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ABSTRACT

Two commercial varieties of Peruvian carrot (‘Amlarele Carandai’ and ‘Senador Amaral’) were process®o

flour, starch and bagasse and chemically evaluat€de starch was extracted, modified with,Gsl and

characterized by the physicochemical methods. Bygubke methylene blue dyeing, the granules ofntioeified

starches showed intense blue color. The carboxyterd, the reducing power and the amount of themldierated

from the pastes after the freeze-thawing were hifitrethe oxidized starches and their pastes weéearer than

those of the native starches of the two varieties fthe two production areas. The RVA viscoamylplgyashowed
that the modified starches had lower viscositieth wifferences between the varieties. In the théamalysis, the
temperatures of the pyrolysis were higher for thévwe (310.37, 299.08, 311.18 °C) than for the Hiedlistarches
(294.16, 296.65 e 293.29 °C) for both the varietidss difference could be related with the largerface of the
granules due to the partial degradation promotedhs/ chemical modification. In almost all resuttse differences
were evident between the varieties but not forctiigvation places.

Key words: Peruvian carrot varieties, starch, hydrogen pemxiechnological properties

INTRODUCTION its availability and also its physicochemical
characteristics that vary depending on the source.
Starch is the main source of the carbohydrates iDue to this, each natural or native starch is
the human diet due to its abundance in the natureonsidered unique. As the industry demands for
Starch granules are made of glucose polymersew technological properties, several non-
named amylose and amylopectin and found insideonventional starch sources were studied in the
the vegetable cells from where they are extractedst years, including the Peruvian carrot
for the industrial applications by the food, textil (Arracacia xanthorrhiza Bancroft). Peruvian
and pulp and paper industry. The selection of thearrot is a tuberous crop brought from the
starch for the industrial uses is made considerinGolombian Andes to Brazil in the early 1900 and
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its cultivation is concentrated in the Southerrroots were harvested in August 2004, around one
region where the climate is favorable. In Brazilyear after planting. The soils where the roots were
this crop is known as mandioquinha produced were rich in clay and chemical fertilizers
mandioquinha-salsabatata-baroaor batata-salsa were provided with phosphorous and potassium
(Camara and Santos, 2002). As the Soutbhloride, using the vegetative multiplication. The
American tuberous crops are relatively less studiectagents used for the analyses of the fractions
for the commercial starch production, Brazil has #&flour, starch and bagasse) were of analytical
great opportunity of becoming an important globabrade. Commercially available industrial enzymes,
player in the new starch market that is searching thermostable alpha-amylase (Termdhghd an

for the natural products with different propertiesamyloglucosidase (AM®&, both from Novozymes
from the common starches, i.e., corn, wheat an@Araucéria, PR, Brazil), were also employed.
potato, that are produced in the large scale by the

developed countries (Leonel and Cereda, 2002). Bamples

order to increase the industrial applications, th&he Peruvian carrot starch was obtained as
starches are modified by the physical, chemical atescribed by Peroni (2003) that extracted the
enzymatic treatments. The oxidation results irtassava starch, with some adaptations. Cold water
partially converted or degraded starches that af@round 5 °C) was employed in order to minimize
able to produce the high fluidity pastes at highhe enzymatic browning as well as the microbial
solids concentration, being classified as thingrowth. The extracted starch and the resulting
boiling starches. Hydrogen peroxide is one of thbagasse were oven-dried and their chemical
reagents employed to produce the oxidizedomposition was evaluated.

starches and the reactions that occur during the

starch modification are described as very comple€hemical modification by oxidative treatment
(Parovuori et al., 1995). The oxidized starch ha¥he starches were modified by the reaction with
been widely used in many industries, particularhhydrogen peroxide as described by Parovuori et al.
for the paper, textile, laundry finishing, and(1995). The concentration of hydrogen peroxide
building materials industries to provide surfacewas initially checked on the reagent. As catalyzer
sizing and coating properties. The oxidized starch 0.01 % FeS©solution was used and the pH was
is also becoming increasingly important in thecorrected to 3.0; then, starch was added and kept
food industry for its unique functional propertiesin the suspension by mechanical stirring.
such as low viscosity, high stability, clarity, film Hydrogen peroxide was added to the starch
forming, and binding properties. This can be useduspension to a final concentration of 1.25% and
as a coating and sealing agent in the confectigonarthe reaction occurred at 20 °C for 15 minutes.
as an emulsifier, as a dough conditioner for théfter this period, the starch was recovered, washed
bread, as a gum arabic replacer, and as a bindiagd oven-dried at 45 °C for 24h.

