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a  b  s  t  r  a  c  t

In this  study,  maltogenic  �-amylolysis  was  used  to modulate  the fine  structure  of  starch  responsible  for
the  slow  digestion  property.  The  normal  maize  starch  was  treated  using  maltogenic  �-amylase  for  6 h  and
showed  an  increase  of slowly  digestible  starch  from  11.1%  to 19.6%.  Compared  to  the control  starch,  the
iodine binding  analysis  showed  that  the  wavelength  of maximum  absorption  and  the  absorbance  was  sub-
stantially  reduced  with  initial  maltogenic  �-amylase  treatment.  The  maltogenic  �-amylolysis  decreased

7 4
eywords:
aize starch

low digestion property
altogenic �-amylase

ine structure
odification

in  molecular  weight  from  32.5  ×  10 to  9.0  ×  10 g/mol  and  increased  in the  number  of  shorter  chains
(DP  <  13)  from  25.5%  to 44.8%,  which  was  also  accompanied  by a reduction  of  longer  chains  (DP >  13).  The
increase  in  the amount  of  shorter  chains  was  attributed  to  the slow  digestion  property  of starch.  These
results  suggest  that  the  normal  maize  starches  modified  with  partial  maltogenic  �-amylolysis  produced
new,  fine  structures  with  slow  digestible  characteristics.

Crown Copyright ©  2013 Published by Elsevier Ltd. All rights reserved.
. Introduction

Starch is a major glycaemic carbohydrate of foods and its nutri-
ional property is related to its rate and extent of digestion as well
s glucose absorption in the small intestine. Based on the Englyst
ssay, starch is generally classified into three major categories to
pecify its nutritional quality: rapidly digestible starch (RDS), the
ortion of starch digested within the first 20 min  of incubation;
lowly digestible starch (SDS), the portion of starch digested from
0 to 120 min; and resistant starch (RS), the remaining portion
hat cannot be further digested (Englyst, Kingman, & Cummings,
992). RDS induces a fast increase of postprandial blood glucose and

nsulin levels, whereas SDS provides a slow and extended release of
lucose into the blood stream (Björck, Liljeberg, & Ostman, 2000;
nglyst et al., 1992; Ludwig, 2002; Miao, Jiang, Cui, Zhang, & Jin,
013; Miao, Xiong, Jiang, Jiang, Cui, & Zhang, 2013). Food contain-

ng a substantial amount of SDS has been associated with regulating
lucose delivery to the body and its associated metabolic effects,
riggering gut hormones that affect gastrointestinal tract motil-
ty and satiety (Ells, Seal, Kettlitz, Bal, & Mathers, 2005; Harbis

t al., 2004; Ludwig, 2002; Miao, Jiang, 2013; Miao, Xiong, 2013;
eal et al., 2003; Venkatachalam, Kuschnick, Zhang, & Hamaker,
009). Therefore, a great deal of attention is being given to SDS as a

∗ Corresponding author. Tel.: +86 0510 853 27859; fax: +86 0510 859 19161.
E-mail addresses: miaoming@jiangnan.edu.cn, miao20@purdue.edu (M.  Miao).

144-8617/$ – see front matter. Crown Copyright ©  2013 Published by Elsevier Ltd. All ri
ttp://dx.doi.org/10.1016/j.carbpol.2013.12.041
novel, functional material for processed food to effectively control
postprandial glucose levels and provide potential health benefits.
Currently, there are no commercial SDS-based products available in
the food market, and there are limited reports on techniques used
for SDS preparation (Ao et al., 2007; Chai, Wang, & Zhang, 2013;
Chung, Liu, & Hoover, 2009; Emami, Meda, Pickard, & Tyler, 2010;
He, Liu, & Zhang, 2008; Lee, Shin, Kim, Choi, & Moon, 2011; Miao,
Jiang, & Zhang, 2009; Miao, Jiang, Zhang, Jin, & Mu,  2011; Miao,
Jiang, 2013; Miao, Xiong, 2013).

