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Abstract

rotating twin screw extruder. The effect of particle size (250, 500 and 600 um), feed moisture

This study investigated the physicochemical properties of corn grit flour modified by co-
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content (14, 16 and 18 %) and screw speed (300, 350 and 400 rpm) on color, expansion ratio, bulk

density, water absorption index (WAI), water solubility index (WSI) and rheological of modified

extrudates was investigated. Increasing feed moisture content resulted exudates with higher bulk

density, WAI and cold paste viscosity, but lower the expansion ratio and WSI. Increasing particle

size caused a brighter color and higher amylose content than small particle size. The expansion

ratio and WSI increased with increasing the screw speed.

Keywords: corn grit; modified starch; extrusion; physical property; chemical property
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Particle | Feed | Screw Color Bulk Water Water
Experiment| size [moisture|speed Bpansion density |absorption| solubility
(micron)| (%) | (rpm) o e o ratio (/100 ml) |  index index
1 250 14 300 |85.13+0.61 | 7.86+0.78 | 39.34+0.87 | 4.09+0.08 | 4.73+0.08 | 3.72+0.06 | 48.90+0.50
2 250 14 350 |84.50+0.44| 7.63+0.27 |37.08+0.94(4.24+0.07| 4.29+0.07 {3.07+0.03(51.13+0.89
3 250 14 400 (83.15+0.51| 7.94+0.32 {37.18+0.75|4.21+0.05|4.3+7+0.10{2.43+£0.03[59.86+2.09
4 250 16 300 (84.60+0.38| 8.12+0.43 (40.09+1.65|4.21+0.08| 4.17+0.13 (3.84+0.11{51.13+£1.21
5 250 16 350 (83.17+0.17| 7.79+0.11 |38.89+0.15|4.22+0.06| 4.07+0.10 {3.89+0.11{48.89+1.09
6 250 16 400 (82.61+0.22| 7.37+0.26 {35.39+1.19|4.13+0.07| 4.10+0.07 {2.36+0.01(64.51+£1.26
7 250 18 300 |86.44+0.10] 9.00+0.17 |43.33+£1.13|3.81+0.07| 6.33+0.27 {4.79+0.09{42.50+0.64
8 250 18 350 (85.54+0.79| 8.28+0.94 (40.82+3.06|4.08+0.07| 4.76+0.17 {4.44+0.03(45.48+0.42
9 250 18 400 (85.27+0.40| 7.66+0.41 ({39.34+1.69|4.08+0.04| 4.60+0.14 (3.46+0.03(53.94+1.58
10 500 14 300 (85.48+0.19| 9.37+0.20 (43.91+1.37|4.21+0.05| 4.94+0.10 (3.67+0.07(48.21+2.54
11 500 14 350 (85.62+0.44| 8.44+0.50 (41.43+1.69|4.22+0.10| 4.51+0.29 (2.61+£0.03(61.22+1.33
12 500 14 400 (85.34+0.20| 7.97+0.25 (40.49+0.87|4.40+0.09| 4.38+0.15 {2.80+0.08(58.82+0.62
13 500 16 300 [87.32+0.22|8.97+0..38 |44.03+1.73|3.79+0.08| 7.63+0.18 |4.88+0.06|42.03+0.55
14 500 16 350 |87.53+0.61| 8.42+0.52 |44.47+2.13|4.02+0.08| 6.99+0.16 [4.66+0.15[44.73+0.84
15 500 16 400 |87.70+0.63| 7.94+0.67 |41.96+1.62|4.17+0.07| 6.12+0.15 {3.82+0.16(52.16+1.35
16 500 18 300 |87.84+0.29] 9.02+0.51 |44.36+1.78|3.51+0.12| 9.45+0.28 [5.53+0.06(35.70+0.53
17 500 18 350 [87.84+0.33|8.64+0..2344.01+2.21]|3.79+0.07| 8.37+0.32 |5.38+0.07|39.62+0.55
18 500 18 400 |87.17+0.27| 9.07+0.30 |45.33+1.77(4.02+0.10| 7.26+0.19 {5.03+0.09 [41.64+1.38
19 600 14 300 [85.62+0.25|8.97+0.27 |44.13+1.57|4.15+£0.08| 5.05+0.14 |3.45+0.20|50.72+1.98
20 600 14 350 |85.05+0.23| 8.78+0.21 |42.11+0.83|4.13+0.06| 4.67+0.21 {2.99+0.07 [53.86+0.64
21 600 14 400 |84.88+0.41| 8.36+0.41 |40.35+1.46|4.05+0.04| 4.63+0.12 {2.05+0.02(63.44+1.31
22 600 16 300 |86.58+0.10|10.02+0.38|45.77+1.26|3.82+0.10| 8.00+0.20 {4.56+0.08(42.01+3.59
23 600 16 350 [85.87+0.44|10.25+0.39|44.76+0.60|3.85+0.08 6.60+0.21 |3.89+0.09|46.54+1.89
24 600 16 400 |86.90+0.41| 8.73+0.44 |43.65+1.54(4.10+0.06| 5.81+0.24 {3.30+0.09 [49.78+2.77
25 600 18 300 [86.29+0.25(10.46+0.48|44.35+2.00|3.54+0.09| 9.61+0.26 |5.69+0.13(33.01+1.22
26 600 18 350 (86.57+0.64|10.16+0.71(45.52+2.05|3.54+0.08| 9.05+0.15 {4.99+0.08(39.02+2.09
27 600 18 400 (86.36+0.45/10.21+0.63(45.94+1.29|3.65+0.05| 8.05+0.08 {4.26+0.06(41.05+0.82
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ANuasatunsanduiianas lunsdlvesuuin
BUNIALTUAY WUINBYAIAYUIA 500 luATen &
ANNENNTAtUNTAATUINEINTITUINBUAIA 600
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way 250 luaseu n1ud1dy waziiiednsd
UduiusniednsnasiuveusiazUade wuindl
AUBANGNAUBEETE AR (p <0.05) wandli
Wudndninasauvens 3 Jade dwmasrenis
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3.5 anwausalunisazaneiin (wWsl)