agent in the batter applications (Wang and

Kuakpetoon, 2006). The characterization of newChemical characterization

starches from the alternative sources was thEhe moisture, lipid, protein and mineral residue
objective of this work that also included thecontents were analysed as described on AOAC
production of the oxidized starch and the(1994). Total carbohydrates were calculated as

evaluation of its physicochemical properties. difference.
Fiber
MATERIALS AND METHODS The fiber content was determined and then the
starch analysis was made, employing the dietary
Materials fiber method (AOAC, 1997) with some

In this work, two varieties of Peruvian carrot frommodifications. At first, a dialysis was made to
the two cities (Castro and Pirai do Sul) from theeliminate the low molecular weight components
Campos Gerais region of the Parana State (Brazi¥14,000 Da) and only the material that was
were evaluated. The variety ‘Amarela deretained in the dialysis bag was hydrolyzed
Carandai’ was collected from Castro (ACC) andDemiate et al., 2001). After the enzymatic
from Pirai do Sul (ACP) and the variety ‘Senadoihydrolysis, a fraction was collected for the starch
Amaral’ only from Pirai do Sul (SAP). All the analysis. The remaining material was weighed,
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filtered and washed with 78 and 92 °GL ethanoindicator. The results represented the carboxyl
and acetone in a n° 2 filter crucible that wasdlriecontent of the starch samples, but could include
in the oven at 105 °C for 24 h. The mineral residuthe fatty acids complexed with the starch
and protein content were measured and subtract@dattisson and Legendre, 1952). The carboxyl
from the total dry weight and then the fiber comtencontent was calculated by the Equation 1.:
was calculated.

%COOH = mL of NaOH spent with the sample x
Starch content mol/L of the NaOH x 0.045 x 100 /g dry sample.
The starch contents of the milled dry roots, (Eg. 1)
bagasse and starch were determined after the
dialysis against the tap water (Demiate et alReducing power
2001). After this, the samples were hydrolyzedrhe reducing power (RP) was measured as the
with TermamyP and AMG® and then a glucose reduction of ferric to ferrous cyanide by the starc
oxidase kit was used for quantifying the glucosevith the generation of a precipitate. The ferrigso
and the starch content was calculated (Dahlquisty excess reduced the iodine which was titrated
1961). Blanks were made with the commercialvith the thiosulphate. The RP was calculated by
enzyme preparations for allowing the starchthe Eq. 2 (International Starch Institute, 2005).
determination.

Reducing power= (B-A) x 1000 x N x 6.354 / g x
Differential dyeing and microscopy of starch D,
granules mg Cu/g starch (Equation 2)
The starch granules were observed by the lighwhere:
microscopy after being dyed with the methyleneB = mL of thiosulphate of the blank
blue (Christianson et al., 1969; Snyder, 1984) foA = mL of thiosulphate of the sample
the qualitative information about the negativeN = normality of the sodium thiosulphate
charges of the carboxyl groups. The sampleg = grams of sample
(around 100 mg) were suspended in 25 mL 0.1% = % of dry matter
methylene blue and stirred for 10 minutes. After
this, the samples were exhaustively washed ar@welling power and solubility
recovered by centrifugation, dried at 45 °C for 24The swelling power and solubility of the starches
h and observed with an Olympus BX41 lightwere evaluated as described by Leach et al.
microscope, and photographed with a 5.X1959), with few modifications. The samples were

megapixel digital camera (C 5060 ADU). weighed (0.2 g, wet basis) in tared centrifuge sube
and 18 g of the deionized water were added. The
Carboxyl content suspension was agitated and immersed in a water

The carboxyl content of the starches was evaluatdzhth with agitation for 30 minutes at 65 to 85 °C.
as described by Smith (1967) and employed bpfter this, the external walls of the tubes were
Parovuori et al. (1995). With the objective ofdried with the absorbing paper and the tubes were
acidifying the carboxyl groups of the samples, 50@ompleted to 20 g with the deionized water. The
mg of starch was suspended in 30 mL of 0.1 mdlubes were closed, homogenized and submitted to
Lt HCI for 30 minutes at room temperaturea 3,400 rpm centrifugation (2,000) for 15
(around 20°C) and maintained under the magnetiminutes. An aliquot of 5 mL of the supernatant
stirring. After this, the starch was exhaustivelywas taken and dried in an oven at 105 °C for 24 h
washed and recovered by centrifugation (2,8P0 for determining the solubility. The resulting pelle
until the pH raised close to neutrality. Thiswas weighed and the swelling power and solubility
procedure was named de-mineralization by Smitivas calculated by the Equations 3 and 4:

