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ABSTRACT

This work was aimed at studying the influence ofl Rird/or sodium disulphite on Yacon pulp colourdan
evaluating the sensory attributes of Yacon non-symsstes. A colour kinetic evaluation of browning 11
treatments containing Yacon tubers, yellow pas$ioit juice (PFJ) and/or sodium disulphite, overtlourse of
240 minutes was studied to inactivate the PPOwviagtiThe evaluation of the colour alterations @ftgn tuber by
the addition of variable amounts of PFJ and sodilisulphiteenabled identification of efficient treatments foe
inhibition of browning: T7 (300 g kg PFJ), T8 (400 g kg PFJ), and T10 (150 g k§ PFJ + 0.25 g kg* sodium
disulphite). These treatments presented high colotensity (C*) and an insignificant (P <0.05) tdtaolour
degradation 4E). The products elaborated by the cooking of thegeedients were submitted to the acceptability
test and data showed that T7 garnered an acceptiuiex of 78%.

Key words: Smallanthus sonchifoliufiabetes; Passion fruit; Sensory analysis; kinpBadyphenol oxidases

INTRODUCTION 130 g kg '1) (Hermann et al.,, 1999). It also
contains small amounts of fat, potassium, fructose,
Yacon Smallanthus sonchifolius, Asteracgéea glucose, saccharose, vitamin A, some free amino
tuber crop originally cultivated in South Americaacids such as L-tryptophan, and carotenoids such
in the Andean highlands (Zardini, 1991). It is aasp-carotene and neurosporene (Quinteros, 2000;
food source as well as an acknowledged medicin@hyama et al., 1990). The majority of the
plant for the local population. It has graduallycarbohydrates (600 to 700 g Ky are inulin-type
received more attention due to its abundant contentigofructans and3-(2 - 1)-fructooligosaccharides
of fructooligosaccharides (FOS) and phenoliqVilhena et al., 2000), which are short fructose
compounds (Quinteros, 2000). polymers with a polymerization degree of 3 — 10
Until the end of the 1980s, with the exception ofructans (Goto et al., 1995).
Peru and Japan, the scientific community pai®acon tubers have various antioxidant (Yan et al.,
only vague attention to this plant. Each Yacon root999), anti-diabetic (Aybar et al.,, 2001),
typically weighs 100 — 2,000 g and mainly storesmntifungal (lnoue et al, 1995), and
water (860 — 900 g kg) and carbohydrates (90 — anticholesteremic properties (Delzenne and Kok,
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2001). Yacon is commonly consumed by diabeticproducts with both physiological functionality and
because of its known positive effects on thesensory acceptance by the consumers, producers
digestive system (Zardini, 1991). Fructanshave developed a number of processed Yacon
especially inulin, can modulate the growth ofproducts, such as air-dried tuber slices (Grau and
bacteria in the intestines and boost thdRea, 1997), unrefined Yacon syrup, which is
immunological system, offering beneficial healthmarketed as a dietetic sweetener (Herman, Freire
effects (Capito, 2001). and Pazos, 1999), sweet pastries, fermented
The Yacon tuber contains carotenoids that confaregetables, and ethanol (Lachman et al., 2003).
its yellow colour (Quinteros, 2000). It also Yacon juice treated with active carbon powder
contains chlorogenic acid, ferulic acid, and caffei (Hondo et al., 2000a), Yacon vinegar (Hondo et
acid (Simonovska et al., 2003), which make thal., 2000b), chocolate cake (Moscatto et al., 2004)
tubers susceptible to enzymatic browning reactionand Yacon juice blended with peach (Silva, 2004),
caused by polyphenol oxidases (PPOSs) (Yoshida et lemon juice (Granato and Neves, 2005), are
al., 2002).To inhibit these reactions, PPOs aresome other products that have been developed.
inactivated by the heat or by the use of reducinn the same context, passion fruit juice (PFJ) is a
agents, such as sulphites and organic acidslevant species (Souza et al., 2008) that can also
(ascorbic, malic, citric acids) (Yan et al.,, 1999;be a suitable ingredient to produce other Yacon-
Araujo, 2004). based products due to the fact it contains a large
PPOs catalyze the oxidation o06-phenolic quantity of organic acids and carotenoids,
substrates t@-quinones, which are subsequentlyrecognized compounds that inhibit PPOs activity
polymerized to dark-colored pigments. Theseand confer taste, flavour and a good-looking
metalloenzymes, which are widely distributed inaspect to the food. For this reason, the current
the plants, are considered to be the maiwork was aimed to study the influence of PFJ
contributor to the browning of fruits and and/or sodium disulphite on the colour of Yacon
vegetables that occur during the harvestingpulp in order to inhibit the enzymatic browning,
handling, processing, and storage of many plargnd evaluate the sensory attributes of Yacon non-
materials (Mayer and Harel, 1978jayer and sugar pastes.