A1 WSl duaniildannusuiauveswds
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FIOAFINE (p > 0.05)
efnwingAnssuvesnislivaain
amaﬂumiﬁﬂmﬁizﬁuqquﬁLLazmeuﬁ
uANANSAUAI profile (extrusion) UBINITILATIZN
RVA dmdundadnlnaunmenuiaudsin 3 aunn

ManeulagnaINsEUIUNITENGN T laNaRIgUT

1 93U7 1 () wansaudfnisivauazainudy

wilnvasutsdnlnauaneruia 3 vunn dslaiii
nsEUIUMTeNgNITu Iﬂawmwﬁﬁumﬂawmﬂ 250
lunsou %ﬂﬁmmwﬁmgqﬁqm 509891 fi9 Tlvun
600 way 500 lupseu muanau agiuladnainy
wilaveutisiilunszuiunisiondngduaziini
Aoudnags wagndsanangamail (Weinutisan)

NUIANUNLALLNEUY (final viscosity) B

M15°9% 2 audilunmsivawazanudunilaveandalininauareudauwlsmenssuiunisondngdu

Cold Final Peak Cold
Raw peak Hold Breakdown Set back
Experiment| peak (1) viscosity time peak (1)
(cP) (cP) (cP) (cP)
(cP) (cP) (min) (cP)
1 313.00+£16.52(319.00+16.09| 44.33+4.16 |274.67+12.01| 177.33+4.51 |133.00+1.00|2.27+0.07 | 629.64+26.10
2 279.67+19.66|281.33+18.50| 55.00+19.08 |226.33+18.77|164.33+17.90|109.33+1.53| 2.09+0.03 | 592.00+34.39
3 275.67+£13.58|276.00+14.53| 85.67+7.57 |190.33+21.22| 184.67+4.04 {99.00+11.27|2.24+0.10| 586.68+17.19
4 452.33+23.97|453.67+24.54 [ 107.67+29.57|346.00+16.00 | 264.00+£26.06 | 156.33+5.13|2.11+0.03 | 912.87+34.09
5 399.33+28.22|400.00+27.78| 64.67+9.29 |335.33+33.65| 184.00+9.54 |119.33+1.53|2.11+0.08 | 833.37+42.02
6 384.00+12.53|382.67+12.58 | 91.33+21.94 |291.33+24.01|187.00+21.70| 95.67+1.53 | 2.13+0.07 | 810.08+23.69
7 616.00+22.61(625.67+30.89 | 128.67+2.08 |497.00+29.51| 350.67+2.89 |222.00+1.00|2.29+0.19 [1168.08+17.59
8 504.67+11.50|504.33+13.01| 116.33+1.53 |388.00+14.53| 280.33+1.15 | 164.00+1.00|2.09+0.03 | 1038.76+3.96
9 451.00+£17.35(453.00+19.92| 111.33+3.51 |341.67+16.86| 249.67+2.52 |138.33+1.15|2.09+0.03 | 904.04+26.34
10 393.00+25.51(394.00+27.51| 107.33+5.69 |286.67+22.01| 286.67+4.16 |179.33+2.89|2.11+0.03 | 818.18+28.94
11 321.00+£17.35(321.67+17.79| 95.33+15.50 |226.33+19.50|249.67+14.98|154.33+4.16| 2.15+0.04 | 675.06+24.32
