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ABSTRACT

Arrowroot is a plant originated in LatAmerica that has aroused interest in the food industry due to its high starch
content, with diferentiated characteristics and high commercial value. HowieNermation on the management of
arrowroot are scarce, precluding its commercial competition with other similar species, being necessary further studies
with the crop. Thus, the objective of the present study was to characterize extracted starch from arrowroot grown under
different agronomic management. Three agronomic factors were studied: planting systems (PS), forms of water
management (WM) and planting density (PD). The experimental analyses were performed in a completely randomized
design (CRD) with three replicates, being evaluated the extraction yield, percent composition, quantity of starch, pH,
titratable acidityswelling powersolubility and electron microscopy analysis. In general, the analyzed extracted starches
deriving from diferent agronomic treatments have low crude fibesides typical characteristics of arrowroot extracted
starch such as texture, cqlshape and size of granules, without any other apparent particle than the starch itself,
indicating extraction étiency. However the planting density may have contributed to influence some parameters of
the chemical composition of the extracted starch, such as the content of starch, ash, ether extract, protein and carbohydrate
fraction.

Keywords: Maranta arundinaced..; phytotechnical management; planting density; planting systems;
unconventional vegetables; water management.

INTRODUCTION Arrowroot (Maranta arundinaced..) is an example of
these new sources. The species is attracting interests from

Starch is an amytzous produce extricated from ed'blethe industries that produce starch in Brazil due to reports

parts of plants, such as tubers, rqots and rhIZOrr_“%)sf'differentiated properties of this starch in bakery
Currently several products are found in the market us'“&roducts, being used as food for children, elderly or
starch as raw material. In the food industtiis  atents with intestinal disorders due to its high digestibility
carbohydrate can be used to enhance texture, SUChl\ff’éreover it has been a potential dietary solution for
thickening agents, water retention, gelling agent anghecial diets, e.g., for people with celiac disease (Madhava
colloidal stabilizer Several cassava and maize starct a|, 2012; Dorta/illegas & Pérez, 2014).

products are commonly found on the market, because their The price of the arrowroot starch in the national market
characteristics and behavior are comprehended, whit@s reaches values of R$ 15.00 to 39.00 per kg, because of
starches from other unconventional sources are not th#s, the cultivation of arrowroot has become a potential
popular (Lucaet al, 2013; Andradeet al, 2017). option in Brazilian agribusiness, especially for family
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agriculture (Morenet al, 2017; Santos, 2019; Sowgtaal  corrected with 0.24 t hidimestone. The fertilizers were
2019Vieiraet al, 2015). made with ammonium sulfate, single superphosphate and
However the conservation of the species and hengmtassium chloride following the recommendations of Ri-
studies aimed at encouraging production are fundamebeiroet al (1999), adapted for tuberous. The amounts of
tal, since there is no available technical informatiofertilizers varied according to plant densitytha
regarding the recommendations of agronomic management In the plantation, arrowroot rhizomes of the cultivar
such as fertilization, spacing, water management, pesdta were used, derived from the Germplasm Collection of
control, diseases and weeds and their effects on productidon-ConventionaVegetables of the Federal University
(Souzeet al, 2016) in this species. In other cultures, studiesf Lavras. Rhizomes were cross-cut about 30 to 60 g, with
evidence that the management is directly correlated wi#tt least three meristems, to generate each plant.
the quality and yield of the product. For instance, cassava Both the seedlings formed in bags and the rhizomes
is considered as tolerant to drought conditions and loplanted directly in the field were planted in Octofére
soil fertility, howeverit shows increased productivity whenseedlings were cultivated in polyethylene bags (5,292 cmsg)
irrigated under water restriction conditions (Olivedtal, filled with 60% Rohrbacher® substrate, 30% sieved soll
2006), although the high water availability associated withnd 10% sand, and kept in a greenhouse until transplanting
high concentrations of nitrogen in the soil usually resulifter 70 days of planting, when they had four definite
in excessive shoot development and low root productideaves. During this period all materials were irrigated to
(Howeler 1982). keep the soil always moist during the sprouting phase
The result from the interaction of crop conditionauntil the plants reach around 20 cm (Zaraiéi&ira, 2005).
(influence of soil, climate, pests, crop and cultivar Two levels of planting density were used,
management) and the influence of harvesting, drying aedrresponding to the spacing of 40 cm between rows and
storage operations are factors that directly influence tl8® cm between plants, about three plantsand the
industrial use to be given to the product. In face to shortagpacing of 40 cm x 50 cm, resulting in five plants mith
of scientific results to subsidize the cultivation of thigart of the experiment irrigated by drip and part without
species, the objective of the present study was twigation.An irrigation system was used with lateral lines
characterize starch from arrowroot grown under differemomposed of 16 mm NAAN PC drip tubes, with emitters

