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ABSTRACT

The main objective of this study was to charactetiie cassava bagasse and to evaluate its additicomposites.
Two cassava bagasse samples were characterised pkirsicochemical, thermal and microscopic techesgand

by obtaining their spectra in the mid-infrared regi and analysing them by using x-ray diffractiortiliting
sorption isotherms, it was possible to establigh dleceptable conditions of temperature and relativenidity for

the storage of the cassava bagasse. The incorporaif cassava bagasse in a low-density polyethy{ebé)
matrix was positive, increasing the elasticity miodwalues from 131.90 for LDP i86.2 for 70% LDP with 30%
SP bagasseThese results were encouraging because cassaasba could serve as a structural reinforcement, as
well as having environmental advantages for itslapgion in packaging, construction and automotpsets.
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INTRODUCTION environmental conditions, and agricultural
practices.

Cassava Nlanihot esculentaCrant? is a key The processing of cassava roots for starch
tropical crop that is grown in the tropical andproduction generates residues, and the most
subtropical areas in the world due to its excelleribundant solid fraction is called bagasse, which is
ability to adapt to different climatic and soil a fibrous, starchy, very moist material that result
conditions and because it produces high yields dfom the process (Teixeira et al. 2009; 2012).
starch (Utsumi et al. 2012; Maieves et al. 2012Cassava bagasse is a fibrous by-product containing
Rosenthal et al. 2012). Brazil was till recentlg th around 50% of starch on dry weight basis
third largest world producer of cassava, with gMaieves et al. 2011); for each ton of fresh roots
production of 24 million tonnes, representingwhen processed, another ton of cassava bagasse
10.5% of the global market of cassava roots (FA@5% moisture) is produced (Pandey et al. 2000).
2010). Maieves et al. (2012) studied ten BraziliaThe moisture content of the bagasse when it leaves
cassava cultivars and found starch and total fibghe processing is very high, around 85%, which
contents ranging from 72.92 to 74.51% and fronmakes it difficult to store and transport; the
470 to 7.12%, respectively on dry basismaterial consequently has a very high level of
Differences in the chemical composition ofperishability. Its dry matter contains starch and
cassava roots are related to genetic diversityibrous compounds in almost equivalent
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proportions, with low levels of minerals, proteinsof hydroxyls in its macromolecules, which interact
and lipids that together make up less than 5% awith lignocellulosic fibres, resulting in improved
dry basis (Teixeira et al. 2009). mechanical properties (Corradini et al. 2008).
Natural fibres are valued in many industrial fieldsLow-density polyethylene has been studied as a
due to the fact that are renewable, biodegradabt®mmposite matrix owing to its significant material
and, in many cases could be a sustainable way féxibility, strength and durability (Kuila et al.
production. In Brazil, there are numerous natura2011). In the literature, several natural fibrests
sources of fibre, such as those from banana, cosis coconut fiber, cellulose pulp fiber, doum palm
cotton, pineapple, sisal, sugar cane, coconut, etiiber and banana stem fibre have been used to
There are several studies about their propertids aneinforce the low-density polyethylene
applications (Satyanarayana et al. 2007). As afBrahmakumar et al. 2005; Sdrebet al. 2012;
example of the utilisation of natural fibre in Khan et al. 2013). The objective of the present
industrial products, Ashori (2008) published astudy was to evaluate the feasibility of using
review of wood-plastic composites and theircassava bagasse in composites.

importance for the automotive industry as

promising ‘green’ composites with both the

ecological and technical advantages of vegetabMATERIALS AND METHODS

fibores to reinforce polymers. The article b | I d directl
emphasised the possibility of improvement inc@ssava bagasse samples were collected directly
pm two industrial plants, one in Parana State

mechanical strength and acoustic performance, trz _ -
reduction of material weight and fuel PR) and another in S8o Paulo State (SP). The

consumption, lower production costs angs@mples were coded PR and SP, respectively. The