12 304.33+17.10|305.00+18.25 | 88.67+14.57 |216.33+17.47|219.00+12.49|130.33+2.52| 2.15+0.04 | 638.77+22.09
13 449.00+13.00(450.33+11.85| 107.33+2.52 |343.00+13.89| 352.33+3.51 |245.00+1.00|2.13+0.07 | 944.29+20.88
14 405.00+7.81 | 406.67+5.51 | 83.00+14.00 [323.67+17.21|296.33+13.32(213.33+3.06| 2.15+0.04 | 848.75+13.34
15 350.00+13.00(349.67+21.39| 102.67+5.86 |247.00+15.59| 283.33+2.08 | 180.67+3.79|2.29+0.03 | 729.52+45.45
16 763.00+£19.00|752.67+24.38| 109.67+7.37 |643.00+17.09|465.67+10.69|356.00+4.00 | 2.09+0.03 | 1566.48+24.21
17 582.33+13.32|583.00+13.08| 113.33+4.93 |469.67+18.01| 388.67+5.03 |275.33+1.53]2.22+0.14|1177.82+11.59
18 511.00+£13.23|545.33+65.53| 111.67+2.08 |433.67+67.00| 346.67+2.52 |235.00+4.58|2.89+1.37|1035.69+20.96
19 331.67+35.64330.33+32.72| 61.33+25.42 | 269.00+8.00 |226.33+23.86|165.00+2.65|2.07+0.00 | 664.11+40.63
20 253.33+10.79|254.33+12.22 | 46.67+14.01 | 207.67+7.77 {190.00+13.08 | 143.33+2.08| 2.29+0.21 | 548.07+16.69
21 237.00+£1.00 | 239.67+2.89 | 53.00+1.00 | 186.67+2.08 | 180.00+1.00 {127.00+2.00|2.11+0.03| 521.32+2.44
22 537.00+18.741539.33+26.27 | 115.00+29.31 | 424.33+7.37 [367.33+24.19|252.33+5.13(2.16+0.10|1091.33+37.83
23 438.00+5.29 | 439.33+5.86 | 104.67+1.15 | 334.67+4.73 | 308.67+2.52 {204.00+1.73|2.14+0.12| 920.58+8.05
24 356.67+28.29|359.33+27.47 | 71.67+26.76 |287.67+10.97|250.33+26.10|178.67+4.04| 2.27+0.20 | 729.75+37.52
25 785.33+£16.07|779.33+14.05]|169.33+20.21|610.00+14.80|547.67+19.55|378.33+1.53| 2.13+0.07 | 1589.81+36.40
26 617.33+£12.86|615.67+11.93| 141.33+1.53 |474.33+12.86| 430.67+2.52 |289.33+2.31|2.11+0.03|1270.03+31.13
27 534.00+14.18|529.33+17.90| 121.33+6.66 |408.00+15.72| 365.00+3.46 |243.67+4.73|2.13+0.07|1095.52+18.84
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uanAeiU cold peak (1) laisnniin)

dletmualiusinamnutusuduad
71 16 % warAUL§ITOUVDIANTOYN 350 rpm
RVA curve wosudeiaudsiilduansdagul 1 (@)
wuhautilunsivasazanuduniaildidevunn
synauaAnseiy fuunlduiliautunings
flan 5385 fo 500 uar 250 luaseu AuER