(1967). The starch was then quantitatively

transferred to an Erlenmeyer flask and dispersed ¥ Solubility = soluble starch weight x 400 /
300 mL of deionized water. This suspension wasample weight (dry basis) (Eq. 3)

heated at 97.5 °C under agitation to promote the

complete starch gelatinization. The hot starctswelling power= pellet weight x 100

solutions were titrated with 0.002 mol'INaOH  sample weight (dry basis) x (100 - % solubility)
untii pH 8.3, using the phenolphthalein as (Eq. 4)
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Apparent viscosity Paste Clarity

Starch apparent viscosity was evaluated by usingEhe paste clarity was evaluated by determining the
Rapid Viscoanalyzer (RVA 4, Newport Scientific, percentage of the transmittance (% T) of 1 %
Narabeen, Australia). The samples (2 g of drngtarch pastes, as described by Craig et al. (1989).
matter) were suspended in 28 g of the deionizedlhe starch suspension was heated for 30 minutes
water and 0.2 mol/L acetate and phosphate bufferisy a boiling water bath (97.5 °C), with agitatian t
with pH values of 4.0 and 7.0, respectively. Theensure complete pasting. After cooling to the room
suspensions were homogenized in the aluminutemperature (around 20 °C), the transmittance of
canister of the RVA, equilibrated at 50 °C for twothe pastes was measured at 650 nm, using a
minutes and heated to 95 °C at a 6 °C/minute ralEEMTO model 432 spectrophotometer (Femto,
and kept at this temperature for five minutes. AfteS&o Paulo, Brazil).

this, the samples were cooled to 50 °C at the same

6 °C/minute rate. From the collected Thermal analysis

viscoamylograms, the main points of the interesThe thermal analyses were performed on a
were the pasting temperature (°C), viscosity peaghimadzu TG-DTA model TG-60 (Shimadzu,
(RVU), setback (RVU), break (RVU) and final Kyoto, Japan). The analyses were run in a
viscosity (RVU). The apparent viscosity evaluatedgsynthetic air atmosphere at a flow rate of 100
by the RVA was measured in the empiric RV unitsnL/min. in the opened alumina crucibles

(Demiate et al, 2005; Franco et al., 2002). containing around five milligrams of starch at a
heating rate of 10°C/min. The analyses started at
Syneresis 30°C and the final temperature was 600 °C.

The starch samples were suspended in the

deionized water (8 %, w/w), gelatinized and kept

boiling (97.5 °C) under agitation for 10 minutes.RESULTS AND DISCUSSION

The paste was divided in three portions of 50 g

and frozen at —18 °C in the hermetic plastic cupReruvian carrot starch extraction

The pastes were submitted to three freeze-thatthough evaluating the starch extraction yield
cycles, being kept into the freezer for 72 h andvas not an objective of this work, the data were
thawed at 45 °C for three hours (Wosiacki anabtained (Table 1) only for the comparison
Cereda, 1985; Demiate et al., 2001). The amouttetween the varieties (ACC Amarela de
of the water liberated from the pastes under th€arandai/Castrp ACP - Amarela de
reduced pressure (-490 mmHg) was measurgdarandai/Pirai do Suland SAP - Senador
gravimetrically after thawing and expressed as thAmaral/Pirai do Syl Starch extraction was made

liberated water in relation to the initial weight. in the laboratory and the material was dried in the
oven.
Table 1— Peruvian carrot starch extraction.
Sample Root weight' (kg) Bagasse weighit (kg)  Starch weight (kg) Yield (%)
ACC 24.346 1.579 2.510 10.30
ACP 14.574 0.858 1.007 6.91
SAP 10.564 1.052 0.892 8.52

Taverage moisture of the roots: 72.55%ayerage moisture of the bagasse; 6.9 awerage moisture of the starch: 9.27%.

The starch of Peruvian carrot is not commerciallycarrot, described the starch content of the rosts a
available and there are few scientific papers abo@3 g/100 g. As the starch granules dimensions
its physicochemical properties. As cited byinfluence its extraction and purification as wedl a
Bermudez (1997), the extraction technology ha#ts functional properties, it is very important to
great influence on starch yield. Although Hurtaddknow these characteristics. Vieira (2004)
et al. (1997) related the theoretical yields oftap evaluated the Peruvian carrot starch granules
20 — 30 ¢g/100 g, in the laboratory extraction ahily dimensions and found the diameters between 3.2
to 13 g/100 g were obtained. Pereira (1997)and 26.4um to 4.1 and 29.j@m.

considering the nutritional value of Peruvian
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Chemical composition of the roots, bagasse and Carboxyl content

starch of the varieties of Peruvian carrot There are several types of the oxidized starches,
The results of the chemical composition of thegroduced by the treatment with hypochlorite,

roots are presented in Table 2 and are iperoxide, UV radiation, that could present the

accordance with that of Pereira (1997). Thearboxyl groups in their macromolecules (Cereda
chemical composition had differences between thet al., 2003). The carboxyl contents of the stagche

regions as well as between the varieties, whichre shown in Table 3, expressed as COOH/100 g
suggested that both the genetic and agronomaf the starch.

factors influenced them.