Maltogenic �-amylase (glucan 1,4-�-maltohydrolase, EC
3.2.1.133) is known to catalyze the hydrolysis of (1 → 4)-
�-d-glucosidic linkages in polysaccharides to remove
successive-maltose residues from the non-reducing ends of
the chains (Christophersen, Otzen, Norman, Christensen, &
Schafer, 1998; Goesaert, Leman, Bijttebier, & Delcour, 2009; Min
et al., 1998). This enzyme is typically hydrolysed randomly in an
external portion (exo-action), however it can hydrolyse internally
(endo-action). In addition, maltogenic �-amylase is used in the
baking industry as an anti-staling agent because of its ability to
reduce the retrogradation of amylopectin (Dauter et al., 1999;
Goesaert et al., 2009; Hug-Iten, Escher, & Conde-Petit, 2003;
Leman, Goesaert, Vandeputte, Lagrain, & Delcour, 2005). However,
little has been reported on maltogenic �-amylase as a tool to

sculpt the structure of starch with slow digestion properties. The
objectives of the current study were to investigate the impact
of maltogenic �-amylase modification of maize starch on its
slow digestible property, to study the structure and functional

ghts reserved.
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roperties of enzymatic treated starch and to determine whether it
s possible to produce specific SDS, which would provide a method
or increasing the SDS content in processed food products and
rovide potential health benefits.

. Materials and methods

.1. Materials

The normal maize starch was a generous gift from Changchun
acheng Industrial Group Co. Ltd. (Jilin, China). The maltogenic �-
mylase from Bacillus stearothermophilus (Novamyl® 10,000 BG)
as donated by Novozymes (Beijing, China). The �-amylase from
orcine pancreas (type VI-B) was purchased from Sigma–Aldrich
hemical Co. (St. Louis, USA). The amyloglucosidase, isoamylase
nd the glucose oxidase-peroxidase assay kits were purchased from
egazyme International Ireland Ltd. (Wicklow, Ireland). All chem-

cals were of reagent grade and were obtained from Sinopharm
hemical Reagent Co., Ltd. (Shanghai, China).

.2. Modification of starch samples

The normal maize starch slurry (10%, w/v in diluted pH 5.0,
.02 M sodium acetate buffer solution) was heated in a water bath
t 95 ◦C for 60 min. The temperature of the starch sample was
djusted to 55 ◦C and the maltogenic �-amylase (5 U/g dry weight
f starch) was  added to the solution. The enzymatic reaction was
ncubated for 1, 2, 3, 6, 12 or 24 h. Immediately after the reac-
ion, the solutions were autoclaved at 121 ◦C for 30 min  to stop
he reaction; the solution was then cooled to room temperature
nd 1 volume of 90% ethanol (v/v) was added to facilitate the pre-
ipitation of reactant. The precipitated starch was centrifuged at
000 g for 10 min, washed with deionised water and re-centrifuged
wice before collecting and freeze-drying. The collected material
as ground to form a powder (120 mesh) and stored in a desic-

ator for further analysis. These enzymatically hydrolysed samples
ere named MS1, MS2, MS3, MS4, MS5  and MS6, respectively for

nzymatic reaction times of 1, 2, 3, 6, 12 and 24 h. The supernatant
f the hydrolysed starch product was collected by stopping the
nzymatic reaction at different times and the degree of hydrolysis
as determined using the phenol–sulphuric acid method (Dubois,
illes, Hamilton, Rebers, & Smith, 1956).

.3. In vitro digestibility analysis

The digestibility of starch was analyzed according to the pro-
edure of Englyst et al. (1992) with a slight modification. The
myloglucosidase solution (0.14 ml)  was diluted to 6.0 ml with
eionised water to prepare Enzyme Solution I. Enzyme Solu-
ion II was prepared by suspending porcine pancreatic �-amylase
12.0 g) in water (80.0 ml)  with magnetic stirring for 10 min  and
hen centrifuging the mixture for 10 min  at 3000 g. Finally, a
ortion (54.0 ml)  of the supernatant was transferred to a beaker.
nzyme Solution III was prepared immediately before use by mix-
ng water (4.0 ml), Enzyme Solution I (6.0 ml)  and Enzyme Solution
I (54.0 ml).

The starch sample (200 mg)  was dissolved in 15 ml  of phosphate
uffer (0.2 M,  pH 5.2) by vortex mixing. After the starch solution
as equilibrated at 37 ◦C for 5 min, seven glass balls (10 mm diam-

ter) and Enzyme Solution III (5.0 ml)  were added. The samples
ere then shaken in a 37 ◦C water bath at 150 rpm. Aliquots of

ydrolysed solution (0.5 ml)  were taken at different time inter-
als and mixed with 4 ml  of absolute ethanol to deactivate the
nzymes. The glucose content of the hydrolysate was determined
sing the glucose oxidase/peroxidase assay kits. The percentage of
mers 103 (2014) 164– 169 165

hydrolysed starch was calculated by multiplying the glucose con-
tent by a factor of 0.9. Each sample was analyzed in triplicate.