Lﬁaﬁ’muﬂiﬁmmmmaymﬂmﬁﬁ 500

luasou wazau3IsouvRsangag 350 rpm

RVA curve waaudednudsilauanadegun 1 ()

scosity (cP)

Time (min)

(n)

Temp& -

Viscosity (cP)

Temperature (°C)

Timi::(:r:nin)

(m)

Viscosity (cP)

Viscosity (cP)

wuMandRtunsrasazanuniafleduagfu

kY

Umnueutuidudu Tnsusinannududl 18 %
fuwluyildanuningsiian sesasn Ao 16
wag 14 % auanu
waziflorimualiivunveeynansii
500 lunsou wagUiinaasdududuegd 16 %
RVA curve wosutlafnuusiilduansfoguil 1 (o)

wuIau TR lunsirawarAnunidnaiuwlsniu

'
a

A1ML5ITBUVBIANT LABAIINLTITOUVRIAN]

P

300 seusiaunil Juwilduvirlvianuniageiian

q

5998911 AB 350 way 400 SaURBWIT ANNAIRU

WE:

Timé‘lfl"nin)

(¥)

m 2]
g
K
. -150 7
“11/ 300 rpm 20 B
@
50 TP = g
@
911400 rpm 0=

00

45

Time“il"nin)
(1)

JUN 1 RVA curve uansuinldunnuduniinvesudadnlnauaneudawusimensyuiunisiendndu (n)

Lairunsdanys () fivuaeyniasieiu () Ivsuaenudusuduaieiu wag (1) Aenusiseu

YoIAngAneiy

572



T 26 aviuil 4 nsngrax - Raninu 2561

15815 Memansiiazinalulad

4. a3d
Hadoiinarenudnvuzvoudsininaun
NURRKUIMENITEUIUNMTENGNITU laun vua
YDIDYNA VSt wavanudiseu
yesang denndadeildvinadeandinanionim
wazindiveantadiauusiild laud snsnisnessy
AUAUILUUTIN mmmmialumi@ﬂﬁuﬁw
mnuannsalumsazanetile Wudu fakiluns
Bieudainuusiilatunlivsslenis ool
autRuariudie Tnonsguiuntsiendngiuviili
\in pre-gelatinization product Favinlsiuan ot

Aanunseazaelaluiingu wazavansleniuindou

)

o 13

Jumngdmiunsuszendldlundndusidusagy

U

'
=

N

SouAufmgtnSauns e LU LU LATIRNRNY

PN °

Fapsltaninglunisanwlsnglrgvinliainnsg

araguiNgau WY an1igndnisanninuiy

v a -

BSUAUVBIINDAUIULTDULTILATEY kAL luNIg

q

[ o % a [ 6 U =]

NAUAUANNSUNEN N U 91T U N VR IR DINTS

o
v

Tnansueianunsanseanedluilduuinisen
wsudlsluanneivinlidansgadutianas 1wy
anmeiinsannnuiududu wiemndeanisli
Wmamﬁmscﬁwaqﬂiauﬁﬁé'mﬁmiwmﬁaqq ARs
Fontendngiandlsunananniznsiauusiviili

@

199 TININBWIGY UiAUNUILULTINEN 1w 1

o

ngAvnfinuduEudwuagldanusiseuves

angas 9 Tunsuae
RURY)

5. inAnssuUszEnA

VU0UAN an1UuITUUALWAIUILAS
uninendoinunsaans Alinsatuayuyuly
nsdnfiulasinisided wavvevounm annty
Auniiuayiauindn fusie1nis Aeyiasizs

anuntunsuuRnunseuaiesding uazgunsal

573

YINUAUNITNAADS

6. 918N1591989
[1] Light, J.M., 1990, Modified food starches:
Why, what, where and how, Cereal Foods
Wold 35: 1081-1092.

