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ABSTRACT

The effect of extrusion conditions on extrudate characteristics from rice (Leung-pa tel
varieties) including feed moisture content (16-22%), screw speed (400-600 rpm) and cutter speed
(0-60 rpm) on the physicochemical properties of the extrudates was investigated. The extrudate
properties consisted of moisture content, bulk density, expansion ratio, water absorption index,
water solubility index, and product texture. Box-Behnken design was used to set up the
experiment. The second order polynomial models were used to describe the relation between the
processing parameters and extrudate characteristics. The coefficients of determination of models

were correlated well and can be used to predict the performance of cooking extrusion process.
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3.2.1 fauls8asz (Independent variables) 132n0UAIY

1. ANWISITOUVDIANG 3 TTAY
1. 400 OUABUIN
2. 500 SOUADUIN

3. 600 3OUADUIN

¥

2. JSInuanuFuvesingay 3 szAu
1. 16%
2. 19%
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M3inaanalFuy Box-Behnken Design Taouuuiu 3 sedu sznoudae 15 n1snaaea i

ANIEAINU AIA15190 3.1

A15190 3.1 uAAIIZAUALS Box-Behnken Design

Variable Level
1 0 -1
AMIE I3 0UANG (rpm). X, 400 500 600
n11n?;ui’ﬂqﬁu(%),xz 16 19 22
ausseululiatpm) X, 0 30 60

ﬁﬁNﬁ 3.2 HAAINUNITNAADINUY Box-Behnken Design

Run no. Coded value

. X X,
1 =] -1 0
2 1 -1 0
3 -1 1
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 -1 -1
10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0

X,, A5 I50UANG (rpm)
3
X, ANUFUINGAY (%)

= -
X,, Anwuis23oululia (rpm)
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Ds= —l—— (3.2)

n
2 (Xi/Dpi)
i=1
3.5.2 MANNTHVLINANHN (Moisture content, MC)
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MC (%) = X100 (3.3)

] a s d

3.5.3 MANUHULUNIINVRIHANN UM (Bulk density,BD)
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3.5.4 ANNENINIOIUMIQAFUI (Water absorption index, WAI ) t1azn a0y
Msazaeil (Water solubility index, WSI)
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X100 (3.6)

3.5.5 USWANTINGIA (Breaking Strength)
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4.2.1 ﬂ‘.l‘l!»l#ﬂ‘tlﬂ@ﬂaﬂﬁmqi (Moisture Content, MC)
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R* = 0.9110 Standard Error = 1.1635 - p<0.05
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4.2.2 ANUKHIMUIIN (Bulk Density, BD)
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(0.000000750153) X7 - (0.003224367) X2 + (0.0000101304) X -
(0.00000767222)X ;X ; + (0.00000182111)X ;X 3 - (0.0000629537)X »X 3 (4.2)

R’ = 0.9330 Standard Error = 0.0122 p<0.05
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423 mmmm‘sa’!umsqa%’um (Water Absorption Index, WAI)
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(0.0000232927) X7 + (0.039674828) X2 - (0.000128857) X? -

(0.000485311)X,X, + (0.000202604)X,X; + (0.001427808)X,X; (4.3)

R’ = 0.4986 Standard Error = 1.0346 p>0.05
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v v
(X,), ANUALGUAUIDIAAY (X,) uazanusisenlulia 0G) TAanuduniug deauns
Hardness = (31.6823074)X, - (586.8597292)X, - (35.57642317)X; + (0.011793211) X}
+(48.24755103) X2 + (0.109661976) X - (2.363705263)X,X, +

(0.072447659)X,X, - (1.240133786)X,X; (4.5)

R’ = 0.9883 Standard Error = 417.6348 p <0.01
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4.2.6 BATIAIUMIVENBA (Expansion Ratio, ER)

SAT1AIUMTVOIOFAIVBIHAAAUNDAFNFIANIINATDUDNFNIIABS LUV ANFIAEIN
anNEANY TiM1egszuang 1.95-4.02 i veavwaduruguinalsvesgniulay e
fas1dumMIvuudIveIRdAfuNBngN AN Madanuduiuinndamans laold