Table 2 — Chemical composition of the roots, bagasse ardrcts of Peruvian carrot.****
ACC ACP SAP
Root Bagasse Starch Root Bagasse Starch Root Bsagm Starch
Ash (%)** 4230.04 1.62:0.01 0.08:0.02 4.34:0.05 1.44t0.05 0.330.01 4.85:0.02 1.83:0.06 0.05:0.02

Protein (%)** 4.6% 0.05 1.83:0.02 0.14:0.03 4.18:0.04 2.1G:t0.06 0.260.07 6.1+ 0.12 2.52:0.27 0.2G:0.03
Total

carbohydrate* 82.2 76.2 994 80.3 81.8 99.0 775 375 993
Starch (%)*** 82.2 67.6 98.7 80.3 68.2 97.6 775 269 985
Lipid (%) 1.3%0.02 0.73:0.01 0.3%+0.01 1.050.01 0.650.01 04€0.010.6%003 030 0420
Fiber (%)*** 9.17 195 0 10.8 14.0 0 10.9 20.1 0

Moisture (%)** 73.2£0.01 6.250.02 8.7G:0.02 745:0.03 6.850.05 10.80.0269.%0.01 7.8:0.01 6.860.02
* calculated by difference; ** each value represetite average and standard deviation of threeitiepst ***the values
without deviation were obtained without repetitigit values expressed on dry basis.

Table 3— Carboxyl content of Peruvian carrot starches.

Sample Carboxyl % (w/w)*
ACC —native 0.21+0.01
A CC —modified 0.29+ 0.02
ACP —native 0.18+0.01
ACP —modified 0.34+ 0.04
SAP —native 0.19+ 0.01
SAP -modified 0.33+0.02

*each value represents the average and the deviatithree repetitions; values presented in weisbas

Evidently, the modified starches have highedue to sterical hindrance promoted by the large
carboxyl contents when compared with the nativearboxyl groups that substituted some hydroxyl
ones. The carboxyl groups are formed during théDaiuto, 2005).

oxidative modification of  the starch

macromolecules that also causes increase in tiReducing power

reducing value due to the partial fragmentation oTable 4 shows the reducing power of the native
the polymers. Although the oxidized starches hadnd modified starches. The highest values were
higher values than the native ones, as these valuelsserved for the starches modified by the
were low, was showing the differences from théhydrogen peroxide treatment. The increase in the
literature, mentioning that the oxidized starcheseducing value could be explained by the partial
should have high carboxyl contents (up to 1 %)degradation of the polysaccharides during the
produce low viscosity pastes, have loweroxidation reaction. There was formation of smaller
molecular weight than the respective nativanacromolecules than the original with the

starches and have low tendency to retrogradatia@onsequent increase in the concentration of the
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reducing ends. As reviewed by Dias (2001), thenacromolecules to carboxyl groups, ketone or
oxidation of the starch involves the conversion ofildehyde and of the aldehyde groups of the
hydroxyl groups of the non-reducing ends of théerminal reducing end of the starch in carboxyl.

Table 4 - Reducing power (RP, mg Cu/g starch) of the sampl

Sample RP (mgCu/g)*
ACC - modified 47.4+ 9.60
ACC- native 23.5£0.42
ACP - modified 60.8+ 1.08
ACP - native 49.4+5.71
SAP- modified 73.4%+0.37
SAP- native 28.2+ 3.50

* each value is the average and the deviationrekthepetitions; values are expressed on dry basis.

