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Preparation of Indigestible Dextrin from Pyrodextrin
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Abstract

The indigestible dextrin I was prepared by hydrolyzing pyrodextrin with thermostable o-amylase. The mean
values of indigestible fraction and dieatry fiber of indigestible dextrin I prepared from yellow dextrin were
50.0% and 25.0%, respectively. Also the indigestible dextrin I was prepared by removing low molecular
weight saccharides containing glucose with ethanol from enzyme hydrolysate of pyrodextrins. Over 80% of
glucose and maltose in initial enzyme hydrolysate were removed, therefore the indigestible fraction and
dietary fiber of the indigestible dextrins increased. The indigestible dextrin from ethanol precipitate of enzyme
hydrolysate of yellow dextrin by o-amylase and amyloglucosidase showed a higher contents of indigestible
fraction and dietary fiber than ethanol precipitates by any other enzyme combination, and its mean values
were 83.6% and 62.8%, respectively. Consequently, it was found that the indigestible dextrins which are
resistant to starch-hydrolysing enzyme can be easily prepared from pyrodextrin, and presumed that they can
perform physiological functions as soluble dietary fiber.
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Table 1. Typical analysis of yellow dextrin and white dextrin

Al ES)EksiA) Al 32 WA 3 & (2000)

Yellow dextrin ¥ White dextrin ?

Raw material Corn starch Corn starch
Moisture (%) 473 34
Crude ash (%) 0.02 0.10
Crude protein (%) 043 025
pH (5 g/water 150 g) 4.0 5.0
Fluidity (mL) 75 (65 g/water 107 g) 73 (75 g/ water 107 g)
Water solubles (%) 94.0 98.0
Reducing sugar (%) 3.06 2.90
Dextrose Equivalent (D.E.) 53 6.5
Amylose content (%) 434 6.67
Indigestible fraction (%) ¥ 50.0 359

DP1 0.78 1.31
Sugar DP2 0.496 1.12
composition (%) ¥ DPp3 ND® 203

DP4+ 97.83 95.07

Unknown 0.90 047

YPyrodextrin obtained from Cerestar (USA).
DPyrodextrin obtained from A.E.Staley (USA).
Mean of triplicate determination.

“Analyzed by HPLC method.

“Analyzed with an Aminex Carbohydrate HPX-87C column, 7.8x300 mm (flow rate: 0.6 mL/min, column temp.: 85, RI

detector).
SNot detected.
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Table 2. Effect of amount of enzyme added and reaction time on indigestible fraction and dietary fiber content of
indigestible dextrin I prepared from Cerestar yellow dextrin

o-amylase Reaction pH DE? Indigestible fraction (%) > Dietary fiber
(%o;viw) time (hr) ? (10%;w/iw) Sugar-Pak Aminex content (%) ¥

1 5.0 104 478 48.7 4.1

0.1 2 47 9.6 475 483 225

3 4.8 10.3 475 48.4 23.3

1 5.0 11.4 472 48.8 23.7

0.2 2 4.8 11.1 472 48.1 24.0

3 4.7 10.7 449 45.6 249

1 5.0 114 45.6 470 239

03 2 4.6 11.1 455 46.6 222

3 4.5 109 429 46.2 23.1

“Concentration of pyrodextrin : 30%(w/w), reaction temperature: 95°C, pH 5.8.

IDextrose equivalent analyzed by a cryoscope.

ISugar-Pak 1 column, 6.5x300 mm (flow rate: 0.4 mL/min, eluent: H,0, column temperature: 80°C, RI detector).
Aminex Carbohydrate HPX-87C, 7.8x300 mm (flow rate: 0.6 mL/min, eluent: H,0O, column temperature: 85°C, RI detector).

“Dietary fiber content analyzed by Prosky-AOAC method.

Table 3. Effect of substrate concentration on indigestible fraction and dietary fiber content of indigestible dextrin I

prepared from Cerestar yellow dextrin

o-amylase Substrate pH DE?2 Indigestible fraction (%) * Dietary fiber
(%;viw) conc. (10%;wiw) Sugar-Pak Aminex content (%) ¥
0.15 30 49 9.6 49.9 48.7 250
40 49 11.5 50.0 49.5 24.5
0.2 30 4.8 10.6 49.1 48.7 26.2
40 48 12.1 49.5 48.5 249

DConcentration of pyrodextrin (%;w/w), reaction temperature: 95°C, time: 3 hr, pH 5.8.

DDextrose equivalent analyzed by a cryoscope.

