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Starch was isolated frosmaranthus cruentus seeds by different alka- screening and centrifugation. This method produced starch with a low
line treatments and combinations of low alkaline steeping and proteageotein content<0.2%) and a high recoverg§0%). Amaranth starch
treatments. For low alkaline-protease treatments, amaranth seeds weselated by alkaline treatments were also studied by using various con-
steeped in a NaOH solution (0.05%, pH 12) for 22 hr to loosen the pr@entrations of NaOH steeping solutions and with or without alkaline
tein matrix and ground. The pH of the ground slurry was adjusted to 7.$olution during grinding and washing. The properties of amaranth starch
and subjected to a protease (frAspergillus sojae) treatment. The slurry  isolated by alkaline and low alkaline-protease treatments were analyzed
was incubated with 1 or 0.5% of the protease (based on total amount ahd compared. The properties of the amaranth starch were also compared
seeds) for 2 hr at 3€ and 50 rpm. The starch was then isolated bywith those of normal and waxy maize starches.

Starch is an important ingredient for foods and has many indus- of proteolytic enzymes. Spanheimer et al (1972) reported that a
trial applications. In the United States, 95% of the starch produced variety of proteolytic enzymes increased protein solubility of
isfrom corn (White 1994). Corn starch has agranular size of 5-20pum maize grits. Steinke and Johnson (1991a,b) tested the feasibility of
(Jane et al 1994) and is relatively easy to isolate by wet-millingising steeping in the presence of multiple enzymes and sulfur
procedures. Recently, starches with novel properties and functiodioxide to enhance starch separation and reduce steeping time. Du
alities have attracted the interest of researchers and industry fand Jackson (1991) modified the conventional wet-milling process
expanded applications in food and other industries. Amaranthy using enzymes in steeping. Eckhoff and Tso (1991) reported that
starch has received attention because of its very small granulde addition of protease had a significant effect on starch recovery
with diameters of 1-im (Becker 1989) compared with 348 for both high- and low-temperature-dried corn; however, an approach
of rice starch (Jane et al 1994), the smallest commercially prae modify amaranth wet-milling by using proteolytic enzymes has not
duced starch. The extremely small starch granules of amarantieen reported.
provide unique properties for many food and nonfood applica- The objective of this study was to develop new methods that
tions, such as fat replacers and paper coatings (Daniel and Whigoduced high-quality amaranth starch with high recovery and
tler 1990, Jane et al 1992b). In addition to small granule sizeequired less chemicals for the process.
amaranth starch also displays good freeze-thaw stability and resis-
tance to mechanical shear (Yanez et al 1986, Singhal and Kulkarni MATERIALSAND METHODS
1990).

Amaranth is one of America’s most ancient crops with som
outstanding agronomic traits. For several reasons it became
most forgotten for many years (Perez et al 1993). In the Unite]
States, the role of amaranth as an underexploited plant wi
promising economic values has been recognized recently by t
National Academy of Science. Today amaranth is considered
an alternative crop, and researchers in many parts of the wor
have focused on improving agronomic features of the plant, e
nutritional quality, and processing technology of the seed. Starrﬁ$I

Amaranth seeds were provided by Nu-World Amaranth (Earlville,

iﬁ). Protease fromAspergillus sojae (Type XIX, 0.35 units/mg of

lids), porcine pancreaticamylase, and amyloglucosidase from

izopus mold were purchased from Sigma Chemical Co. (St. Louis,

0). Normal maize and waxy maize starches were purchased
rom Sigma and Cerestar USA (Hammond, IN), respectively.

ther chemicals, all reagent grade, were used without further
rification.

is the most abundant component in amaranth seeds. Its conten ¢h | solation

. .~ _Tsolation of amaranth starch by alkaline wet-milling. The alka-
reported to range from 48 to 69%, depending on the species o .
(Saunders and Becker 1984). Despite the substantial commerc‘ﬁg\e wet-milling method was based on that described by Myers

interest in this starch, there is no effective method to isolate th%nOI Fox (1994) with some modifications. Amaranth seeds (100 g)

