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ABSTRACT

Cassava starch, partially hydrolyzed by fungabmylase, was characterized using thermal analybght
microscopy and X-ray diffraction. Thermal degradatiwas initiated at lower degradation temperatusdier
enzymatic treatment and the DSC (Differential saagrcalorimetry) analysis showed almost similar genof
gelatinization temperature, but the enthalpies efagnization were quite increased for the partalydrolyzed
starch granules. The results suggested that thégbategradation of the starch granules was concaed in the
amorphous regions.
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INTRODUCTION moisture (70%), starch (24%), fiber (2%), protein
(1%) and other substances including minerals
Starch is the most important storage reserve ¢B%) (Tokuari, 2004). Starch transformations can
carbohydrates in plants. Many of the starch-storingeé made by chemical, microbiological and/or
organs are staple foodstuffs in the human dietnzymatic hydrolysis.
(Cereda and Vilpoux, 2003). Cassava ranks veryhe starch hydrolysis, catalyzed hyamylase, is
high among crops that convert the greatest amouan of the most important large scale practice
of solar energy into soluble carbohydrates per unitegarding enzymatic processes (Konsula and
of area. Among the starchy staples, cassava gives<arikiades, 2003). The fact that some enzymes
carbohydrate production which is about 40%have the particular capacity to convert starch in
higher than rice and 25% superior to corn, with théhorter polymers of glucose units, has made it
result that cassava is the cheapest source @fibject of several studies in the past years fer th
calories for both human nutrition and animaluse of this kind of process (Kandra, 2003; Li et al
feeding. Typical composition of cassava root i2004). In fact, traditional acid hydrolysis of star
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to glucose is being superseded by enzymatigrams of dextrinized soluble starch, in the
processes (Pandey et al., 2000). This is due to tipeesence of enzyme per hour under 40 °C and pH
reason that acid processes leads to undesirable IBy0) from Aspergillus oryzaenamed Spring Alfa,
products. specially produced for baking processes was
The bakery industry, for instance, is a greapurchased from Granotec (Curitiba PR, Brazil).
consumer of both starches and enzymes. Only in
the USA, there is a loss of more than U$ IHydrolysis
billion/year due to the problem of bread stalingSamples were identified by hydrolysis time (i. e.
Besides, generating fermentable compoundsne, two or three hours). For 3.0 g of cassava
fungala - amylase also has an anti-staling effect irstarch, 8.0 mL of distilled water were added and
baking and they improve the softness retention qgfH was adjusted to 5.0 by adding 0.1 mdl.L
baked goods (Gupta et al., 2003; Van der Maarédlydrochloric acid solution. The samples were
et al., 2002). placed on a water bath at 40 °C under continuous
Cassava wastes have high amounts of starclsyirring and 15.0 mg of the enzyme preparation
material, thus it can be a potential source for biowas added to each sample. After each hour, up to
ethanol production (Leonel and Cereda, 1999). three hours, samples were removed from the water
Thermal analysis is a general name for a group dfath and the pH was adjusted to 2.0 with the same
analytical techniques used to monitor the behavidnrydrochloric acid solution in order to stop the
of a material as a function of temperature or timenzyme reaction. The samples were centrifuged at
at a specific temperature (lonashiro, 2005)3200 rpm during 6 minutes and the supernatant
Differential scanning calorimetry (DSC) is used towas stored in a freezer. Solid samples were
determine the temperature and enthalpy of a phasemoved and dried in a vacuum oven at room
transformation. For more than 20 years DSC hagmperature, then kept in a desiccator over
been widely used for the study of the starclanhydrous calcium chloride.
gelatinization, a physical transformation that
occurs when starch-water slurry is submitted to @hermal Analysis
heating process (Cereda and Vilpoux, 2003; Vaihermal analysis TG, DTA, DTG and DSC curves
der Maarel et al., 2002; lonashiro, 2005). were recorded using a SHIMADZU TG 60 and
In thermogravimetry (TG) analysis, the exact masBSC 60, with synthetic air flowing at 100
of a sample is determined while it undergoes aL.min', and a heating rate of 10 °C.mimnd
temperature treatment. TG can help to show theith samples mass about 5 mg. Alumina open
starch granules behavior when heated, leading &ample holder and aluminum sealed crucibles were
depolymerization (Cereda and Vilpoux, 2003;used for TG/DTG and DSC respectively. TG is
Aggarwal and Dollimore, 1998). In order toused to measure the mass loss either as a function
analyze the enzymatic action on the granules, lighdf time (isothermal) or dynamic temperature and
microscopy was used to show how the enzymeontrolled atmosphere (Mothé et al., 2006). DSC
acts on the granules (Cereda and Vilpoux, 2003, Istudies were carried out in order to study the
et al, 2004; Aggarwal and Dollimore, 1998). Thegelatinization event. A 4:1 (water:starch) mixture
rate of hydrolysis of starch granules stronglywas prepared and left overnight in order to
depends upon the botanical source from whickquilibrate moisture content.
they are obtained. This study was performed to
obtain a better understanding (knowledge) of th&licroscopy
effect of hydrolysis by the action of fungal  Microscopy analysis was carried out using a
amylase on granular cassava starch. stereoscopic  microscope  (Olympus SZX9),
polarizing filter and camera (Cybernetic’s Cool
Snap Pro Color). The photographs were identified
MATERIAL AND METHODS and scaled using Image Pro Plus and the images
were sized to 1000 X.
Material
Commercial grade regular cassava starch (Yoki X-ray diffraction
Brazil) was acquired from a local supermarketX-ray powder patterns were obtained by using a
Food grade fungal —amylase (E.C. 3.2.1.1) 4000 Siemens D-5000 X-Ray diffractometer, with
SKB (SKB unit per gram is defined as number of
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CuKao radiation A=1,544 A) and a setting of 40kV products of lower molecular weight and, at last,
and 20 mA. carbon products.
Thermogravimetry also allows evaluating water
content in the sample. Soliman et al. (1997) used