biodegradability. Other advantages associated withR Was brought moist from the factory in Parana
the bio-composites include improved impactand was transported from the processing plant at
resistance and heat re-formability, with a coss le @M teémperature (25°C) for around four hours,
than that of comparable products made fronhen frozen at -18 C an_d kept unil the use. This
plastics alone (Ashori and Nourbakhsh 2009)°R sample was dried in the laboratory using a
Composites reinforced with natural fibre blend<irculating oven at 50°C/72 h, whereas the SP
have shown enhanced tensile and flexurafaMPle was dried in the industrial plant and
properties, with higher mechanical properties thaff0ll€Cted as a dry flour (the drying of previously
nylon 6 (suitable for automotive application squeezed bagasse in a filter press was performed

especially under-hood applications), indicating thd? & Steam jacketed industrial dryer). The dried
potential use of natural fibre blends for specific>@gasse samples were ground (IKA Universal mill
uses in the automobile industry (Ozen et al. 2013)M0del M 20, Staufen, Germany) and sieved to
According to Akil et al. (2011), vegetable fibresOPtain fine flour (< 250 pmy). The selection of the

include bast fibres (or sclerenchyma), leaf or har§}V0 industrial plants was based on the fact that on
fibres, seeds, fruit, wood, cereal straw, and othdfl theém had an industrial-scale bagasse drying

grass fibres, most of which are composed opystem and the other was a weII_qualified factory
cellulose, hemicelluloses, lignin, waxes, andVith @ good reputation and which donated the

several water-soluble compounds, where cellulos§2MPIe-

hemicelluloses, and lignin are the MOl -hemical composition of the bagasse samples

cqnstltuents. Vegetablg fibres have be‘?” used Brffe chemical composition of the bagasse samples
reinforcement of plastics and composites due t%

. as determined for moisture, protein, fibre,
advantages such as lower density and goo

hanical " Il as thei . _mineral residue and lipids (AOAC 2000). Starch
mechanical properties, as Wetl as tneir economiCal, yiant was assessed after enzymatic hydrolysis
and environmental advantages (Schmidt an

Laurindo 2010: Debiagi et al. 2011). nd glucose quantification (Demiate et al. 2001).

If one is to consider cassava bagasse as otentTeﬁtal carbohydrates were calculated by difference;
: o 9 POtENtg ihe assays were carried out in three repettion
polymer filler, it is important to know about its

composition because, apart from containingplour of dried bagasse samples and composite
cellulose and hemicelluloses, it also contains 8pecimens

high amount of starch, a natural polymer that has e colour measurements were carried out by
high polarity due to the presence of large amounts

Braz. Arch. Biol. Technol. v.57 n.6: pp. 821-83@wWDec 2014



Characterisation of Cassava Bagasse 823

employing a Hunter lab Miniscan EZ prevent water loss during the heating. The DSC
spectrophotometer (Hunter Associates Laboratorglevice (Q-200, TA Instruments, New Castle,
Reston, VA, USA), considering the L*, a* and b* USA) was programmed for heating at 10°C in
parameters, where a* was the red (+a*) to greerate, from 30 to 95°C. The equipment was
colour (-a*); b* was the yellow (+b*) to blue (-b*) calibrated with indium standard (99.99%, melting
colour; L was the luminosity, from white (L=100) point of 156.6°C,AH = 28.56 J ¢). Sealed

to black (L=0) (Harder 2007). Both the driedaluminium pans were used (sample and reference).
bagasse powder and the composite specime&sidothermic curves with the correspondent onset

were analysed. and peak temperatures were produced, as well as
the transition enthalpies (J'g(Vatanasuchart et
Atomic force microscopy al. 2005).

