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Effect of Caustic Soda Addition and Incubation Temperature on Gelatinization
Behavior of Corn Starch Suspension Using for Corrugating Starch Adhesives

Takatoshi KOYAKUMARU *!

B — v v — NE SRR ISR W TC, Wi Y — 2 ORI E SRIRIRE DR E 25wt% b Vv 2 VIR RETTR T
et Uiz, B HFIE Y — Z BN SR (A BRI R)0~3 . 4wt%, RHIRIREE 30~60°CIZ TRt L7z k. BRBiE oMLk
E\HARIIEINEER OB & IR < 72 0 . WHEIRETESA < 7r o7z, fRIE 30°COMIMLIREE X, BANELER 0.48wt%L)
ECEBAET L, BISHHEOBIIRIRE (TS)2S, B — 7R (Tp) & 52 TIREMOICH N TRE <K F L7z, 30°CHRIET
DFFITIR Ts 0>{ﬁx% 1%, 40°CE S0COMRE T - WIS, FETFEIBICE > OREND Ts 1L EF Lz, Tp &
Te ITPRIRTREEIC L 2 BN e A L | e Y — X OBMEIREER FERICIT. RIRIRE ERIC X 2 EEIERVWEEZ D
iz, 30 C1R{E1’C?ﬁ§7jubb$7§\m%,—,b\344wt% L BTN B TR IR R T 25%080 L, Ts 13 202°C & K& <K
T UM, Tl 4.0C, MLREED B EH Lz 95%OMILESICET HIRED 6.8 CLIK TR b oTc, Th b OR
ALAEPED LA FN A % OBE R ~OwE Y — X ORI FICIE, EEERFOMLREIR T OR 63, R EORD
BEEROFFIC bl LWL RHT 5 2 EREE LB Oz,

It was investigated that the weight ratio (0~3.4wt%) of the caustic soda addition to the starch
(caustic-ratio) and the incubation temperature (30~60°C) affected the gelatinization behavior of the
25wt% corn starch suspension using for corrugating starch adhesives. At the 30°C incubation, the
gelatinization starting temperature (TS) extremely decreased as the caustic-ratio increased above 0.48wt%.
However at the 40~60°C incubation, the Ts suitably rose comparing with the Ts at the 30°C incubation
due to the gelatinization of the starch of lower Ts under each incubation temperature. At the 30~50°C
incubation, the gelatinization peak temperature (Tp) and the conclusion temperature (Tc) linearly
decreased common to the different incubation temperature with the caustic-ratio increase above 0.48wt%.
Consequently, the gelatinization enhanced with the caustic soda addition was not affected by the
incubation temperature. With 3.44wt% of the caustic-ratio at 30°C incubation, the gelatinization
enthalpy and Ts decreased 25% and 20.2°C respectively comparing with the caustic soda no addition,
but Tc and the completing temperature for the 95% gelatinization ratio calculated from the gelatinization
enthalpy decreased only 4.0C and 6.8°C respectively. After this, it was considered that the optimum
caustic-ratio used for the corrugating starch adhesives should be investigated into not only the decrease
of the gelatinization temperature but also the reduction of the gelatinization enthalpy and the preparation
of the adhesives on the basis of the gelatinizing properties described above.
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Fig. 1 The relation between the additional weight
ratio of the caustic soda to the starch and a) the
solubilized starch ratio to the each total starch and b)
the volume ratio of the upper precipitate to the
starch suspension volume at several incubation
temperature.

@, 30C incubation; [1,40°C incubation; A, 50°C
incubation; O, 60°C incubation.
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Fig. 2 The effect of the additional weight ratio of the caustic soda to the starch on the gelatinization
temperature at several incubation temperature.

(a), the gelatinization starting temperature (TS); (b), the gelatinization peak temperature (Tp); (c), the gelatinization
conclusion temperature (TC); (d), the gelatinization temperature width (Tc —TS) between TS and Tc; (e), the
gelatinization temperature width (Tp —TS) between TS and Tp; (f), the gelatinization temperature width (Tc —Tp)
between Tp and Tc.

€. 30°C incubation; [],40°C incubation; A, 50°C incubation; O, 60°C incubation.
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Fig. 3 The relation between the additional weight ratio of the caustic soda (0~344wt%) to the
starch and the gelatinization endothermic curve by DSC after 1 hr standing at 30°C incubation.
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Fig. 4 The relation between the gelatinization

enthalpy and the additional weight ratio of the caustic

soda to the starch.

Ts~Tec, the gelatinization enthalpy from Ts to Tc.

<,30°C incubation; [1,40°C incubation; A\, 50°C
incubation(dot line); O, 60°C incubation.

Ts~Tp, the gelatinization enthalpy from Ts to Tp.

€. 30°C incubation; B, 40°C incubation; A, 50°C
incubation(dot line); @, 60°C incubation..

Tp~Tec, the gelatinization enthalpy from Tp to Tc.

<{>,30°C incubation; [1,40°C incubation; A, 50°C
incubation; O, 60°C incubation.



Table 1
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The completing temperature for 50%,

(2013)

75% and 95% of the gelatinization ratio,

and the calculated temperature of Ts, Tp and Tc at 30°C incubation.

NaOH addition 0 wt% 048 wth 2.40 wt% 3.44 wt%
50% Gelatinizing temperature °c) 65.3 69.3 60.9 54.0
75% Gelatinizing temperature °c) 67.5 71.8 65.2 58.9
95% Gelatinizing temperature °c) 70.8 75.5 70.2 64.0
Formula (at 30°C incubation) R
Ts=—7.7817x+61.327 0.9781 (°C) 54.8 57.6 427 34.6
Tp=—4.1883x+72.509 0.9701 (°C) 65.4 70.5 62.5 58.1
Tc=—3.4119x+83.123 0.9253 (°C) 75.4 815 74.9 71.4
AH=-1.8421x+16.499 0.8163 (J/g) 13.60 15.61 12.08 10.16
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Fig. 5 The relation between the additional weight
ratio of the caustic soda to the starch and the
completing temperature for 50%, 75% and 95% of the
gelatinization ratio calculated from the gelatinization
enthalpy, and Ts, Tp and Tc at 30°C incubation..

@, 95% gelatinization; A, 75% gelatinization; H, 50%
gelatinization; O, Te; O, Tp; A, Ts.
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Fig. 6 The relation between the additional weight
ratio of the caustic soda to the starch and the
completing temperature for 50%, 75% and 95% of the
gelatinization ratio calculated from the gelatinization
enthalpy at 30°C, 40°C, 50°C and 60°C incubation.
@, 30°C incubation; [J, 40°C incubation; A, 50°C
incubation; O, 60°C incubation.
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