. : o
starch from amaranth seeds because of its small granules a’g rﬁrs;edpigégn'\lﬁgg S(S)Liurtrlg(;] EleI?I ' 0;125}(()).le(?l’e(r)rs?i.r(:gr/oétllr_g(:r%r
relatively high protein content (14-19%) (Williams and Brenne Aft Y h 9 pl p d d and
1995). Amaranth starch can be isolated by many different metho{ﬁmper:ﬁure. er str(]eedplnght d? gl':egp SO Ut"_jl_rL was elcante ' ﬁn
in the laboratory scale. Most of the methods use alkali steeping o.?l sdeg S were Wg.?. 3 OW't distilled water. 't e dS?)Tnpde Wasft”en
remove the protein (Yanez et al 1986, Perez et al 1993, Myers afg co [N an unmodified Osterizer commercial food blender at fu
Fox 1994, Uriyapongson and Ray,as-Duarte 1994 ,Zhao ansd)eed for 6 min. Distilled water (150 mL) or a NaOH solution of a

Whistler 1994). High concentration of alkali damages starch quaF—el?Cted concentration (0.25, 0.10, 0.05, or 0.01%) was added
%Lérlng grinding. The ground slurry was filtered through a nylon

ity and increases the production costs. Therefore, there is a ne . I -
to develop methods that could improve processing and qualities gfreen (3um) with additional 600 mL of distilled water or NaOH

X : X 0
amaranth starch and that can be scaled up to industrial producti sI%)Iutlons of different concentrations (0.25, 0.10, 0.05, or 0.01%)

. -1Q i washing the fiber fraction. This fiber fraction was ground in an
Removal of protein from starch can be enhanced by the addit sterizer blender at full speed for 4 min, washed with 250 mL of

distilled water and filtered through the same nylon screen. The
starch was then isolated from the filtrate by using a centrifuge at

1Journal paper J17497 and project 3258 of the lowa Agriculture and Home 6,000x g for 20 min. The supernatant was discarded, and the top
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Isolation of amaranth starch by low alkaline stegping combined
with protease treatment. In this process, 100 g of amaranth seeds
were steeped in 1 L of a0.05% NaOH solution (pH 12.1) for 22 hr
under propeller stirring. The steeping solution was decanted and
the seeds were washed with distilled water. Then the sample was
blended for 6 min in the Osterizer blender at full speed. Different
doses of the enzyme (1 or 0.5%, based on total amount of seeds)
were added to the ground slurry (pH 7.5). The slurry was ground
in the blender for 1 min at full speed and then incubated in a
shaker water bath at 37°C and 50 rpm for 2 hr. After incubation,
the slurry was filtered through a nylon screen (30 um) with addi-
tional distilled water for washing the fiber fraction. The fiber
fraction was further ground in the Osterizer blender at full speed
for 3 min, washed, and filtered through the same nylon screen.
The starch was isolated from the filtrate by centrifuging at 6,000 x g
for 20 min (1% of protease). For the treatment with a dose of
0.5% of protease, the filtrate was centrifuged at 700 x g for 20 min.
The supernatant was discarded, and the top yellowish layer of
protein was removed with a laboratory spatula. The starch layer
was washed with distilled water two times and was then dried in a
convection oven at 40°C for 48 hr.

Starch Content

Starch content in amaranth seeds was determined according to
the starch-glucoamylase Method 76-11 (AACC 1995) modified by
subsequent measurement of glucose with diagnostic kit no. 15
(Sigma).

Nitrogen Content

Nitrogen contents of isolated amaranth starches and whole ama-
ranth flour were determined by the micro-Kjeldahl method. Pro-
tein contents were estimated at N x 6.02 (Breene 1990).

Scanning Electron Microscopy

Scanning electron micrography (SEM) using a scanning elec-
tron microscope (JEOL JSM-35, Tokyo, Japan) was performed at
the Microscopy Laboratory of the Department of Botany, lowa
State University. The samples of isolated amaranth starch were
suspended in ethanol, and a drop of the suspension was placed on
aluminum tape attached to a brass disk. The specimens were
coated in a Polaron E5100 sputter with gold-palladium (60:40).

Pasting Properties

Pasting curves of amaranth starches isolated by different meth-
ods, whole amaranth flour, and normal and waxy maize starches
(8% each, dsb) were determined by using a Brabender Visco-
amylograph (model VA-VE, 700 cm-g, Hackensack, NJ), operated
with a total weight of 400 g (Smith 1964, Jane et a 1992a). The
flour or starch suspension was equilibrated at 30°C and heated at a
rate of 1.5°C/min with constant stirring at 75 rpm. Stirring was
continued for 30 min while the paste was held at 97.5°C, and the
paste was then cooled to 52.5°C (1.5°C/min).

