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Small-granule starches are useful as fat substitutes and in the manu- The resultant starch particles had diameters similar to those of nativefacture of degradable plastic films. But naturally occurring small-particle small-granule starches such as amaranth (2 /Am) and rice (5 jim). Thestarches are expensive and difficult to isolate. We developed methods particle sizes of the starches were determined with a Brinkmann particlefor breaking down granules of corn starch into small particles. We treated size analyzer and an image analyzer. Particle size was correlated withcorn starch with acid under various conditions and then ball-milled it. average starch molecular size (degree of polymerization).

Granule size is a characteristic property of starch. For example,
corn starch has an average diameter of about 15 Aim, wheat starch
has a bimodal size distribution of 20-35 and 2-10 jim, potato
starch has an average size of 40 jim, and rice starch has an average
size of 5 jim. The particle sizes of starch granules have recently
received much attention because of their important roles in deter-
mining both the taste and mouthfeel of fat substitutes (Daniel
and Whistler 1990) and the tensile properties of degradable plastic
films (Lim et al 1992). Daniel and Whistler (1990) reported that
small-granule starch about 2 jim in diameter, or similar in size
to the lipid micelle, had advantages as a fat substitute. Griffin
(1989) suggested that small-granule wheat starch had potential
as a filler for thinner degradable plastic film. Lim et al (1992)
investigated the use of starches of different particle sizes in degrad-
able plastic film. They reported a linear correlation between film
thickness and particle size and an inverse linear correlation be-
tween tensile strength and particle size. Small-granule starches
may also be used as face powder or dusting powder, as a stabilizer
in baking powder, and as laundry-stiffening agents (the small
granules may penetrate fabric and give a high gloss and stiffness
after ironing).

Small-granule starches available in nature, including amaranth
(diameter 1-2 jim), taro (2-3 jim), rice (5 ,jm), and small-granule
wheat, rye, barley, and triticale (about 5 jim), are relatively difficult
to isolate. Some other potential sources are unconventional: for
example, starches from cow cockle, pigweed, canary grass, cattail
roots, catchfly, and dropwort all have granule sizes ranging from
0.5 to 10 jim (Goering and Brelsford 1966, Goering 1967, Goering
and Schuh 1967, Goering and Rigault 1968, Goering and Subba
Rao 1969, Subba Rao and Goering 1970, Goering and DeHaas
1972, Goering 1978, Lempiainen and Henriksnas 1979). These
starches are more costly than corn, native wheat, and potato
starches.

X-ray diffraction patterns indicate that starch has a semicrys-
talline structure; the type and degree of crystallinity depend on
variety (Kainuma and French 1971, 1972; Nikuni 1978; French
1984). Kainuma and French (1972) proposed that crystallites are
present in starch granules along with amorphous or gel forms.
If this proposed internal structure is correct, then native starch
granules can be broken into pieces if the starch molecules are
partially hydrolyzed in the amorphous regions and then mechani-
cally ground. In this study, we developed methods for breaking
down granules of naturally abundant and low-priced native corn
starch into small particles by heterogeneous hydrolysis of starch
granules in their amorphous regions. Glucose and maltooligo-
saccharides, by-products of the acid treatments, can be recovered
and used for corn syrup or for fermentation substrate.
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MATERIALS AND METHODS

Normal corn starch was given to us by American Maize Prod-
ucts Co. (Hammond, IN). Other chemicals we used were reagent
grade and were used without further purification.

Preparation of Small-Particle Starch
Absolute ethyl alcohol solution. Normal corn starch (909 g,

dry starch basis [dsb]) was suspended in 100% ethyl alcohol (2 L)
containing HCl (1.8%, w/w). A three-neck, round-bottom flask
equipped with a Liebig condenser and a heavy-duty propeller
mixer was used for treatments. The mixture was heated with
a heating mantle to its boiling temperature (80°C), refluxed for
3 hr, and cooled to 250 C. The starch was then isolated by filtration,
resuspended in distilled water (1 L), neutralized with 10% NaOH,
drained, and washed twice with distilled water (1 L). The starch
was then dehydrated with alcohol and dried in a forced-air oven
(80°C) for 4 hr. The acid-treated starch was then milled (70 rpm
for 8 hr) in a ball-mill (0.5-cm glass beads) in the presence of
100% ethyl alcohol (starch-alcohol ratio 1:1, w/w).

Aqueous alcohol solution. Normal corn starch (909 g, dsb)
was suspended in an aqueous alcohol solution (70%, v/v; 2 L)
containing HCl (2.5%, w/w). The same equipment described for
the absolute ethyl alcohol treatment was also used for this treat-
ment. The mixture was stirred (25°C) for 1.5 hr, heated to its
boiling temperature (820 C), and refluxed for 2 hr. The previously
described washing, drying, and milling process was then applied.

Aqueous solution. Normal corn starch (909 g, dsb) was sus-
pended in distilled water (2 L) containing 4.3% (w/w) HCl. The
previously described equipment was used. The mixture was heated,
stirred (55 ± 2°C) for 4 hr, and washed, dried, and milled as
previously described.

Gel-Permeation Column Chromatography
An Econo-column (1.5 [i.d.] X 80 cm, Bio-Rad Laboratories,

Richmond, CA) packed with Bio-Gel P-6 gel was used to analyze
the molecular size distribution of the small-particle starch. Starch
was suspended in a 90% dimethyl sulfoxide aqueous solution,
and the solution was stirred in a water bath (96°C) for 1 hr
to dissolve the starch. The starch was then recovered by precipita-
tion with excess alcohol and centrifugation (2,000 X g, 10 min)
and was redissolved in boiling water for injection. The column
was developed in the descending mode with degassed, deionized,
and distilled water as the eluant. The flow rate was 21 ml/hr.
Fractions of 2.3 ml each were collected and analyzed for total
carbohydrate with an AutoAnalyzer (Bran & Lubbe, Elmsford,
NY). Anthrone-sulfuric acid reagent was used for the total car-
bohydrate analysis (Wright and Gann 1966).

Degree of Polymerization
Degree of polymerization (DP) of the small-particle starch was

calculated by dividing the total carbohydrate concentration (mi-
crograms of glucose per milliliter) of a starch solution by its
reducing value (micrograms of glucose per milliliter). Total car-
bohydrate was analyzed according to the phenol-sulfuric acid
procedure described by Dubois et al (1956). Reducing value was
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Fig. 4. X-ray diffraction pattern of the small-particle starch.

acid treatment period. Alcohols with longer hydrocarbon chains
enhance acid hydrolysis (Ma and Robyt 1987) and thus decreased
small-particle starch size and yield. Normal corn starch treated
with propyl alcohol at 80'C and milled as described produced
particle sizes smaller than 1 ,um (data not shown). The yield of
normal corn starch treated in an acid (4.3%) aqueous solution
with 2 M Na2 SO4 (700C, 4 hr) decreased from 80% to 47%, and
particle size decreased to less than 1 Mim.

CONCLUSION

Acid hydrolysis and ball-milling methods were developed to
prepare small-particle corn starch. Particle size, yield, and molecu-
lar size of the acid-resistant starch product depended on hydrolytic
conditions. The small-particle starch was highly crystalline and
retained X-ray diffraction pattern and birefringence. The particle
sizes of the starches produced in this study are similar to those
of naturally occurring small-granule starches from rice, wheat,
taro, rye, barley, triticale, amaranth, cow cockle, pigweed, canary
grass, cattail roots, catchfly, and dropwort.
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