Differential dyeing and microscopy of the modified starches, it was not possible to measure
granules the swelling power and solubility due to the fact
The intensity of the dyeing is an indicator of thethat the samples produced very fluid and
density of the charge in the starch granulesransparent pastes as described by Takizawa et al.
(Christianson et al., 1969). The results (picture§2004) who studied the starches modified by the
not shown) allowed the observation of morepotassium permanganate and lactic acid.
intense blue color for the modified starches thaC€Considering the molecular level, many factors
had more carboxyl groups as confirmed by thaffect the degree of association, composition and
carboxyl analysis. Demiate (1999) studied thalistribution of the crystalline zones; the ratio
native and potassium permanganate/lactic acidmylose/amylopectin, their average molecular
modified cassava starch and detected intense blueight, degree of branching of the chains,
color on the starch when modified by the oxidativeconformation and length of the external chains of
reagent and only light blue color on the nativdhe amylopectin fraction (Asaoka et al., 1992;
starch. It is well established that the hydroxylLeach et al, 1959). As related by Hashim et al.
groups of the starch result on a weak anioni€1992), during the gelatinization the starch
character. Charged starches, due to some typesgrinules have a limited swelling and only a small
the chemical modifications, have high affinity for proportion of the carbohydrates is solubilized but
the ionic dyes. The oxidized starches present at 90 °C, both the swelling and solubilization
anionic character and the intensity of the dyeinglegrees increase. The solubility of the starch
can be associated to the level of chemicajranules is more related with the amylose fraction

modification. that leaks from the granules. As shown in Table 5,
the starches became more soluble at higher
Swelling power and solubility temperatures (important for food applications of

The results of these analyses depend on the tosthrch). Many easy-to-cook processed foods that
gelatinization of the starch granules that must beave high contents of starch, such as the soups,
carried out in the excess of water, allowing thguddings and creams are based on high solubility

free and complete swelling of the granules (Ciaccbeat-treated starches. These starches, due to
et al., 1982). The results of the swelling powet anprevious cooking, are named pre-gelatinized and

solubility at 65, 75 and 85 °C of the native stash when added to the foods, make their preparation

are presented on Table 5. In the case of theery easy and quick (Ciacco et al., 1982).
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Table 5- Swelling power (SP) and solubility (%S) of thertréan carrot native starches.

Samples 65°C 75°C 85°C
SP (times) %S SP (times) %S SP (times) %S
ACC 16.1+ 158  10.4t5.39 21.4:0.74 16.9+ 6.97 56.9+ 4.12 82.8: 10.9
ACP 145+ 191 9.60:0.48 18.9+0.72 18.1+ 1.33 35.4t 2.64 39.2t 0.28
SAP 21.0+4.61 10.4t 3.15 26.5: 0.54 30.1+10.4 50.5t 0.80 80.8 6.39

* each value is the average and the deviationrekthepetitions; values are expressed on dry basis

Apparent viscosity native starches had lower viscosity peaks than in
As discussed by Jane et al. (1999), the pasthe neutral pH values. The viscosity peaks in the
properties of the starches are affected by amylosdistilled water of the native starches from the
lipid and phosphorous contents as well as by theariety Amarela de Carandarom Castro(Fig. 1)
distribution of the length of the amylopectin sideand fromPirai do Sul(Fig. 2) were of 400 and 391
chains. Amylopectin favours the granule swellingRVU, respectively, and that of thé&enador
and pasting whereas amylose and lipids inhibitAmaral was of504 RVU. The modified starch of
Figures 1 to 3 show the RVA viscoamylograms othe variety Senador Amaralfrom Pirai do Sul
the native and modified starches, considering th@=ig. 3) had a drop in the viscosity peak that was
distilled water, pH 4.0 acetate buffer and pH 7.®f 175 RVU, when analyzed in the distilled water.
phosphate buffer as the solvents. The influence dthis was the lowest viscosity peak among the
the pH was pronounced on the modified starchesamples and should be related with other results
The native Peruvian carrot starches had an averafgg this starch that presented high carboxyl canten
viscosity peak of 432 RVU. When the native(0.33 %) and the higher reducing power value
starches were pasted at pH 4.0 acetate buffer, th¢¥3.4 mg Cu/g of starch). When this sample was
viscosity peaks were very close to that found foanalyzed at pH 7.0 buffer, its peak viscosity was
the analyses in the distilled water but when thelose to zero (4 RVU). For the other samples,
analyses were made with pH 7.0 phosphate buffeACC and ACP, the viscosity peaks of the modified
the viscosity peaks were higher. These resultstarches were of 304 and 359 RVU, respectively.
showed that in more acidic environment, the
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Figure 1 - RVA viscoamylogram of native and modified stashrom the varietyAmarela de
CarandalCastra * Natl: native starch; NatpH4: native in pH 4.0ffer; NatpH7:
native in pH 7.0 buffer; Mod2: modified starch; Mud4: modified in pH 4.0 buffer;
ModpH7: modified in pH 7.0 buffer.
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Figure 2 - RVA viscoamylogram of native and modified stashrom the varietyAmarela de
CarandalPirai do Sul *Natl: native starch; NatpH4: native in pH 4.0ffby
NatpH7: native in pH 7.0 buffer; Mod1: modified sth; ModpH4: modified in pH
4.0 buffer; ModpH7: modified in pH 7.0 buffer.
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Figure 3 - RVA viscoamylogram of native and modified stashfrom the varietySenador
AmaralPirai do Sul* Natl: native starch; NatpH4: native in pH 4.Gfby NatpH7:
native in pH 7.0 buffer; Mod1: modified starch; Mod4: modified in pH 4.0 buffer;
ModpH7: modified in pH 7.0 buffer.