The values of the different carbohydrate nutritional fractions
(rapidly digestible starch, RDS, slowly digestible starch, SDS and
resistant starch, RS) were obtained by combining the values of
G20 (glucose released after 20 min), G120 (glucose released after
120 min), FG (free glucose), and TG (total glucose) using the fol-

lowing formulas:
%RDS  = (G120 − FG) × 0.9 × 100
%SDS  = (G120 − G20) × 0.9 × 100
%RDS  = (TG − FG) × 0.9 × 100 − %RDS  − %SDS

2.4. Iodine binding analysis

The iodine binding analysis was measured using a UV/visible
Spectrophotometer (UV-2102PC, Unico Instrument Co., Ltd.,
Shanghai, China). An iodine reagent was  prepared by adding 2 mg
of I2 and 20 mg  of KI to 1 ml  deionised water; the solution was
stored in a non-actinic bottle at room temperature. The dried starch
sample (50 mg)  was dissolved in deionised water in 10 ml  screw-
cap vials. The diluted starch solution (0.5 ml)  was mixed with the
iodine solution (1.5 ml)  and was  then adjusted to a final volume of
2 ml  with water. The absorbance spectra and wavelength of maxi-
mum  absorption (�max) were analyzed via a wavelength scan from
500 to 800 nm.

2.5. High-performance size-exclusion chromatography (HPSEC)
analysis

The starch samples (10 mg)  were added to 5 ml  deionised water,
stirred and boiled for 15 min  to completely dissolve the sam-
ples. The dissolved samples were filtered through 5 �m cellulose
acetate filters (Whatman, Maidstone, UK) and were injected into
a high-performance size exclusion chromatography system with a
multi-angle laser light scattering detector and a refractive index
detector (HPSEC-MALLS-RI) (Wyatt Technology, Santa Barbara, CA,
USA). Two  series tandem columns (300 mm × 8 mm,  Shodex OH-
pak SB-806 and 804, Showa Denko K.K., Tokyo, Japan) with an
OH-pak SB-G guard column, a DAWN HELEOS II laser photometer
fitted with a He–Ne laser (� = 632.8 nm)  with a K-5 flow cell, and
an OPTILAB® T-rEX Interferometric Refractometer were used. The
flow rate was  set at 0.5 ml/min with a mobile phase of distilled-
deionised water (pH 6.8, 18.2 M� cm)  containing 0.02% NaN3. A
dn/dc value of 0.138 was  used in molecular weight calculations,
and data processing was  performed using ASTRA software (Version
5.3.4.14, Wyatt Technology, Santa Barbara, CA, USA).

2.6. High-performance anion-exchange chromatography
(HPAEC) analysis

The chain length distribution of starch was determined by
high performance anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD). The samples (10 mg)  were
dissolved with 2 ml  sodium acetate solution (pH 4.0, 0.1 M)  and
heated in a boiling water bath for 10 min. Isoamylase (0.5 U) was
added to each dispersion, and the mixtures were incubated at 40 ◦C
with shaking for 24 h. Then, the solution was  heated in a boiling
water bath for 10 min  to deactivate the enzyme. The debranched
sample solutions were filtered through a 0.45-�m membrane filter
and then injected into the HPAEC-PAD system (50 �l sample loop).
The HPAEC-PAD system consisted of a Dionex DX 600 equipped
with an ED 50 electrochemical detector with a gold working elec-
trode, GP 50 gradient pump, LC 30 chromatography oven, and an AS

40 automated sampler (Dionex Corporation, Sunnyvale, CA, USA).
The standard triple potential waveform was utilized, with the fol-
lowing period and pulse potentials: T1 = 0.40 s, with 0.20 s sampling
time, E1 = 0.05 V; T2 = 0.20 s, E2 = 0.75 V; T3 = 0.40 s, E3 = –0.15 V.
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ig. 1. Hydrolysis of normal maize starch after cooking by maltogenic �-amylase
ver time.

he data were collected using Chromeleon software (version 6.50,
ionex Corporation, Sunnyvale, CA, USA). The eluents were pre-
ared in distilled deionised water with helium sparging; eluent

 consisted of 150 mM NaOH, and eluent B consisted of 50 mM
odium acetate in 150 mM NaOH. The linear components were sep-
rated on a Dionex CarboPacTM PA1 column with a gradient elution
40% of eluent B at 0 min, 50% at 2 min, 60% at 10 min, and 80% at
0 min) at 30 ◦C and a flow rate of 1 ml/min.

