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Abstract

Gelatinization behavior and morphology of epichlorohydrin-crosslinked potato starches (XPs) were in-
vestigated. Native potato starch showed a very steep single-stage swelling pattern, but crosslinked starches
showed various patterns with the degree of crosslinking. Swelling power, solubility and light transmittance
were reduced drastically as the degree of crosslinking increased. Brabender initial pasting temperature and
peak temperature of crosslinked starches increased because the crosslinking reinforces the intermolecular net-
work of the starches. Although the swelling of the potato starch granule was inhibited by crosslinking as com-
pared to that of the native one, Brabender peak viscosities (6.5% w/v, db) were on the order of 2,500 units
for the native potato starch, 3,700 for the XP with 2,300 anhydroglucose units per crosslinking (AGU/CL)
and 3,400 for the XP with 2,100 AGU/CL, due to the decreased breakdown of the swollen granule resulting
from the resistance to heat and shear. The XP with 1,900 AGU/CL, however, did not show the peak viscosity
and the viscosity was on the order of 500 units because of the excessive inhibition of the swelling. Unlike the
native potato starch, 6.5%(w/v,db) pastes of the crosslinked potato starches could form gels, which could be
predicted from the Brabender setback and consistency index. When the deree of crosslinking is low, random
contraction and radial swelling of the granule was possible. As the degree of crosslinking increased, mor-
phological change became similar to the single dimensional tangential swelling observed from the lenticular
wheat starch. These morphological changes during heating in excess water explained the gelatinization beha-

viors of crosslinked starches tested.
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Fig. 1. Swelling power of 0.5% (w/v, db) starch pastes
heated for 30 min at 55~95°C XP-0.01, XP-0.02 and XP-
0.03: 0.01, 0.02, 0.03% epichlorohydrin-treated crosslink-
ed potato starches
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Fig. 2. Solubility of 0.5% (w/v, db) starch pastes heat-
ed for 30 min at 55~95°C XP-0.01, XP-0.02 and XP-
0.03: 0.01, 0.02, 0.03% ecpichlorohydrin-treated crosslink-
cd potato starches
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Fig. 3. Changes in light transmittance of 0.2% (w/v,
db) starch pastes heated from 55°C to 95°C XP-0.01,
XP-0.02 and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-
trcated crosslinked potato starches
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Fig. 4. Changes in light transmittance of starch pastes
heated at 95°C for 30 min at 0.5~2.5% (w/v, db) XP-
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Table 1. Brabender Visco/Amylo/Graph characteristics of native and crosslinked (XP) potato starches and cowpea

starches (6.5% w/v, dry basis; pH 6.5)
Type Pasting Peak Viscosity (BU) Breakdown  Setback  Consistency
of temperature  temperature (P-H) (C-P) (C-H)
starch (C) @) Peak (P) 95°C  95°C, 15min (H) 50°C (C)  (BU) (BU) (BU)
Potato
Native 60.8 67.5 2,570 1,000 680 865 1,890 -1,705 185
XP-0.01 60.7 95°C, 4 min 3,650 3,480 3,525 4,150 170 500 625
XP-0.02 61.0 95°C, 11 min 3,390 3,130 3,390 5,300 0 1,910 1,910
XP-0.03 63.0 - - 205 310 515 - - 205
Cowpea
6.5%" 74.8 83.0 755 705 680 125 75 495 570
8.0%" 74.2 81.0 1,420 1,270 1,280 240) 140 1,040 1,180

"'6.5% (wiv, dry basis) cowpea starch paste
“8.0% (w/v, dry basis) cowpea starch paste
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Fig. 5. Brabender Visco/Amylo/Graph viscosities of
6.5% (w/v, db) starch pastes at pH 6.5 One cowpeca
sample was set to 8.0% (w/v, db) concentration ad-
ditionally for comparison; PS: native potato; XP-0.01, XP-
0.02 and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-treat-
ed crosslinked potato starches; CS-6.5: 6.5% cowpea paste;
CS-8.0: 8.0% cowpea paste

Fig. 6. Starch granules cooked at 65°C for 30 min in
0.5% (w/v, db) suspension of native potato (A), XP-
0.01(B), XP-0.02(C), and XP-0.03(D) XP-0.01, XP-0.02
and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-treatcd
crosslinked potato starches; Magnification of upper region
is 1,250X

I 5 Ao A3 Tl 8.0% e T HE
(CS-8.0) B3tolo] 2w vl Mol 7hap %ol 1] 3
o v, setback®} consistency HEir wf-§ A =37}
A dofupe] Ek e A 4o felge el
Zch(Table 5). Epichlorohydring 0.01%(XP-0.01) &=
= 0.02%(XP-0.02) 713 o 7@755‘ Ak A
9] sethack¥} consistency A %= B3 A B3l v)4=3}
At 9—6’} dq 7 7} Ag el H 33‘3 o A}-8-%

4 918-8 A1 AFshdth(Table 59} Fig. 5).

=33 UE ool Yejets) 2 s
A% G AL 650 ol -8 2 A5l 4
BEREE

) 4% S 6 Bt A B
(Fig. 5) 75°C o4 £57k Sebrbal AlAk5o] 2%
of A3 rhizrlel Alvleka]E] ®)oi(Fig. 7, Fig. 8, Fig.
9) A} ZA A4 o2t HA B4 4 (Fig.
S)5) 3 225 shde

0.01% epichlorohydrin 7} 7} A g 5 (XP-0.01)
= 75°Cell= sl7tel &S f-AslelrHFig. 7). 85°C
ol Aol 2 & wJole] & w{wi(Fig. 8) Faahgo) 2|

Fig. 7. Starch granules cooked at 75°C for 30min in
0.5% (w/v, db) suspension of native potato (A), XP-
0.01(B), XP-0.02(C), and XP-0.03(D) XP-0.01, XP-0.02
and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-treated
crosslinked potato starches; Magnification of upper region
is 1,250X




Fig. 8. Starch granules cooked at 85°C for 30 min in
0.5% (w/v, db) suspension of native potato (A), XP-
0.01(B), XP-0.02(C), and XP-0.03(D) XP-0.01, XP-0.02
and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-treated
crosslinked potato starches; Magnification of upper region
is 1,250X
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Fig. 9. Starch granules cooked at 95°C for 30 min in
0.5% (w/v, db) suspension of native potato (A), XP-
0.01(B), XP-0.02(C), and XP-0.03(D) XP-0.01, XP-0.02
and XP-0.03: 0.01, 0.02, 0.03% epichlorohydrin-treated
crosslinked potato starches; Magnification of upper region
is 1,250X
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