It is well stated that the modification of thethat the amylose level and the paste properties
starches by the oxidative treatments causes parti@uld make Peruvian carrot starch very useful for
degradation of the macromolecules as well athe special diets for the infants and old peois; t
carboxyl groups’ introduction in the starchstarch could cook very easily with limited
structure (Muhrbeck and Wischmann, 1998). Allretrogradation.

the oxidized samples had lower pastingrThe native starches in all the solvents had higher
temperatures (from 57.2 to 61.9 °C) than theitendency to retrogradation (from 40 to 72 RVU)
respective native counterparts (from 59.1 to 62.fhan the modified ones (0.7 to 21 RVU). In the
°C). When cooked under the agitation, during thepecific conditions of the RVA analysis, this lower
viscoamylogram analysis, both the native andetrogradation tendency of the modified starches
modified starches were unstable and theishould be explained by the presence of carboxyl
viscosities decreased quickly after the peak. Thgroups and also by the molecular degradation due
Peruvian carrot starch is known for its low pastingo the chemical modification. The viscosity peak
temperature and this characteristic is verpf the cassava starch (250 RVU), cited by
favorable for some food uses as in pre-cookedlakizawa et al. (2004), was lower than that found
noodles, soups and puddings. Peroni (2003) stat@&d the present paper for the Peruvian carrot native
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starches (average value of 432 RVU). Theooking at high temperatures under the stirring and
differences between the starches from differerdcid conditions (Daiuto, 2005).

sources are attributed mainly for the molecular

weight of amylose and amylopectin chains and th8yneresis

amylose content. The final viscosity is anThe pastes formed during the cooking of the starch
important quality indicator for the food use of thesuspensions on excess water are not stable and
starches due to the fact that in most cases tliis wsuffer transformations on cooling and storage that
be the viscosity on the final product that arriees are referred as retrogradation. Starch molecukes ar
the consumer’s home. If a starch produces high eearranged with the formation of a more ordered
low viscosity paste, it can be used for differenstructure, releasing undesirable water, called
applications. syneresis (Atwell et al., 1998). The percentages of
For the soups, for example, low viscosity starchethe liberated liquid by the starch pastes are shown
should be preferred, but for the use as the gellinp Table 6. Parovuori et al. (1995) reported that t
agent in the pie filling, a high viscosity would behighest liquid liberation from the pastes of
desired for preventing the spilling during theoxidized starches could be associated with the
transportation. Other functional properties of fjreaweak starch structure and lower molecular weight
interest for the food industry are the stability toof the starch polymers.

Table 6 - Percentage of liberated liquid during freezeatimg.

Sample £ Cycle* 2" Cycle* 39 Cycle*
ACC- native 10.%0.71 49.36.42 70.2: 0.64
ACC- modified 43.3+0.32 74.% 2.06 75.6: 0.72
ACP - native 22.8+ 0.36 58.8 7.51 62.4- 0.21
ACP- modified 73.4+ 0.00 75.0+ 1.62 87.8 3.31
SAP- native 3.70+£ 0.43 34.4-8.21 52.# 0.02
SAP- modified 56.7+ 1.04 76.% 2.30 79.1+1.42

* each value is the average and deviation of teterminations.

As expected, the liquid liberation increased withpolymerization. The methodology of the freeze-
the sequence of the freeze-thawing cycles for athawing has the objective of simulating what
the studied samples. There was influence of thieappens during the processing, storage and
way the paste was produced and stored over ligumbmmercialization of food products. In most cases,
liberation (Yuan and Thompson, 1993). There wathe liquid liberation is undesirable and has
a phase separation and formation of ice crystalsegative effects on the texture, appearance of
during the freeze-thawing. During the thawing, thesauces, meat products, salad dressings and
starch paste was composed of a starch-rich phadesserts.

