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Abstract: The effects of phosphorylation, enzymatic treatments, dry heat treatments, and combined treatments on the water absorption index,
water solubility index, dispersion time, agglomeration rate, viscosity, particle size, and chrominance of extruded com flour were analyzed to improve the
quality of extruded corn flour. Phosphorylation heat treatments did not significantly affect the viscosity of extruded flour, whereas dry heat treatments by
edible gum increased the viscosity. Additionally, enzymatic treatments alone and in combination with phosphorylation and dry heat treatments
significantly reduced the water absorption index and viscosity. Specifically, the water solubility index of the flour after enzymatic treatments and
combined treatments was greater than that after phosphorylation and dry heat treatments. The water solubility index of the extruded corn flour treated with
a-amylase increased from 30.4% to 80.98%, whereas the water absorption index decreased from 4.96 to 1.21. The agglomeration rates of extruded cormn
flour treated with xanthan gum combined with a-amylase and a-amylase combined with sodium orthophosphate were 1.63% and 1.46%, respectively.
These values are lower than those after treatments by sodium orthophosphate, o-amylase, and neutral protease individually, and dry heat treatment by
xanthan gum (5.57%, 5.60%, 6.16%, and 5.58%, respectively). In addition, the viscosity of the two products after the combined treatment methods were
83.33 and 100 mPa-s, suggesting that the fluid was relatively thin. Samples subjected to dry heat treatments with sodium orthophosphate and xanthan
gum showed viscosities of 2243.33 and 306.33 mPa-s, respectively. The viscosity and agglomeration rate of extruded corn flour treated with sodium
orthophosphate combined with neutral protease were 546.67 mPa-s and 4.89%, respectively. The viscosity was moderate, and the agglomeration rate was
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lower than those after single treatments. For this extruded flour, the dispersion time and particle size were 4.81 s and 131.14 pm, respectively, and the

resulting fluid was light yellow. Extruded corn flour is more soluble after combined treatment with sodium orthophosphate and neutral protease.
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Table 1 Effect of phosphorylated heat treatment on the blending property of extruded corn flour

5o 2 AR WSI/% WAI %% /mPa-s SRETIl s tERE/Y
EELE 30.40+1.47°  4.96+0.09°  2193.00+46.39°  8.63£0.04°  9.60+0.15°
ATARER 3426+1.16°  5.28+0.01*°  2200.00+£30.57°  4.97+0.01°  6.38+0.68"

EAEERAN 32.36+0.51°  535+0.17°  224333+8.82°  5.39+0.02°  5.57+0.05°

ZREBRE 344140620 521+0.07°  2203.00£72.93°  5.72+0.03°  5.98+0.11°

E RTPEIEA WYEAFEIR LY B HERFRCAMRFEERTREELF (p<0.05) ; TH.
= 2 BERUPAMIERT I K & B FRIR RIS

Table 2 Effect of phosphorylated heat treatment on the chrominance and particle size of expanded corn flour

50 4 AR L* a* b* AE dgo/um
Ta 93.58£0.05°  1.89+£0.17°  26.13+0.73° - 111.60+1.25°
ATARER 91.61+1.18°  2.46+022%®  26.81+0.22®  2.16+0.01°  130.15+1.27°

EAEERAN 91.894045°  2.63+0.14°  27.79+031°  2.48+0.12°  133.66+1.97°

ZEREBRE 92212037 2.11£0.03*  26.78+0.05®  1.54+0.03°  127.48+2.03°

= 3 ERALIER B R A RERI RN

Table 3 Effect of enzyme treatment on processing properties of extruded corn flour

Ao 2 AR WSI1/% WAI Fb/%/mPa-s SERETIEls  EEHE/Y
4= Pl 30.40£1.470  4.96+0.09°  2193.00+46.39°  8.63+0.04*  9.60+0.15°
L& 2fs 4397155 4.112021°  1933.33+24.05°  6.08£0.01°  6.47+0.21¢
o AEE  80.98+1.60°  1.210.08"  56.33+2.03° 5.60£0.07°  5.01+0.08°
P EG# 40.02£024°  3.23:0.07°  306.3313.18%  4.81+0.15%  6.16+0.04°
B i B 30.54+0.79Y  5.04+£0.10°  2246.33+76.6°  5.53+0.10°  9.64+0.23°

