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Abstract

Starch acetates were prepared by conventional method, preheat treatment, and extrusion process
through acetylation of corn starch with acetic anhydride and their physicochemical properties were
investigated. The optimal conditions of the acetylation of starch by conventional method(CSA) was
found that starch concentration was 30%, reaction temperature 35C and pH 8.5. With increasing the
molar ratio of acetic anhydride to anhydrous glucose unit from 0.03 to 0.20, DS{Degree of substitution)
value of corn starch acetate prepared at the optimum condition was increased from 0.019 to 0.080,
while the acetylation efficiency was decreased from 31.6% to 20.5%. In the case of the preheated(gela-
tinized), then acetylated starch(PSA), DS value was increased from 0.027 to 0.04 at the fixed molar
ratio of the acetic anhydride with increasing preheating temperature from 60T to 90C. The DS was
low as 0.02 in the case of starch acetate prepared by extrusion process(WESA). The CSA and PSA
showed lowering gelatinization temperature and enthalpy than raw corn starch with increasing DS.
All of starch acetates showed the increased degree of transparency, the decreased lightness and
the increased yellowness as compared to the raw corn starch. WESA showed lower apparent viscosity
and more close to the characteristic of the Newtonian fluid than CSA and PSA. Intrinsic viscosity
was reduced in CSA and WESA, although PSA has a slightly higher one than raw corn starch. The
rate of retrogradation of the gels was retarded in all starch acetates.
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Table 1. Proximate analysis of raw corn starch
(d.b)

Carbohydrate®

Ash Protein Fat Fiber

0.12 0.57 0.71 0.35 98.25

a) Obtained by difference
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Fig. 1. Schematic diagram of starch acetylation appara-
tus

1. Motor(D.C) 5. pH probe
2. 1N-NaOH Soln 6. Baffle
3. pH stat 7. Pump

4. Thermometer 8. Acetic anhydride
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Fig. 2. Flow chart for starch acetates preparation by
various methods
CSA ! Starch acetate prepared by conventional method
PSA ! Starch acetate prepared by preheat treatment
method
ESA : Starch acetate prepared by extrusion-cooking wi-
thout washing
WESA : Starch acetate prepared by extrusion-cooking
with washing
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Fig. 3. Effect of the pH on the degree of substitution
of starch acetate at temperature of 35T
Molar ratio of acetic anhydride to anhydrous glucose
unit is 0.14.
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Fig. 4. Effect of the reaction temperature on the degree
of substitution of starch acetate at pH8.5

Molar ratio of acetic anhydride to anhydrous glucose
unit is 0.14.

Table 2. Degree of substitution of corn starch acetate
from different molar ratio of acetic anhydride(AA) to
anhydrous glucose(AG) unit®

Starch Ratio Theoretical
acetate (AA/AG) DS acetylation
efficiency (%)
0.03 0.019 316
0.07 0.039 27.8
CSA 0.14 0.072 25.7
0.20 0.082 20.5

a) Reaction conditions : Starch concentration 300 g//, pH
85, temperature 35C
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Table 3. Effect of preheating temperature and extrusion-cooking on substitution of corn starch acetate at fixed
molar ratio of acetic anhydride(AA) to anhydrous glucose(AG) unit

Starch Preheating Ratio Theoretical
acetate temperature (AA/AG) DS acetylation
(t) efficiency(%)®
PSA 65 0.14 0.027 9.64
PSA 90 0.14 0.040 14.3
WESA-25 - 0.05 0.019 19.0
WESA-30 — 0.05 0.017 17.0

a) DS and acetylation efficiency of starch acetates produced by preheating method and extrusion cooking proress,
at fixed ratio of acetic anhydride to anhydrous glucose of 0.14 and 0.05, respectively

i';

(d)

® ©

Fig. 5. Light microscopic views of (a) raw starch, {b) CSA(DS=0072), (¢) PSA at 65T, (d) PSA at 90T,
(e) WESA(M.C. of raw material is 25%) and (f) WESA(M.C. of raw material is 30%)
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Table 4. Effect of preparing method of starch acetate on
the change in color and color difference