and another deficient. This phase separation was

evidenced with the sequential freeze-thaw cycleBaste clarity

due to the increase of the concentration of th&he transparency/opacity of starch pastes is an
retrograded amylopectin molecules in the aqueoumportant quality attribute and varies considerably
phase rich in the starch. The functional propefty owith the botany origin of starch. The results are
presenting the low retrogradation tendency hashown in Table 7 and are in accordance with
been related to different starch compounds. Thpreviously published data (Takizawa et al., 2004).
syneresis phenomenon was firstly attributed to theligher amylose contents produce opaque pastes
amylose molecules, that re-associate with the intemd lower contents produce clear, transparent
or intra-molecular hydrogen bonds (Dreher et alpastes. As shown by Moorthy (1994), the starch
1983). Hoover and Sosulski (1991) suggested thaixidation results in transparent pastes. The paste
the syneresis intensity could be associated wih tttlarity was measured as the transmittance at 650
amylose content, degree of starch polymeram. The values for the native starches varied from
association, length of amylopectin side chains an88.2 to 47.1 %, revealing more opaque pastes.
amylose and amylopectin degree ofThis opacity could be related with the amylose
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content of this starch that was analyzed by Leondaram (2003) studied cassava, corn and yam
and Cereda (2002) and corresponded to 23 %. Btarches, and found that the paste clarity could be
the case of the modified starches, the values weexplained not only by the amylose content but also
higher, from 86.0 to 96.5 % of the transmittanceby the molecular length of amylose that would
being considered transparent pastes. This higduffer rapid re-association. The low stability and
transparency could be related to the carboxylarity of amylose solutions are due to easy re-
groups of the starch molecules and also to thassociation of linear chains by the hydrogen
oxidative depolymerisation confirmed by thebonds. More opaque pastes would be desired for
results of the reducing power values. Craig et afoods like puddings and ready-to-eat desserts
(1989) reported that the formation of the inter anqHoover, 2001), and this characteristic is found on
intra-molecular junction zones resulted in opacityPeruvian carrot native starches. The modified
and was probably associated with the amylopectistarches, on the other hand, produced the
molecules. They reported 73 % of transmittance dtansparent pastes and could be used on the pie
650 nm for the native cassava starch, higher thdilings, for example.

the values of the Peruvian carrot native starch.

Table 7 -Paste clarity of Peruvian carrot starches.

Sample Paste clarity (%T)*
ACC- native 38.2+2.61
ACC- modified 86.0+ 0.98
ACP- native 41.6+4.17
ACP - modified 86.6+ 3.67
SAP- native 47.1+2.82
SAP- modified 96.5+2.12

* each value represents the average and deviatittmee determinations.

Thermal Analysis shown in Table 8 and are also illustrated in Figure
The thermo-gravimetric (TG) and Differential 4. On the DTA curve, the difference of the
Thermal Analysis (DTA) were employed for temperature between sample and reference was
studying the native and modified starches of theneasuredAT= T — T,) (lonashiro, 2005). In the
Peruvian carrot. Deep modifications and structuratase of TG the sample mass (g) was continuously
changes occurred on the starch molecules duringonitored as the function of the temperature (T) or
the heating. The degree of alterations depends aime (t). The differences observed on TG curves
the temperature and time and in drastic conditionsgpresented the mass losses and could be

complete carbohydrate degradation can occuwuantitatively collected (IONASHIRO, 2005).
(Aggarwal and Dollimore, 1998). The results are

Table 8- TG and DTA curves of the Peruvian carrot stasche

Sample Moisture (%) Onset (°C) Mass loss (%) DTG (°C)
ACC- native 8.52 295.87 88.14 310.37
ACC- modified 11.4 290.37 87.19 294.16
ACP - native 9.74 297.46 89.64 299.08
ACP - modified 11.5 292.56 87.64 296.65
SAP- native 9.57 294.59 88.75 311.18
SAP- modified 11.3 291.22 87.73 293.29

Onset initial temperature.
DTG: derivative termogravimetry.
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Figure 4 - TG and DTA curves of the native starch of theetst Amarela de CaranddCastra