agronomic management. spaced 30 cm and flow of 1.6 L fallowing the wet surface
forming a continuous band along the planting line.
MATERIAL AND METHODS Irrigation management was performed at intervals of two
] ) days with an average depth of 7 mm, depending on the
Design of the experiment rainfall, being suspended 60 days before harvest, aiming

The experiment was performed between October 20%4 the best quality of rhizomes.
andAugust 2015, in Lavras, Minas Gerais, Brazil, located Harvest was performed at 309 days after planting, when
at21°14’S, 45°00' W and 919 m altitude. The climate of tiiee shoot of plants gave more than 60% leaf senescence.
municipality is Cwa type, according to the climateAfter harvest, the arrowroot rhizomes were sanitized in
classification of Kdppen. The average annual temperatutenning water and sent to the UFLA Food Science
is around 19 °C, with the warmest month and the colddaboratory for starch extraction. Then the rhizomes were
month average temperatures of 22 and 16 °C, respectivsliced into 0.5 cm pieces. In the laboratdhe analyses
(Alvareset al, 2013). were conducted in a completely randomized design (CRD)
Three factors for the agronomic management afith three replicates.
arrowroot were studied: planting systems (PS), forms of . .
water management (WM) and planting density (PD). Each Starch extraction and yield
factor contained two specific categories (PS: rhizomes For starch extraction, the rhizomes were milled with
planted directly in the field and seedlings formed iglistilled watey 1: 1 ratio, in an industrial blender (Lucre,
polyethylene bags, screened and later taken to the fietdpdel C4, Brazil), and then filtered through a fine mesh
WNM: irrigated and dry farming; and PD: 31,250 and 50,008creen. The suspension was put to stand (+ 16 hours) in
plants ha). Therefore, eight treatments in the 2 x 2 x BOD incubator (+ 5 °C). Then, the supernatant was
factorial design, in the field each plot had 18 plants beirigmoved and the precipitated starch resuspended with
used the four central plants. distilled water to be again removed. The suspension and
The experiment was conducted in raised beds wittecantation process of starch was repeated until the
dimensions of 0.25 m high x 1.25 m wide. The soil wagroduct presented characteristics of starch, with fine
prepared by plowing and two harrowing in the conventioné@xture and white coloThe samples were then pre-dried
system. Based on the soil analysis data, acidity wésa kiln at 45 °C for 24 hours (to avoid gelatinization of
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granules) and cooled to room temperature (Daiuto &ize of granules (scanning electron microscopy)
Cereda, 2003). Then the samples were crushed inablendefrhe granule size of the arrowroot starch was

and were stored in a flask until further use. The star¢fxtermined using a scanning electron microscope (model
yield was determined according to Equation 1. SEM LEO 40) by the measurement scale of electronic
photographyThe powder samples were placed on an
aluminum surface with the aid of a double-sided carbon
metallic tape covered with gold through the BAL-TEC SCD
050 gold evaporator

Yield of Weight of extracted starch (g) x 100
starch (%) = ght of © 1)