The samples were observed using a Shimadzu
SPM 9600 (Shimadzu Corporation, Kyoto, Japanyorption isotherms of the bagasse
equipment, which was able to produce threeSorption isotherms were made according to
dimensional surface images of several kinds dioraes et al. (2007). The samples of cassava
materials. The non-contact AFM technique wadagasse had their moisture values equilibrated at
employed and the samples were analysed at roof®°C/48 h in a circulating oven. Approximately
temperature after being densely compacted in the0 g of sample was weighed in a small aluminium
conditions for the samples to be spread directlfoil container and kept in hermetic glass recigent
onto a sticking tape fixed on an AFM samplewhich had different relative humidity resulted by
holder (Juszczak 2003). H,SO, (d=1.84) solutions at different
concentrations (5, 10, 20, 30, 40, 50, 55, 60 and
Scanning electron microscopy of the composite 70% v/v), and a recipient with distilled water. The
specimens hermetic glass recipients were kept at constant
The fractured surface of the composite specimertemperatures (20 and 30°C) in BOD incubators
was also observed using the SEM techniquBOD AL 200 American Lab, Charqueada, SP,
(Shimadzu, EDX SS-550, Kyoto, Japan) afteBrazil) for 20 days. These samples were weighed
immersion in liquid nitrogen (Kaewtatip and daily in an analytical balance (ADA 210/C, Adam

Thongmee 2013). Equipment, Danbury CT, USA), presenting
constant weight at the end of the period.
X-ray diffraction of bagasse Moisture on dry basis was calculated by using

The X-ray diffractograms were collected in aequation 1:

Rigaku Ultima IV (Rigaku, Tokyo, Japan)

machine with Cul§ (A = 1.544 A) radiation at 40 Xdb = remaining water / dry matter D
kV and 20 mA (Beninca et al. 2008). The analysi
was carried out at 20°C in af2angle range of 7-
30° with a measuring period of 5 €2

ﬁ'he sorption isotherms were drawn using
Statistica 5.0 (Statsoft, Tulsa, OK, USA) software
and using the Halsey model for adjustment. The
FTIR spectroscopy of the bagasse constants (A and_ B) were obtained by linear
The FTIR spectra were produced using &€dression (Quasi-Newton method) using the
Shimadzu FT-IR 8400 (Shimadzu, Kyoto, Japan oftware (Statlstlca_l 5.0), choosing the best fit
spectrophotometer in the region of 4000 to 7o(nodel by considering the R* value. The Halsey
cm’, with the samples properly dispersed in kpdiustment was defined by equation 2:

pellets as described elsewhere (Demiate et al

2000). - [_ A ]1"‘

. . . . ' In(a,,) )
Differential scanning calorimetry (DSC) of
bagasse Where:

In this analysis, 2.0 mg of sample (dry basis) was, = water activity (decimal); A and B = Halsey
weighed in aluminium sample pans and distilledadjustment parameters; X = equilibrium moisture
water was added (1:6, starch: water), resulting in content in dry basis.

dispersion that rested for 1 h for equilibrium. The

pans were closed with proper lids in order to
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Testing cassava bagasse in composite GmbH & Co., Neustadt-Fernthal, DE). The mould
production, single-screw extruder processing was kept at room temperature by continuous
The composites were produced using two bagasseoling with flowing water. The average
samples in different amounts in a matrix of low-dimensions of the specimens were 60 mm length,
density polyethylene (Braskem, PB 681, Braskenm® mm width and 4 mm thickness for all the studied
SP, Brazil), with a fluidity index of 3.8 (g/10 m)in samples.

for obtaining composites with modified

characteristics. The mixtures were made with 10Mechanical tests

20 and 30% of cassava bagasse, using a total of dike composite samples were evaluated with a
different types of composites. The compositeShimadzu universal testing machine (AG-,
were produced in a single-screw extruder (Ciol&himadzu, Kyoto, Japan) for ultimate strength and
ME-30, Ciola, SP, Brazil) that was kept at 160°celasticity modulus. The tests were carried out with
and 50 rpm. The composites were produced ih2 tie-shaped specimens for each composite
strip form and cooled in a gutter with flowing formulation and the operating conditions were: test
water; they were then cut into small pellets. Thesgelocity 5 mm mift and maximum load 9,500 N
pellets were dried in a circulating oven (TE 394/2(ASTM D 638, 1999).

