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A Study on Rice Powder Processing using Double Drum Dryer

Darica Simapatanapong
Warinsiri Sasadoor
Sirivikorn Siriyotiphan

Dr.Maradee Phongpipatpong  Advisor

ABSTRACT

This study focused on the production of rice beverage powder by using double drum
dryer. Samples taken from broken brown rice were cooked for 20, 30 and 40 minutes. After
that, the samples were blended and fed to the drum. The temperatures of the drums were
105°C, 115°C and 125°C and the drum speeds were 0.5, 0.8 and 1.2 rpm. Product
characteristics including moisture contents, WAI, WSI and bulk density of the products were
analyzed. Mathematical models in the form of 2nd order polynomial were developed to
describe product characteristics. It was found that the models provided a good fit with the

experimental data.
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3.3 M51A58% Drum dryer [25]
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3.5 MIIWHUNINAADY
= o Yy & Y 9 Y = Y o
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1. na1nl¥lumsdudii (Cooking time)
1.1) 20 W1
1.2) 30 W0
1.3) 40 W10
2. ANNSHTOUYANAY
2.1)5 Hz
2.2)7.5Hz

3.1) 105 °C
3.2)115°C
3.3)125°C

3197 3.1 1NN MINE 1Y 14a1519 Box Behnken Design

funls Tsnualaans -1 0 +1
Aq ¥ Yy Y
nan ¥ lumsauig
N 2 20 30 40
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o =
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X, 5 7.5 10
(Hz)
ada 2
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mi‘ﬂﬂamﬁ X, X, X,
1 -1 =] 0
2 -1 +1 0
3 +1 -1 0
4 +1 +1 0
5 -1 0 -1
6 -1 0 +1
7 +1 0 -1
8 L ! 0 +1
9 0 -1 -1
10 0 -1 +1
11 0 +1 -0
2 0 +1 +1
13 0 0 0
14 0 0 0
15 0 0 0




51N 3.3 HAAIANIZMSIAILNAIDE

23

i 14 ) . a8
o it 9 5 AIULTITOY AULIITOU UM HUNAIPGNNAN
AIDYNN N1TANUVTI
(Hz) (rpm) 0
(min)

1 20 5 0.5263 115
2 20 10 11538 115
3 40 5 0.5263 115
4 40 10 11538 115
5 20 7.5 0.8219 105
6 20 7.5 0.8219 125
7 40 7.5 0.8219 105
8 40 7.5 0.8219 125
9 30 5 0.5263 105
10 30 5 0.5263 125
il 30 0 1.1538 105
12 30 10 11538 125
13 30 7.5 0.8219 115
14 30 7.5 0.8219 115
15 30 7.5 0.8219 115
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2
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4.2 Ni’lfn553!ﬂ513ﬂﬂmﬂﬂﬂmzﬂﬁﬂn$ﬂ'ﬁ°’] 14 Box Behnken Design
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(W) o) |masguden 1 1 (NS1/an3)
20 0.5263 115 0.9131 1.1563 7.0278 639.6
20 1.1538 115 1.6512 52.5888 4.1579 599.5
40 0.5263 115 1.6728 1.8913 7.1898 614.5
40 1.1538 115 2.9678 22.7155 6.3539 621.7
20 0.8219 105 7.5496 -1.2007 7.9661 680.3
20 0.8219 125 2.7445 55.7383 4.7767 578.6
40 0.8219 105 3.3611 4.0889 7.8050 679.6
40 0.8219 125 4.1591 53.4463 4.6768 592.6
30 0.5263 105 3.5497 2.9237 8.0568 656.0
30 0.5263 125 2.0187 25.4769 7.4541 586.7
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Independent Variable] BETA B St. Err. of B|  t-value p-level AU anyale
X, -11.74325 | -1.272107 | 1.1928247 | -1.066466 | 0.3272339
X, 14.641287 | 56.770025 | 37.734766 | 1.5044488 | 0.1831668
X, 2.7455885 | 0.0796932 | 0.4156527 | 0.1917304 | 0.8542774
X12 1.0647983 | 0.0033906 | 0.0095753 | 0.3540952 | 0.735379
X22 -2.499917 | -9.951262 | 9.7820145 | -1.017302 | 0.3482628 2
ANBU
X32 -3.146148 | -0.000786 | 0.00322 | -0.244169 | 0.8152354
X xX, 0.1549228 | 0.0194582 | 0.2952684 0.0659 0.9495984
XxX, 9.6746182 | 0.009095 | 0.0090249 | 1.0077589 | 0.3524684
XxX, -10.12779 | -0.340791 | 0.289268 | -1.178115 | 0.2833556
X Sums of Mean
ANNTU df p-level
Squares Squares
Regress. 147.11330 9 16.34592 4.73967 0.03591
Residual 20.69249 6 3.44875
Total 167.80580
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a Vv a ad aa Y Aa Jd 1
AN v-1 ﬂ'lﬁ&lﬂizﬁ‘ﬂﬁ!!ﬁ::ﬂﬂ‘ﬂNQﬂW‘lli’Nﬂ’J!!‘lJiTl’J!ﬂ51$‘Yi (99)

