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Enzyme-Resistant Starch Formation from Mild
Acid-Treated Maize Starches
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Abstract

Yields of enzyme-resistant starch (RS) from three kinds of maize starches (Amioca, normal starch and Amylo-
maize VII) which were treated with 1 N HCI for 24 hr and physicochemical characteristics were investigated.
Hydrolysis rate of maize starches decreased with increasing amylose content. Maximum wavelength (A,,,) and
iodine affinity were decreased by the acid treatment. The yields of RS increased with acid treatment up to 12
hr and then decreased. The yield of for 12 hr acid-treated Amioca increased 8 times more than untreated sam-
ple, but those of normal starch and Amylomaize VII slightly increased. Using SEM, acid-treated and au-
toclaved maize starches showed gel like structure, but RS had round and rod shape small particles. X-ray dif-
fraction patterns of autoclaved starches showed amorphous structure in Amioca and B-type in normal starch
and Amylomaize VII, and those of RS showed all completely crystalline structure.
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Fig. 1. Degree of hydrolysis of maize starch with 1 N
HCI at 35°C.

Table 1. Acid hydrolysis rate constant (x) of acid-treat-
ed maize starches with 1 N HCI at 35°C

Starches K X 10*hr"
Amoica 9.06
Normal maize starch 4.99
Amylomaize VII 4.31
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Table 2. Iodine affinity of native and acid-treated maize starches with 1 N HCI at 35°C

Hydrolysis Extent of

Absorbance at

Starches period (hr) hydrolysis (%) Ao Arran 680 nm
0 0 542 0.1541 0.0995

4 0.35 540 0.1329 0.0470

Amioca 8 0.73 540 0.1219 0.0412
12 1.08 536 0.1219 0.0401

24 2.15 532 0.1115 0.0339

0 0 610 0.3947 0.3378

Normal 4 0.19 608 0.4026 0.3354
maize starch 8 0.42 608 0.4018 0.3250
12 0.61 606 0.3958 0.3235

24 1.19 596 0.4161 0.3227

0 0 610 0.9062 0.7467

Amylomaize 4 0.18 608 0.7966 0.6374
VII 8 0.35 602 0.7960 0.6331

12 0.54 598 0.7914 0.6263

24 1.03 596 0.7675 0.5891
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Fig. 2. Yield(%) of resistant starch from acid-treated
maize starches treated four autoclaving-cooling cycles.
[ Amioca, @: Normal maize starch, 8: Amylomaize VII.
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Fig. 3. Scanning electron microphotographs of four au-

toclaving-cooling cycled acid-treated maize starches. A:
Amioca, B: Normal maize starch, C: Amylomaize VIIL.
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Fig. 4. Scanning electron microphotographs of resis-
tant starches isolated from acid-treated and four au-
toclaving-cooling cycled maize starches. A: Normal
maize starch, B: Amylomaize VIIL.

Table 3. Yield (%) of resistant starch from acid-treated
maize starches repeated 4 autoclaving-cooling cycles

Acid hydrolysis time (hr)
4] 4 8 12 24

Amioca 1.8 0.1 2.1 14.9 -
Normal maize starch 20.8 228 258 335 15.3
Amylomaize VII 379 403 486 523 246
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Fig. 5. X-ray diffraction patterns of four autoclaving-
cooling cycled untreated (down) and acid-treated maize
(up) starches. A: Amioca, B: Normal maize starch, C:
Amylomaize VII.
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Fig. 6. X-ray diffraction patterns of resistant starches
isolated from four autoclaving-cooling cycled acid-treat-
ed maize starches. A: Amioca, B: Normal maize starch,
C: Amylomaize VIL

of

Abxie]sle] ofibaie] A B9 Er"é-‘q“ Ea IR
29~ Feke] Zv}
Y5E *&71—?—1%’11 g % ZLLHRLL Ak 7F A13H
of whe} 2 F5 T M)t S =332 0] 22t 2ha
sl Ak g 717&01] e FAAHE 82
12417k A gl& wj7hx] 5E A8l ZFrlslel e
v}, 24217 A2l A Ze wle 238]8] 3hastglon, &
"'94 & SV EE 1247 A=A 8al& &
ol vl E2 Z71E Jehdigich oRibxeE &
*Zﬂ'ﬁm“ AR Fele 284 2 Y S
Hygon, = }L’a%ﬂﬂ”—— 2k ofsfole} =t
i 2oke] UzE FFFE = ik AL A
A8 XA 3 H == Amioca?] 73§ T3 3ol
o, o}E AHEL 20=17, 20°, 23° 239 7 =7} o}
ety el A4 Ee FAAEYE B