3’Sugar—Pal( 1 column, 6.5%300 mm (flow rate: 0.4 mL/min, eluent: H,0, column temperature: 80°C, RI detector).
Aminex Carbohydrate HPX-87C column, 7.8x300 mm (flow rate: 0.6 mL/min, eluent: H,O, column temperature: 85°C, RI

detector).
“Dietary fiber content analyzed by Prosky-AOAC method.

E FA A 30%(wiw) Yhgele] T3 R ou) 3
a2 gule] 95% ofehg-S &3Sl ARolA 3417
wx)El S o) P¥AE AL AL Table 49 e}
Wik AAE AAL DEYX 11.8~17298F0|91,
DP13} DP27} 242t 88.9~93.8%2) 84.5~89.6%71A] A
Asjo] dAa3p) HE %li Az HAER] 359%
dA 519~57.0% TFo= Frlslglch =3, AA9
8L 36~47%31, tﬂiﬂi &l ‘;&%—% a3}
A Y e AE Rdd. 281, 713 i
94 o-amylaseX]2] ¥ amyloglucosidase ¥ o] &E A
£ 4=z Aelgt 30%wiw) gt Azl ule} 3¢
°l TUsH olehgS Aelsle] doidl AAES &

£ Table 54 YeRigicl. A9 DE: 18.6~20.1

40]91 Svi, DPI1& DP27} #Z 96.9~982%<}
92.5~97.8%71A] AA=le] FAAd P 755~81.8%
FEo2 Zyllgoy, 82 10~15% Folddh =
&, 713 W94 o-amylaseX]@] ¥ amyloglucosidase

£ Heq 30%(wiw) HFEHS] olvkE AL Table 6
% e 544 vehlidd. 4] DEA 133 204

4#Fe0)g)en, DP1#}+ DP27} 952~987%% 919
~98.5%71x] A|A = o] FA HES H 958% 4
Z71A] F7bs1ela, A £ 10~25%P e, 5
&o] FE5E dask ¥R ke AT B
At wepr, Gy JEe] B FUlE dA
Y2ER) 0¥ AR AsiHe DPITEZA 7k
H33}= amyloglucosidaseS: ¥ AR8-3jede} 3, F
Z A2 $&& 98 Az YAE HAAY
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Table 4. Yield and indigestible fraction of ethano) precipitate” of Staley white dextrin treated with c-amylase, f-amylase,
and transglucosidase

o-Amylase ? B-Amylase TG?® DE?  Yield® Elimination ” (%) Indigestible
(%;viw) (%;vIw) (%:viw) (%) DP1 DP2 fraction ® (%)
0.05 ’ 0.05 0.05 11.8 47 91.5 88.5 526
0.05 0.05 0.1 12.0 45 93.8 89.6 529
0.1 0.2 0.1 14.3 43 91.8 855 56.3
0.2 02 0.05 13.9 42 924 879 51.9
02 02 0.1 17.2 40 88.9 84.5 56.8
0.2 0.2 0.2 16.8 36 92.3 87.6 57.0

VEthanol was added 8-fold by weight fraction to the final 30%(w/w) enzyme hydrolysate (treatment time/temperature: 3 hr/25°C).
JCqncetration of pyrodextrin: 30%(w/w), reaction temperature: 95°C, time: 2 hr, pH 5.8.

34B-amylase and transglucosidase were added simultaneously to the solution hydrolyzed by a-amylase (reaction temperature
: 55°C, time: 48 hr, pH 5.5).

SDextrose equivalent analyzed by a cryoscope.

9Yield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x100

"Elimination = (DP1 or DP2 of final enzyme hydrolysate by HPLC analysis) - (DP1 or DP2 of precipitate after ethanol
treatment by HPLC analysis)/(DP1 or DP2 of final enzyme hydrolysate by HPLC analysis) X 100

®Indigestible fraction analyzed by HPLC with an Aminex Carbohydrate HPX-87C column (7.8 X300 mm, flow rate: 0.6 mL/
min, eluent : H,0, column temperature: 85°C, RI detector).