Independent Variable BETA B St. Err. of B | t-value | p-level AUANHUE
X, -0.03597 | -0.0333 8.9177 -0.00373 | 0.997145
X, -0.74654 | -24.7100 | 282.1093 | -0.08759 | 0.933052
X, -8.17307 | -2.0251 3.1075 -0.65169 | 0.538745
an 424991 | 0.1155 0.0716 1.61375 | 0.157710
X22 0.77154 | 26.2173 73.1314 0.35850 | 0.732248 ﬂ"l‘iﬁ:f,‘l'lfj’l}1
X; 9.77307 | 0.0208 0.0241 0.86605 | 0.419740
X xX, -2.5242 | -2.7064 2.2075 -1.22602 | 0.266123
X xX, -5.39506 | -0.0433 0.0675 -0.64168 | 0.544797
X xX, 3.03000 | 0.8704 2.1626 0.40246 | 0.701295
Taufi
v Sums of Mean
N1TAZAEUN df g p-level
Squares Squares
Regress. 11071.677 9 1230.1863 | 6.3820138 | 0.017564876
Residual 1156.55 6 192.75833
Total 12228.227
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Independent Variable| BETA B St. Err. of B|  t-value p-level AUANYUY
X, 2.118604 | 0.4732205 | 0.4197559 | 1.1273708 | 0.3026418
X, 1.6481616 | 13.177042 | 13.278891 | 0.9923301 | 0.3593538
X, 0.73772 | 0.0441526 | 0.1462685 | 0.3018597 | 0.7729484
X|2 -1.721178 | -0.011301 | 0.0033695 | -3.353797 | 0.015347
X22 -0.410645 | -3.370527 | 3.4422978 | -0.97915 | 0.3653197 o ®
NIQABUHI
st -0.644537 |-0.000332 | 0.0011331 -0.2931 0.7793184
X xX, 0.6652582 | 0.1722884 | 0.1039052 | 1.658131 | 0.1433646
X xX, 0.3930037 | 0.0007618 | 0.0031759 | 0.2398709 | 0.818415
XxX, -1.914191 | -0.132812 | 0.1017936 | -1.304717 | 0.2397946
Tash
s Sums of Mean
N1IQAYUU] df F p-level
Squares Squares
Regress. 710.8876 | 9.0000 78.9875 184.9510 | 1.23057E-06
Residual 2.5624 6.0000 0.4271
Total 713.4501
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Independent Variable] BETA B St. Err. of B|  t-value p-level el
X, -0.07713 | -1.562291 | 18.029417 | -0.086652 | 0.9337673
X, 0.8384997 | 607.91598 | 570.35691 | 1.0658519 | 0.32749
X, 2.1277133 | 11.547819 | 6.2825456 | 1.8380796 | 0.1156856
X|2 0.0327055 | 0.0194727 | 0.1447294 | 0.1345455 | 0.8973711
X22 0.0232398 | 17.297584 | 147.85409 | 0.1169909 | 0.9106851 | AMMHH UM
, Usng
X, -0.97094 | -0.045369 | 0.0486697 | -0.932177 | 0.3872182
X xX, 0.1411726 | 3.31542 | 4.4629506 | 0.7428762 | 0.4856141
X xX, -0.109168 | -0.019189 | 0.1364109 | -0.140674 | 0.8927318
XxX, -1.010667 | -6.358899 | 4.3722544 | -1.454375 | 0.1960751
Taon
, Sums of Mean
anuvvHulIIng df p-level
Squares Squares
Regress. 5862171 9 651352.34 | 826.6931 | 0.000000014
Residual 4727 6 787.90
Total 5866898
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1.2 WAYRINIIANMS Stabilizer

@i msiNofnyWavesens  Stabilizer AoAMANHATANAVDINING  TaemsiAums
Stabilizer (FLANOGEN OCA 43) WiSue1 0.1% Tawtimin Suduasludnanewiimsouuiadan
indoseunraugnnas uazldnatlumsyadu 30 11, A71059500 Drum dryer 0.8219 01/

ada

A Qy o @ 1 = Y o 4 q
HAzQUMYINHIGNAAY 115 °C TaeNausInManbuzA199 aunsoufSouiien Tanuiie lilaes