TECNAL, SP, Brazil) at 60°C/ 24 h to remove the

moisture and to avoid mould growing on the

surface. After drying, the pellets were stored irBESULTS AND DISCUSSION

hermetic flasks. Physicochemical characterisation of cassava

bagasse

Obtaining the composite samples bl h he phvsicochemical ch .
The composite pellets were processed in a plastic@Ple 1 shows the physicochemical characteristics

injection moulding machine (Boy-55M, Dr. Boy ©f the cassava bagasse samples.

Table 1 -Chemical composition of cassava bagasse (% m/nst ivasis).

Samples Moisture Ash Protein Fibre Starch Lipids @rbohydrates’
(PR) 7.15 2.43 1.89 42.932 42.70 0.1f 2.66
(SP) 557 1.93 1.92 42200 46.90 017 1.31

p—ANOVA** <0.001 <0.001 0.72 0.14 <0.001 0.09 -

*carbohydrates were calculated by difference.*Fisher Test.

The results of the physicochemical parameters are shown in Table 2. The SP sample
characterisation of the two bagasse samples wehad the lowest luminosity, which might have been
close to those previously reported by Pandey et adssociated with the industrial drying conditions.
(2000). However, there were some differenceslThe a* value indicated red colour (a+) whereas the
which might have been related to different cassavia* value indicated yellow colour (b+). The results
cultivars, as well as to the production region andor the two samples as shown in Table 2 indicated
climate, harvest time and industrial processing red colour tendency for the PR sample. For the
technology (Chavalparit and Ongwandee 2009%* parameter, all the samples had a tendency to
among other factors. Besides starch, the bagasgellow colour, with the highest value for the PR
samples presented high amounts of fibre, asample.
expected for this type of plant material. The other
components, mainly ash, protein and lipids, werdable 2 - DSC Gelatinisation, Colour parameters, NC-
only found in low amounts. AFM (r,) results of cassava bagasse.

DSC Gelatinisation Colour NC-

parameters AFM
Tonset Tpeak Tendset Angl L *g *h r
a

Colour of the bagasse samples and of the Samples

composite specimens I°C__[°C__I°C_J3g"
As the two samples considered in this study werepr) 59.5468.11 71.0 10.7 83.7917.9013.04:45.9¢
visually different in colour, which was measured (SP) - . . . 57.436.23 2.77

using a spectrophotometer. The L*, a* and b*

Braz. Arch. Biol. Technol. v.57 n.6: pp. 821-83@wWDec 2014



Characterisation of Cassava Bagasse 825

The composite specimens were also evaluated andnditions and high starch content. Table 2 also
the results were in accordance with the respectiv@ows the rugosity (ra) values for the PR bagasse
bagasse samples employed for producing theample. In this study, with the selected sample
extruded material. For the highest bagasspreparation and the available equipment, it was not
concentrations (30% m/m), the L, a* and b* valuepossible to calculate the rugosity of the bagasse
for the samples SP and PR were 27.38 and 35.08ample coded as SP due to its high fibre content,
3.55and 7.11 and 5.83 and 11.50, respectively. which was associated with the more severe drying
technique and which made the sample pellet
Microscopic analysis surface become excessively rough and irregular.
Atomic Force Microscopy
The NC-AFM technique enabled to obtain threeScanning electron microscopy
dimensional surface images of the particles thathe SEM images (Figs. 1C-D) of the extruded
formed the bagasse samples, as well as of tlw®mposite specimens showed starch granules
starch granules, and it was also possible tmside the polyethylene matrix, and in most cases,
evaluate the mean rugosity of the samples. Figutee distribution was not homogenous. This was
1 (A-B) showed that the image from the PRexpected due to the fact that native starch granule
bagasse sample was similar to cassava starchere hydrophilic.
which could be explained by their drying

Figure 1 - Microscopic analysis: (A) and (B) NC-AFM of casaallagasse samples, PR and SP
respectively; (C) and (D) SEM of composite specirsemples.

