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Prepared by Dry Heating and Extrusion Process
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Abstract

Starch phosphates were prepared by dry heating, gelatinizing method and extrusion process using
sodium tripolyphosphote (STPP) as a substitution reagent and their physicochemical properities were
compared. In the preparation of starch phosphate by dry heating method(DSP), the effect of reaction
temperature was the most significant to the DS(Degree of substitution). In the phosphorylation reaction
with gelatinized starch(GSP), the substitution ratio was increased with increasing the reaction tempe-
rature, but the increase was insignificant above 85C. By extrusion with the corn starch containing
2.0% STPP at various moisture contents of 20, 25 and 30%, the DS values of extrudate(WESP) were
within the range of between 0.0066 and 0.0083. The starch phosphate(DSP) products showed lowering
the gelatinization temperature, increasing the clarity of the starch paste. However, WESP showed
higher gelatinization temperature than that of raw starch. The starch phosphate prepared by extrusion
process showed lower apparent viscosity of paste than that of the DSP at same condition. All of
starch phosphates showed reducing the tendency of the paste retrogradation.
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Fig. 1. Flow chart for starch phosphate monomers pre-
paration by dry-heating method and extrusion-cooking
method

STPP : Sodium tripolyphosphate

DSP : Starch phosphate prepared by dry heating

ESP . Starch phosphate prepared by extrusion-cooking

without washing
WESP ' Starch phosphate prepared by extrusion-cooking
with washing(aqueous methanol)
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Table 1. Degree of substitution of corn starch phosphate monoesters prepared in diffrent reaction conditions

Reaction condition

Phosrx:ll:;;yol;ltlon STPP#content Tempgrature Time f(:lnotsep:::;)s DS Code name
(%) (o (hr)
12.6 120 0.5 0.04 0.0021
12.6 150 0.5 0.27 0.0143
12.6 180 05 0.38 0.0202
Dry heating 12.6 140 0.5 0.23 0.0121
12.6 140 1.0 0.26 0.0137 psp»
126 140 2.0 0.28 0.0148
6.3 160 10 0.25 0.0132
12.6 160 1.0 0.30 0.0159
25.2 160 1.0 0.33 0.0175
126 65 1.0 0.02 0.0010
Gelatinization 126 85 1.0 0.30 0.0159 GSp
12.6 95 10 0.36 0.0191

a) STPP : Sodium tripolyphosphate

b) DSP : Starch phosphate prepared by dry heating method
¢) GSP : Starch phosphate prepared by gelatinizing method
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Table 2. Degree of substitution of corn starch phosphate prepared in different extrusion conditions
Moisture content Washing Barrel temp. Phosphrous content »
(%) (Times) () (%) DS Code name
20 5 130 0.158 0.0083 WESP-20
20 - 130 0.496 - ESP-20
25 5 130 0.150 0.0079 WESP-25
25 - 130 0.498 - ESP-25
30 5 130 0.126 0.0066 WESP-30
30 130 0.482 ESP-30

a) WESP : Starch phosphate prepared by extrusion cooking with washing(aqueous methanol)
ESP : Starch phosphate prepared by extrusion cooking without washing
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Table 3. Effect of preparing method and degree of
substitution of starch phosphates on the change in co-
Ior and color difference

Samples L® at b’ E*
Raw-St. 914 —78 6.1 325
DSP-0.0028%' 89.5 2.09 80 292
DSP-0.0120 83.7 2.10 8.1 346
DSP-0.0148 89.1 1.90 83 283
DSP-0.0202 85.5 009 10.2 273
ESP-20+ 8.7 —1180 138 373
WESP-2(! 85.7 -007 116 379
CON-25¢ 857 —123 148 377
ESP-25 868 —11.1 127 212
WESP-25 87.1 0.06 99 284
CON-30 848 —1210 147 372
ESP-30 85.6 -530 114 316
WhSP 30 85.6 0.04 10.0 274

al ],«~ llghtness a=redness, b=yellowness

by E*=({L-L)?+(a-2)?+ (b-b)?)* (L'=68.1, a=21.0,

bw12.3)

