (2015) lag
VPFOUSILIY 5 Tusdeane

24 MTUATISHN NG

N15LATIERAINUUTUTIUNTEDRA (Analysis of
variance: ANOVA) waziU3euiflsuanuuansnaaiadesie
3% Duncan’ s new multiple range test (DMRT) 1o &4
TUsunsu SPSS (Version 16)

3 WawazIvsal

31 9um
Y aAY va o & | .

wutIneladianwaziiulduluy naw (Figure 3)
PNNINAGRUNUINTRUNNN srevliattunislviauiou
UAZAINTUTNANTIUAUNNVY dnalAurug1INeINlad
YU NV Uo g9l dad 1Aty (P<0.05) HUulralduniu
Audnansaieeglurig 56.71-72.89 mm laganiignvinly
drnesdivuinlvng fign Aeaniieh 27 Wanfggungl

Dy

240°C Wuian 7 s aednansanudiu 17%
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32 Usums

INNITNAGBUNUIIgUNYH srezanlinuiou uay
USinaumnududnisudu SensnareUsunnsvestiines
ognsiifoddny (P<0.05) Insan1ieiiusinnst1mesgegn
flean1ay 9 JUSNIRT 29.22 cm’ daudn1ay 1 971Inesd
Usunstesiign Aie 6.83 cm’ (Figure 5) a1LMHU191N
drasfienudusilasuaudeuiigunginuassserian
Tunstianudeuties Seldauisarilidnanesdalaeeis
auysed FeazaonndosiusnsINIINesi WeRiansanain
nan1sNAFeUIzNUITisERUnaliauseuieniu &1
Fasldsuanutou wazanududaisiunnay deals
Framedilafivinasiiiu fwansly (Figure 4 (b))

(b) 230°C

(c) 240°C (d) over puffing

Figure 3 Puffed rice cake with difference condition.
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91N Figure 9 Way Figure 10 NIWLAAIAT L* Wag b* 109

Expansion ratio
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ture mh(,:.,,r %,
)

(a)
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aonndesiulnyad (2545) uaz HUFf et al. (1992) 51897
Tuilegamgiuassvezailiaudouuuty dwaliude
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Araududmvdes (0% vesdimeslundazaniied
Arusnasegsditodfy (P<0.05) fiaiitueg fugamngd
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puffed rice volume (cm”)

(b)

Figure 4 Expansion ratio (a) and puffed rice volume

(b) of puffed rice cake in different moisture content and heating temperature.
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Figure 6 Expansion ratio of puffed rice cake in different treatment.
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ANUFUTUS T UAIANLLT AL TRIIN1SNRIFIVDIT1INE
iosanidedrifnniswesiiaziinneseinimegnielu
Tnssadewedaneazdwaliinnuudwindudodd
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e

p-value

Figure 7 Change L*-value (a) and b*-value

(b) of puffed rice cake in different heating temperature and time.

Hardrness ™)

(@)

Fractur sbility (mm)

Figure 8 Hardness (a) and Fracturability (b) of puffed rice cake in different heating temperature and time.
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Figure 11 Hardness of puffed rice cake in different treatment.
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Table 2 Effect of tempering moisture, heating temperature and heating time on the puffing qualities of

Pathumthani rice cakes.

level Volume of Expansion L* b* Hardness (N)  Fracturability
puffed rice (cm®) ratio (mm)
Tempering 13 17.84° + 7.49 3.85°+ 1.62 74.62° + 11.66% + 16.87%+ 4.11 6.55°+ 2.14
moisture (%) 3.82 2.66
15 20.75° + 6.17 4.40° + 1.31 80.96° + 10.13° + 16.46° + 6.43° + 1.21
2.69 1.83 2.85
17 21.24° + 477 4.40% + 0.99 77.29° + 9.85°+ 207 1698°+429  21.85°+224
3.15
Heating temp 220 16.09° + 6.09 3.40° + 1.26 76.95° + 8.92°+ 1.48 16.46° + 1211+ 7.79
Q) 4.90 3.58
230 19.62° + 5.46 4.15° + 1.14 78.87% & 10.50° + 16.74° + 11.38% + 7.89
3.30 2.03 3.76
240 24.12° + 4.89 5.11% + 1.05 77.05° + 12.23% + 17.11% + 11.35% + 6.56
3.90 2.19 3.98
Heating time 3 15.23°+ 4.83 3.22°+ 1.01 78.23° & 9.02° + 1.65 14.95° + 11.39° + 7.99
(s) 479 3.30
5 20.37° + 5.35 431°+1.13  77.71% 10.26° + 18.16° + 11.60° + 7.37
4.34 1.77 3.32
7 24.23% + 551 5.12° + 1.16 76.86° + 1237° + 17.20° + 11.85°+ 6.96
3.12 2.22 2.83

Note: The letters with different superscript letters in a column are significantly different (P<0.05).
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