Harel, 1991;Vamos-Vigyazo, 1981; Zawistowski

etal., 1991; Ayaz et al., 20D8

Colour is one of the most important sensonMATERIALS AND METHODS

attributes of food products, since it is an indicat

of the degree of cooking, aesthetics, and freshnegsample materials

(Hutchings, 1999). It is also the first charactéris The materials used in this work include Yacon
that attracts consumers’ attention, and thereforgihers obtained from local market in Curitiba

greatly influences their preferences and demanqgrazil), yellow PFJ (500 g Kypulp in water, pH
(Calvo et al., 2001). For these reasons, colour is 2 63, °Brix = 8.20, acidity = 45.5 g Kkgjin citric
considered as the major factor in the assessment#id), saccharine and sodium cyclamate mixed
food product quality and it is extensively used tosweeteners in a 1:1 ratio (Doce menos, S&o Paulo,

characterize the variation of colour in the foodssp, Brazil), and disodium disulphite ($s0s,
during processing (Ameur et al., 2007he PPOs Synth, S&o Paulo, SP, Brazil).

contained in Yacon tubers lead to browning, a
negative chemical reaction that limits productExperimental design

development. Hence, it is very important toTo study the enzymatic inactivation of the blends
inactivate these enzymes so that the natural cologbntaining Yacon tubers and PFJ and/op@s,

of the root is preserved. ~ atotally random experimental design was utilized,
With the goal of developing new technologicalin accordance with the treatments indicated in
Table 1.
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Table 1 - Experimental treatments to study the preventiobrofvning in paste of Yacon tubers with passiontfrui
juice.
Treatment Formulation
1 (control) Yacon tuber
Yacon tuber + 25 g kg PFJ
Yacon tuber + 50 g kg PFJ
Yacon tuber + 75 g kg PFJ
Yacon tuber + 100 g kg PFJ
Yacon tuber + 150 g kg PFJ
Yacon tuber + 300 g kg PFJ
Yacon tuber + 400 g kg PFJ
Yacon tuber + 0.15 g K§NaS,05
Yacon tuber + 150 g K§PFJ + 0.25 g kif Na&S,05
Yacon tuber + 0.35 g kjNa,S,05
Note: PFJ = passion fruit juice; MaOs = disodium disulphite.

B
FPBoo~vouorwN

Yacon blend processing reference standard ceramic plates. The samples
The Yacon tubers were washed in flowing waterwere placed in a clear glass Petri dish, and colour
and then disinfected with a 200 mylchloride measurements were performed six times.

solution (Quinteros, 2000). The tubers were

manually peeled, weighed, and blended with PRdinetic models

and/or NaS,0Os in accordance with the The data obtained from the instrumental colour

experimental design. The mixture (950 g), for eacwere adjusted to describe the change of colour
treatment, was processed for four minutes using @arameters throughout the evaluation. This kind or

blender (Wallita, S&o José dos Pinhais, Brazil) analysis has been extensively reported in the

9000 r.p.m. literature for several fruits (Lee and Chen, 1998;
Chutintrasri and Noomhorm, 2007) because it
Instrumental colour describes the effect of time on colour variation.

The colour degradation study was conducted at Ghe reaction rate constants were determined by
15, 30, 45, 60, 120, 180, and 240 minutes aftditting the experimetnal data to a first-order Kine
blending of the Yacon and PFJ mixtures bymodel (Tiwari et al., 2008)C= C, €', whereC
determining the CIELAB colour parameterg* ~ was the studied parameter at any given reaction
b* andL* - as measured by a Hunterlab coloutime, Cy was their initial value an# was a rate
difference meter model D25L-2 (Hunter Assoc.constant. Data fitting was considered to be
Laboratory, VA, USA), with D65 optical sensor, significant at a probability level af 5%.

