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The influence of nutrients and other food constituents, such as dietary fibre
components, catechin and phytic acid, on resistant starch (RS) formation was
systematically investigated. This investigation was carried out under standardized
gelatinization conditions by using a high pressure autoclave (HPA). Except for
insoluble dietary fibre constituents (cellulose and lignin), all the tested food
ingredients reduced the formation of RS. Calcium ions, potassium ions and
catechin showed the highest reduction of RS formation, while the nutrients stu-
died (albumin, olive oil and sucrose) as well as phytic acid affected it to a lesser
extent. These results were not significantly changed by varying amounts of the
studied dietary components. © 1997 Elsevier Science Ltd

INTRODUCTION

EURESTA (European Flair Concerted Action on
Resistant Starch) defines enzyme resistant starch (RS)
as the sum of starch and products of starch degradation
not absorbed in the small intestine of healthy indi-
viduals (Euresta, 1992). RS has been categorized into
three main types: type I, or physically trapped (i.e.
partly milled grains and seeds); type II, or resistant
starchgranules (i.e. the native crystalline starch granules
in raw potatoes and green bananas); and type III, retro-
graded starch (recrystallized starch after gelatinization
and cooling or storage of foods) (Englyst et. al., 1992).
Additionally, chemically modified starch fragments
produced by heat treatments, non-digestible starch-
nutrient complexes, and undigested starch resulting
from the action of enzyme inhibitors and antinutrients
may contribute to the RS content of foods (Saura-
Calixto & Abia, 1991). In order to form RS type III
from native starch granules (raw starch), the starch has
to be gelatinized and retrograded afterwards. During
the gelatinization process, the starch granule is grad-
ually and irreversibly destroyed. The starch paste or gel
obtained after gelatinization is not stable. Structural
transformations occur during storage. Both starch-
constituent polymers (amylose and amylopectin) are
involved in these transformations, which are collectively
described by the term retrogradation.

The influence of nutrients such as sugars, proteins
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and lipids on RS formation has been widely studied by
different authors. The influence of native protein has
been studied (Slack er. al.,, 1979; Van Twisk, 1979;
Holm et. al, 1985; Chandrashekar & Kirleis, 1988); the
influence of lipids has been studied (Mercier, 1980;
Eliasson, 1985; Eliasson et. al., 1988; Eerlingen, 1994)
and the influence of sugars has been investigated (Buck
& Walker, 1988; I’Anson e:. al, 1990; Nohyama &
Nishinari, 1991; Eerlingen, 1994). However, in these
studies, the autoclaving process was carried out without
control of sample temperature. It is well known that
gelatinization temperature has an important influence
on RS yields (Berry, 1986; Sievert & Pomeranz, 1989).
Therefore, control of the sample temperature and heat-
ing curve during RS formation is essential.

On the other hand, there is little information on the
influence of other food constituents such as micronutri-
ents, dietary fibre, flavonoids and phytic acid on RS
formation.

The aim of this work was to carry out a systematic
study of the influence of nutrients and other food con-
stituents on RS formation under standardized gelatini-
zation and retrogradation conditions.

The gelatinization step is controlled by using a high
pressure autoclave (HPA) with a continuous control of
pressure, stirring and sample temperature (Escarpa et.
al., 1996), which increases the RS yields as reported in
the literature (Berry, 1986; Sievert & Pomeranz, 1989;
Eerlingen, 1994).
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MATERIALS AND METHODS
Dietary components

The nutrients used were: bovine serum albumin
(Merck), olive oil with a content of 97% of total trigly-
cerides purchased in a local supermarket, and sucrose
(Oesceder). The dietary fibre components were lignin
(ENCESA, Spain), and cellulose (8-3755) and citrus
pectin (P-9135) from Sigma. Guar gum (G-9752), phytic
acid (P-3168) and catechin (C-1251) were also obtained
from Sigma. Anhydrous calcium chloride (CaCl,) (fused
granular about 0.5-2.0 mm) as well as anhydrous
potassium nitrate (KNO;) were from Merck.