¢) Raw-St @ Raw Corn Starch

dJ DSP-0.028 © Starch phosphate prepared by dry heating
(DS, 7 0.0028)

e) ESP-2530 © Starch phosphate prepared by extrusion
cooking without washing(moisture contents of raw mate-
rial are 25% and 30%)

f) WESP-25.30 : Starch phosphate prepared by extrusion
cooking with washing(aqueous methanol)

g) CON-2530 : Corn starch extrudate(moisture contents
of raw corn starch are 25% and 30%)
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Fig. 2. Light microscopic views of (a) raw starch, (b) DSP (DS=0.0148) (c) WESP(M.C of raw material is

25%) and (d) WESP(M.C. of raw material is 30%)
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Fig. 3. Change in transmittance of the suspension(0.5%)
of the starch phosphates made by dry heating and ext-
rusion-cooking

Table 4. DSC characteristics of starch phosphate mo-
noesters made by dry heating and extrusion-cooking
proecss

DSC characteristics

Samples AH Tob Tme
Raw-Starch 3.18 67.38 73.19
DSP-0.0028 3.15 64.60 70.60
DSP-0.012 272 56.08 67.34
DSP-0.0148 2.38 52.19 59.62
DSP-0.0202 1.62 4999 58.25
CON-30 - .
ESP-30 0.20 73.81 78.33
WESP-30 0.11 72.07 76.59
CON-25 - .
ESP-25 0.03 7547 78.50
WESP-25 0.07 71.97 74.84
ESP-20

WESP-20

a) AH : Enthalpy(cal/gram)
b) T, : Onset temperature(C)
¢) Ty, : Maximum peak temperature(C)

A3k vl Zlog Alg Xl w3k ESPe} WESP
Al 52| onset temperature’} YEAHE Hrl 2 o|f+=
extrusionel] 2§ AEAAFL] F- F-22 wv|sol F4
peak: viep}A] 9F9bT, extrusion F AEApeke) o
F7F AAsled o] AAdE AEAEY giFe oEE
ol He AefollA DSC Ao} & peak X & F7}

Table 5. Viscometric constant of starch phosphate at
various DS and production methods?

Samples a b n?

Raw-St. 1.5550 0.5775 89.4

DSP-0.0028 0.4269 0.7554 93.26
DSP-0.012 2.0460 0.5318 104.30
DSP-0.0202 2.5170 0.5216 121.90
CON-30 0.2005 0.7497 40.71
ESP-30 0.4146 0.6815 54.46
WESP-30 0.3598 0.6829 47.69

a) All samples were gelatinized by treatment with 0.5N
KOH solution.

b1 a: Conistency index

¢} b: Flow behavior index

d! n . Apprent viscosity(cP) at shear rate 600S7!

Table 6. Intrinsic viscosities of corn starch and starch
phosphates”

Intrinsic viscosity

Samples (g/dl)
Raw-St. 144
CON-30 0.74
GSP 1.02
DSP-0.0202 1.37
DSP-0.0120 1.27
WESP-25 113
WESP-30 0.96

a) All samples were gelatinized by treatment with 0.5N
KOH solution .
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Table 7. Avrami exponent, time constant and firmness
value for raw starch and starch phosphates

Shmples Eo® EY n®  1/k®
Raw-St. 63.8 12064 0951 4.70
DSP-0.0148 330 109.06 0.874 5.00
CON-25 40.67 11970 0896 6.55
CON-30 3850 12240 0.887 501
ESP-25 20.9 7091 0896 7.87
ESP-30 312 7357 0782 504
WESP-25 235 8280 0836 6.85
a)Eo : Firmnes of starch gel at O time

b) Er : Limiting modulus
c)n . Avrami exponent
d) /& : Time constant(day)
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