0° geometry and 10° angle of visidda® was the

lightness factor, which indicated the degree oDiet paste design

lightness or darkness of the sampd; and b*  The treatments with best results in the inhibitdén
were the chromaticity coordinates that representegshzymatic browning of Yacon pastes, from
the red(+)/green(-) and yellow(+)/blue(-) colourcolorimetric analyses, were utilized to prepard die
attributes, respectively. ChromaC*, which pastes. These diet pastes were further processed to
indicates the intensity of colour, was calculatgd bcheck for their acceptance by potential consumers.
the formula:C*= (a** +b*?Y2% The total colour The pastes were prepared according to a traditional
difference AE, between the initial and final colour recipe. Briefly, 3 kg of Yacon and PFJ were
of the blends (Yacon + PFJ and/or,8#s) was cooked for 20 min at 85 °C in an aluminum pan,
calculated using the Hunter-Scotfield’s equationcooled using an ice bath until it reached®@pand
AE= (Aa*? + Ab*? + AL*?)Y? whereAa* = a* - then supplemented with sweetener at a
a*y; Ab* = b* - b*o; AL* = L* - L*; subscript “0” ~ concentration of 3 g Kg The products were
indicate the initial colour at time 0. Prior to aseptically placed in a sterile glass container and
measuring the colour of the blended mixtures, thkept under refrigeration (C) until they were used
instrument was calibrated using black and whitdor sensory analyses.
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Sensory assessment data. The acceptance index of each non-sugar
The rating test was applied to analyze the degrgmste was calculated by the percentage of
of liking of colour, taste, overall liking, and texe respondets who indicate that they ‘slightly liked’,
using a seven-point hedonic scale, where 1imoderately liked’, or ‘strongly liked’ the product
‘strongly disliked’; 2= ‘moderately disliked’; 3= sample (Lawless and Heymann, 1999).
‘slightly disliked’; 4= ‘indifferent’; 5= ‘slightly
liked’; 6= 'moderately liked’; and 7= ‘strongly
liked’” (ABNT, 1998). The non-sugar pastes wereRESULTS AND DISCUSSION
presented monadically for each panelist in a
random form using a balanced block design. WateTolour degradation
and a cream cracker biscuit were used by therevious studies of enzymatic browning on Yacon
panellists to cleanse the palate. A total number gfiice disclosed a rapid change from green to a
51 different panellists between the ages of 13 angarker colour during grinding and crushing of the
43 years evaluated each sample in differenoots (Quinteros, 2000). Similar behaviour was
sessions, in a total of 153 responses. The samplesserved in the control treatment in the present
were placed in disposable plastic cups, eacktudy, such that pulp tonality shifted from
identified with three random digits. yellowish to dark brown, due to melanin
production came from the reaction between
Statistical analyses phenols and amino acids naturally present in
All variables had their normality and varianceYacon tubers.
homogeneity tested by dispersion graphs an®ihe data in Table 2 indicated that with the
Hartley’s test. Second, repeated measurasxception of treatments T7, T8, and T10, the
ANOVA was carried out to determine theamounts of PFJ and/or P&Os utilized in the
existence of any statistical differende € 0.05) study did not sufficiently prevent the enzymatic
among the samples, by comparing the treatmenkgowning of the blends. Browning could be
and the initial and final values for each colourvisualized by the reduction df*, increase of*
parameter, followed by Tukey’s HSD post hoc tesand decrease db* coordinate values (Cabello,
(Montgomery, 2000), using the statistical progran2005). As previously stated, yacon tubers contain
Statistica version 7.0 (StatSoft Inc., Tulsa, OKchlorogenic acid and L-tryptophan, which are
USA). Significance of the results from the sensorgubstrates used by PPO enzymes to produce
data analysis was submitted to two-way ANOVAmelanin (Yan et al., 1999), which dark compounds
for the identification of contrasts. Pearson’sthat negatively affect the sensory acceptance of
correlation coefficients (r) were calculated foe th fruit products (Araujo, 2004).
determination of associations among the sensory

Table 2 -Variation of colorimetric parameters*( a*, andb*) related to passion fruit juice (PFJ) and disodium
disulphite addition to yacon blends.