X-ray diffractograms cassava bagasse and they present relative
Starch is stored in the plants as semi-crystallinerystallinity (between 15 to 45%), which is related
granules arranged in concentric layers (Larssoto the presence of amylopectin. The X-ray
1991). X-ray diffractrometry permits the diffractrogram of cassava starch classified it as A
identification of crystallinity in starchy samples. type, presented peaks & angle in 15.3°, 17.1°,
Starch granules are present in high amounts ib8.2° and 23.5° (data not shown). The bagasse
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sample coded as PR (Fig. 2) had a similar pattefPeaks close to 1,730 ¢nare related to carbonyl
to that of the cassava starch, described as A-typgroups and may indicate, in the specific case of
which was related to the high starch contentbagasse samples, their conservative condition, as
(46.9% m/m) of the bagasse sample as well dhis peak is absent in natural starch (Fringaat.et
similar drying procedures. 1996) and is present only in certain types of acidi
or oxidised modified starches, with the presence of
WWM carbonyl groups. This carbonyl peak was present
f* \‘H in the bagasse samples, although it was
1 /! Sp unexpected. The acidity values of the bagasse
M/ samples were measured and expressed in lactic
acid as 0.04 and 0.34% (w/w) for the PR and SP
,MW“\.W samples, respectively. The SP and PR samples
WMM ’ Mffw presented an absorbance peak that might have
been associated with the presence of a carboxyl
group at 1,730 cih suggesting the presence of
organic acids due to bad conservation of the
Figure 2 - X-ray diffraction of cassava bagasse samples.Samples after industrial starch extraction and
before drying.
As this material has a very low commercial
The bagasse sample identified as SP presentedngerest for the cassava starch processors, ibtis n
different behaviour, which was related to thetreated with care and is stored in bad conditidns a
severe industrial drying conditions that also madaigh temperatures. All the samples presented
this sample darker than the PR sample. Thpeaks at 1,656 — 1,640 ¢mwhich was related to
diffractogram from the SP sample (Fig. 2) showedhe interaction of water with fibre and starchhe t
a loss of crystallinity and consequent structurabagasse (Vercelheze et al. 2012). The FTIR
disruption of the starch granules, indicating thaspectra showed high similarity between the
the thermal treatment promoted starctbagasse samples (Fig. 3).
gelatinisation. Starch gelatinisation is relatethi®
loss of birefringence, or loss of structural L Sp
organisation, and for cassava starch, this i TN
phenomenon occurred in a range from 60 to 70°C ”
(Sangseethong et al. 2009). Heating the starch
present in cassava bagasse in the presence of higt
water content causes the rupture of hydrogen
bonds, which weakens the granular structure.

MWNMMMW

Transmitance (%)

20 40
2-Theta (°)

Transmitance (%)
)ﬁ
=

Mid-infrared spectroscopy (FT-IR) o ‘ ‘ } . .
As reported by Van Soest et al. (1995a), 500 1000 1500 2000 2500 3000 3500 4000
crystalline ordered regions in the starch granules
absorbed in 1,047 chwhereas their amorphous
counterpart absorbed in the region of 1,022'cm Figure 3 - Infrared spectra of cassava bagasse samples.
Peaks between 1,080 and 1,110"'ame attributed

to C-0, C - C and O - H stretching (Goodfellow. . : . .

et al. 1990; Van Soest et al. 1995b). Thesghe”.nal Analysis  — differential  scanning
absorbance peaks are represented by amylose ﬁo rimetry (DSC)

amylopectin, which are rich in the above chemical ¢ DSC analysis showed a pattern that was
ylop ' related to the granular starch content in the PR

bonds. The FTIR spectra confirmed the hig L
|Qggasse, as the temperature of gelatinisation for

amount of starch in the cassava bagasse samp Bassava starch was around 65°C, in accordance
Maia et al. (2011) reported that peaks at 3"gowith the literature (Sangseethong et al. 2009).

cm* were due to hydroxyl stretching, which wa . . .
always abundant in polysaccharides. At 2’95'%\/hen heated in a contrqlled way, the industrial
agasse sample PR (Fig. 4) also presented a

-1 . . .
cm, C-H stretching is also present in pattern that resembled cassava starch. The peak

polysaccharides.