.7. Statistical analysis

The data were analyzed by the Duncan test using the statistical
nalysis system (SAS Institute, Cary, NC). A level of 0.05 was  set to
etermine statistical significance.

. Results and discussion

.1. Enzymatic hydrolysis

The hydrolysis profile of normal maize starch during maltogenic
-amylase treatment over 24 h is presented in Fig. 1. The degree
f hydrolysis of normal maize starch increased substantially up to
7.4% in the first 6 h and then incrementally increased to the val-
es of 24.9% at 24 h. As previously shown by Christophersen et al.
1998), maltogenic �-amylase shows sequence homology to cyclo-
lycosyl transferases and is clearly different from exoglucanases,
uch as �-amylase and glucoamylase. Maltogenic �-amylase is

 retaining enzyme, and able to degrade both amylopectin and
mylose to maltose and oligosaccharides; in addition, the enzy-
atic modification does not require an unblocked, non-reducing

nd by an endo-type mechanism, which shows that maltogenic
-amylase can degrade �-limit dextrin. Additionally, the enzyme
ctivity is inhibited by high product concentration, indicative of a
econdary maltodextrin binding site or unproductive binding in the
ctive site. Yun and Matheson (1993) reported that the upper limit
f maltose produced from �-amylolysis of normal maize starch
as approximately 56%, which was higher than maltogenic �-

mylase treatment. Based on these observations, the difference in
he degree of hydrolysis might be attributed to the substrate inhi-

ition of maltogenic �-amylase as suggested by Christophersen
t al. (1998). According to Min  et al. (1998), maltogenic �-amylase
rom Bacillus subtilis SUH 4–2, which selectively produces maltose
nd maltotriose from the starch solution, and another amylase
control MS1 MS2 MS3 MS4 MS5 MS6

Fig. 2. Nutritional starch fractions of maltogenic �-amylase treated starches.

from Streptomyces albus KSM-35, which primarily produces mal-
totetraose and maltotriose, have been used as antistaling agents
for bread. They also found that as the incubation time increases,
the content of maltose and maltodextrins show an initial rapid
increase up to 10 h and then gradually increases, which confirmed
our results.

3.2. In vitro starch digestibility

The enzymatic digestibility of maltogenic �-amylase treated
starch samples are shown in Fig. 2. The Englyst assay is a classic
method used to categorize starch fractions based on the rate of glu-
cose released and its absorption in the gastrointestinal tract. RDS,
SDS and RS are the three consecutive nutritional starch fractions
divided by reaction time. As illustrated in Fig. 2, the maltogenic �-
amylase treated starch samples had an increase in slow digestion
property, which was higher than the normal maize starch (con-
trol sample). The heated maize starch (control sample) contained
83.5% RDS, 11.1% SDS and 5.4% RS. Compared to the control sam-
ple, the content of the RDS was reduced 6.3%, 9.9%, 12.0%, 14.3%,
13.6% and 9.3% for MS1, MS2, MS3, MS4, MS5  and MS6, respec-
tively, whereas, the content of the SDS was  14.6%, 15.6%, 18.0%,
19.6%, 18.6%, 14.9% for these six samples, respectively. Ao et al.
(2007) also reported that normal maize starch subjected malto-
genic �-amylase (7.0 U/g dry weight of starch) for 5 h produced
18.8% SDS with a reduction of 19.8% RDS, which was  similar to the
data obtained in this study. The maltogenic �-amylase modified
starch also had a greater RS than the control sample but different
content, which might be attributed to the branched oligosaccharide
production by maltogenic �-amylase via transglycosylation (Min
et al., 1998; Kwon et al., 1999). The branched oligosaccharides are
oligomers of �-d-glucopyranose linked primarily by 1,4-bonds and
containing at least one 1,6-glycosidic linkage, which are primarily
composed of isomaltose, isomaltotriose, panose and several oth-
ers composed of four or five glucose residues. According to Miao
et al. (2014), amylolytic hydrolysis of �-1,6 linkages takes place at
a slower rate than that of �-1,4 linkages, which indicates that the
branched oligosaccharides can be used as prebiotics to promote
health and treat diseases (Swennen, Courtin, & Delcour, 2006).