L* ar b*
Treatments Initial Final Initial Final Initial Final

Tl 51.27+0.91 11.23+0.31  -1.96+052 -1.00+0.02 20.18+0.27 5.60+0.52
T2 7559+ 0.54 32.27+0.54 3.45+0.12 74%+0.19 22.28+0.68 16.32+0.40
T3 77.87+1.63 35.78+0.30 3.99+0.10 9.39+0.11 24.58+055 22.95+0.22
T4 7559+ 0.65 40.01+0.35 4.78+1.10 6.79+0.04 25.47+0.58 20.89+0.30
T5 73.9G+0.20 41.01+1.59 5.93+ 0.06 6.07+0.05 28.989+0.09 22.48+0.43
T6 71.30+0.21  48.07+0.10 7.78+0.10 7.87+0.06 35.12+0.16 26.78+0.38
T7 66.4F+4.04 48.18+0.15 4.84+0.22 3.18+0.12 31.47+3.78 31.43+0.23
T8 66.86+0.74 53.42+0.27 1.30+0.48 7.78+0.11 42.30+3.64 40.72+0.92
T9 60.86+1.55 22.27+0.78 3.32+0.15 468+0.70 23.91+1.03 14.07+1.44
T10 67.39+150 50.98+0.37 5.70+0.27 3.08+0.16 31.43+1.47 29.61+0.41
T11 65.36+4,19  44.08+0.94 3.18+0.23 1.01+0.07 22.72+0.64 14.53+0.59

Note: Mean + standard deviation. Mean in the saneewith different letters are significantly diffemt according to the Tukey’s

HSD test P < 0.05).
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The finala* coordinate ranged from —1.00 to 9.37contained 150 g kg" PFJ and 0.25 g kg of

for all the treatments, whereas th& coordinate disodium disulphite,significantly inhibited the
ranged from 5.60 to 40.72, which indicated thabrowning, as observed by the insignificaRt £

the T6, T7, T8, and T10 treatments presented.05 shift from theb* coordinate value.

higher values relative to the other onesColour degradation is a suitable analysis and to
Notwithstanding, the yellow colour bf assess the enzymatic browning of fruit juices
coordinate) was significantly stablé> (> 0.05) (Mattietto et al., 2007), pulps (Moura et al., 201
throughout the 240 minutes time course for T7mango pulp (Faraoni et al., 2008) and drink with
T8, and T10 treatments, probably due to thtropical fruit (Rosso and Mercadante, 2007). Thus,
presence of carotenoids and organic acids in tlthe a* and b* values or some their combination
PFJ that naturally inhibited the PPO activity.should be used as physical parameters to describe
Treatment T9 (0.15 g k§ Na&,S,0s) presented the visual colour alteration. The total colour
worst colour stability with regard to enzymatic degradation of the blends can also be expressed as
browning as there was a great decre&e (0.05) a single numerical valu&E, which indicates the

in the yellowish huel(*), and an increase in the magnitude of the total colour difference in a food
red colour &* value). On the other hand, T8 keptsample over a certain period of time. The total
its colour throughout the entire time course, due tcolour difference was lower in the treatments that
the inhibition of the PPOs. Therefore, T8 wa:contained high PFJ concentrations, TXE (=
considered the best treatment. It was already be 18.34), T8 AE = 15.00), and T1@QE = (16.74).
demonstrated that disodium disulphite is aiAnalogous behaviour was observed in the blend
effective inhibitor of PPO enzymes in YaconTi0, which had a relatively lower concentration of
tubers (Neves and Silva, 200Apwever, the T11 pEJ, put included disodium disulphite, as shown in
treatment, which consisted of 0.35 g Kgof Figure 1. The highest total colour difference @ th

disodium diSUIphite, did not SatiSfaCtorin inhibit tested treatments was observed in treatment T2
the browning, whereas the T10 treatment, whic(aAE = 43.91).

50

40—

30+

20

10+

Change in color differenc@AE)

T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 TI1
Treatments

Figure 1 - Change in total colour differenc&K) related to passion fruit juice (PFJ) addition
and/or disodium disulphite.