Weight of rhizome used in processing (g)

Amount of pure starch

The amount of pure starch was identified by washing Statistical analysis
the samples of starch by means of sugar removal, The results were subjected to analysis of variance, and
autoclaving, neutralization, deproteinization andnterpreted with observations of averages and standard
measurement by spectrophotometer reading at 510 nm (Idsviation. For the quantitative effects (swelling power and
tituto Adolfo Lutz, 2008) The results were expressed in ¢he solubility), the data were fitted to a linear regression
100 ¢ model. The means were compared by the Scott & Knott
(1974) clustering test to evaluate the effect of treatments
Percent composition at 5% probabilityThe coeficient of variation (CV) was
To characterize the starch, the analyses were performiéged to evaluate the experimental precision, and the
followed the recommendations of Official Methods oftatistical analysis was performed using the 3IS®
Analysis ofAssociation of Oficial Analytical Chemists - software (Ferreira, 2011) and the graphics were generated
AOAC (2019). The moisture was obtained by gravimetriey Microsoft Excel ®.
method, placing the samples in a forced air circulation oven
at 65 °C until constant mass. The ether extract was usedlsSULTSAND DISCUSSION
diethyl ether as a solvent. In the Soxhlet gpparatus. The Starches can be used in different industry segments,
ash was obtained by placing the samples in the muffle at . ;
. _ . such as bakery products, packaging, pharmaceuticals and
550 °C. The Kjeldahl method determined the protein content . . o .
L _ ) cosmetics, among otherccordingly it is essential to
(multiplied by the factor 6.25). The fiber obtained by the . : - . .
. : : . i evaluate, besides the yield, the nutritional and industrial
gravimetric method after acid digestion and the ) - .
. . . I'{Jropertles of arrowroot starches. Preliminary studies
carbohydrate fraction determined by the difference of the . .
. ... suggest these properties are influenced by the way the
sum of the other elements of the centesimal composition, ™~ . . . .
: . crop is managed in the field. For indusstarch yield and
according to Equation 2. :
amount of pure starch are extremely important because
CHF=100-M+EE+P+CF+A) (2) they are directly associated with the cost of end product

. . (Strecket al, 2014).
Where: CHF: carbohydrate fraction; M: moisture; EE: ether

extract; P: protein; CF: crude fiber aldash. Sarch yield and amount pure starch as a
function of crop management

PH and tl-tratable acidity When analyzing the interactions, the joint effect of the
The p.H was dete_rmmed b_y pHmeter (model PHS"?_ ater management and the planting system is observed,
and the filtrate wa_s F|trated W'th 0.INNaOH o det('}m“nSesides the system and planting density in the starch yield.
the t|.tratable ac'd"?’ according to the meth()d()l()g}éorthe amount pure of starch, there was a combined effect
described by the Instituftdolfo Lutz (2008). of the three analyzed factors (WM x PS x PD), according to

Swelling power (SP) and solubility (S) Table 1.

. . In the unfolding of interactions, it was verified that the

The swelling power and the solubility of starches were S . : .
. . starch yield in the interaction WM x PS was affected with
determined according to the methodology proposed b

) or. ) :
Leachet al (1959), adapted by Matsugumal (2009). a%/reductlon of 29.53% in the yield when the planting was

. . . ) performed through seedlings and irrigated, and of 25.50%
being determined according to Equation 3 and 4. in the interaction PD x PS when using seedlings and the

Precipitation weight (g) x 100 3 density of 31,250 plants H@ompared to the other

Plgg-1)=
SPgs-1) Sample weight (Dry base) (g) x (100 - % of supernatant) managements usedz@le 2). .
Thus, the treatment that shows these factors in common
S (%) Weight of the supernarant (g) x 400 4) (produced by seedlings, irrigation and greater spacing)
L) =

Sample weight (Dry basis) (g) has the lowest yield with 6.61 g extracted starch per 100 g
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ground rhizomeheing that the most efficient treatments
were 11.81 (+ 1.23) g 100*gwith emphasis on seedling
production under dry conditions at density of 50,000 plants
per hat (Table 3).