Enzymes

Pancreatic a-amylase (Sigma Chemical Co. St. Louis,
Mo), pepsin (Merck) and amyloglucosidase (Boehringer
Mannheim) were used in the analysis of RS. For glucose
determination, an enzymatic kit (Peridochrom Glucose.
GOD- PAP, Bochringer Mannhein) was used.

Standards

Potato starch (S-4251) from Sigma was used as standard
for RS formation, and D (+) Glucose (Merck) as spec-
trophotometric standard.

Reagents
All reagents were of analytical grade.
Apparatus

A high pressure autoclave (HPA) (Berghof, Eningen,
German; Cat.No. 537263), equipped with a pressure
vessel (0-160 bars) with vacuum line (PTFE) and ther-
mocouple, (DIN-434710), heating mantle with magnetic
stirring and thermosensor, and two temperature control
systems and stirring rate, control was used as the gela-
tinization system. The HPA provided a continuous
control of the heating conditions and stirring speed
necessary to obtain homogeneous gels.

A UV-Visible Spectrophotometer (Perkin-Elmer
Lamda 5) was used to measure free glucose from starch
hydrolysis.

For pH measurements, a MicropH 2000 Crison pH
meter with a glass/reference electrode was used.

METHODS
RS formation procedure
Potato starch and mixtures of potato starch/dietary

constituent were autoclaved for gelatinization under
previously standardized conditions (starch/water ratio

of 2 g 40 mI~Y). Initial conditions of pressure and stir-
ring rate were 2 bars (N;) and 1300 rpm, respectively.
Gelatinization was achieved after 20 min at 123 £ 7°C.
Gelatinized samples were allowed to cool down to room
temperature (cooling rate approx. 4°C/min) and frozen
at -20°C. After 12 h the samples were defrosted
(defrosting rate approx. 0.4°C/min) and vacuum-dried
at 40°C for 12 h. Finally, samples were ground to a
particle size <1 mm.

RS determination procedure

A Berry-modified method for RS determination was
used (Goiii er. al., 1996). In this method, RS is consid-
ered as the residual starch after incubation of samples
with protease and «- amylase. The sample (100 mg) was
preincubated with pepsin (40°C, 1 h, pH 1.5) and then
purified a-amylase (40 mg ml~'") for starch hydrolysis
(37°C, 16 h, pH 6.9) was added. After amylolysis, the
sample was centrifuged and the residue (isolated RS)
repeatedly washed with water. The final residue was
dispersed in water before adding KOH to a final
concentration of 2M (30 min, room temperature with
constant shaking).

pH was adjusted to 4.75 in buffer acetic acid/sodium
acetate and the suspension incubated with amylogluco-
sidase (30 min at 60°C). Free glucose was measured in
the supernatant using the enzymatic kit (glucose oxi-
dase/peroxidase). All the treatmens were carried out in
the same centrifuge tube.

Calculations

RS content was calculated as the product of free glucose
(FG) from resistant starch hydrolysis with amylogluco-
sidase and a correction factor glucose-polysaccharide of
0.9 as follows:

RS=FGx09

(expressed in g 100 g~! starch dry matter, DM)

DM content for the samples was determined by drying
at 110°C to a constant weight.

The results correspond to the average of three gelati-
nization treatments, analyzed in triplicate.

Statistical analysis
A one-way analysis of variance (P < 0.05) was per-
formed to evaluate the influence of dietary components
on RS formation.

RESULTS AND DISCUSSION
Water content influence
Interactions between starch and other food constituents

are governed by the mobility of the amorphous phase of
each particular system. Water, acting as a plasticizer,
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depresses the glass transition temperature (Tg) and
thereby alters the kinetics of state transformations (e.g.
gelatinization, retrogradation) and reactivity of starch
(Biliaderis, 1991). The literature reveals that the yields
of RS in different starches formed in heat-moisture
treatments are closely related with the water content
(Berry, 1986; Sievert & Pomeranz, 1989).