The chroma value@) indicated the degree of presented a significant decreage < 0.05 in its
colour saturation and was proportional to thechromaticity over time.

colour strength. Treatments T6, T7, T8, and T10reatment T8 showed the highest colour intensity
showed higher values of chromaticity in the(41.46) at the end of the experiment due to the
beginning of the experiment (Fig. 2). However, Téhigh concentration of PFJ. On the other hand, T1,
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the control sample, showed the least intense colofirst-order kinetic models for the degradation of
saturation C* = 5.69) after 240 minutes. Figure 3 lightness for the T7, T8 and T10 treatments were
indicated that T7, T8, and T10 presented lessbtained, with determination coefficients above
variation ofL* over the course of the experiment,67% (Fig. 4), aiming to consider the equations
as these treatments showed better inhibition cfuitable as purpose-predictors in the experimental
enzymatic browning. During the incubation, darkinterval studied.

compounds, such as melanin, which mainlyThe yellownessk* coordinate values) decreased
resulted from the non-enzymatic browningin the following treatments: T1, T2, T3, T4, T5,
reactions, oxidation of organic acids orT6, T9, and T11, as illustrated in Figure 5. The
precipitation of pigments (Sandi et al., 2004)positive Ab* values observed for T7, T8, and T10
might have contributed to a reduction inindicated that these blends were more yellow than
luminosity of the other treatments. blue in colour, whereas th&b* values were more
These compounds likely contributed to the darkenegative for the other treatments.

appearance of the blends. SignificaRt < 0.05)

50

5

8
|
|

8

Intensity of color (C*)
|

5

(=)

| | I
TA T2 T3 T4 T5 T6 T7 T8 T9 Ti10 T11

Treatments

Figure 2 - Initial (full bars) and final (void bars) inteibg of colour (C*) related to passion fruit
juice (PFJ) addition and/or disodium disulphite.

Treatments
5 6 7 10 11

-10
-20 P
-30

40 - * L 2

-50

Figure 3 - Kinetic of theAL* values related to passion fruit juice (PFJ) additind/or disodium
disulphite.
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Figure 4 - Kinetic models for degradation of lightness Y of the blends containing 300 g Kg
PFJ (T7) (a), 400 g kg PFJ (T8) (b) and 150 g kPFJ + 0.25 g kg N&,S,0s (T10)
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Figure 5 - Kinetic of theAb* values related to passion fruit juice (PFJ) addiand/or disodium
disulphite.
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A negative Aa* value indicated that there was Significant < 0.05) first-order kinetic models for
more green than red in the juice colour. W&  a* coordinate degradation for the T7, T8 and T10
declined slightly in T7, T8, T10, and T11, while treatments were obtained, with determination
the opposite behaviour was observed in the otheoefficients above 72%, corroborating the idea that
formulations (Fig. 6). These data indicated thatolour degradation followed a linear behaviour, as
there was more red than green in the final coloushown in Figure 7.

for the other treatments.

6

i *
Green Red
4 — L 2 -a* +a*
2 - 4
IR ¢

0 T T T T * 4 T T T T T

_| 1 2 3 4 5 6 7 8 9 10 11
o Treatments V'S .

| . *
-4

Figure 6 - Kinetic of theAa* values related to passion fruit juice (PFJ) additind/or disodium

disulphite.
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Figure 7 - Kinetic models for degradation af colour coordinate of the blends containing 300 g
kg *PFJ (T7) (a), 400 g kd PFJ (T8) (b) and 150 g ktPFJ + 0.25 g ki N&,S,0s
(T20) (c).
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In accordance with Quinteros (2000), productshat there was no significant statistical differenc
containing Yacon tubers must combine two ofP > 0.05) among the sensory parameters, as
more methodologies, such as the use of organabserved in Table 3. The analysis of the panellists
acids, heat or other physical treatments, to imhibscores indicated that the paste samples presented
the enzymatic browning in order to obtain themean hedonic scores above ‘indifferent’ (4.00) for
acceptance by potential consumers. However, suthe attributes. The overall liking of the products
processing of Yacon products may hamper theivas significantly P < 0.001) correlated to taste (r
ability to compete in a market with less processed 0.866), texture (r = 0.804), and colour (r =

products (Hermann et al., 1999). 0.874), suggesting that these attributes were the
main drivers of the overall liking of non-sugar
Sensory assessment Yacon-based pastes. The acceptance indices

Since treatments T7, T8, and T10 presented a higbhcores above ‘indifferent’) for the T7, T8, and

colour intensity C*) and an insignificantR < T10 were 78, 63, and 55%, respectively. In

0.05) colour differenceAE) after 240 minutes, accordance with Lawless and Heymann (1999), a
they where chosen for the sensory analy$ée food product that has been developed must
sensory assessment produced data that wepeesent, at least, 70% of acceptability to be a
homogenous R > 0.05) when the Hartley's test market potential. Hence, only T7, produced with
was applied and the two-way ANOVA showed300 g kg™ of PFJ would be inside this criterion.

