audamslassaiaazmamemnveaueiiuaizvias
ANNI

av = Qd J o *
3INAYT INYIANIHAIN Has gUUNT Nodm
Worawikunya Kiatponglarp and Sunanta Tongta®. (2007). Structural and Physical Properties of
Debranched Tapioca Starch. Suranaree J. Sci. Technol. 14(2):195-204.
Received: Oct 19, 2006, Revised: Mar 6, 2007; Accepted: Mar 8, 2007

Abstract

Tapioca starch gel (5%, 8%, and 10%) was debranched with the pullulanase concentration of 5, 15,
and 30 PUN/g of starch for 44 h. The higher enzyme concentration, the greater degree of hydrolysis
(DH) at 5 - 8% starch. The constant and maximum DH was found at 8% starch and 15 PUN/g of
starch enzyme. The longer reaction time from 30 min to 24 h increased degree of debranching (DB)
from 58.9 to 89.3% and average number of chain from 22 to 42, but decreased average chain length
form 117 to 51 glucose unit. The association of debranched starch into an order structure was present
during debranching process as indicated by XRD and DSC technique. The crystalline type was Cg
polymorph. Three regions of the thermal transition temperatures appeared at 50 - 120°C, 140 -170°C,
and 170 - 197°C. In the aspect of retrogradation of debranched starch, WHC, Tm and enthalpy of
retrogradation were increased as DB was higher.
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Figure 2. Effect of enzyme and tapioca concentration on the degree of hydrolysis by
pullulanse (Promozyme D2) at the time of (a) 0.5 - 3.0 h (b) 6 - 12 h and

(¢)12-24h
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Figure 3. XRD diffraction spectra of (A)
native tapioca starch and (B)
debranched starch with different
degree of debranching (DB) of
a: 0%DB or gelatinized starch,
b: 58.9%DB, c: 68.5%DB, d:
80.6%DB, e: 89.3%DB
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Table 1. Structural characteristics of debranched tapioca starch

Hydrolysis Degree of Number Average chain IBC!
time (h) debranching average of length (CL) at 620 nm
(DB, %) chain (NC)

0 0" 9° 263° 0.224°

0.5 58.9° 22° 117° 0.480°

1 66.2° 26™ 102" 0.536°

2 68.5° 28% 93 0.590°

3 76.0° 32% 82" 0.604%

5 80.6° 35 73¢ 0.617°

7 79.1° 38 67° 0.623¢

13 85.6% 37 69° 0.642°

16 88.5™ 40°" 60° 0.638°

24 89.3¢ 42" 51° 0.624°

Means with different letters within a column are significantly different (p<0.01)

'IBC: Iodine binding capacity
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Table 2. Relative crystallinity of debranched tapioca starch

Debranching Degree of % Relative
time debranching crystallinity
(h) (DB, %)
0 0 0.968*
0.5 58.9 5.566°
2 68.5 6.803¢
5 80.6 7.123¢
24 89.3 7.985¢

Native cassava starch

28.705°

Means with different letters within a column are significantly different (p<0.01)
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Table 3. Thermal transition properties' of debranched starch

Second transition Third transition

First transition

DB’

(%)

AH To Tp Te Te - To H
J’g) {®) ‘0 (O (‘O J/g)

Tc - To
O

Tc
)

Tp Te Te - To AH To
(‘O {®) (‘O J/g) (‘O

To
)

a
z

n.d.
16.3

n.d.
196.3
196.9
196.8
193.2

n.d.
188.2
184.4
182.0
184.1

n.d.
180.0
173.1

N.D.

n.d.
30.7

n.d.
171.5

n.d.
153.7
148.5
147.8

n.d.

n.d.
140.8
126.5
136.1

n.d.

N.D.

n.d.
58.9

n.d.
113.5
121.9
120.9
119.5
79.8

n.d.

78.7

n.d.
54.6

0
—

3.1

14.7

58.9

[ee]
[ag]

23.8

31.2 4.8

157.7
161.3

24.6

54.1 88.2 62.8
100.1

68.5

—
e

26.7

170.1
172.1

1.3

N.D.

25.2

31.1

35.5

64.5

56.4
55.5
66.3

80.6

*®
<

21.1

n.d.

n.d.

64.0

105.1

89.3

12.8

13.5

72.3

NT?

"' To: onset temperature (°C), Tp: peak temperature (°C), Tc: conclusion temperature ("C) and AH: enthalpy (J/g dry starch)

2DB: Degree of debranching (%)
3 NT: Native cassava starch.

N.D.: not determined; n.d.: not detected.
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Table 4. Physical and thermal properties' of debranched starch after Retrogradation

DB To Tp Te Tc - To AH, WHC’
(%) ¢0) (‘C) ‘O) o) J/g) (%)
0 n.d. n.d. n.d. n.d. 0" 99.63°¢
58.9 39.1° 60.88° 101.3° 62.2°" 18.13° 49.52°
68.5 43.86" 70.76™ 107.72° 63.86° 18.246" 55.62°
80.6 44.08" 75.56™ 107.15 63.07° 21.344° 60.00°
89.3 46.43° 86.24° 115.46 69.03° 27.745° 71.43¢

Means with different letters within a column are significantly different (p<0.01)
I To: onset temperature (°C), Tp: peak temperature (°C), Tc: conclusion temperature (°C) and
AH: enthalpy of retrograded debranched starch (J/g dry starch)

2 DB: Degree of debranching (%)
 WHC: water holding capacity
n.d.: not detected.
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