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extrudate. exploring the melting behavior during starch extrusion is of great significant for the production of

ideal thermoplastic starch-based materials. Effects of different extrusion temperatures (60, 70, 80, 90 and

100 °C) on the structure and physicochemical properties of corn starch were investigated. The results showed

that under high temperature and mechanical shear, the starch granules were fragmented and the granule size

was reduced. The hydrogen bonds within starch molecules were broken, which made starch easier to bind

with water molecules, to improve the hydration properties of thermoplastic starch (TPS). As the temperature

increased, the content of amylose increased, and the relative crystallinity (RC) and double-helix order (DO)

decreased, indicating that the long-range and short-range ordered structures of corn starch were destroyed

during heating. The high temperature treatment of the extruder reduced the enthalpy of TPS and destroyed

the ability of starch paste to form a gel network. The samples had a weak gelation behavior, and the rigidity

and elasticity were weakened. In conclusion, the temperature of twin-screw extrusion changed the starch

particle structure, crystalline structure, hydration and rheological properties to different degrees. This study

has provided theoretical basis and new ideas for extruding high quality thermoplastic starch materials.

Key words. twin-screw extrusion; thermoplastic starch; structure; physicochemical properties
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Fig.1 Amylose content of TPS at different
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Tablel Physical propertiesof TPS at different extrusion temperatures

HE b 450 % WKL /um WK FEEU % VI JE 1% IR BE /%
CS 16.80 = 0.80° 12.18 + 3.66" 54.09 + 0.47 0.07 + 0.04° 30.51 £0.71°
ECS-60 9.87 + 0.64° 3.86+1.27° 78.68 £ 0.06° 11.45 £ 0.64° 4557 £0.18¢
ECS-70 8.78 £ 0.28° 3.74 +1.45° 83.10 + 0.83¢ 11.75 £ 0.49¢ 56.89 + 0.96°
ECS-80 7.22 +0.36° 3.56+ 1.16" 87.91 +£0.19¢ 16.05 + 0.49° 84.63 +2.52°
ECS-90 5.01 £0.07¢ 3.25+0.72° 91.74 + 0.44° 18.50 + 0.99° 119.52 + 0.13°
ECS-100 4.97 +0.25¢ 2.68+0.71° 93.49 + 0.06 33.15+ 1.20° 121.81 +£5.78°

I F—FIRFR/NG 55 ERRRoR ke M 22 5 (P<0.05).

Note: Different lowercase supersuripts in the same column indicate significant differencees between samples (P < 0.05).

2.6 #HiEsE
ANTE B IR BE T 0 TPS (3T S i &5

N3 2 Fim . AH (AR, R TEM BA A XA
ALY 2 2 AT, FORTEMAH (4
J11.47 J/g, ZFFEACBR)S HORE S AH EREAK . b
BHHEEETHE, TPS IAH (EHZ#TFRAL, R4 7
(53 F 25T IR, X 5 I A ) RC H
AR —ZL T AE 100 °CTF 5 H ke 5 A A6
S PV RIS (o BF R TR X Ve B ) PR RE AT (2
. EARVER LRI TEE (To). V(AR

®2 AREFEEREHN TPSHIH AL
Table2 Thermal propertiesof TPS at different
extrusion temperatures

FE & To/°C T,/°C TJ/°C AH/ (/g)

CS  66.60+0.14° 71.60 = 0.00¢ 77.00 + 0.14° 11.47 + 0.40°
ECS-60 68.75 £ 0.21¢ 73.05 £0.07° 77.35+ 0.92° 4.766 + 0.04"
ECS-70 69.45+0.21° 73.10 £ 0.00° 77.95 + 0.35° 4.670 = 0.03"
ECS-80 72.35+0.35" 75.85+£0.21° 79.90 = 0.57° 1.926 + 0.12¢
ECS-90 74.30 = 0.28" 77.80 + 0.14* 80.95 +0.21" 0.481 +0.01¢

ECS-100 - - - -
T [ —FUANRNG b FARFRAE i 25 57 (P<0.05 ),

Note: Different lowercase supersuripts in the same column
indicate significant differencees between samples (P < 0.05).
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Fig.4 Dynamic rheological properties of TPS
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