Table 3- Sensory attributes of non-sugar Yacon pastes.

Samples Sensory attributés _

Taste Texture Overall liking Colour
T7 5.00 471 5.10 5.55
T8 4.98 4.61 4.80 5.25
T10 4.76 4.63 4.57 5.27

Pooled Standard Deviation 1.54 1.40 1.51 1.29
Psampie(Hartleyy 0.69 0.59 0.87 0.43
Psampie(AnOVay 0.40 0.90 0.20 0.14
Poaneiiis (Hartleyy 1.00 1.00 0.88 1.00
Poanetits (Anovay’ 0.09 0.38 0.37 0.76

Note:'Data expressed as mean (n = 3R)pbability values obtained by Hartley test (F miax)homogeneity of variances;
3Probability values obtained by two-way ANOVA; T80 g kg* PFJ; T8 = 400 g kg; PFJ; T10 = 150 g kj PFJ + 0.25 g
kg " NaS,0s.

CONCLUSION great potential for industrial production, which
might provide a new diet option for diabetics.
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control of alterations in the colour parameters of

Yacon pastes by the addition of variable amountACKNOWLEDGEMENTS

of PFJ and/or N&,0Os enabled identification of

efficient treatments for the inhibition of browning The authors wish to thank the Coordenacdo de

In this regard, treatments T7 (300 g k@FJ), T8 Aperfeicoamento de Pessoa de Nivel Superior

(400 g kg™ PFJ), and T10 (150 g kyPFJ + 0.25 (CAPES) for the financial support.

g kg * N&S,05) showed potential to prevent the

browning in the blends at 240 minutes post-

reaction onset. The non-sugar paste developgREFERENCES

with 300 g kg™ of PFJ seemed to be the most

preferred by the taste panel, with an acceptand&BNT. Associacdo Brasileira de Normas Técnicas.

index of 78%. These results suggested that aNBR 1414. Escalas utilizadas em analise senscegial d

Yacon-PFJ and/or N&,0s mixture could have a alimentos e bebidas. Rio de Janeiro, 1998.

Braz. Arch. Biol. Technol. v.54 n.1: pp. 149-158n{Feb2011



158 Granato, D. et al.

Ameur, L. A.; Mathieu, O.; Lalanne, V.; Trystram,;G Grau, A.; Rea, J. (1997), Yacon: Smallanthus
Birloquez-Aragon, G. (2007), Comparison of the sonchifolius (Poepp. and Endl.). H. Robinson. In:
effects of sucrose and hexose on furfural formation Hermann M, Heller J. Andean roots and tuberous
and browning in cookies baked at different roots: Ahipa, Arracacha, Maca and Yacon. Promoting

temperaturefrood Chem.101, 1407-1416. the conservation and use of underutilized and
Araujo, J. M. A. (2004), Quimica de Alimentos:Teori neglected crops. International Plant Genetic
e Prética. 3rd ed. Vicosa:Editora UFV. 478p. Resources Institute. Rome. 199-256.
Ayaz, F. A.; Demir, O.; Torun, H.; Kolcuoglu, Y.; Hermann, M.; Freire, |I.; Pazos, C. (1999),
Colak, A. (2008), Characterization of Compositional diversity of the yacon storage rdot.

polyphenoloxidase (PPO) and total phenolic contents Impact on a changing world. Program Report 1997—-
in medlar (Mespilus germanica L.) fruit during 1998. CIP. Lima. 425-432.

ripening and over ripening-ood Chem.106, 291- Hondo, M.; Nakano, A.; Okumura, Y.; Yamaki, T.
298. (2000a), Effects of activated carbon powder treatme

Aybar, M. J.; Riera, A. N. S.; Grau, A.; SanchezSS on clarification, decolorization, deodorization and
(2001), Hypoglycemic effect of the water of fructooligosaccharides content of Yacon juidelpn
Smallanthus sonchifolius (Yacon) leaves in normal Soc Food Sci47, 148-154.
and diabetic ratsl Ethnopharmaco|.74, 125-132. Hondo, M.; Okumura, Y.; Yamaki, T. (2000b), A

Cabello, C. (2005), Extraction and chemical pre- preparation of Yacon vinegar containing natural
teatment of fructans from Yacon (Polymnia fructooligosaccharides.Jpn Soc Food S¢ci7, 803—
sonchifolia).Ciénc Tecnol Alimen25, 202-207. 807.