BeMiller, J.N., 1997, Starch modification:
Challenges and prospects, Starch/Staeke
49: 127-131.

Power, E.L., 1967, Production and Use of
Pregelatinized Starch, pp. 523-536, In
Whistler, R.L. and Paschall, E.F. (Eds.),
Starch: Chemistry and Technology Vol. I,
Academic Press, Inc., New York.

Boettger, M., 1963, Recent study show the
effect of pregelatinized starches on cake
quality, Cereal Sci. Today 8: 106-108.
Gardiner, D.S., 1975, Dessert Composition,
British-Patent, 1 419 996.

Ronai, K.S. and Spanier, H.C., 1972, Instant
Oat Cereal, United-State-Patent, 3 704
134,

Senda, A., 1991, Premix Preparation for Ice
Foods, United-States-Patent, 5 006 359.
Beltran, E.G. and Singer, N.S., 1970, Snack
Food, Canadian-Patent, 847 281 (847281).
Anton, AA., Fulcher, R.G. and Arntfield,
S.D., 2009, Physical and nutritional impact
of fortification of corn starch-based
extruded snacks with common bean
(Phaseolus wvulgaris L.) flour: Effects of
bean addition and extrusion cooking,

Food Chem. 113: 989-996.



5815 mermansiazinalulad

T 26 avvil 4 nsngrAx - FemA 2561

(10]

[11]

(14]

Rahman, M.S.,
Handbook, CRC Press, Inc., Boca Raton, FL,
528 p.

Anderson, R.A., Conway, H.F., Pfeifer, V.F.
and Griffin, E.L., 1969, Gelatinization of

1995, Food Properties

corn grits by roll- and extrusion-cooking,
Cereal Sci. Today 14: 4-12.

Ding, Q.B., Ainsworth, P., Plunkett, A,
Tucker, G. and Marson, H., 2006, The
effect of extrusion condition on the
functional and physical properties of
wheat-based expanded snacks, J. Food
Eng. 73: 142-148.

Charunuch, C., Limsangouan, N., Prasert.
W. and Wongkrajang, K., 2014, Optimi-
zation of extrusion conditions for ready-
to-eat breakfast cereal enhanced with
defatted rice bran, Int. Food Res. J. 21:
713-722.

C, P,
and Sonted, V. 2008,

Charunuch, Tangkanakul,
Rungchang, S.
Application of mulberry (Morus alba L.)
for supplementing antioxidant activity in
extruded Thai rice snack, Int. Kasetsart. J.
(Nat. Sci.) 42: 79-87.

Singh, N., Singh, B., Sandhu, KS., Bawa,
AS. and Seknon, KS. 1996, Extrusion

behavior of wheat, rice and potato blends,

574

(17]

[19]

J. Food Sci. Technol. 30: 291-294.

Barrett, AH. and Peleg, M., 1992,

Extrudate cell structure-texture
relationships, J. Food Sci. 57: 1253-1257.

Pan, Z., Zhang, S. and Jane, J., 1998, Effect
of extrusion variables and chemicals on
the heamolysis, Phytochem. 36: 579-583.
Mercier, C., Linko, P. and Harper, J.M,
1989, Extrusion Cooking.  American
Association of Cereal Chemists, St. Paul,
Minnesota, 471 p.

Stojceska, V., Ainsworth, P., Plunkett, A.
and Ibanoglu, S., 2009, The effect of
extrusion cooking using different water
feed rates on the quality of ready-to-eat
snacks made from food by-products,
Food Chem. 114: 226-232.

El Dash, AA., Gonzales, R. and Ciol, M.,
1983, Response surface methodology in
the control of thermoplastic extrusion of
starch, J. Food Eng. 2: 129-152.

Paton, D. and Stratt, W.A., 1984,
Component interactions in the extrusion
cooking process: Influence of process
conditions on the functional viscosity of
the wheat flour system, J. Food Sci. 49:

1380-1385.