In this experiment, regardless of the adopted
management, the amount average of pure starch in the
starch from the arrowroot, between treatments, was 85.27
(+4.00) g 100 g, corroborating with the results presented
by Leonelet al (2002) of 84.30 g 100‘gnd Ferraret al
(2005) with 84.95 g 100 gwhich also studied arrowroot
starch (Bble 3). Howeverpure starch diéred among
treatments, in which the starch obtained from rhizomes
produced in conditions of greater spacing, under irrigation
and from rhizomes directly in the field showed the highest
starch content (92.66 g 100)gwhereas the treatments
with a lower amount of pure starch showed an average of
82.24 (£ 1.97) g 100%show commonly the highest planting
density (50,000 plants Ba

This is probably due to the lower competition among
the plants for light and hence the higher production of
photoassimilates, including the starchi¢let al, 2017).

In order to achieve significant decreases in the average
starch percentages of roots, factors that strongly influence
the normal development of plants are necesdaing

that one of the factors is the competition with weeds or
with the crop itself (Gabriel Filhet al, 2003).

Percent composition

Chemical composition of starch is presented in
Table 3. It was observed that, although there was a
significant difference among the moisture contents, which
may be due to the accuracy of extraction method and the
difference in starch characteristics, such as swelling power
and distribution of granule size, all the results found in the
present study [average moisture content of 3.37 (£ 0.75) g
100 g'] are well below the limits established by Brazilian
legislation for commercial starches such as potatoes
(maximum 21.0 g 100§ and cassava starch (maximum
18.0 g 100 g) (Brasil, 2005)Therebyit can be considered
that the findings were satisfactorsince higher water
contents favors the development of microorganisms,
especially fungi and yeasts.

The ash contents present in the starch ranged from
0.04 to 0.15 g 100 g (Table 2). In other studies, the ash
contents ranged between 0.03 and 0.18 g 1QDepnelet
al., 2002; Ferraret al, 2005; Cunha, 2016). The unfolding
among the interactions in shows a decrease in ash content
when the arrowroot was cultivated at a denser spacing
regardless of the planting and irrigation system, except in
the case of seedling cultivation and under dry conditions.

The ash content corresponds to the inorganic fraction
of the starch, affecting the quality of the obtained starch.
According to Leonel & Cereda (2002) the lower the ash
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content, the better the starch quality due to the grea®002). Thus, the purity degree of the starch is an important
absence of inganic matterwhich indirectly may be related parameter of qualifyacilitating the industrial applications.

to the peeling and washing stages of rhizomes. On tAecording to Rochat al (2008), when the sum of these
other hand, the ash content is related to the presencecofistituents is lower than or equal to 1% of the total, it
total minerals, improving the nutritional properties of théndicates that the starch has a high purity degree and that
starch. the extraction process was efficient.

Significant differences were observed among In the present studyhe sum of the results was close
treatments for ether extract whose values ranged from 0111%, which may be affected by the extraction process,
to 0.56 g 100 g (Table 2).These results corroborate withsince the starch was purified only by decantation and not
those found in the literature, in which the authors citey centrifugation, perhaps guaranteeing greater purity
values ranging from 0.29 to 0.48 g 18(§errariet al, Except for the treatment produced by seedlings, density
2005; Cunha, 2016). The found lipid content was low anof 50,000 plants hlaand in irrigated system, presenting
similar to the great majority of starches from other botanicakactly the reference value (Figure 1).
sources such as yam (0.27 g 16 gassava (0.28 g 100

g?) and maize (0.29 g 106)y(Mali et al, 2006)According pH and acidity
to Moorthy (2001), the lipid content can be considered For the pH and titratable acidity of the starch, the
low when showing values lower than 1 g 160 g treatments showed average values of 5.84 (+ 0.46) and 0.69

