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Influence of botanical source and gelatinization procedure (autoclawBoth gelatinization procedures, although no clear pattern was found in the
ing or boiling) on resistant starch (RS) formation was investigated ifehavior of samples based on gelatinization procedure. The degree of poly-
starches from wheat, corn, rice, and potato. RS yields did not vary withimerization (DP) of retrograded samples was assigned using high-per-
the same sample but differed among samples with different starch botafdrmance anion exchange chromatography with pulsed amperometric detector
cal sources. Differences also existed in RS contents in native and retr@verage DP 50-60), with no differences between autoclaved and boiled
graded starches. Slight or minor variations in RS values were found afteamples.

From a physiological perspective, not al starch forms behavein Cooking process. Sample (5.0 g) was weighed in a centrifuge tube
the same way. Resistant starch (RS) is a fraction of starch that is ~ and mixed with 40 mL of distilled water. A stirring bar was placed
not digested in the human small intestine, athough it is partially in the tube. Capped tubes were submerged in a boiling water bath and
fermented in the large bowe (Asp 1992). Raw starches and coarsely boiled and stirred for 45 min.
ground grains are partially inaccessible to digestive enzymes due
to partial crystallinity or incomplete milling. Some processing tech- ~ Retrogradation
niques and storage methods have a marked influence on the levels Starch suspensions were poured into a petri plate, cooled to room
of starch resistant to digestion (Muir and O’'Dea 1992). Retrotemperature, and frozen at —20°C. After 16 hr, samples were de-
graded starch, also termed RS type lIl, is the most common in tfosted at room temperature for 8 hr and dried at 60°C in an air-
human diet and, from a technological point of view, is the mostirculating oven at a flow rate of 2.3%min for 16 hr. Finally,
important type, because it is formed mainly as a result of foodamples were milled to a particle size of 1 mm with a sample mill
processing. (Cyclotec 1093, Tecator, Héganas, Sweden).

Formation of RS type Il is achieved by gelatinization and ret-
rogradation of starch. During the gelatinization process, the moleculbgolation of RS
order of the starch granule is gradually destroyed, and the starchTris-maleate buffer (9 mL) at pH 6.9 and 1 mL of a solution con-
becomes easily digestible. When cooled, the gel forms a partialfpining 40 mg ofi-amylase (type VI from porcine pancreas, A-3176,
crystalline structure: retrograded starch. RS type Ill is formed duSigma) were added to retrograded starch samples (100 mg). The
ing two different gelatinization processes: autoclaving and cookingnixture was incubated at 37°C for 16 hr in a shaken water bath.
at atmospheric pressure. Different RS yields have been obtainéientrifugation (2,500 %, 15 min) of samples was performed to
(Bjorck et al 1987; Berry et al 1988; Siljestrom et al 1989, 1990). remove supernatant containing digested starch. Residues were washed

The aim of this work was to compare the influence of both gelwith distilled water and centrifuged twice. Finally, RS residues were
atinization procedures and different botanical sources on formdarozen and lyophilized (Lyophilizator, Virtis, New York). Residues
tion of RS type lll and investigate the potential relationship bewere milled to <1 mm.
tween RS levels in raw material and RS type Il level in retrograded

starch obtained from gelatinization processes. RS Deter mination _ _
RS was measured using the procedure of Gofii et al (1996). The
MATERIALSAND METHODS method has the following steps: removal of protein with pepsin

(7190, Merck, Darmstadt, Germany, 40°C, 1 hr, pH 1.5), incuba-
Native wheat, corn, potato, and rice starches were studied. Aipn witha-amylase (A-3176, 37°C, 16 hr) to hydrolyze digestible

were purchased from S|gma Chemical Co. (S[ LOUiS, MO) StarCh, treatment of preCipitateS witM ZKOH to solubilize RS,
incubation with amyloglucosidase (102857, Boehringer GmbH,
Gdatinization Mannheim, Germany, 60°C, 45 min, pH 4.75), and determination

High pressure process. An autoclave (Berthod, GmbH, Eningen, Of glucose, using the glucose oxidase assay (676543, Boehringer).
Germany) was equipped with a pressure glass with vacuum line aff$ Was calculated as glucose x 0.9.
thermocouple, heating cover with magnetic stirrer, thermosensor,. )
and temperature and stirring rate control system. Hllgh-PerformanceAmon. Exchange Chromatography

The sample (5.0 g) was dispersed in 40 mL of distilled wateMith Pulsed Amperometric Detector .
Gelatinization conditions were standardized by Escarpa et al (1996).High-performance anion exchange chromatography with pulsed
Pressure was set at 2 bar of Btirring speed was 1,300 rpm, gel- @mperometric detector (HPAEC-PAD) was used to analyze the de-

atinization temperature was 120°C, and process time was 32 min. 9"ée of polymerization (DP) of RS samples. NaOHNI.350 L)
was added to 10 mg of purified RS sample while mixed. The mix-
ture was stirred overnight in a cold room (6°C). Just before the
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in Table 1. Solvents were prepared from a 50% NaOH solution whereas its native RS content was close to that of native corn
(7067, JT Baker, Deventer, the Netherlands) with Milli-Q water, (28.9 and 28.93%, respectively). Potato starch had the highest val-
filtered through Millipore filters (0.22-um mesh), degassed, and storaaks, both when native and retrograded compared to the other starches.
under helium (4 psi). The eluent was monitored with an electroin general, cereals had lower RS values than tubers.