Table 5. Yield and indigestible fraction of ethanol precipitate” of Staley white dextrin treated with c-amylase,
amyloglucosidase, and transglucosidase

a-Amylase ¥ AMG? TG?® DE? Yield © Elimination ” (%) Indigestible
(%;viw) (%;viw) (%o;viw) (%) DP1 DP2 fraction ¥ (%)
0.1 0.2 03 20.1 11 97.8 95.2 755
03 0.1 0.2 19.5 15 96.9 9.5 74.8
03 0.1 0.3 19.2 14 974 94.7 784
03 0.2 0.2 18.8 11 98.0 978 74.7
03 0.3 0.2 18.6 1 98.0 95.8 78.7
03 03 03 193 10 98.2 96.3 81.8

UEthanol was added 8-fold by weight fraction to the final 30%(w/w) enzyme hydrolysate (treatment time / temperature: 3 hr/25°C).
IConcentration of pyrodextrin: 30%(w/w), reaction temperature: 95°C, time: 2 hr, pH 5.8.

»Amyloglucosidase (reaction temperature: 55°C, time: 24 hr, pH 4.5).

“Transglucosidase (reaction temperature: 55°C, time: 48hr, pH 5.5).

Dextrose equivalent analyzed by a cryoscope.

9Yield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x 100
"Elimination = (DP1 or DP2 of final enzyme hydrolysate by HPLC analysis) - (DP1 or DP2 of precipitate after ethanol
treatment by HPLC analysis)/(DP1 or DP2 of final enzyme hydrolysate by HPLC analysis)x100

Yndigestible fraction analyzed by HPLC with an Aminex Carbohydrate HPX-87C column (7.8x300 mm, flow rate: 0.6 mL/
min, eluent: H,0, column temperature: 85°C, RI detector).
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Table 6. Yield and indigestible fraction of ethanol precipitate” of Staley white dextrin treated with c-amylase and
amyloglucosidase

o-Amylase ? AMG? DE.? Yield ¥ Elimination (%) Indigestible
(%o;viw) (%o;viw) (%) DP1 DP2 fraction ” (%)

0.05 0.05 189 22 952 92.8 82.1

0.05 0.1 204 20 95.5 934 88.0

0.05 02 19.2 20 96.1 949 88.2

0.1 0.05 16.9 25 952 919 783

0.1 0.1 18.8 19 96.1 93.1 88.8

0.1 0.2 17.8 15 97.1 964 -75.1

0.2 0.05 133 13 984 98.5 %932

0.2 0.1 13.8 11 98.6 98.1 93:; Ry o
0.2 0.2 145 10 98.7 979 .8 “' _W

VYEthanol was added 8-fold by weight fraction to the final 30%(w/w) enzyme hydrolysate (treatment time/temperature: 3 hr/25°C).
DConcentration of pyrodextrin: 30%(w/w), reaction temperature: 95°C, time: 2hr, pH 5.8.

»Amyloglucosidase (reaction temperature: 55°C, time: 24 hr, pH 4.5)

“Dextrose equivalent analyzed by a cryoscope.

*Yield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x100

®Elimination = (DP1 or DP2 of final enzyme hydrolysate by HPLC analysis) - (DP1 or DP2 of precipitate after ethanol
treatment by HPLC analysis) / (DP1 or DP2 of final enzyme hydrolysate by HPLC analysis)x100

MIndigestible fraction analyzed by HPLC with an Aminex Carbohydrate HPX-87C column (7.8x300 mm, flow rate: 0.6 mL/
min, eluent: H,0, column temperature: 85°C, RI detector).

Table 7. Effect of combination of the enzymes on the indigestible fraction and dietary fiber content of ethanol precipitate”
obtained from enzyme hydrolysate of Cerestar yellow dextrin

Enzyme® (%;viw) DE.» LFE* (%) Yield Dietary fiber
o-Amylase B-Amylase TG AMG GA.Y Kit® (%) content ® (%)
0.3 - - - 6.9 66.0 66.3 69.0 334
0.3 - 0.1 - 9.6 673 68.3 62.0 399
0.3 0.1 0.1 - 10.3 69.4 70.3 58.7 454
0.3 - - 0.1 13.6 772 789 38.3 583

YEthanol was added 5-fold by weight fraction to the final 30%(w/w) enzyme hydrolysate (treatment time/temperature: 3 hr
125°C).

DConcentration of pyrodextrin: 30%(w/w).

o-Amylase (reaction temperature: 95°C, reaction time: 2, 3 hr, pH: 5.8).

Transglucosidase (reaction temperature: 55°C, reaction time: 24 hr, pH: 5.5).

B-Amylase and transglucosidase were added simultaneously to the solution hydrolyzed by o-amylase (reaction temperature:
55°C, time: 24 hr, pH: 5.5).

Amyloglucosidase (reaction temperature: 55°C, reaction time: 12hr, pH: 4.5)

Dextrose equivalent analyzed by a cryoscope.

“Indigestible fraction analyzed by HPLC with Sugar-Pak 1 column.