Calvo, C.; Salvador, A.; Fiszman, S.M. (2001),Hutchings, J. B. (1999), Food colour and appearance
Influence of colour intensity on the perception of 2nd ed. Gaithersburg: Aspen Publishers. 610 p.
colour and sweetness in various fruit flavouredinoue, A.; Tamogami, S.; Kato, H.; Nakazato, Y.;
yoghurts.Eur Food Res Tech213 99-103. Akiyama, M.; Akatsuka, T.; Hashidoko, Y. (1995),

Capito, S. M. P. (2001), Raiz tuberosa de Yacon Antifungal melampolides from leaf extracts of
(Polymnia sonchifolia): caracterizacdo quimica e Smallanthus sonchifoliusPhytochemistry 39, 845-—
métodos de determinacdo de frutanos (CG e CLAE- 848.

DPA). Masters Thesis, Universidade Estadual de Sdloachman, J.; Fernandez, E. C.; Orsak, M. (2003),
Paulo, Sao Paulo, Brasil. Yacon [Smallanthus sonchifolia (Poepp. Et Endl.) H.

Corréa, C. M.; Oliveira, G. N.; Astarita, L. V.; Robinson] chemical composition and use — a review.
Santarém, E. R. (2009), Plant Regeneration through Plant Soil Environ.49, 283-290.

Somatic Embryogenesis of YaconSmallanthus Lawless, H. T. M; Heymann, Hsensory evaluation of
sonchifolius(Poepp. and Endl.) H. RobinsorBraz food: principles and practices. Aspen Publishers,
Arch Biol Tech.52, 549-554. Gaithersburg (1999).

Chutintrasri, B.; Noomhorm, A. (2007), Color Lee, H.S.; Chen, C. S. (1998), Rates of VitamihdSs
degradation kinetics of pineapple puree during and Discoloration in Clear Orange Juice Concentrate
thermal processind.WT - Food Sci Tech40, 300- during Storage at Temperatures of 4-24ICAgr

306. Food Chem.46, 4723-4727.

Delzenne, N.; Kok, N. (2001), Effects of fructagpd  Mattietto, R. A.; Lopes, A. S.; Menezes, H. C. (2D0
prebiotics on lipid metabolismAm J Clin Nutr, 73, Stability of mixed cajaand umbu nectar. Ciénc
456-458. Tecnol Alimen.27, 456-463.

Faraoni, A. S.; Ramos, A. M.; Stringheta, P. C.;Mayer, A. M.; Harel, E. (1979), Polyphenol oxidase
Laureano, J. (2008), Efeito dos métodos de plants.Phytochemistryl8, 193-215.
conservacgdo, tipos de embalagem e tempo ddayer, A. M.; Harel, E. (1991), Phenoloxidases and
estocagem na coloragédo de polpa de manga “Uba”their significance in fruit and vegetables. In Food
produzida em sistema organicRevista Ceresb5, Enzymology. Fox, PF. Ed. London:Elsevier. Vol. 1,
504-511. 373-398.

Goto, K.; Fukai, K.; Hikida, J.; Nanjo, F.; Hara, Y Montgomery, D. C. (2000), Design and analysis of
(1995), Isolation and structural analysis of experiments. New York:Wiley. 684p.
oligosaccharides from Yacon (Polymnia sonchifolia).Moscatto, J. A.; Prudéncio-Ferreira, S. H.; Haull
Biosci Biotech Bioch59, 2346—2347. C. O. (2004), Yacon meal and inulin such as

Granato, D.; Neves, L. S. (2005), Inativacdo Entitaa ingredients in chocolate cake preparatidiénc
para producdo de Suco de Yacon. In: Proceedings ofTecnol Alimen.24, 634-640.
the VI Week of Food Engineering, Ponta Grossa,

Brazil.