- =1 v o 4 o a ' P =1 4.!’ a v
aums Ind Tuidloa SuAUn 2 fuan1zmskana13g ANNUITITEVANS (X)), ANUFUITUAY

ar a o =] o o o o
voeiAgAY (X,) tazanuiisenluiia (X) lAnnudunus dsauns

ER = -33.6307338 + (0.010080208)X, + (3.475988426)X, + (0.002058333)X-
(0.00001189792) X7 - (0.09694213) X3 - (0.000276227) X; +
(0.000369583)X;X; - (0.000010833)X,X; + (0.001519444)X,X; (4.6)

R’ = 0.9524 Standard Error = 0.2362 p<0.01

" @ ' o a oo oJd_ o = :
Tl'iﬂﬂ'lﬂ‘lﬁtJ‘Ulﬁﬂ'Llﬂ'lf}ﬂﬂﬁ’Juﬂ'li'IlU'lUﬂ’]’ﬂﬂﬂNﬁﬂﬂﬂW‘llﬂﬂ‘]i‘ﬂzlﬂﬂﬂ\lﬁmﬂﬂ‘l‘iﬂﬁﬂﬂﬂ
° ' v o da = v o @ v = o e
LAENINMINIE WU AnuduiuEn Idlsanduiusoglunuaia (p<0.01) anwduiug

v dyny sy y a " -
531‘1'J'Nﬂ']ﬂ‘lﬂinﬂﬂ'ﬁ‘nﬂﬁﬂquﬂzﬂ‘\“'lﬂﬁ'lﬂﬁﬂﬂ'ﬁ'ﬂ 4.6 llﬁﬂ\?ﬂﬂzﬂ'ﬂ 4.11
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4.2.7 aANUNI0U (Crispness)
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Crispness = (0.516656471)X, + (-8.130523857)X, + (6.463823426)X; - (0.001618376) X?
- (0.720990927) X? - (0.021063705) X? + (0.066051596)X,X; -

(0.005998571)X,X; - (0.076798936)X, X, (4.7)
R’ = 0.9557 Standard Error = 30.4805 p <0.05
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3199 n.1 M3IMOYNIAIRALTAYIT Screen Analysis (ASTM)

Mesh no. Dpi (mm.) W (g) Xi Dpi (mm.) Xi/ Dpi

8 2.3600 0.8600 0.0086 2.6800 0.0032

20 0.8500 8.8500 0.0885 1.6050 0.0551

30 0.6000 58.6300 0.5863 0.7250 0.8087

40 0.4250 20.2600 0.2026 0.5130 0.3949

50 0.3000 7.3100 0.0731 0.3630 0.2014

P/C 0.0000 4.0850 0.0409 0.1500 0.2723

59U - 99.9950 - - 1.7357
Dw (rﬁuﬁimf.mrfﬂmamﬁm%ama) - 17357 mm.
Ds(Lf’r'uphuﬁuéﬂaNmﬁiuﬁqﬂ?mm/ﬁuﬁﬁa) = 0.5761 mm.
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Runno.| A5al | waeamsuz, g [uudedumousy).g| wiudedumaen)e A, %| sp
1 18.0213 20132 1.8656 7.3316

1 2 17.9936 2.0054 1.8564 7.4299
1930 18.0075 2.0093 1.8610 73807 | 0.0695
1 17.8082 1.9942 1.8612 6.6693

2 2 17.8188 2.0069 18727 6.6869
mdo 17.8135 2.0006 1.8670 66782 | o014
1 17.8623 2.0139 17565 12.7812

3 2 17.5569 2.0068 17438 13.1054
1A 17.7096 2.0104 1.7456 13.1693 | 02203
1 17.8516 1.9986 17456 12.6589

4 2 18.0234 2.0365 17965 117849
1A 17.9375 2.0176 17711 122178 | 06180
I 17.8567 2.0098 17569 12,5833

5 2 17.9865 2.0075 17568 12.4882
1 17.9216 2.0087 17569 12.5358 | 0.0673
1 18.2242 2.0068 1.8268 8.9695

6 2 17.9432 20317 1.8490 8.9925
1ndo 18.0837 2.0193 1.8379 89811 | o016
I 18.0235 2.0109 1.7587 12,5416

7 2 18.1365 2.0048 17545 12.4850
1Ay 18.0800 2.0079 1.7566 125134 | 00400
1 18.2236 2.0134 17861 11.2894

8 2 18.0315 2.0096 1.7756 11.6441
1ndv 18.1276 20115 1.7809 11.4666 | 02508
1 17.6936 20132 1.8456 8.3251