chemical detector (ED40, Dionex) in the pulsed amperometric de- Escarpa et al (1996) reported similar RS yields after autoclaving
tection mode. A reference Ag/Ag Cl electrode with a working goldbut lower RS values after boiling; their results, however, were drawn
electrode was used with the following pulse potentials and durdrom only one sample (potato) and under various boiling conditions.
tions: E; = 0.05, 200 mse®, = 0.75, 200 msec; artey = —0.15, In general, it is difficult to compare the current results with values
400 msec. Instrument control and data collection were performagported in the literature (Bjorck et al 1987; Berry et al 1988; Sil-
using chromatography work station software (Peak Net, Dionex, Sujestrdm et al 1989, 1990), because sample origin, preparation of
nyvale, CA). DP was assigned by spiking RS samplésmalto-  sample, and procedure used to measure RS yields were not always the

heptaose (DP 7). same. The slight variations in final values maybe due to the factors
that play a part in the formation process. Taking these factors into
Statistics account, the trend is similar in all cases: higher levels of RS in native

Results are expressed as meastandard deviation. Compari- than in retrograded forms, with differences between cereal and tuber
son of means was performed by one-way analysis of varianatarches. No clear relationship was found between RS levels in

(ANOVA) (Statgraphics, version 5.1, SAS Institute, Cary, NC). raw materials and formation of RS type IlI.
RESULTSAND DISCUSSION HPAEC-PAD
The DP of RS isolated from retrograded samples was analyzed
RSYields using HPAEC, which has been used successfully to obtain chain-

Analysis of RS was performed in native starches, as well as length distribution information to DP 50-60 and higher values when
retrograded starches after gelatinization in the autoclave (high preschange in gradient conditions was included (Gidley et al 1995).
sure) or boiling water bath (atmospheric pressure). Data are reportedlypical chromatograms for wheat (Fig. 1A and B), corn, rice,
in Table Il. Native starch forms differed in RS yields. As expectedand potato RS, gelatinized using both methods, were obtained. As
potato had the highest value (79.48% db) due to its granule struGidley et al (1995) pointed out, the sharp nature of the peaks could
ture. Rice and corn had the same RS values (28.9 and 28.93% dimnfirm that within the fractionated range, samples were mainly linear,
and wheat had the lowest value among cereals (14.6% db). because branching leads to irregular peaks, and less resolution. Once

The significant difference$(< 0.05) in RS yields between native DP 7 (maltoheptaose) was established in the standards assay, the remain-
and retrograded starches can be appreciated, and there is a clegmpeaks were assigned by “spiking” the samples with this peak, and
decrease in RS content, except in wheat. The values obtained afpeaks with increasing elution time to increasing DP values were assigned
both gelatinization procedures were slightly higher in the case afequentially. Good resolution was found up to DP 50-60, with at
wheat and corn when autoclaved. RS yields were almost the same
for both procedures with potato, whereas analysis of rice starch,

produced a higher value after boiling than after autoclaving. There A
fore, there is no clear pattern in the behavior of the samples due 1
gelatinization procedure.
The range in RS yields did not vary within the same sample bu =
did differ among starch with different botanical sources. Rice hac
the smallest amount of RS when it was retrograded (3.22-4.52% ©
35
TABLE |
Elution Gradient (B, C, D) for High-Performance = 50 !
Anion Exchange Chromatogr aphy? !
15 )
Time Flow B (%) C (%) D (%) ; ‘
Initiation 1.00 20.0 80.0 0.0 T
0.00 1.00 80.0 20.0 0.0 - - A "
12.00 1.00 80.0 20.0 0.0 *
13.00 1.00 80.0 20.0 0.0 7
93.00 1.00 18.0 82.0 0.0 B
93.10 1.00 0.0 100.0 0.0 o
94.00 1.00 0.0 100.0 0.0
95.00 1.00 0.0 0.0 100.0 5
100.00 1.00 0.0 0.0 100.0
101.00 1.00 20.0 80.0 0.0 s
aB: 150 mM NaOH; C: 150 mM NaOH, 500 mM sodium acetate; and D: 500
mM NaOH) s
TABLE I %t . |
Resistant Starch (mean + SD, db) for Native and Retrograded N
Wheat, Corn, Rice, and Potato Starches? * , \
|
Gelatinized Gelatinized sl
Starch Source Native at 120°C at 100°C ;
Wheat 1461+25b  1341+04b  1037%02a ol “ v ” “
Corn 2893+21c 1055+0.3b 955+0.7a Minutes
S(I)(t::t ggig f gig lg% f gé a 1‘7122 f 21 b Fig. 1. High-performance anion exchange chromatography profile of re-
0 Aox S [fexdoa oxlla sistant starch in wheat starch gelatinized by autoclaving (A) and boiling
a Different lettersin each row indicate significant differencesat P < 0.05. n=4. water bath (B).