Thermal Properties

Gelatinization and retrogradation properties of amaranth starch
samples were determined by using a differential scanning calo-
rimeter (DSC-7, Perkin Elmer, Norwalk, CT) and compared with
those of normal and waxy maize starches. Amaranth starch and
other tested starches (2 mg each, dsb) were weighed in aluminum
pans, mixed with distilled water (=6 mg), and sealed. The samples
were heated at 10°C/min over a temperature range of 25-100°C.

Retrogradation properties of the samples were determined by fal-

lowing the method of Jane et al (1992a).

Gédl-Permeation Chromatography

Molecular weight distributions of amaranth starches isolated b9.5
both alkaline and low alkaline-protease treatments were analyzéd

2B column following the procedure of Jane and Chen (1992).
Starch (1 g) was wetted with 10 mL of water and suspended in
dimethyl sulfoxide (DMSO) (90 mL) under mechanical stir and
heated in a boiling water bath for 1 hr and then stirred for 24 hr at
25°C to prepare a starch solution (1%). An aliquot (2 mL) of the
starch solution was mixed with absolute ethyl alcohol (8 mL) to
precipitate the starch, followed by centrifugation. The precipitated
starch was redissolved in boiling water (10 mL) and stirred for 30 min,
and the mixture was filtered to remove the insoluble residues. The
supernatant (5 mL) then was injected into a .85-cm column
packed with Sepharose CL-2B gel (Pharmacia Inc., Piscateway,
NJ). The column was eluted with a solution containing 28 m
NaCl and 10 vl NaOH in the ascending direction. The flow rate
was 0.5 mL/min. Fractions of 4.8 mL were collected. The total
carbohydrate (anthron-sulfuric acid method) and blue value (iodine
binding) of each fraction were analyzed by using an Autoanalyzer
Il (Technicon Instruments Corp., Elmsford, NY) at 630 and 640 nm,
respectively (Jane and Chen 1992).

Amylose Content

To determine amylose content, iodine affinity of defatted starch
was measured by using a potentiometric autotitrator (702 SM Ti-
trino, Brinkmann Instrument, Westburg, NY). The analysis was
done following the methods of Schoch (1964) and Kasemsuwan et
al (1995). lodine affinity analysis of the sample was replicated
three times.

RESULTSAND DISCUSSION

Whole A. cruentus grain used for starch isolation contained
60% £ 1 starch and 15.9% 0.1 protein. The starch and protein
contents of whole grain fell within the range of values reported in
the literature (Saunders and Becker 1984, Yanez et al 1986, Uri-
yapongson and Rayas-Duarte 1994).

Comparison of Laboratory Wet-Milling Procedures

Performance of each amaranth starch isolation method was
evaluated on the basis of recovery (ratio of extracted starch to the
starch content of the grain), yield (ratio of extracted starch to
amount of grain), and purity of starch (protein content of starch).
High starch recovery, high starch yield, and low protein content in
starch are indicators of good wet-milling.

The data in Table | showed starch recoveries, starch yields from
whole grain, and protein content in starch isolated by using 1 and
0.25% NaOH solutions (pH 13.2 and 12.7, respectively) for
steeping of amaranth seeds. The data showed that a greater
amount of starch with lower protein content was recovered from

TABLE I
Protein Contents and Recoveries of Amaranth Starch | solated
by Using Different Concentrations of NaOH Solution
for Steeping Amaranth Seeds

NaOH Protein Starch Starch
Concentration (%)  Content (%) Recovery (%) Yield (%)
0.25 0.40+0.12 724+54 436+33
1.00 0.08 + 0.00 794+11 478+0.7

TABLE I
Comparison of Protein and Recovery of Amaranth Starch I solated
by Using 0.05% NaOH Steep and Different Doses of Protease
Treatments of Amaranth Seeds

Protein Starch Starch
Protease (%) Content (%) Recovery (%) Yield (%)
02 0.22 718 43.2

