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Factors governing the formation of enzyme-resistant starch (RS) from as measured by differential scanning calorimetry (DSC), were sample-
high-amylose maize starch under laboratory conditions were investigated. size-dependent. To determine the stability of RS, samples were preheated
Those factors studied included sample size, gel dimensions, number of under conditions similar to those in baking bread: temperatures of 100
heating-cooling cycles, and cooling conditions. Cooling to about 20'C and 2000C, both dry and with water. Preheating RS, especially with
produced RS with higher enthalpies than cooling to 40C or freezing at water, at 2000C resulted in a disintegration of the RS. No significant
about -20C. Freeze-drying was not superior to oven-drying. Heating changes in DSC characteristics took place during preheating at 1000C.
of resuspended RS increased enthalpies. RS could be stored at -20'C The presence of gluten or wheat starch in RS blends (as they might
odor-free for at least eight months. A rancid odor developed within several exist in bread) reduced measurable DSC enthalpies.
weeks of storage at room temperature . Thermal characteristics of RS,

Resistant starch (RS), fundamentally an a-glucan, is a product
of starch retrogradation. Due to its specific physical properties,
crystallized amylose, the main component of RS, is resistant to
a-amylolysis (Berry 1986; Englyst and MacFarlane 1986; Ring
et al 1988; Russell et al 1989; Sievert and Pomeranz 1989, 1990;
Siljestrdm et al 1989). RS is not absorbed in the small intestine;
it reaches the large intestine together with the nonstarch poly-
saccharides and lignin (Rexen 1990). There is presently consider-
able interest in the nutritional implications of RS in foods. The
relatively slow rate of hydrolysis in the gastrointestinal tract of
humans is associated with low-glycemic responses and may have
physiological effects similar to those of dietary fiber (Biliaderis
1991). However, the precise and meaningful implications (from
physiological and analytical standpoints) of RS content cannot
be determined until detailed studies of the chemical and physio-
logical properties of RS are completed. The methodology of RS
determination should also be improved. At present, the quantita-
tive assay of RS in food is based on the isolation of total dietary
fiber using a gravimetric-enzymatic method (Prosky et al 1988).
The isolated RS, after treatment with dimethyl sulfoxide or 2N
KOH, which changes the RS structure and makes it available
to amylolysis, can be determined by several methods for specific
carbohydrates (Englyst et al 1982, Berry 1986). However, these
methods do not take into account the crystallinity level of RS,
which is an important factor in its digestibility. Differential
scanning calorimetry (DSC) gives an endothermic transition of
=155°C for retrograded and recrystallized amylose (Biliaderis et

al 1985; Sievert and Pomeranz 1989, 1990; Szczodrak and
Pomeranz 1991).

The objective of this study was to determine factors affecting
the analysis of RS from amylomaize VII (a high-amylose maize
starch).

This study had four parts: 1) the process for preparing RS
from amylomaize VII starch; 2) RS-water interactions (various
amounts and various ratios); 3) thermostability of RS and effect
of heat pretreatment (in the presence or absence of water) on
thermoanalytical characteristics of RS as determined by DSC;
and 4) the effect of gluten and wheat starch on the thermoanalytical
characteristics of RS.

MATERIALS AND METHODS

Amylomaize VII
Commercially available starch, amylomaize VII, was obtained

from American Maize Products Co. (Hammond, IN). Amylo-
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maize VII contained 55.9% amylose, 1.4% protein, 0.12% ash,
and 1.7% free lipids on a moisture-free basis.

Gluten
Commercial dry gluten was obtained from Kroner Starke Co.,

Ibbenbueren, Germany. The gluten contained 77.2% protein and
1.30% ash on a 14% moisture basis.

Wheat Starch
Commercial dry wheat starch was obtained from Centennial

Mills Co. (Spokane, WA). The wheat starch contained 0.4% pro-
tein and 0.24% ash on a 14% moisture basis.

Chemical Analyses
Protein was determined by Kjeldahl nitrogen (N X 5.7) (AACC

Method 46-1 lA); ash by dry combustion (AACC Method 08-
01); and free lipids by exhaustive extraction with petroleum ether,
followed by evaporation to constant weight under vacuum (AACC
Method 30-25) (AACC 1983). RS was determined as described
for dietary fiber (Prosky et al 1988) by using three enzymes: heat-
stable a-amylase (Takalite L-340 from Bacillus licheniformis,
Miles Laboratories, Inc., Elkhart, IN); amyloglucosidase (A-3042
from Aspergillus niger, Sigma Chemical Co., St. Louis, MO);
and protease (P-5380 type VIII from B. licheniformis, Sigma
Chemical Co.). Quantification of amylose (as percent of starch)
was done according to Hovenkemp-Hermelink et al (1988). All
analyses were done at least in duplicate. Average results of RS
analyses are given on a dry matter basis.