As described by Soliman et al. (1997), thredghe native starches (310.37, 299.08, 311.18 °C)
distinct regions are observed on the TG curves: 1yere higher than that of the modified (294.16,
the region below 150 °C that represents th296.65, 293.29 °C). Aggarwal and Dollimore
evaporation of the water and of other volatile(1998) concluded that due to the high superficial
compounds; 2) the principal region of degradationarea of the partial hydrolysed starches, it was
3) the region of propagation reaction. Thesgossible to explain their lower degradation
regions were quantified (Table 8). The moisturéemperatures when studied by thermal analysis.
represented the first mass loss, between 100 a&wliman et al. (1997) comparing the native and
150 °C. The onset was considered the tangent okidized starches noted that the activation energy
the TG curve being calculated and presented ichanges were due to the carboxyl content of the
Table 8. Higher onset temperatures were found fanodified samples. Their carboxyl results for the
the native than for the modified starches. Solimanative and oxidized corn starches were comparable
et al. (1997) studied the native and potassiurto the data found for the Peruvian carrot starches.
permanganate-modified corn starches and also

found higher onset temperatures for the native

(275 °C) than for the modified samples (250, 237AKNOWLEDGEMENTS

230 °C). This temperature was considered as the

initial pyrolysis of the starch molecules. The authors are grateful to tl®nselho Nacional
The results, as also described by Soliman et ale Desenvolvimento Cientifico e Tecnologico
(1997), suggested that the oxidized starches we(€NPq) and~undac&o Araucaridor the financial
more sensitive to the thermal degradation. Theupport.

mass loss showed in Table 8 occurred in the

temperature range of 150 — 600 °C and was higher

for the native starches than for the modified oneRESUMO

Aggarwal and Dollimore (1998), studying the

partial hydrolysis of the corn starch, describeel thNo presente trabalho duas variedades comerciais
polyhydroxyl —groups elimination reactions, de mandioquinha-salsa (‘Amarela de Carandai’ e
concomitant to the depolymerization and:Senador Amaral’) obtidas dos municipios de
degradation of the starch. In the DTG, thq:astro e de Pirai do Sul (Parané) foram
derivative of the mass losenf/dt) is plotted as a processadas para a obtencdo de farinha, farelo e
function of temperature or time. The curves are thgmido e essas trés fragdes foram caracterizadas
first derivative of the TG data and indicate thQ:]uimicamente_ O amido foi extraido, modificado
temperatures in which the degradation processegm HO, e caracterizado por meio de anélises
start and that where the reaction maximunisico-quimicas. Na coloracdo com azul de
Ve|OCity is reached (Ionashiro, 2005) These DTqrnet”eno 0s gré_nu|os dos amidos oxidados
curves are shown in Table 8. The temperatures ghresentaram coloragéo azul mais intensa. O teor
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de carboxilas, o poder redutor e a quantidade dgereda, M. P.; Vilpoux, O. F.; Demiate, 1. M. (2003
agua liberada das pastas foram maiores para agmidos modificados. In: CEREDA, M. P
amostras de amidos modificados. As pastas dosVILPOUX, O.F. Tecnologia, usos e potencialidades
amidos modificados foram mais claras que as dosd® Tuberosas Amilaceas Latino American&io
nativos. Na analise viscoamilografica (RVA) os,.-aulo: Fundagao Cargill, 3, pp. 246-332.

. - Ciacco, C. F. et al. (1982abricacdo de amido e sua
amidos modificados apresentaram as menoresutilizaqéo Sdo Paulo: Secretaria de Indastria e

viscosidades e houve diferencas entre ascomgrcio, Cigncia e Tecnologia, 152 pp. (Tecnologia
variedades, sendo que o amido modificado da agroindustrial, 7).

variedade Senador Amaral de Pirai do Sutraig, S. A. S.; Maningat, C. C.; Seib, P. A.; Husg
apresentou 0s menores valores de pico deR.C. (1989), Starch Paste Clarityereal Chemistry
viscosidade. Na andlise térmica, as temperaturas6, 173-182.

de pirélise foram mais altas para os amidos nativdshristianson, D. D., Nielson, H. C., Khoo, V., Wdfl.
das variedades da mandioquinha-salsa (310,372~ Wall, J. S. (1969), lIsolation and chemical
299,08, 311,18 °C) do que para os amidos composition of protein bod|e§ and native proteims i
modificados (294,16, 296,65 e 293,29 °C) e estlgcorn endospernCereal Chemistry46, 372-381.

ahlquist, A. (1961), Determination of maltase and

diferenca pode estar relacionada a maior SUperf'C'eisomaltase activities with a glucose oxidase reagen

dos granulos de amido parcialmente degradadosBiochemica| Journals, 547-551.

pela modificacdo oxidativa. Os resultadosajuto, E. R. (2005), Caracteristicas de féculas de

revelaram diferencas entre os amidos das duasuberosas e suas relacdes com resisténcias dos géis

variedades, mas néo entre os locais de cultivo. sob condicdes de estresse aplicada na industgatiza
de alimentos. Tese de Doutorado, Universidade
Estadual Paulista, Botucatu, Brasil.
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