Table 4 Effect of enzyme treatment on the chrominance and particle size of extruded corn flour

x4 ERAMEX M TR ERRIRRISNE

Hdu % AR L* a* b* AE dog/um
T e 93.58+0.05°  1.89+0.17°  26.13+0.73® - 111.60+1.25°
£ 2y 927540.18%  2.08+0.18°  27.00£0.61°  1.22+0.02°  126.41+1.63°
o-BE 927940270 1.96+0.08°  26.96+0.34°  126+0.07°  111.66+£0.66°
PHEGEE  92.48£0.09°  226+0.05°  27.42+0.13"  1.74£0.03°  156.49+2.46°
JiEYii=3 92.54+0.30°  1.94+0.12  25.70+0.16°  2.28+0.09"  113.46+0.53°
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x5 RRARTHRGIENEALE AR RERIRR

Table 5 Effect of dry heat treatment of edible gelatine on processing properties of expanded corn flour

5o AR WSI/% WAI 5B /mPas  HHRETIE)s  4EBRE/%
TE 30.40£1.47°  4.96+0.09° 2193.00+46.39%  8.63+0.04*  9.60+0.15°

F B 32.60+0.85° 4.85+0.03" 2240.00+£11.55* 5.58+0.10° 6.12+0.11¢
BRI 32.70+0.98° 4.88+0.01°  2310.00+36.08°  5.88+0.03°  6.15+0.03
T 31.9140.63°  4.83+0.03®  2255.00+40.65°  6.08+0.02°  7.70+0.06°
BF RS HEL  31.78+036°  4.79+0.04°  2580.00+£11.55°  6.41+0.12°  7.09+0.23°

* 6 RRRTHRCIEN L TR B EFRIZRIRN

Table 6 Effect of dry heat treatment of edible gelatine on the chrominance and article size of expanded corn

A AR L* a* b* AE dge/pm
TE 93.58+0.05° 1.89+£0.17°  26.13+0.73" - 111.60+1.25°

F R 92.71+0.36°  1.62+0.14%  23.49+0.61% 2.79+0.02° 138.17+1.42®
RSN 93.45£0.09° 1.53+0.05* 24.10£0.61° 2.06£0.01¢  136.50+1.29"
K 93.04+0.53°  1.29+0.03° 22.33+027% 3.87+0.11°  140.07+0.90®
BP RS EL  93.6240.07°  1.20+£0.02°  22.1140.13%  4.07+0.15°  142.53+2.12°

=7 EELIEM B E AR RSN
Table 7 Effect of compound treatment on the punching property of expanded corn flour

238 55 WSI/% WAL %5 /% /mPas S#atIa)/s PR Y,
0 304041470 4.96+0.09°  2193.00+4639°  8.63+0.04° 9.60+£0.15"
1 73.37£0.19°  1.37£0.03¢  83.33+3.34% 4.78+0.01° 1.63+0.01°
2 79.67+0.87°  1.24+0.08° 100.00+0¢ 4.54+0.02° 1.87+0.29°
3 54.81£0.29¢  2.81+0.01° 2361.33£11.63*  4.62+0.01¢ 5.61+0.102°
4 79.95£0.82°  1.07+0.01  60.00+1.16% 4.97+0.02° 1.46+0.01°
5 83.73+2.08*  0.89+0.10° 16.00+0° 4.5120.02° 1.67+£0.14°
6 4920+£1.06° 3424022  546.67+£52.10° 4.81+0.03° 4.89+0.62°

i R LARTO AL VAR RIS DA a AR RIR, 3 AR RGBSR, A R
EEEA, S H BB, 6 A BB T R E QT 1 BRI RS R R 4 s

R AN S o B B SR IINF TR TR
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B A AL B e P AR /K PR R 00 73.37 %
79.69%., SElifR e & T AAEBKE SR ECEOR,
Wt WIBE A T feadt 1 3R A AA SO 5 T B S TR A B
o- VEA i FL— AL PR VA VE R B i) O 32.60%
80.98%, & T THUAEIL . LRI a-iER A
ERCHE a-TER AL LA B KR IR K P FE 2
IRF ST AR E T 20N AR, OB e e
PRIV E N TR R, WS g,
BOLUTTENIRD o IEBEIRIN o-iE b liE 2 & AL HL AL
FIAGEVERE RS T o-ie BB IR BVACEE, TR E
TEROUAR B, W ST A AL 2 A A A 1o

PSS 5 a-TERBRAC IR K T FE RS AN B3
HA MR KRS E RSO T IR IR A . — b3, 20K
SRR IERERRAA . IEBSRREN MR A R G AR EE S (1
R KSR R T — b H X, KIS PERREUR T
B Ab3 75, BEEH IS A RO EE R (AR R ] 1)
TRUEH, KRB S HEERI S, naE T oK ]
XK ERTIR R FH