Wavenumbers (cm 'l)
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temperature was 68.22°C, with onset at 59.57°@tmosphere, with sulphuric acid concentrations of
and final at 71.09°C, with enthalpy variation of0 and 10%) and consequently, deterioration of
9.61 J ¢ (Table 2). The starch content of thisthese samples occurred due to high water
bagasse sample was 46.90% (Table 1). The SRailabilty that was absorbed from the
sample (Fig. 4) was dried in industrial conditionsenvironment.

at higher temperatures and did not present

gelatinisation peaks due to the fact that this s r
phenomenon had already occurred during drying. 0,25 +}S>£;% (é '
The bagasse colouration was also darker, = v PR30°C
. . . . - = 0,20
indicating that a severe drying condition had been —
adopted (Table 2), with luminosity (L*) of °§ 5]
57.43%, the lowest among all the samples. It is 22 0,10 .
noteworthy that cassava bagasse drying is < 0,05 S
mandatory for thermal behaviour as it contains a A S
high concentration of starch as well as high water T e e ™ i
content and gelatinisation takes place during the Water Activity (Aw)
processing.
Figure 5 - Water activity of cassava bagasse samples.
‘Z.OmW
= (PR)
%v/ The isotherms were adjusted using the Halsey
U_? model, which was well suited to the foods and
) R /B starchy materials, such as cassava, corn, potato
L and wheat (Kurozawa et al. 2005). The Halsey
model was dependent on two parameters (A and
Eallg , , , . B) and best fitted for the cassava bagasse samples
50 60 70 80 90 100 with the highest R-value (Table 3). The lowest R-
Temperature/°C value of 0.9813 was for the SP sample.

Figure 4 - DSC analysis of cassava bagasse samplesTaple 3 - Halsey parameters for moisture sorption

isotherms for the bagasse sampleSi¢Rhe correlation

o coefficient).
Sorption isotherms Samples Model R? A B

The PR and SP bagasse samples were evaluafgsR) 20 °C HALSEY 0.9902 0.00153 2.2540
for moisture equilibrium (dry basis moisture) and, (PR) 30 °C HALSEY 0.9941 0.00116 2.1817

as expected, it increased in relation to increasingSP) 20 °C HALSEY 0.9813 0.00077 2.8614
Aw (Fig. 5) due to the hygroscopic behaviour of (SP) 30 °C HALSEY 0.9869 0.00039 2.9545
the material. When the temperature was increased,

the equilibrium moisture decreased (Fig. 5). This _ _ .

kind of behaviour was also found by Cassini et aMechanical properties of the composites _
(2006) for soybean protein and it was related éo thin general, the fiore components of composites
fact that as temperature increased, the vapoificrease mechanical resistance due to the
pressure in the samples also increase@ntanglement mechanism with polymgrlc chains
accelerating moisture transfer from the inside t&nd the due to the fact that an adhesion between
the surface of the material. The energetidhem is provided. The blends were produced in a
molecular state changes with higher temperaturegingle-screw extruder, which was not efficient
decreasing the attractive forces, which resulta in "€garding homogeneity due to the lack of
lower sorption degree, or lower hygroscopicity indispersive and dl_strlbutlve mixture. Due to this
a relative humidity (Jamali et al. 2006). feature,'the tensile assay revealed that all t'he
The PR sample had the lowest value fofOmposites brokg easier than pure low-density
equilibrium moisture, whereas the SP bagasse h&@lyethylene. This could have been related to
the highest for both the temperatures (20 anfucleation and crack propagation due to
30°C). After 20 days of experiments, the SP anmcomplgte ml'xture of 'the' constituents qf the
PR samples exhibited fungal growth (atcomposne during the injection of the specimens.
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This could be observed in Fig. 1 (C-D) where thesingle-screw extruder, one would expect a lack of
bagasse distribution was not homogenous. Thadhesion between these phases. However, the
mechanical assays for the elasticity modulus ankigher presence of starch can improve the
ultimate tensile strength are shown in Table 4. Thadhesiveness between bagasse and the matrix,
ultimate tensile strength is the maximum value ofmproving the mechanical properties, along with
stress verified in a stress-strain curve, being thieigh fibre values. Furthermore, due to the way it
ultimate resistance to tensile effort. The highesivas processed, the SP bagasse had a rough and
value was found for the neat low-densityirregular surface (Fig. 1B), which enabled the
polyethylene. In the composites, there was &agasse to increase the adhesion in the matrix. The
decrease in the value of ultimate tensile streagth elastic modulus had an increase above 75% when
the content of bagasse increased, corroborating tB8% SP bagasse was used.
observation of nucleation and crack propagatiosome reported disadvantages of using biofibres in
mechanism due to inefficient mixture. composites are their low resistance to processing
temperatures (Ornaghi 2012), variability in
Table 4 - Results obtained from the mechanical test ofmechanical properties, high sensitivity to
composites with low-density polyethylene (LDPE) andenvironmental conditions (temperature and