rlo

e vl AT AAF2E Vehigich

#HAl? 2
o] AT 19963 MAEA| R uA g% A7
}A) (A M 5 HMP-96-F-3-1-15) 2]8F As}o]n] o]
of] ZhAtz=glu et

e

Ao

1. Berry, C.S.: Resistant starch. Formation and measure-
ment of starch that survives exhaustive digestion with
amylolytic enzymes during the determination of dietary
fibre. J. Cereal Sci., 4, 301 (1986)

2. Sievert, D. and Pomeranz, Y.: Enzyme-resistant starch. L.
Characterization and evaluation by enzymatic, thermoana-
lytical, and microscopic methods. Cereal Chem., 66(4),
342 (1989)

3. Eerlingen, R.C., Crombez, M. and Delcour, J.A.: Enzyme-
resistant starch. I. Quantitative and qualitative influence
of incubation time and temperature of autoclaved starch
on resistant starch formation. Cereal Chem., 70(3), 339
(1993)

4. Russell, P.L., Berry, C.S. and Greenwell, P.: Characterisa-
tion of resistant starch from wheat and maize. J. Cereal
Sci.,, 9, 1 (1989)

5. 01417, FAE, A Rejubyel wpE g4A A
Eo] o8 )AL A EEkslA], 29(2), 383 (1997)

6. EAE, W, A B xAgd el Fed AA
of th3k oldz o~ Fepe] w3} ﬁl—%*‘ﬂ»}ﬂ;}z]
29(3). 516 (1997)

7. Eerlingen, R.C., Cillen, G. and Delcour, J.A.: Enzyme-
resistant starch. IV. Effect of endogenous lipids and add-
ed sodium dodecyl sulfate on formation of resistant
starch. Cereal Chem., 71(2), 170 (1994)

8. Czuchajowska, Z., Sievert, D. and Pomeranz, Y.: Enzyme-
resistant starch. IV. Effects of complexing lipids. Cereal
Chem., 68(5), 537 (1991)

9. A Sy e AR, IR
(1996)

10. Robin, T.P., Macia, C., Charbonniere, R. and Guilbot,
A.: Lintnerized starches gel filtration and enzymatic stu-
dies of insoluble residue from prolonged acid treatment
of potato starch. Cereal Chem., 51, 389 (1974)

11. o] A7, AlTA] op U 2 2 2 §hgpo) E}-; SR
A 54 o aaAetd ] o8, 5],
accepted (1997)

12. Biliaderis, C.G., Grant, D.R. and Vose, J.R.: Structural
characterization of legume starches. II. Studies on acid
treated starches. Cereal Chem., 58, 502 (1981)

13. Dubois, M. Gilles, K.A., Mamilton, J.K., Rebers, P.A.
and Smith, F.: Colorimetric method for determination of
sugars and related substances. Anal Chem., 28, 350
(1956)

14. Williams, P.C., Kuzina, F.D. and Hlynka, I.: A rapid
colorimetric procedure for estimating the amylose con-
tent of starches and flours. Cereal Chem., 47, 411



15.

16.

17.

ofAbAE Ao R B AR Ay

(1970)

A.0.A.C.: Official Methods of Analysis., 15th ed., Asso-
ciation of Official Analytical Chemists, Total dietary fib-
er in foods, enzymatic-gravimetric method, Washington,
D.C, p.1105 (1990)

AT, 3, A, o]aled, WA, olofE) AR
o ety F AR F2o] Wil A, FHetd T
AR A (1995)

Pessa, E., Suortti, T., Autio, K. and Poutanen, K.: Mole-
cular weight characterization and gelling properties of acid-
modified maize starches. Starch, 44, 64 (1992)

18.

19.

1315

Eerlingen, R.C., Deceuninck, M. and Delcour, J.A.: Enzy-
me-resistant starch. II. Influence of amylose chain length
on resistant starch formation. Cereal Chem., 70, 345
(1993)

Sievert, D., Czuchajowska, Z. and Pomeranz, Y.: Enzyme-
resistant starch. UL X-ray diffraction of autoclaved am-
ylomaize VII starch and enzyme-resistant starch residues.
Cereal Chem., 68, 86 (1991)

1997+ 9% 249] Y2