%8Glucose content, determined by glucose analyzer and glucose test kit, was used for calculation of the indigestible fraction.
Yield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x100

® Dietary fiber content analyzed by Prosky-AOAC method.
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Table 8. Indigestible fraction and dietary fiber content of ethanol precipitate’ of Cerestar yellow dextrin treated with
amyloglucosidase

AMG? Reaction DE.? pH LE¥ (%) Yield ”? Dietary fiber
(%o;viw) time (hr) (10%;wiw) GA? Kit® (%) content ¥ (%)
0.05 24 12.0 54 739 727 410 40.5
0.1 24 13.3 54 710 774 349 514
02 12 13.7 54 755 73.6 355 54.8
0.2 24 144 53 79.7 80.5 31.8 60.6

YEthanol was added 5-fold by weight fraction to the final 30%(w/w) enzyme hydrolysate (treatment time/temperature: 3 hr/25°C).
JConcentration of pyrodextrin: 30%(w/w).

Amyloglucosidase (reaction temperature: 55°C, pH: 4.5).

Dextrose equivalent analyzed by a cryoscope.

“Indigestible fraction analyzed by HPLC with a Sugar-Pak 1 column,

$8Glucose content, determined by glucose analyzer and glucose test kit, was used for calculation of the indigestible fraction.
MYield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x100

® Dietary fiber content analyzed by Prosky-AOAC method.

Table 9. Indigestible fraction and dietary fiber content of ethanol precipitate” of Cerestar yellow dextrin treated with o
amylase, B-amylase, and transglucosidase

o.-Amylase ? B-Amylase ¥ TG? DE.? pH LE.® (%) Yield » Dietary fiber
(%;viw) (%o;viw) (%oviw) (10%;wiw) G.A” Kit® (%) content ' (%)
0.2 0.05 0.05 13.2 5.8 575 64.8 75.0 352
0.2 0.05 0.1 13.6 6.0 55.1 575 74.2 36.7
0.2 0.05 02 14.9 5.8 55.7 59.2 709 38.6
02 0.1 0.05 14.0 58 570 56.9 74.3 371
0.2 0.1 0.1 149 59 54.0 60.3 74.1 38.1
02 - 0.1 0.2 152 56 575 56.3 70.4 37.7

Ethanol was added 5-fold by weight fraction to the final 40%(w/w) enzyme hydrolysate (treatment time/temperature: 3hr/25°C).

IConcentration of pyrodextrin: 30%(w/w).

o-Amylase (reaction temperature: 95Minimum, time: 2 hr, pH 5.8).
3»B-Amylase and transglucosidase were added simultaneously to the solution hydrolyzed by a-amylase (reaction temperature

: 55°C, time: 24 hr, pH 5.5).
IDextrose equivalent analyzed by a cryoscope.

®Indigestible fraction analyzed by HPLC with Sugar-Pak 1 column.
"#Glucose content, determined by glucose analyzer and glucose test kit, was used for calculation of the indigestible fraction.
9Yield = (solid content of precipitate after ethanol treatment/solid content of final enzyme hydrolysate)x100

"Dietary fiber content analyzed by Prosky-AQOAC method.
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Table 10. Effect of concentration of Cerestar yellow dextrin hydrolysate treated with o-amylase and amyloglucosidase on
indigestible fraction and dietary fiber content of ethanol precipitate”

Concentration of enzyme DE.? Indigestible fraction ¥ (%) Dietary fiber
hydrolysate » (%;w/w) GA? Kit® content ” (%)
30 145 764 83.6 62.8
35 184 71.8 74.6 573
40 20.1 69.6 714 48.6
45 238 66.1 67.5 470

DEthanol was added 5-fold by weight fraction to the final enzyme hydrolysate (treatment time/temperature: 3 hr/25°C).

BConcentration of pyrodextrin for enzyme reaction: 40%(w/w).

o-Amylase [0.2%(v/w), reaction temperature: 95°Cx, time: 2 hr, pH 5.8].
Amyloglucosidase was added to the solution hydrolyzed by o-amylase (0.05%v/w, reaction temperature: 55°C, time: 48 hr,

pH 4.5).

YDextrose equivalent of ethanol precipitate analyzed by a cryoscope.
“Indigestible fraction analyzed by HPLC with a Sugar-Pak 1 column.
39Glucose content, determined by glucose analyzer and glucose test kit, was used for calculation of the indigestible fraction.

"Dietary fiber content analyzed by Prosky-AOAC method.
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