9 2 18.0231 2.0011 1.8097 9.5647
1 17.8584 2.0072 18277 89430 | 08766
1 18.2365 2.0069 17193 14.3306

10 2 18.1132 2.0012 17035 14.8761
1A 18.1749 2.0041 17114 146029 | 03857
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L4
[

Runno.| n3ad WAUMPUL, g | UU.A00(NBUDY),g| LU AIDI(MAIBY),g mm“l’s'u,% SD
1 17.9865 2.0016 1.8497 7.5889

1 2 17.8645 2.0012 1.8357 8.2722
1ndy 17.9255 20014 1.8427 79305 | 04832
1 18.3564 2.0211 1.7752 12.1666

12 2 17.9956 2.0098 1.7595 12.4540
imde 18.1760 20155 1.7674 12.3099 | 02032
1 18.0961 2.0083 1.7852 11.1089

13 2 18.2240 20152 1.7959 10.8823
1ndv 18.1601 2.0118 1.7906 10.9954 | 0.1602
1 18.0950 2.0089 1.8034 10.2295

14 2 18.0633 2.0073 1.7966 10.4967
1Ay 18.0792 2.0081 1.8000 103630 | 0.1889
1 17.8865 2.0102 1.7730 11.7998

15 2 17.8082 2.0138 1.7692 12.1462
i 17.8474 2.0120 17711 119732 | 02449
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@319 V.5 UTWANTNVBIHAAN YN 1au 144 InA P/2 2 mm. Cylinder probe- Stainless steel

Runno. | A% |uswamin, (em)|  sD Runno. | A¥edt |usamamin, (em)|  sp
1 1659.3 1 1761.6

] 2 1589.1 9 2 1799.7
miu 1624.2 49.6389 1Ay 1780.65 26.9408
| 2012.1 1 18352

2 2 2087.6 10 2 1958.7
ma 2049.85 53.3866 e 1896.95 87.3277
i 23429 I 1468.6

3 2 2319 1 2 1498.2
mau 2330.95 16.8999 1Ay 1483 4 20,9304
1 2290.7 1 19193

4 2 2280.9 12 2 1850.2
ma 22858 6.9296 1Ay 1884.75 48.8611
1 22654 1 1800.3

5 2 2327.6 13 2 1730.8
na 2296.5 43.9820 ma 1765.55 49.1439
1 1738.8 1 19742

6 2 1845.1 14 2 1937.1
na 1791.95 75.1655 iy 1955.65 262337
1 15265 1 1869.6

7 2 1623.9 15 2 1922.4
miu 15752 68.8722 [y 1896 37.3352
1 20314

8 2 1962.3
1A 1996.85 48.8611
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MANUIN 3

ﬁ'mtiNﬁn@].amamma:wﬁ'ﬁmu (Mass balance and Energy balance)
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auqamamsunzwﬁaam (Mass balance and Energy balance)
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ﬂ;]ﬂ'l‘iﬂdﬁ]‘llﬂﬂﬂ')ﬂﬁ]‘i (the law of conservation of mass)
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ngmmaﬁ’wmwﬁ'&am (the law of conservation of energy)
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° £
5. Maugadservzily
auAaNIAT1333 (Over — all material balance)

AUARUINTITVDY annlsznovdon (Component material balance)

auganaInNy
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o o e A o
INHANNIIVOINGNIIAAIVBINAINU FaansaouTugilvesaums Aall
nasundgszuy = wianufivennnszuy + nasnuiazauluszuy
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A

Q’l
Oh = Oy + Oa M
Qb = Qf + Qw + Qcand (2)
Qf = Qh - Qw - Qcon - Qa (3)
O _ kbATZ_T(Z+l)+ kbATZ_T(Z_l) @

Azl Az2

Qw = mepW(Tow == rw) (5)



Energy balance for food ;

mCpiliy + O + E;

E;

SME

MmCpoloy + O + O

SME x my

(PxNx1)xt
Nm xm
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MANHIN D

sinanunsesiionlFlumnaans

Single Screw Extruder
Centrifuge

Texture Analyzer
Grain Moisture

Hot air oven

Disc mill
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gﬂﬁ 9.1 Single Screw Extruder

31N 9.2 Centrifuge
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31]‘?! 9.3 Texture Analyzer

31 9.4 Grain Moisture
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31."7"1 2.5 Hot air oven

3UM 2.6 Single disc mill
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