RESULTS AND DISCUSSIONS the limit of 150 °C for such evaluation. It was
observed that the loss of moisture and other easily
Thermal analysis volatile materials and the posterior loss of mdss o

Table 1 shows cassava starch degradation resulfe samples had a variation of approximately 2%.
during hydrolysis. According to literature Starch thermal stability results found in the prése
(Aggarwal and Dollimore, 1998), the thermalstudy are shown in Figure 1, which are in
treatment in starches normally leads to it@greement with those of other researchers
depolymerization when the applied temperaturéAggarwal and Dollimore, 1998). The on-set
exceeds 300 °C. The starch passes through a sel{@gphic tangent) temperatures decreased during
of irreversible alterations: at a first moment theobservations (Tablel). This was probably due to
structural alteration takes polymer to the formatio the fact that enzyme activity leads to a higher
of pyrodextrins. At higher temperatures, theavailable surface area to heating process, heece th
macro-molecules depolymerization leads to th@Yrolysis process started at lower temperatures.
formation of levoluglucosan, furfural, volatile

Table 1 - Thermal degradation results of cassava starchufgraifuntreated state and during hydrolysis prgcess

Cassava starch untreated 1h 2h 3h
Moisture (%) 9.88 11.03 8.55 10.89
Mass loss (%) 97.33 98.63 97.86 98.23

On-set (°C) 300.55 300.68 297.60 295.76

DTG peak (°C) 317.65 314.08 311.76 300.82
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100 100

a 100 200 200 400 S00 [=]ulu] u} 100 200 200 400 500 00
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Figure 1 - TG and DTA curves of cassava starch granulesdated state and during hydrolysis
process).
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These results were observed also in anothd@erivative thermogravimetry (DTG) is a math
structural change study using oxidation treatmennethod that indicates with exactness, the
(data not shown)Also in Figure 1, Differential corresponding temperatures to the beginning and
Thermal Analysis (DTA) is an analytical methodthe instant where the reaction speed is maximum
in which the sample and an inert referencélonashiro, 2005).

material are heated concurrently, each having it9TG results illustrated in Figure 2 and Table 1
own temperature sensing and recording apparatugdicated the respective peaks difference of the
(lonashiro, 2005)All TG curves were recorded raw state to the end of enzyme treatment. Other
using synthetic air. Thus, DTA showed tworesearchers (Mothé et al., 2006) had also got
degradation  peaks: probably at lowerdifference in such result, however, using another
temperatures, related to initial starch mass lasls aenzyme and giving more time for its action, they
the second related to the organic materiabbserved a bigger difference.

oxidation.

untreatec

2 h hwdrolysis

26000 Za0 00 36000 51000 32000 55000 54000
Temp [C]

Figure 2 -DTG results of cassava starch granules (untredsgéel and during hydrolysis process).