In this work, samples containing potato starch and
different amounts of the studied dietary constituent were
autoclaved keeping a mass:volume ratio of 2 g 40 ml~'.
To check the possible influence of water content on the
yield of RS, control assays with the corresponding
amounts of potato starch but without the dietary con-
stituent were also performed. Tables 1 and 2 show the
RS yields obtained in autoclaved and retrograded
samples including control assays.The impact of water
content is discussed in the Stastistical Analysis section.

Influence of nutrient content on the formation of RS
type 111

To study the influence of protein on RS formation,
bovine serum albumin was chosen. The presence of this
protein decreased the yield of RS irrespective of the
amount added, although a linear relationship was not
observed.

Chandrashekar and Kirleis, (1988) also studied the
influence of protein on starch gelatinization in sorghum.
These authors concluded that protein bodies around the
starch granule provide a rigid cover and full gelatiniza-
tion of the starch granule can take place only when this

barrier is removed. Other studies on starch availability
in wheat products indicated that a considerable fraction
of the starch is encapsulated in a protein matrix
(Holm et. al., 1985). These structures have also been
reported for starches of different botanical origin (Slack
et. al., 1979; Van Twisk, 1979).

To our knowledge, there is no report in the literature
about the influence of added protein on RS formation.
Starch-protein interactions could also be expected with
added protein. During starch retrogradation, hydrogen
bonds are formed between amylose chains and, simi-
larly, protein could be bound to starch during the ret-
rogradation process. Nevertheless, the results obtained
suggest that these interactions could be excluded under
the assayed gelatinization and/or retrogradation condi-
tions since the addition of albumin resulted in a
decrease of the RS yields.

Lipid influence was studied using olive oil. As can be
observed in Table 1, the presence of the olive oil
decreased the yields of RS. This is in agreement with
the results reported by Eliasson et. al., (1988) who also
found that the addition of an excess of lipids to
autoclaved high-amylose maize reduced the RS yields.
Amylose crystallization (RS formation) is competit-
ively affected by amylose complexation with monogly-
cerides. These structures have been studied in the
literature using differential scanning calorimetry (DSC)
(Eliasson, 1985; Eliasson ez. al., 1988). Studies carried
out by Eerlingen et. al., (1994a) using DSC and X-ray
diffraction analysis also indicated the presence of amy-
lose-monoglyceride complexes. Mercier (1980) found

Table 1. Resistant starch (RS) yields in autoclaved and retrograded mixtures of starch/nutrients (% of total starch, dry matter)

Starch Constituent RS yields
(840 ml~") (g 40 ml™')

Albumin Oil Sucrose Potassium Calcium Control?
2.00 0.00 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2
1.90 0.10 9.2+2.1 11.3+1.6 140+1.8 10.8+2.3 46+0.8 149+ 0.3
1.80 0.20 12.7+0.8 13.6+0.6 11.8+1.7 846+1.1 3.8+0.6 15.3+0.2
1.70 0.30 10.8+2.5 12.7+1.6 13.6+1.3 7.7+0.5 ND? 17.1+£0.6
1.60 0.40 11.7£1.0 119+1.6 122+0.6 5.6+0.4 ND? 17.2+0.5

Mean values of three gelatinization treatments + standard deviation.

“Values of starch with no added constituent.
5ND - Not determined.

Table 2. Resistant starch (RS) yields in autoclaved and retrograded mixtures of starch/other dietary constituents. (% of total starch,

dry matter)

Starch Constituent RS yields
(g40ml~Y)  (g40ml )

Cellulose Lignin Pectins Gum Catechin  Phytic Acid  Control®
2.00 0.00 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2 18.2+0.2
1.90 0.10 149+23 14.1+0.4 152+1.8 12.8+2.0 12.1+1.6 128+1.8 149+0.2
1.80 0.20 147425 ND 13.3+0.8 128+1.1 6.7+0.8 9.6+1.8 15.3+0.3
1.70 0.30 13.0+1.9 ND 120+1.5 ND? 5.2+0.5 11.7+1.2 17.1+£0.6
1.60 0.40 11.7+0.6 ND 10.5£1.5 ND? 5.0+0.5 9.3+0.1 17.2£0.5

Mean values of three gelatinization treatments + standard deviation.