Vol. 75, No. 6, 1998 803



least partial peak resolution up to DP 70-80. Chain lengths with Garcia-Alonso thanks the Spanish Ministerio de Educacién y Cultura for
peak values of DP 50 (Russell et al 1989) and 65 (Siljestrom et B¢r grant and the financial support of her short stay in Leuven, Belgium,
1989) have been found in RS formed in autoclaved wheat starch getgd |- DeFloor and H. Jacobs for their help in research performed in
which led to the conclusion that RS consisted of crystallized lnear '<atholieke Universiteik Leuven.

glucans of relatively low molecular weight, with only minor amounts

of high molecular weight material remaining. Cairns et al (1996) LITERATURE CITED

found that RS Il was composed of predominantly linear material

present in two main molecular size subfractions: one semicrystallirftSP, N.-G. 1992 Prefe resistant starch. Eur. J. Clin. Nutr.Sifpl. 2):S1.

with DP >100 and one with DP 20-30. The results obtained he®erry, C. S., 'Anson, K., Miles, M. J., Morris, V. J., and Russell, P. L. 1988.
show there may be a high molecular weight material that can be apprePhysical chemical characterisation of resistant starch from wheat. J. Cer.
ciated in the last part of the profile, because it does not reach theSC!- 8:203-206. o

initial baseline. Gidley et al (1995) reported that RS has some periodfiorek, I, Nyman, M., Pedersen, B., Sijestrom, M., Asp, N.-G., and Eggum,
city with the local maxima, which is separated by six units; how- Bf' OH 1987. Fﬁ.rmano_n_ of enzyme resistant starch during autoclaving
ever, such periodicity was not found in this study. DP values obtaineéi(.) wheat starch: Studies V'rt_]ro andin vivo. J. C.e r. Sci. 6:159-172. .

for isolated RS from autoclaved and boiled samples did not differ whe aé[]n;r’nrc'él'\g?&gise’svbi"rfs?;t:m’ s?é‘rlﬂﬁ/i?rrédaﬁg]?r{ \?\./OG.Jl%gg. l;rgsuco-
from the same botanical source and had the same range in all samples;3.565.275. T B
Escarpa, A., Gonzélez, M. C., Mafas, E., Garcia-Diz, L., and Saura-Calixto, F.
1996. Resistant starch formation standardization of a high-pressure
autoclave process. J. Agric. Food Chem. 44:924-928.

The results obtained in this research led us to conclude that '%ﬁdley M. J.. Cooke, D., Darke, A. H., Hoffman, R. A., Rilsge L

is highly dependent on botanical origin. No clear relationship was a4 Greenwell, P. 1995. Molecular order and structure in enzyme resis-
found between RS in native raw material and RS type Ill yields. tant retrograded starch. Carbohydr. Polym. 28:23-31.

Although gelatinization and retrogradation influence RS formationgopj, 1., Garcia-Diz, L., Mafias, E., and Saura-Calixto, F. 1996. Analysis of
we conclude that when the same retrogradation procedure wasresistant starch: A method for foods and food products. Food Chem. 56:445-
followed in all samples, the variation in method of gelatinization 449.

(autoclaving or boiling) did not significantly affect DP for cereal Muir, J. G., and O'Dea, K. 1992. Measurement of resistant starch: Factors
and tuber starch. However, no clear pattern was found in RS yields.affecting the amount of starch escaping digestion in vitro. Am. J. Clin.

Autoclaving led to slightly higher RS levels in wheat and corn, Nutr. 56:123-127.

whereas boiling resulted in higher RS in rice. RS yields were ndtussell, P. L., Berry, C. S., and Greenwell1$89. Characterisation of

CONCLUSIONS

significantly different for potato starch cooked by either method. resistant starch from wheat and maize. J. Cer. Sci. 9:1-15.
Siljestrdm, M., and Bjorck, 11990. Digestible and indigestible carbohy-
ACKNOWLEDGMENTS drates in autoclaved legumes, potato and corn. Food Chem. 38:145-152.
Siljestrdm, M., Eliasson, A. C., and Bjorck,1989. Characterisation of
Research was performed with the financial support of the Spanish Co- resistant starch from autoclaved wheat starch. Starch/Staerke 41:147-

mision Interministerial de Ciencia y Tecnologia, (Project ALI95-0173). A. 151.

[Received December 1, 1997. Accepted July 10, 1998.]

804 CEREAL CHEMISTRY