Braz. Arch. Biol. Technol. v.54 n.1: pp. 149-158n{Feb2011



Influence of Passion Fruit Juice on Colour Stap#ihd Sensory Acceptability 159

Moura, S. C. S. R.; Almeida, M. E. M.; Rolim, S.&; Souza, M. M.; Pereira, T. N. S.; Vieira, M. L. C.

Vital, A. A.; Berbari, S. A. G.; Sigrist, J. M. M. (2008),

(2001), Kinetics of fruit pulp degradatioBraz J Cytogenetic Studies in Some Speciefassifloral.

Food Techno).4, 115-121. (Passifloraceae): A Review Emphasizing Brazilian
Neves, V. A.; Silva, M. A da (2007), Polyphenol SpeciesBraz Arch Biol Tech51, 247-258.

Oxidase from Yacon Roots (Smallanthus

sonchifolius).J Agr Food Chem55, 2424-2430. Tiwari, B. K.; ODonnell, C. P.; Patras A.; Cullen P. J.
Ohyama, T.; Ito, O.; Yasuyoshi, S.; lkarashi, T.; (2008), Kinetics of Freshly Squeezed Orange Juice

Minamisawa, K.; Kubota, M.; Tsukinashi, T.; Asami, Quality Changes during Ozone ProcessidgAgr

T. (1990), Composition of storage carbohydrate in Food Chem.56, 6416-6422.

tuber roots of Yacon (Polymnia sonchifoli&oil Sci  Vamos-Vigyazo, L. (1981), Polyphenol oxidases and

Plant Nutr, 36, 67-171. peroxidases in fruits and vegetabl€sit Rev Food
Quinteros, E. T. T. (2000), Produgéo com tratamento  Sc, 15, 49-127.

enzimatico e avaliacdo do suco de Yacon. (2000), Vilhena, S. M. C.; Céamara, F. L.; Kadihara, S. T.

PhD Thesis, Universidade Estadual de Campinas, (2000), O cultivo do yacon no BrasHortic Bras,
Campinas, Brasil. 18, 5-8.

Rosso, V. V.; Mercadante, A. Z. (2007), Evaluatidn ~ Yan, X.; Suzuki, M.; Ohnishi-Kameyama, M.;
colour and stability of anthocyanins from tropical Makanishi, T.; Nagata, T. (1999), Extraction and
fruits in an isotonic soft drink systetmnov Food Sci identification of antioxidantes in the roots of ac
Emerg.,8, 347-352. (Smallanthus sonchifolius)] Agr Food Chem.47,

Sandi, D.; Chaves, J. B. P.; Sousa, A. C. G.; hase 4711-4713.
J. F. M,; Silva, M. T. C.; Constant, P.B.L. (2004), Yoshida, M.; Ono, H.; Mori, Y.; Chuda, Y.; Mori, M.
Hunter color dimensions, sugar content and volatile (2002), Oxygenation of Bisphenol A to Quinones by
compounds in pasteurized yellow passion fruit juice Polyphenol Oxidase in Vegetabled. Agr Food
(Passiflora edulis var. flavicarpa) during stordgeaz Chem, 50, 4377-4381.
Arch Biol Tech47, 233-245. Zardini, E. (1991), Ethnobotanical notes of Yacon,
Silva, E. B. (2004), Processamento de bebida fmatio = Polymnia sonchifolia (Ateraceadicon Bot, 45, 72-
a base do Yacon (Polymnia sonchifolia Poepping and 85.
Endlicher). Curitiba: Universidade Federal do Paran Zawistowski, J.; Biliaderis, C. G.; Eskin, N. A. M.
2004. 113 p. Dissertacdo. (Mestrado em Tecnologia (1991), Polyphenol oxidase. In Oxidative enzymes in
de Alimentos) — Universidade Federal do Parand, foods, Robinson, D. S. R.; Eskin, N. A. M., Eds.
2004. Elsevier Science Publishers, England 217-273.
Simonovska, B.; Vovk, |., Andrensek, S.; Valentova
K.; Ulrichova J. (2003), Investigation of phenolic
acids in yacon§mallanthus sonchifoliigeaves and Received: August 20, 2009;

_ Revised: December 14, 2009;
tubers.J Chromatogr A.1016 89-98. Accepted: July 28, 2010,

Braz. Arch. Biol. Technol. v.54 n.1: pp. 149-158n{Feb2011