3.3. Iodine binding
The wavelength scanning profiles of maltogenic �-amylase
treated starches binding iodine are shown in Fig. 3. Shen, Bertoft,
Zhang, and Hamaker (2013) have shown that amylose and amy-
lopectin can bind iodine to form a blue complex, which can be
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ig. 3. Wavelength scanning profile of maltogenic �-amylase treated starches bind-
ng  iodine.

easured spectrophotometrically to estimate the affinity of the
olysaccharide structure. There are variations in terms of absorp-
ivity and �max depending on the degree of polymerization (DP)
nd the structural properties of starch molecules, which deter-
ine the composition of the poly-iodine chains complexed with

he linear chain helices. As illustrated in Fig. 3, the iodine binding
ith native maize starch (control) showed a �max of approximately

00 nm and an absorbance of 0.32, while both �max and absorbance
educed substantially with initial maltogenic �-amylase treatment.

hen the length of the starch chain decreased with the extent
f enzymatic modification (Table 1), the number of helical turns
educed, and the number of iodine molecules that could be accom-
odated also decreased with a resulting lower iodine binding

apacity (absorbance reduced from 0.32 to 0.16). This decreased
inding resulted in a shift in the �max (from 600 to 580 nm). Accord-

ng to Bailey and Whelan (1961), 1/�max has been shown to be
irectly proportional to 1/DP up to a DP of approximately 100 in

inear chains, and the absorbance value of the complex decreases
ith decreased molecular weight of �-1,4 linked starch, which was

n line with the results obtained in this study.

.4. Molecular weight analysis

Fig. 4 shows the changes in molecular weight (Mw)  of
aize starch during maltogenic �-amylolysis. The Mw rapidly

ecreased after the 6 h enzymatic treatment (from 32.5 × 107 to
.9 × 107 g/mol), and then very slowly decreased, tapering off at

pproximately 9.0 × 104 g/mol. According to BeMiller and Whistler
2009), the native starch presented two molecular weight frac-
ions: amylopectin, which indicates larger molecule (107–108), and
mylose, which represents smaller molecule (104–106). The data

able 1
hain length distribution of maltogenic �-amylase treated starches.

Sample Fr I (DP > 30, %) Fr II (13 < DP < 30, %) Fr III (DP < 13, %)

Control 29.6 ± 2.4a 44.8 ± 0.4a 25.6 ± 0.3a

MS 1 28.6 ± 0.2a 42.8 ± 0.3b 28.6 ± 0.7b

MS 2 28.0 ± 0.3b 40.9 ± 1.1c 31.1 ± 0.1b

MS 3 27.2 ± 0.0c 37.8 ± 0.6a 35.0 ± 0.2c

MS 4 26.7 ± 0.5b 34.5 ± 0.2b 38.8 ± 0.3a

MS 5 25.4 ± 0.3a 33.0 ± 0.4c 41.6 ± 0.0c

MS 6 22.3 ± 1.0b 32.9 ± 0.5a 44.8 ± 0.8b

ignificant difference in each column is expressed as different superscript letters
p  < 0.05).
control MS1 MS2 MS3 MS4 MS5 MS6

Fig. 4. Changes of molecular weight of maltogenic �-amylase treated starches.

demonstrated that maltogenic �-amylase hydrolysis induced a
shift in the amylopectin Mw to the low Mw region, which indicated
that the enzyme treated starch had lower proportions of larger
molecules and greater proportions of smaller molecules than the
native starch. Leman, Goesaert, and Delcour (2009) found that the
SEC chromatogram of maltogenic �-amylolysis treated starch could
be divided into two  regions, with a marked shift in iodine binding at
Kav of approximately 0.2, which indicated a sharp transition from
amylopectin to amylose. The addition of maltogenic �-amylase
reduced the levels and Mw of amylose and amylopectin. Accord-
ing to Christophersen et al. (1998), maltogenic �-amylase quickly
reduced the peak DP of amylose with only a minor formation of
glucose, maltose and other low Mw oligosaccharides. They reported
that only 3% of low Mw oligosaccharides were produced, but the DP
was drastically reduced from DP 350 to DP 123. Bijttebier, Goesaert,
and Delcour (2010) reported that the maltogenic �-amylase from
Bacillus stearothermophilus preferentially hydrolysed the exterior
chains of amylopectin during the early stages of hydrolysis, and also
hydrolysed inner chains using high multiple attack action during
the later phases. The data suggested that endo-mechanism of mal-
togenic �-amylase was  in line with the reduced Mw of the starch
molecule.