The energy required for the molecular ordeiThe crystallinity of starch is associated with the

disrupture differs in the same botanical sourceamylopectin presence (Yu and Christie, 2001;

thus, the gelatinization occurs in a temperaturéhang and Hamaker, 2006) that probably did not
range (Cereda and Vilpoux, 2003). As shown bguffer the same intensity of the enzymatic attack a

the DSC analysis in Table 2, the range obccurred in the amorphous region normally

gelatinization temperature had a variation of lesassociated to amylose. The amylose content in
than 1°C between the samples of same botanicagular cassava native starch could vary between
origin. 17 and 24 % (Defloor et al., 1998).

The increasing of enthalpy required to the process

(Fig. 3), suggested an increasing of crystalline

characteristic of the material.

Table 2 -DSC results of cassava starch granules (untresadel and during hydrolysis process).

Cassava starch untreated 1h 2h 3h
On-set (°C) 57.92 56.81 56.97 58.84
Peak (°C) 63.43 62.84 62.67 62.64
AH (J/9) 12.89 13.44 13.18 23.62
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Figure 3 - DSC curves of starch/water samples.

Microscopy glucoamylase in different starches. This
Native and treated starch granules of cassavahenomenon was also observed by other
observed in Figure 4 showed differences in fornresearchers (Zhang and Hamaker, 2006; Ma et al.,
and size. Cassava normally presented regul&006; Sarikaya et al.2000) during enzymatic
morphology confirming what was previously treatment with other amylases in native granules
observed by other researchers (Cereda anof different botanical sources.

Vilpoux, 2003). Enzymes have preference to attack in a first
During the time of enzymatic action, gradually themoment irregularities on starch surface. This
granules suffered morphological alterations. observation could explain the fact that treated
The microscopy study of the morphological material had affected areas due to the enzyme
alteration of the granules was made with action.

Figure 4 -Pictures sized to 1000X of untreated cassava saampl@fter 3h hydrolysis.

X-ray diffraction Vilpoux, 2003). For cereal or A pattern, these
Starches tend to present particular crystallinpeaks appear predominantly as one doublet at
arrangements regarding their botanical origin. Th@g8°(2) and a singlet at 23§}

intensity of few diffraction peaks can suggestTubers or B pattern are recognized by the intensity
different crystallinity patterns (Cereda andof the corresponding band to one doublet at@j°(2
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and 6°(B), two singlets at 15°@ and 17°(R) peaks intensities modifications. In addition, after
and one doublet at 229 and 24°(R). X-ray three hours, there was a more evidentiated doublet
diffraction patterns of cassava starch are shown it 22°(B), suggesting a tuber pattern after the
Figure 5. It was possible to observe the majoireatment.
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Figure 5- X-ray patterns of native cassava starch and #ftee hours under treatment

Aggarwall and Dollimore (1998) studied the ACKNOWLEDGEMENTS

cristallinity of several starches under enzymatic

treatment. However, they did not study cassava This research is dedicated in memory of David
starch. During their study, the characteristidDollimore.

patterns were more evident for original botanic

sources after hydrolysis.

RESUMO

CONCLUSIONS Amilases flungicas sdo comumente empregadas a
amidos com o intuito de otimizar o rendimento de
Microscopic studies assisted to understand that theveduras, modificar a textura de produtos
enzyme acted initially on granules surface anganificados e prolongar a vida de prateleira do
especially in their irregularities. produto final. A hidrolise parcial enzimética god
Thermogravimetry helped to observe starctauxiliar no entendimento da estrutura do amido
hygroscopicity, thermal stability of raw state andganular. Amido de mandioca parcialmente
how it decreased during hydrolysis due to thdiidrolisado pora-amilase fungica foi investigado
higher surface area. utilizando-se técnicas termoanaliticas, microscopia
DSC had illustrated, with precision, a particularética e difratometria por raios X. A degradacgéo
structural changing event of great importance fotérmica iniciou-se a temperaturas menores apos o
the industry: the starch gelatinization. DSC resulttratamento enzimatico e a andlise por DSC
showed that the peaks did not suffer displacememostrou uma proxima faixa de temperatura de
in comparison with the raw state and during thegelatinizagdo, porém, a entalpia necesséria para o
hydrolysis advance. However, the increasing oévento foi maior para os granulos parcialmente
enthalpy required to the process evidentiatekidrolisados. Os resultados sugerem que a
higher percentages of material with crystallinedegradacdo parcial do amido granular foi
characteristic at the end of the observations. Theoncentrada em regides amorfas.
X-ray diffraction showed a tuber pattern after thre
hours under hydrolysis.
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