£V q

Stabilizer A4A15197 4.3

~ = = (v \ v A ' aye
A1INN V-2 m‘maﬂiﬂnmwﬂmanymxmm ﬁuawnmmaﬁlﬁms Stabilizer

nazlwlaas Stabilizer

3 < Aundelildans | _
AUANHUZYDINAN AN A3 0.1 % o135 Stabilizer
stabilizer
y

AN, % MasTIuilen 1.84843 6.37

anuaNse lunisazaro 1.4078 0.5472
F

ANNAINIID IUMIAAFULN 7.76 7.9611
ANUNUMUUIIN, ASV/ANT 608.7 617.1

1.3 MIANNAUNTNTINTIZHEVNINaz AN lAve INIDIDUNHUIUUGNNAIE

INNMINAAUIITIN DIIAIOATINTTzme laeauaasluaunsi (v.)

dw m S m

851558 (kgls) = — = ————— (v.1)
dt t
b w2 B aR) e P ]
Tas  m, = hminthdniduudlineuiimsounny, kg
: o 9 Ay v
m, = Wmind1nei'1a, ke
Aq 99 o v
t = natnlFlumsiung, s

1 % { o A a/ a QJ 1
L!,ﬂxmﬂﬂTf)ﬂﬁﬂTi’izmUﬁulﬁli'lﬁ1lniﬂ1ﬂﬂ1ﬂ'Iﬂ?ﬁﬂJﬂi%f‘T‘Vl‘.ﬁﬂﬁﬂ?ﬂmﬂ]”lll%/@uiﬂﬂﬁ’Jll

(U) ldnnauganNoU AeduNIIN (1.2)

dw  UAAT
— = (1.2)

dt H

fg
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fvualy U - fulszansmstomanudouTaesaw, Wm''C
= ﬁyuﬁwaqgﬂﬂayaﬁ YUAAADDINST, A151UNAT
At = wa«hwmqmwgﬁmm%ﬁyﬁuqmwgﬁmms, "o
H = MANNTULNIVBIMTTHINY, Tkg

fg

{ { a < = a
nnanzh nanlslumsyedn 40 Wil AWEIY 0.8219 pm. (7.5 Hz) tazhgumgil

v
v A

v
fgnnas 125 °C funm 1A fail

dw  4.00—0.63
— =————=298kg/hr

dt 1.13

2.98X2316420 o 4
U= =33.71W/m - C

0.6122(121.70-29)

* A1AuTo AN Tumssave = 2,316,420 J/kg [6]

1 k4
A o a

A 1 o [~ 1 :’ A
Taga1naunsn (v.2) A1 Hy, mnu11%uu1ﬂummm%’auummmmizmUmmumqmﬂgn

1 k4
ada a A

mavsznIegunglenisAuguuinaIgnnasiie 29°C naz 125°C F AN (.1) 115D

Y U

v
= o

masasImsszimelumsnaneamdeiiny 2.60 kg/hr uaziiorhmsasimssemenld ldunulu

= o ' a = Y 0 Y 3’
quNIIn (v.2) u’liﬂ‘ﬂ1ﬂ'lff11'ﬂ5$'L’f‘ﬂﬁfniLmﬂl,‘]_lﬁUuﬂ’Nll'i't’]'uTﬂEJi’JiJVlﬂWUlV]ﬂ’J']llﬁ@UﬂWﬂllﬂuﬂu

4 % 1 4 3
N3P VLTIIUD D115 FIozlammanilu 33.93 W/m’+°C
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A15190 -3 taaemmsannadulszansmsoamanuseu

i QNN

g m, m, t dw/dt 3/ H, U
sy lori *

msnaaes | (kg) | (kg) (hr) | (kg/hr) (ki/kg) | (W/m*+°C)
(kg) (0

40 U

0.8219pm | 40 | 0.63 | 337 1.13 2.98 121.70 | 2316.42 33.71

125°C

40 U7

11538 pm | 40 | 0.65 | 335 1.23 2.72 113.30 | 2329.00 33.84

115°¢

20

1.1538 pm | 42 | 0.67 | 353 1.23 2.87 11330 | 2329.00 35.87

115°C

30 w1l

1.1538 pm | 43 | 0.70 | 3.60 1.53 265 99.64 | 2341.40 35.31

105°C

40 u

0.5263pm | 42 | 0.63 | 3.57 147 | 243 11330 | 2329.00 30.49

115°C

40 U

0.8219pm | 3.9 | 067 | 3.23 142 | o\ 99.64 | 2341.40 34.34

105 °C

Amay 134 | 2.60 Aunde 33.93
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