“Values of starch with no added constituent.
5ND-Not determined.
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that amylose-lipid complexes can also be formed during
food processing (autoclaving and cooling). The influ-
ence of other lipids such as lecithin, palmitic acid, oleic
acid and soya bean oil on RS formation has also been
studied in smaller amounts (Holm ez. al., 1983). These
lipids affected retrogradation to a lower extent than
monoglycerides. Nevertheless, these authors found that
pure potato amylose and oleic acid formed complexes
highly resistant to amylolysis. On the other hand, the
results obtained in this work have been compared with
the Eerlingen data (Table 3a). Using the same amylose
(25%) and lipid (5,10%) contents, differences in RS
yields between added olive oil and sodium dodecyl sul-
fate (SDS) have been found. As can be observed, the
decrease of RS yields is higher when SDS is added.

The influence of sugars on RS formation during
autoclaving and subsequent retrogradation was studied
using sucrose. As can be observed (Table 1), the RS
yields decreased when sucrose was added. The effects of
added soluble sugars (glucose, maltose, sucrose and
ribose) on the gelatinization and/or retrogradation of
different starches have been studied by different authors
(Buck & Walker, 1988; ’Anson et. al., 1990; Kohyama &
Nishinari, 1991). The addition of these sugars has been
found to reduce the level of crystallization and subse-
quently the yield of RS. The mechanism of retrograda-
tion inhibition was considered as the interaction between
sugar molecules and starch molecular chains which
changes the matrix of gelatinized starch (the sugars act as
antiplasticizers and increase the glass transition tem-
perature, T,).

However, a decrease in RS yield was observed for
wheat starch while an increase was noticed for high
amylose corn starch at higher sugar content by Eerlin-
gen ef. al., (1994). These authors did not find any
change of gelatinization, amylose or lipid content of
either starch studied in response to impact of sugars on
RS formation.

Table 3a. Comparison of RS yields reduced by lipids

Component added RS%(%) RS5(%)
(%)

0 22 18.16
5 12 10.31
10 8 14.07

“Eerlingen values. 25% amylose (wheat starch). SDS added.
bEscarpa values. 25% amylose (potato starch). Olive oil added.

Table 3b. Comparison of RS yields reduced by sucrose

Starch:Water: RS? (%) RS? (%)
Sucrose (w/w)

1: 10: 5¢ 3.5 2.8
1.8: 40: 0.2¢ 18.16 12.90

“RS yields with no added sucrose.

5RS yields with added sucrose.

“Eeerlingen values.

4Escarpa values. At higher sucrose content.

RS yields obtained in this work were reduced less
than the Eerlingen values (Table 3b). In our case, amy-
lose content in potato starch is the same as that in wheat
starch (25%) and is free of lipids.

Recently, however, scanning electronic microscopy
(SEM) studies reveal complete gelatinization in retro-
graded potato starch (Escarpa ez. al., 1996). Therefore,
our data are in agreement with the Eerlingen values and
show that the effect of sugars may be positive or neg-
ative depending on starch type. So, the values obtained
for potato starch gels with added sucrose could be
interpreted in terms of the impact of these sugars on the
glass transition temperature of the polymer system and
their subsequent role in the crystallisation process.

Other dietary constituent influences on RS formation.

The influence of certain micronutrients, such as calcium
and potasium ions, on RS formation was investigated.
The results show that the yields of RS decreased in
starch gels in the presence of calcium and potassium
ions. The probable adsorption of these ions might pre-
vent the formation of hydrogen bonds between amylose
and amylopectin chains. Studies carried out with cellu-
lose show this (Torre et. al., 1991).