For the protein content, there was no significang 0.17), respectivelyaccording tdable 3. Most of native
difference among treatments, the average was 0.68 g Irches show pH close to neutrality (Marcon et al., 2007),
g*(+0.05), data close to the reported by Clemente Granad@iereas in the literature, the titratable acidity for arrowroot
et al (2014), which studied the same culture and founstarch ranged from 0.67 to 0.80 (Leonel et al., 2002; Cunha,
average values of 0.65 g 100 glowever although there 2016).
is no statistical difference it was noted that the higher Theoretically starches from treatments produced by
planting density assures numeral value increase in cont@izomes directly in the field show lower aciditpnversely
the protein in the starch ble 2). the starches obtained from seedling treatment tend to be

However the total carbohydrates (non-nitrogenougnore acidic.
extract) present in starches differed significantly among
the treatments @ble 2), being observed lower values for Swelling power and solubility
treatments with higher planting densi®einforcing such The swelling power (SP) and the solubility (S) of the
results, in the interaction between PS x WM x PD, thegarch are associated with break of chemical bonds and
was a slight decrease in the carbohydrate fraction with tleaching of the native starch when heated at temperatures
higher planting density above the gelatinization of granules. This parameter is

The carrying of substances such as proteins, lipiéxtremely important in several applications of these raw
and minerals (considered as contaminants in the productaterials due to the great influence on the technological
may occur in most extraction processes of starch. Thesmaracteristics of end products (Matsugwhal, 2009;
contaminants are usually present in small amount&ndradeet al, 2017).
although they may affect the physicochemical and The SP curves of the starch samples show continuous
technological properties of the starch (Leonel & Ceredgrowth with increasing temperature, with a peak at 90 °C

Table 2: Unfolding of interactions for starch yield in the interaction in between water management and planting systems (WM x PS),
and among the factors planting systems and planting density (PD x PS)

Planting systems

Sarch yield Rhi lanted directl
Seedling formed in bags '20mes pian rectly

in the field
Water management Dry farming 7,77 bB 11,42 aA
Irrigation 11,58 aA 10,10 aA
) Planting density
Sarch yield
31,250 plants hat 50,000 plants ha*
Planting svstems Seedling formed in bags 8,12 bB 11,24 aA
g sy Rhizomes planted directly in the field 11,32 aA 10,19 aA

The averages followed by the same lowercase letters in the columns and upper case in the lines do not differ from each other by the Scott
& Knott test o = 0.05).
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(Figure 2A). In general, there was no significant differenceolecules of the starch granule under high temperatures,
among treatments at the same temperatures; average vabaesing the break of intermolecular bonds and allowing
were 3.94 gg(+0.80) at 60 °C; 14.42 gt¢= 0.79) at 70 °C; the released binding sites to perform the bonds of hydrogen
16.799d (£ 0.98) at 80 °C; and 20.52 g @ 0.98) at 90 °C. with water molecule (Fenneretal, 2010).
Therefore, the managements adopted in the experiment doAlthough the starch characteristics are affected
not influence the SP of the arrowroot starch. according to the botanical source, with modifications and
The increase in SP with increasing temperaturgeveral other factors, the arrowroot starches obtained
indicates a certain influence on this water retentiothrough the treatments showed typical behaweing
capacity This fact is related to the higher vibration ofthe data similar to other studies, such as the experiment by

1,4 1

.

A Ash

O Ether extract

0,6 A @ Protein

Percentage (%)

0,4 1

1 2 3 4 5 6 7 8
Treatments

(1) Irrigation + Rhizomes + 31,250 plants*hg2) Dry farming + Seedlings +50,000 plants*h&3) Dry farming + Seedlings + 31,250
plants h&; (4) Irrigation + Seedlings + 31,250 plantsth&5) Irrigation + Seedlings +50,000 plantsth#6) Dry farming + Rhizomes +
31,250 plants hg (7) Dry farming + Rhizomes + 50,000 plantsth8) Irrigation + Rhizomes +50,000 plantsha

Figure 1: Purity degree of the starch, by the sum of the ash content, ether extract and proteins.