0.18 £ 0.05 79.8+0.2 48.0+0.1

0.10 £ 0.00 835+0.3 50.3+0.2

by gel-permeation chromatography (GPC) using a Sepharose Ct.6.05% NaOH for steeping and washing.
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Fig. 1. Scanning electron micrograph of starch isolated from amaranth
seeds by low alkaline-protease treatment (5,400%). Bar = 1 um.

amaranth seeds steeped in a NaOH solution of higher concentra-
tion. The greater starch yield from amaranth seeds steeped in more
concentrated alkali is expected because the glutenins, the major
protein fraction in amaranth grain, ranging from 42 to 46% of the
total protein, are soluble in akaline solution. Lower concentra-
tions of NaOH for steeping of amaranth seeds (0.25 and 0.10%)
significantly decreased starch recovery from 79.4% for 1% NaOH
steep to 72.4 and 68.1% for 0.25 and 0.10% NaOH, respectively.
In addition, the protein content of the isolated starch was high
(1.62%), especialy when a 0.10% NaOH solution was used for
steeping. The higher protein content in the isolated starch is at-
tributed to the decrease in protein solubility in the lower akaline
solution.

To improve starch recovery, starch yield, and starch purity by
milling with lower concentrations of akali for steeping, NaOH
solutions of different concentrations were added during grinding
and washing steps. Addition of 0.25 and 0.05% of NaOH solution
during grinding and washing of amaranth seeds steeped in 0.25%
NaOH solution gave similar yields (48.0 and 48.3%, respectively)
and starch purities (protein contents 0.08 and 0.15%, respectively)
as high akali steeping (1% NaOH solution) (Table I). Similar
results were aso obtained by additions of 0.10 and 0.05% NaOH
solution during grinding and washing of amaranth seeds steeped
in 0.1% of NaOH solution (yields 48.9 and 48.2%, respectively;
protein contents 0.15 and 0.19%, respectively). Higher recoveries
were expected because addition of diluted alkali solution during
grinding and washing helped to remove protein and improve
starch isolation. But the addition of 0.01% NaOH solution during
grinding and washing of amaranth seeds steeped in 0.25, 0.1, or
0.05% NaOH solution and the addition of 0.05% of NaOH during
grinding of the seeds steeped in 0.05% NaOH (Table I1) solution
resulted in poor yields (45.4, 44.8, 46.9, and 43.2%, respectively)
and higher protein contents of isolated starch (0.20, 0.45, 1.88,
and 0.22%, respectively). The starch recoveries and yields ob-
tained in this study by alkaline wet-milling treatments were much
higher than those obtained by similar methods published recently
(Uriyapongson and Rayas-Duarte 1994, Myers and Fox 1994,
Zhao and Whistler 1994).

Table Il shows results obtained by a method using less concen-
trated NaOH (0.05% solution) for steeping and followed by a prote-
ase treatment. The yields of starch with these alkaline-protease
treatments were better than those with akali aone. During the
protease treatment, the enzyme hydrolyzes the protein matrix sur-
rounding the starch granules and facilitates the separation of
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Fig. 2. Pasting properties of various starches and whole amaranth flour as
measured by Brabender Viscoamylograph. Preparations and purities of
amaranth starches as in Table II. Amaranth starch (0.05% NaOH, 0.5%
protease) (@), amaranth starch (0.05% NaOH for steeping and washing)
(O), normal maize starch (A), waxy maize starch (A), amaranth flour (+),
temperature (solid black line).

starch by washing with water. The starch yields, starch recoveries,
and starch purity were also good with low concentration protease
(0.5%) treatments. The change of centrifuging force from 60,00 to
700 x g did not affect starch recovery and yield, but changing
centrifugation force from 700 to 200 x g resulted in lower starch
recovery (from 79.8 to 70.8%) and yield (from 48.0 to 42.7%).

Properties of Isolated Starch

Diameters of amaranth starch granules were in the range of 0.5
to 1.5 pm and had a polygonal shape similar to that of other ama-
ranth cultivars (Saunders and Becker 1984). The method of isola-
tion did not affect the size and shape of the granules. A scanning
electron micrograph of amaranth starch isolated by low akaline-
protease treatment is shown in Fig. 1.