The influence on RS formation of insoluble (lignin
and cellulose) and soluble (pectins) fibre constituents
has also been studied. The presence of these constituents
decreases the yields of RS less than other constituents.

The amount of guar gum used in these mixtures was
varied in order to obtain homogeneous gels. The pre-
sence of this additive led to a decrease in yields of RS.

The addition of catechin significantly reduced the
yields of RS whereas the addition of phytic acid reduced
the contents of RS to a minor exent. It is well know that
these compounds can affect starch digestibility. The lit-
erature reveals that the addition of phytic acid reduces
the wheat starch digestibility. However, catechin has no
significant effect on starch digestibility (Thompson &
Yoon, 1984).

Therefore, the results obtained in this work reveal
that both phytic acid and catechin did not influence
starch digestibility because the RS yields obtained with
these antinutrients are lower than RS yields of retro-
graded potato starch .

Statistical analysis

In order to evaluate the influence of diet components on
the yields of RS, a one-way analysis of variance (one-
way ANOVA, P < 0.05) was performed.

Mutiple range analysis for RS values by percent
component (Table 4) shows that the results did not dif-
fer significantly from the value proposed by the null
hypothesis. One homogeneous group only was obtained.
This fact reveals that the RS yields are independent of
percent component employed and the water influence
on RS vyields is also independent of percents studied.
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Table 4. Multiple range analysis for RS values by percent

constituent
Percent Count Average Groups
10 10 10.74 X
20 10 10.42 X
15 10 10.83 X
5 11 11.98 X
Contrast Difference + Limits

5-10 1.24+2.70

5-15 1.14+2.88

5-20 1.56+2.99

10-15 -0.10+£2.94

10-20 0.31+3.05

15-20 0.41+£3.20

P <0.05

On the other hand, mutiple range analysis for RS
values by diet component (Table 5) yields three homo-
geneous groups: Group A (nutrients, gum and pectins
as dietary fibre components and phytic acid as antinu-
trient); group B (potassium ions, calcium ions and cate-
chin), and group C (lignin, cellulose and starch with no
added components). These results reveal that insoluble
dietary components (lignin and cellulose) did not differ
significantly whereas the values obtained for the groups
A and B differed significantly from the value proposed
by the null hypothesis. Significant differences between A
and B groups were also found.

Table 5. Multiple range analysis for RS values by constituent

Constituent Count Average Groups
Calcium 2 4.20 X
Catechin 4 7.26 XX
Potassium 4 8.12 X
Phytic Acid 4 10.85 X
Albumin 4 11.10 XX
Olive Oil 4 12.37 XX
Pectins 4 12.75 XX
Gum 2 12.80 XX
Sucrose 4 12.90 XX
Cellulose 4 13.57 XX
Lignin 1 14.10 XXX
Starch” 4 16.12 X
Contrast Difference + Limits
Albumin -5.02+2.57*
Olive Oil -3.75+£2.57*
Sucrose -3.22+2.57*
Potassium -8.00+2.57*
Calcium -11.92+3.15*
Starch® Cellulose -2.55+2.57
Pectins -3.37+2.57*
Gum Guar -3.32+3.15*
Lingin —2.02+4.07
Catechin —-8.87+2.57*
Phytic Acid -5.27+£2.57*

*Denotes a statistically significant difference (P < 0.05).
“Control: Starch with no added constituent.

RS (%)

Starch with no added constituent

Group A Group B Graup C

Fig. 1. Influence of diet constituents on RS formation.

Therefore a classification of the constituents studied
could be proposed with regard to the results found:
1. components such as lignin and cellulose (no influence
components) which had no influence on RS yields and
2. components which showed influence on RS forma-
tion, the high influence components (potassium ions,
calcium ions and catechin) and the low influence com-
ponents (nutrients, pectins, gum and phytic acid).

Finally Fig. 1 summarises the influence of the diet
constituents studied on the formation of RS.

The systematic procedure used could be applied in
foods. In the near future other techniques may be
employed to elucidate the mechanisms involved.
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