SRR o-TEREE . o-TER R R S A A s
IR G5 Ry AN 1.63% 1.87%, ZEFE4r 1A
83.33 mPa's. 100 mPa-s, MME SRR THAEE, a-iEH;
BRI IG5 HR 5N 6.12%- 5.01%, BN
2240 mPa-'s. 56.33 mPa-s, &AL G 4EHLRL T8
—AbBE, BT a-TERERALEE, Ui E G A G
T ALK A B, B oV RS B R R T
AIRFE T . AR a-TER AL LY a- Tk R iR
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(TS5 A4, G0 T B EARAT s, KT AR,
SRS LA 2 LAY, ArVE RS R
%, BRFEEMSEHRE, a-TEkle EREREY. IERSR
B o-VE M B ACH IS AR S5 R 5 0N 1.46%
1.67%, 1M IEBERREAAEEE 7 20T EE RN 5.57%, 45
P T o—Ab e 20, R ABGARIC S BRI Kb 2
G T AR R 0 o SRR T I R IR
TR ol A FER G %o A A (R R AT, DR
AR MEREIR R T, 7 o b S5 vk R AR AL SN,
[, A ERIGT A TR AR BE 178 55, K
B 2 AR ERY, R R B b, WA
CEHURFR, pRRTENGE . SN ERAMIERRR. 1
AR BN AN i 2 (I A A FIL S A R 45 R 43 5]

9 5.61%- 4.89%, FEE73 7149 2361.33 mPa's. 546.67
mPa-s, SiHCRACT IEREREN. &R THub s, hE
&, UL IERERR AR SRR R A B S IR
KR PR PR -

HH# 8 WA, A KCEEAR AT LHE K, BN
et ) Ae 2 51 RO R R (0 3 R A A A B A
MECREE, AE HB/NT 3, EIEEAIERH R
WA R BELIERAREEIL I, TR
A A AN TRy R A A, ORI AR T kAR
BK . TSRS TR B R A I P P R
P AL BEICRIAR dog FH 324.97 pm HEHNZ 331.02 pym, 5
ARSI T AE AR, A A3 7 =R HG = b (R kL
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Table 8 Effect of composite treatment on the chrominance and particle size of puffed corn color

PUEL) L* a* b* AE dgo/um
0 93.58+0.05% 1.89+0.17% 26.13+0.73% 111.60+1.25¢
1 92.67+0.11° 1.50+0.07¢ 23.81+0.30° 2.5240.07" 152.17+5.29°
2 92.95+0.21% 1.54+0.11% 24.65+0.69° 1.64+0.02° 185.10+1.36°
3 91.28+0.15¢ 2.3840.15° 27.72+0.72° 2.84+0.09" 133.54+1.78°
4 92.22+0.17* 2.14+0.07% 25.3440.13° 0.95+0.01¢ 149.55+3.83°
5 92.14+0.55 2.14+0.08% 26.10£0.15%® 1.15£0.03° 118.14+2.01¢
6 92.93+0.05% 1.52+0.04¢ 25.52+0.13° 0.96+0.02¢ 131.14+1.00°
. PR
3 ZHig

ARIGARGT T R AU EE, B EE . SRR T
AR ] AT A AN ERT A KRR pi R PR R . AN
BRI . 25K, BRI AR B S
TREL; SRR THACEB RN, oK
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JRE T4 A A FRR K P R RN R B 2B PR AIG, KV
FREOK TR & TR B . o-VER AL BRAG
IZKIETETREUN 30.4%H 28 80.98%, WK VEFEEL
496 F&E 1.21. NiRESREF RIS, EE AR
TR, WK o-TERE. a-TEREEIERIRNE
Er R BRI G5B TN 1.63% 1.46%, KT 1ER%
FREN. a-VERME. PR AN, R TR IR
g, DHIN 5.57%. 5.60%. 6.16%. 5.58%, Fif
HAEE T AT RERM, 7309 83.33 mPass. 100
mPa-s; IERERREN . 3 S5 AT Hb 3 FE 73 3l ol 2243.33
mPa-s. 306.33 mPa's, IEBEFRINELA 2R FI AL 2
TP GEHLR AN 546.67 mPa-s. 4.89%, B IEH,
SEHCRAR T B A0, EA 43BN R] i AR 43 4.81
sv 131.14 um, L*. a*. b*A [, ER¥M. 55
ST, IEBERREN R IR G AL B AR A
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