3.5. Chain length analysis

The proportion of fraction I (long, DP > 30), II (intermediate and
short, 13 < DP < 30), and III (very short, DP < 13) linear chains of
maltogenic �-amylase treated starch samples is present Table 1.
According to the Hizukuri cluster model, amylopectin molecules
have A, B (B1–B4), and C chains, in which the fractions of DP < 13
and DP 13–30 together compose the short chains and correspond
to A + B1 chains; the other longer chain fractions (DP > 30) corre-
spond to B2–B4 chains (Hizukuri, 1986). The maltogenic �-amylase
treatment increased the percentage of fraction III from 25.6% to
44.8% and accompanied a reduction of fraction II and fraction I with
increasing time of hydrolysis treatment, which indicated that both
amylose linear chains and amylopectin branch chains (A and B1–B4
chains) were shortened by the action of the hydrolysis enzyme.
However, the maltogenic �-amylolysis of maize starch markedly
decreased fraction II content compared to the control, and some-
what decreased fraction I. When the starch sample was  prepared

with maltogenic �-amylase, the A + B1 chains of amylopectin were
more a proportion of degradation than B2–B4 chains, in line with
the result of Bijttebier et al. (2010). They found the appearance
of several subpopulations of DP 2, DP 5–6, and DP 8 in the case
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f maltogenic �-amylase was most likely typical for a multiple
ttack action on exterior chains of amylopectin. Leman et al. (2009)
eported that maltogenic �-amylase had a marked influence on the
ide chain distribution of the starch sample, which especially led
o a decrease of short B chains. The enzyme increased the rela-
ive levels of the short chains (DP < 9) from 23.7% to 44.2%, and the
eduction was most pronounced for the side chains with DP 10–11
nd 12–16; the relative levels of these chains in the control wheat
ample (56.9%) was reduced by 16% after maltogenic �-amylolysis.
he results showed that maltogenic �-amylase reduced the level of
he outer chains (primarily A and B1) by 50% compared to the con-
rol sample with little effect on the internal chain length. Based on
hese observations, it might be concluded that the addition of mal-
ogenic �-amylase reduced the molecular weight and level of the
mylopectin fraction to a lesser extent, but had a significant influ-
nce on the side chain distribution of the residual amylopectin with
ncreased relative levels of short chains.

In some earlier studies, differences in the digestibility of starch
as been attributed to the interplay of many factors, such as starch
ource, granule size, crystallinity, molecular fine structure, sur-
ace pores and interior channels (Miao et al., 2013a, 2013b; Tester,
arkalas, & Qi, 2004). Our data showed that the enzyme modified
tarch sample MS4  with higher SDS content (19.6%) had a higher
roportion of short chains after maltogenic �-amylolysis modifi-
ation (Table 1). Zhang, Ao, and Hamaker (2008) found a parabolic
elationship between the chemical structure of starch and the slow
igestion property of maize starch mutants, indicating that starch
ith either a high amount of short chains (DP < 13) or a high amount

f long chains (DP ≥ 13) had a higher content of SDS. The above
esults suggest that fine structure differences of starch could drive
he amount of SDS and starch with a high content of short chains
ould have a higher content of SDS.

. Conclusions

Partial maltogenic �-amylolysis of the normal maize starch
educed starch digestibility, which was related to the molecu-
ar weight and chain length. A maximum SDS content (19.6%)

as obtained using maltogenic �-amylase hydrolysis over 6 h. An
ncrease of the shorter chain fractions (DP < 13) led to more SDS and
S. Further work is underway to obtain an accurate and quantita-
ive structure-property relationship model for modulating starch
igestibility by enzymatic modification. The experimental data that
an be obtained with such a model could help determine a process
o design a novel glycaemic starch, which may  have potential health
enefits.
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