Pasting properties. Pasting properties of amaranth starches
isolated by akaline and low akaline-protease treatments were
compared with those of normal and waxy maize starches (Fig. 2).
Pasting and peak temperatures of amaranth starches were lower
than those of norma maize starch, but higher than those of waxy
maize starch. Amaranth starch isolated by akaline treatment
(NaOH 0.05% for steeping and washing) had higher pasting and
peak temperature and peak viscosity than those isolated by low
alkaline-protease treatment. Set-back viscosities of both isolated
starches were almost the same and similar to that of waxy maize
starch. Whole amaranth flour showed very low values for all the
tested properties.

Thermal properties. Thermal properties of amaranth starches
isolated by both alkaline and low alkaline-protease treatments, and
normal and waxy maize starches are shown in Table IIl. The
thermal transition temperature and enthalpy changes of native and
retrograded starch isolated by low akali-protease treatment were
lower than those isolated by akaline wet-milling. The DSC thermal
properties of amaranth starches isolated by low akaline-protease
treatment were very similar to those of norma and waxy maize
starch. The DSC thermal transition data of whole amaranth flour
were between those of starches isolated by akaline and by low
alkaline-protease treatment. The enthalpy change of flour was
substantially lower than those of starch samples. This was attrib-
uted to the high protein content and other components in the flour.

Molecular weight distribution. Gel-permeation chromatograms
of amaranth starch did not show any difference in molecular
weight distribution between the starches isolated by the two
methods. GPC profiles of amaranth starches isolated by both akaline
(1% NaOH) and low alkaline-protease (1% protease) treatments



TABLE Il
Thermal Properties® of Starchesand Whole Amaranth Flour

Sample? T, (°C) T, (°C) T.(°C) AH (J/g)
Gelatinization
Amaranth starch (alkaline treatments) ¢ 70.6 +1.0 743+1.1 82914 150+ 1.6
Amaranth starch (low alkaline-protease treatménts) 65.5+0.9 69.2+0.9 77.7+1.1 14.4+0.7
Normal maize star¢h 64.7 0.4 70.8+04 78.6+0.2 12.4+0.2
Waxy maize starch 64.0+0.3 69.0+0.4 76.7£0.9 15.0+04
Whole amaranth flogr 68.0+0.9 72.4+0.1 779+0.1 2.0+0.2
Retrogradatioh
Amaranth starch (alkaline treatmersts) 459+1.5 54.0+0.8 625+ 1.7 6.6+1.1
Amaranth starch (low alkaline-protease treatménts) 452+1.7 528+11 60.0+0.8 51+1.0
Normal maize star¢h 43.3+0.2 51.8+0.0 61.7+0.3 76+0.1
Waxy maize starch 45.0+1.2 53.7+0.3 62.5+0.5 9.8+0.2
Whole amaranth flour rid nd nd nd

2T, T andT, = onset, peak, and complete temperature, respectMely. enthalpy change.

b Starch samples=@ mg, dsb) and distilled water@ mg) used for analysis.

¢ Mean * standard deviation calculated from three replicates of 19 samples isolated by alkaline treatments (1.0, 0.2%).05p0,da®H).
d Mean = standard deviation calculated from three replicates of 15 samples isolated by low alkaline-protease treatment©@)05% Na

¢ Mean * standard deviation calculated from three replicates.
f After storage at 4C for 28 days.
9 Not detectable.
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Fig. 3. Sepharose CL-2B gel permeation profile of starch isolated from
amaranth seeds. A, akaline treatment (1% NaOH); B, low alkaline-
protease treatment (1% protease). CHO = total carbohydrate, BV = blue
value. Glucose used as marker.

are shown in Fig. 3. All the chromatograms showed no amylose in
the starch, indicating a waxy variety.

Amylose content. Amylose content of the isolated amaranth
starch was determined by measuring iodine affinity. The iodine
affinity and apparent amylose content of the isolated amaranth
starch were 0.4 and 2.1%, respectively. These were attributed to long
branch chains of amylopectin. Amaranth starch amylose contents
determined by iodine potentiometric titration and GPC are in
reasonably good agreement.

CONCLUSION

This study showed that amaranth starch could be isolated with
0.2% protein content by a low akaline steeping followed by pro-
tease treatment. The recovery of this method is =80% of the total

starch. This method has been scaled up for pilot plant processing
for amaranth starch production. The method requires much less
NaOH for the processing, which reduces production costs of the
starches. In addition, the method produces starch with better qual-
ity and recovery.
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