Table 3: Averages of treatments for the variables of the starch chemical composition in 100 g of sample (g. 100 g-1) [dry basis]

Treatments
Chemical Rhizomes planted directly in the field Seedlings formed in polyethylene bags
COT(;:’OOS_’I“O” 31,250 plants ha'* 50,000 plants ha'* 31,250 plants ha'* 50,000 plants ha'*
(91009°) Irrigation Dry farming Irrigation Dry farming Irrigation Dry farming Irrigation Dry farming
Starch yield 11.80 a 10.84a 11.03a 9.36b 6.61b 9.63 b 8.94b 1354 a
QS 92.66 a 87.08 b 8l.12c 81.10c 85.74 b 87.70b  8157c 85.18 b
Moisture 3.94f 3.39d 4.15f 4.23f 234a 251b 2.76 ¢ 3.72e
Ash 0.10c 0.11c 0.05a 0.08 b 0.10c 0.11c 0.04a 0.16 d
Ether extract 0.28 b 0.53e 0.59f 0.41d 0.33¢c 0.36¢ 0.27b 0.22a
Protein 0.66 a 0.68 a 0.76 a 0.77 a 0.58 a 0.68 a 0.69 a 0.72a
Fiber 0.54c 0.62d 0.25a 0.53¢ 0.44c 0.17a 0.70d 0.36 b
FG 94.48d 94.67 c 94.20 e 93.98 f 96.21a 96.17a 95.54 b 94.82c¢c
pH 5.98d 6.42e 6.09d 6.39e 5.67c 5.40d 5.65¢ 5.10e
TA 0.65b 0.53a 0.63b 0.53a 0.72b 1.08c 0.70 b 0.65b

QS: Quantity of starchTA: Titratable acidity Averages followed by the same letters in the lines do nfardiom each other by the Scott
& Knott test f = 0.05).
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Matsugumaeet al. (2009), which characterized native and It is noteworthy that the solubility of arrowroot starch
oxidation-modified arracacha starclrfacacia sampleswas higher at 90 °C, being important to highlight
xanthorrhizg and found values close to those reported ithat a large part of granules are already gelatinized or
the present study swollen at this temperature rangecording to Gomest

In the solubility (S), the regressions show a differerdl. (2005), this is explained by the leaching of amylose into
behavior among the samples at 60 and 70 °C (Figure 2B)e medium and hence increasing the leaching of starch
The treatment performed without irrigation, in the smallestolutions.
spacing and produced by seedlings shows values of 1.93%
and 5.68%, higher to the other treatments that show an ~ Scanning electron microscopy (SEM)
average of 0.49% (+ 0.30) and 1.93% (+ 0.66), respectately  The microscopic analysis of granules performed in the
given temperatures. Howevewith the increase in arrowroot starch showed that there was no difference in
temperature, the behavior of treatments are similar to easlie and shape among the different management methods
other with 5.95% (+ 0.35) at 80 °C and 7.48% ( 0.46) at 90 “Gdopted. The granules show a smooth structure, without

A 21 y=-29.05+0.57x R=8842%
23 1 y=-21.95+049x R=288.16%
21 4 y=-27.76 +0.55x R=92.34%

y=-25.05+0.52x R=90.16%
< 19 1 y=-2435+0.51x R=28824%
< 7 y=-23.60+0.50 x R=286.78%

8 y=-27.00+0.53x R=289.83%

g 151 y=-2247+046x R=90%

2131

E 11 -

9 .
5 T T T 1
60 70 80 90
Temperature (°C)
—] — 3 4 5 6 7 8

B 81 y=-1328+022x R=90.01%
7 - y=-43.77+1.19 x - 0.007x* R = 86.18%

y=-1409+022x R=94.65%

C R y=-1290+021x R=98.62%

=W y=-915+0.16x R=98%

3 y=-9.60+0.16x R=90.51%

= y=-11.08+0.18x R=90.33%

E 3 y=-892+0.15x  R=9528%

B 2 -

1 y
O T T T 1
60 70 80 90
Temperature (°C)