bagasse (PR or SP). relative humidity), dependence on soil conditions,

_ Elasticity Ultimate harvesting time, and post-harvest processing.
Composite modulus strength Some advantages of natural fibres are the fact that
SEE o0 (Fisher Tes) (Kruskal -Wallis)  hey are less abrasive than the artificial fibres
bagasse 0 104.86 11.34 commonly used as reinforcement; they are
LDPE 90% 131,98 8 05 b|odegrad<_51ble materials and represent a new
bagasse PR 1( . : source of income for rural populations. They have
LDPE 80% 157 68 8.24° low density and high deformability and relatively
bagasse PR 209 ' ' low-cost if compared to currently employed
tggaizg‘?R s 17133 7.64¢ reinforcements.

LDPE 90% b

bagasse SP 10¢ 135.28 9.88 CONCLUSION

LDPE 80% b

bagasse S 20% 168.34 8.61

LDPE 70% 186.28 755 The cassava bagasse presented different starch
bagasse SP 30¢ contents and high fibre values, which was related
p - ANOVA/ <0.001 <0.001 to the processing conditions, as well as colour and

Kruskal-Wallis

appearance. These differences were also
confirmed through the instrumental analysis of
FM, DSC and colorimetry. The X-ray
ffractograms showed that the PR sample
resented A-type pattern, whereas the SP bagasse
ample did not present the typical pattern duésto i
rying conditions, which promoted starch
latinisation. FTIR spectra of the tested bagasse
amples were similar to the cassava starch
ectrum, except for the absorbance peak at
,730 crit, which wastypical of a carboxylic
roup. The DSC enabled the confirmation of

However, the composites with added cassavgi
bagasse were stiffer than pure low-densit
polyethylene, which was demonstrated by th
higher elasticity modulus values that resulted fro
increasing the levels of added bagasse. For bo
the samples, the high fibre content resulted i
better mechanical properties compared to pur,
polyethylene. However, the SP bagasse sample
presented the highest value, which could havg

been related to its higher starch content (46.90% tarch gelatinisation in the SP bagasse sample,

As mentioned above, mechanical propertieg o was related to its drying conditions, as well

depend upon adhesion between polymeric matriés the granular starch presence in the PR sample
and the filler added: fibre and starch bagasse, | grand P : ple.

hi Consideri he diff _ h@orption isotherms allowed acceptable conditions
this case. Lonsidering the _ditferences |n.t % be established (temperature and relative
polarity of both  (nonpolar low-density

ety q ar b d the | humidity) for the storage of the cassava bagasse.
polyethylene and polar bagasse) and the 10Wqgidering a temperature of between 20 and

mixture efficiency due to the processing in 830°C. the maximum relative humidity for good
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preservation would be 60%. The utilisation ofDebiagi F, Mali S, Grossmann MVE, Yamashita F.
cassava bagasse in the composites with low-Biodegradable foams based on starch, polyvinyl
density polyethylene matrix could be possible, aIcoth, chitosan and sugarcane fibres obtained by
with structural reinforcement acting as filling.igh ~ €Xtrusion. Braz Arch Biol Technol 2011; 54(5):
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