DSC
The DSC thermograms were recorded with a Perkin-Elmer

DSC-4 instrument fitted with a 3,600 thermal analysis data station
and a Perkin-Elmer graphics plotter 2 (Perkin-Elmer Corp. Instru-
ment Div., Norwalk, CT). An indium standard was used for
temperature and energy calibration. Samples (10 mg dmb) were
weighed into large-volume stainless steel capsules (Perkin-Elmer
no. 0319-0218). Then 20 ,ul of distilled water was added and the
capsules were sealed by a quick press and allowed to equilibrate
for 2 hr at ambient temperature before they were analyzed by
DSC.

The samples were heated from 20 to 1800C at a scanning rate
of 10°C/min. For each endotherm, initial (Ti), peak (Tp), and
completion (Ta) transition temperatures were determined by a
computerized system developed by the Perkin-Elmer Corp. The
transition enthalpy (A H) was calculated from the peak area and
expressed as joules per gram of dry matter. When the samples
contained a mixture of RS and other components (wheat starch
or gluten), the results were recalculated and reported as RS in
joules per gram.

To study the interactions of RS with water, 10.0-mg samples
of RS were tested with distilled water in 10.0-, 15.0-, 20.0-, 30.0-,
and 40.0-,ul volumes. Capsules with 10.0 mg of A1203 and
appropriate amounts of water were used as reference samples.
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DSC studies were made in two series. First, samples of 20.0,
10.0, 7.5, and 5.0 mg were tested with RS-to-water ratios of 1:2.
Second, 10.0-mg samples containing 5.0, 2.5, 1.0, and 0.5 mg
of RS and a balance of A1203 were analyzed with 20.0 Ml of
water. References for the first series were equivalent weights of
A1203 and volumes of water. For the second series, the uniform
reference sample was used: 10.0 mg of A1203 and 20.0 Al of water.

Preparation of RS Samples for Estimating Thermostability
This part of the study involved preheating samples at 100 and

2000 C, both with and without water, under conditions that
resemble the production of the crumb and crust of baked dough.

Heat Treatment of RS in the Absence of Water
One set of 3-g RS samples was placed in crucibles and heated

at 1000 C in the oven (Thelco model 18, Precision Scientific Co.,
Chicago, IL) for 1, 16, 24, and 48 hr. Another set of 3-g RS
samples was heated at 2000C in a Sybron furnace (Thermolyne
Co., Dubuque, IA) for 15, 30, 60, and 120 min. The heated samples
were kept sealed in jars until analyzed.

Heat Treatment of RS in the Presence of Water
Samples of 100.0 or 200.0 mg of RS were weighed into PYREX

5-ml test tubes, supplemented with water, and sealed. To obtain
a 1:2 ratio of RS to water, 200 ,l of water was added to the
100.0-mg samples. The 200.0-mg RS samples were mixed with
water in 1:1 and 5:2 ratios. One set of samples was placed in
the oven at 1000C for 1 hr and one at 1000C for 12 hr. Another
set was heated in the furnace at 2000C for 30 min. Immediately

after heating, the samples were freeze-dried and kept closed in
jars until analyzed.

Preparation and Heat Treatment of RS Samples
with Wheat Starch and Gluten

The RS was tested for thermal characteristics in the presence
of wheat starch and gluten, in blends that might exist in bread.
The ratios of RS to gluten or wheat starch were 1:9, 1:3, 1:1,
3:1, and 9:1. In addition, RS was mixed with both gluten and
wheat starch. The ratio for the three-component (RS, gluten,
and wheat starch) blend was 4:2:3. The dry mixture was analyzed
by DSC immediately after heating at 100 or 2000C for 25 min.
In a second experiment, water was added to the RS-gluten-wheat
starch blend in a 3:1 ratio of dry material to water. The wet
blends were sealed in PYREX test tubes and heated at 100 or
2000C for 25 min. After heat treatment, the samples (total 10
mg dry matter plus 20 pl3 of water) were cooled, freeze-dried,
and kept closed in jars at room temperature until analyzed by
DSC. Differences of 10C in transition temperatures and 10% in
transition enthalpies were significant at the 5% level.

RESULTS AND DISCUSSION

Amylomaize RS Production
The process for preparing RS from amylomaize VII starch,

as depicted in Figure 1, was based on the procedure of Sievert
and Pomeranz (1989). Several modifications were tested and
introduced.
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Fig. 1. Process for preparing enzyme-resistant starch (RS) from amylomaize VII starch.
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