(1) Irrigation + Rhizomes + 31,250 plants*hd2) Dry farming + Seedlings +50,000 plantsth&3) Dry farming + Seedlings + 31,250
plants hd; (4) Irrigation + Seedlings + 31,250 plantsth&5) Irrigation + Seedlings +50,000 plantsth#6) Dry farming + Rhizomes +
31,250 plants hg (7) Dry farming + Rhizomes + 50,000 plants*h&8) Irrigation + Rhizomes +50,000 plantsha

Figure2: Regression of (A) swelling power and (B) solubility of starch obtained from arrowroot samples collected from treatments
(PS x WM x PD).
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20 pm
ENT=2000kV [AAANY
WD= 85mm
(1) Irrigation + Rhizomes + 31,250 plants*h42) Dry farming + Seedlings +50,000 plantsth&3) Dry farming + Seedlings + 31,250

plants ha; (4) Irrigation + Seedlings + 31,250 plants*h#5) Irrigation + Seedlings +50,000 plantsth&6) Dry farming + Rhizomes +
31,250 plants hg (7) Dry farming + Rhizomes + 50,000 plantsth&8) Irrigation + Rhizomes +50,000 plants*ha

Figure 3: SEM photomicrographs of arrowroot granules in different agronomical treatments. 600x magnificatioparstale.

25 4
20 1
15

10

| e ﬁ ﬁ =

Percentage (%)

O T T T T T T T T T
<9 10a13 14a17 18a21 22a25 26a29 30a34 35a39 > 40
Larger diameter
Larger diameter <9pm 10a13pm 14al17pm 18a2lpm 22a25pum 26a29pum 30a34pum 35a39 pum >40um
Average 491 11.82 15.99 20.37 24.17 27.99 32.23 36.67 43.86
Standard deviation +2.14 +1.01 +1.12 +0.82 +1.03 +0.98 +1.50 +0.96 +3.53

Figure4: Size distribution (larger diameter in micrometer) of arrowroot granules in different agronomical treatments.

superficial porosity or irregularities, demonstrating intacand the size distribution varies with the development stage
and undamaged granules. Predominant circular and ovaifithe plant and tuber form (Singh et al., 2003; Leonel,
shape, according to Pérezal (1997) with bean shape 2007).
(Figure 3).
Among the treatments, the size (larger diameter) of grQONCL USION
nules ranged from 3 to 50m, with a homogeneous  Ingeneral, the analyzed starches deriving from different
distribution, predominating granules in the range from 28gronomic treatments have low crude filb&sides typical
to 35um (Figured), similar to the range presented by Leoeharacteristics of arrowroot starch such as texture,,color
nel (2007), from 20 to 4@m.Among the treatments, the shape and size of granules, without any other apparent
average size of granules was 24187(+ 7.33). particle than the starch itself, indicating extraction
It is important to note that the shape and size of starefficiency.
granules vary according to the specigithough the The agronomic management also did not influence the
morphology is also dependent on the biochemistry of thsvelling power of the evaluated starches. Howether
chloroplast or amyloplast, as well as the plant physiologglanting density contributed to influence some parameters
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of the chemical composition of the starch, such as tiyestituto Adolfo Lutz (2008) Métodos fisico-quimicos para anali-

content of starch. ash. ether extract protein andse de alimentos. Sdo Paulo, Institétdolfo Lutz. 1020p.
Carbohydrate fraction Leach HW McCowen LD & SchochrJd (1959) &ucture of the

’ Starch Granule. |I. Swelling and Solubility Patterns\Mafrious
Starches. Cereal Chemistr$6:534-544.
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