Sample L¥ a® b E®
Raw-St. 914 —7.8 6.1 37.6
CSA 91.2 —6.1 30 36.8
PSA 85.0 —6.6 4.7 33.2
CON-25 85.7 —123 14.8 37.7
ESA-25 90.3 —-6.2 39 36.1
WESA-25 88.2 -6.9 55 35.1
CON-30 84.8 —12.10 14.7 372
ESA-30 87.5 ~73 6.5 348
WESA-30 879 —76 6.8 35.2

a) L=lightness, b) a=redeness, ¢) b=yellowness
d) E=((L-L")2+(a-a)?+(b—b)D)* (L'=681, a=
210, b'=12.3)
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Table 5. Enthalpies of gelatinization and endotherm characteristics of raw corn starch and starch acetates

Samples AH Endothermic temp.(T) PHI®
(cal/g) T.» Ta? T
Raw st. 3.11 67.24 73.33 88.65 0.511
CSA
DS 0.019 2.82 63.68 70.01 84.74 0.445
DS 0.039 2,76 61.17 69.91 84.06 0.409
DS 0.072 242 57.64 64.25 79.93 0.366
DS 0.082 2.11 54.36 61.50 79.73 0.296
PSA at 65C 0.33 63.26 66.08 88.23 0.117

a) Onset temperature

b) Maximum temperature
¢) End temperature

d) Peak height index
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Table 6. Viscometric constant of raw starch and starch
acetate suspension(4%)?

Samples a® b n®
Raw-St. 1.5550 0.5775 89.4
CSA 0.6526 0.6752 83.2
PSA 1.065 0.6041 85.0
WESA-25 0.0298 0.8447 24.7
WESA-30 0.3697 0.7035 55.3

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

b) a: Consistency index

c) b: Flow behavior index

d) n: Apparent viscosity(cP) at shear rate 600s~'

Table 7. Intrinsic viscosities of raw corn starch and
starch acetates®

Sample Intrinsic viscosity (g/d/)
Raw-st. 144
CSA 1.29
PSA 1.26
WESA-25 1.15
WESA-30 1.37

a) All samples were gelatinited by treatment with 0.5 N
KOH solution
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Fig. 6. Changes in translucency of starch acetate sus-
pension(0.5%) in water
e—e  Raw st. s—u ; CSA(DS=0.072)
o—o I PSA at 90T, x-—X : CON-30
o—n D WESA(M.C. of raw material is 30%)
o—0o . WESA(M.C. of raw material is 25%)

8

daf AH=E BeH olollA 2ri I, =¥
Z2AFAE extrudate?) £HE F71EANE extrusion F
Ne AxmA 7|AHALY ] g P AEe e} vl
Tz Hr} EgHer dejyt Aty ¥ £ 9
),:]lT;]_(ZO.ZQI'

(E,)¢} limiting modulus(E) Z+& +3tg3, Avrami
Ao z¥e] Avrami X$(n) &} 23AIZHEF(VKE +
so] Table 8o Ttehfgick YB AT x3A| b7
47040190, CSASt PSA A 8% 747+ 507 % 56342
de ey k3o oAHAlE wolrh =¥ extrusion
ZAo g 2AHEE vHbS acetateE A A3 9L
A 8(ESA) 7} 233 25%<t 30%Y @ zH7t 6.81%
6620|911, vluke Ajefo] AR AB(WESAE
ek 25%, 30%) A 7H7t 6.742) 65695 CSA % PSA
AgET e 3PS Boch 223 oA
34]7) 7 o2 Control extrudatex YEAHERc} F2
L A HASE Bl AP plRo] Hol ZAMHY ext-
rudate?] 3t TAFHE Adale AR oML
extrusion®] <dgfe] EAlell #AAEE LS F5T 7



666 A

Table 8. Avrami exponent, time constant and firmness
value for raw starch and starch acetates

Samples E.» E» n® 1/k®
Raw-St. 63.8 120.64 0.951 4.70
CSA 215 62.21 0.705 5.07
PSA 37.0 92.81 0.769 5.63
ESA-25 14.1 50.64 0.811 6.81
ESA-30 17.3 61.81 0.891 6.62
WESA-25 153 63.66 0.714 6.74
WESA-30 18.0 68.96 0.762 6.56
CON-25 25.6 119.70 0.896 6.55
CON-30 342 122.40 0.887 5.01
a) E,: Firmness of starch gel at 0 time

b) E. : Limiting modulus
¢) n . Avrami exponent
d) 1/k : Time constant(day)
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