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ABSTRACT

The textural properties of minimally processed products indicate its qualilythe package is fundamental to
maintain the conservation of these foods. The aim of this study was to evaluate texture alterations that occur during the
storage period of minimally processed yellow Peruvian roots, using texture profile analygisuf@Relaxation, in
function of four types of plastic packaging, combined to refrigeration. The roots were selected, sanitized, peeled and
sliced. The processing continued with final sanitization, rinsing and immersion in ascorbic and citric acid solution. The
slices were centrifuged and packed in expanded polystyrene trays covered with PVC film, and in high-density polyethylene
bags (HDPE), polypropylene bags (PP) and multilayer polyolefin bags for vacuum, and stored at 5 + 2 °C and 90 * 5%
relative humidity during 12 days. For thEA, the parameters of interest were hardness and adhesiveness, automatically
calculated from the force curves (F) x time (s). For modeling the relaxation process, the generalized Maxwell model was
used. The slices packed in PP and vacuum showed higher hardness and normalized force in the balance (0.7502 and
0.7580, respectively), indicating that they were more elastic, better preserving the quality during storage than slices
packed in other packaging.
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RESUMO

Influéncia do tipo de embalagem sobre as propriedades texturais de batatas baroa
minimamente processadas

As propriedades texturais dos produtos minimamente processados indicam a sua qualidade, sendo a embalagem
fundamental para manter a conservagédo destes alimentos. Objetivou-se com este trabalho avaliar as alteracdes de
textura que ocorrem durante o armazenamento das batatas baroa minimamente processadas através da analise do per
de textura (TR) e relaxagéo, em funcéo de 4 tipos de embalagens plasticas, combinadas a refdgevatdtas baroa
foram selecionadas, lavadas, sanitizadas, descascadas e cortadas em rodelas. O processamento prosseguiu col
sanitizacao final, enxague e imersdo em solugéo de &cido ascorbico e aciddsitodelas foram centrifugadas e
acondicionadas em bandejas de poliestireno expandido revestidas com filme de PVC e em sacos de polietileno de alta
densidade (PEAD), de polipropileno (PP) e de poliolefina multicamadas para vacuo e foram mantidasa5+2°C e 90 + 5%
de umidade relativa, durante 12 dias. Par®Ay os parametros de interesse foram dureza e adesividade, calculados a
partir das curvas de forca (N) x tempo (s). Para a modelagem da relaxacao utilizou-se o modelo generalizado de Maxwell.
As rodelas acondicionadas nas embalagens de PP e a vacuo apresentaram valor mais elevado de dureza e maior forg
normalizada no equilibrio (0,7502 e 0,7580, respectivamente) indicando que foram mais elasticas, preservando melhor a
qualidade durante o armazenamento que as rodelas acondicionadas nas demais embalagens.

Palavras-chaveArracacia xanthorrhizamodelagem matematica, atmosfera modificada, relaxagéo, andlise do perfil
de textura.
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INTRODUCTION deformations or diseases were removed to obtain a
) _ homogeneous product.
For fruits and vegetab_les consumedgtura tr_exture The roots were selected, washed in running water with
and color are the most important quality attributes foﬁeutral detagent to remove dirt. Subsequentlyey were

market value definition (Liet al, 2009). , taken to the minimum processing room, refrigerated at 18
Factors that affect texture can substantially change aftﬁer1 °C, and sanitized in solution with 200 mg &ctive

harvest, due to intercellular adhesion change, conversi(c:)'qIorine for 15 min. Next, they were peeled and manually

of starch into sugars, loss of water and cellular wall forc&t into + 1 cm thick slices and immediately placed in frozen

(Toivonen & Brummel, _2008)' In.minimally processeqNater For final sanitization, the slices were immersed in a
products, several ha_ndhng techniques and conservat!gglution containing 200 mglactive chlorine, at5 + 2 °C,
tree_ltments are appllgd to reduce texturg changes, I%‘? 15 min, with subsequent rinsing in solution containing
refrigerated conservation and use of plastic wra_lp. 3 mg L* active chlorine, at 5 + 2 °C for 15 min and immersed
Fohqd texture can be measured_ by phﬁ/smgl teS§¥'a 396 ascorbic acid solution and 3% citrus acid for 5 min.
pulnc 'ng., plelnet_ranohn, conr:pr_essu:cné S ea:'ngdaWaterexcess was removed by centrifugation at 2000 rpm
re ax_atlon, a owmg_t e gathering o atq related 19, 15 5 and the slices were conditioned in the following
congstgncy and resistance of veget'a.ble tlssues. by B‘fekaging types: expanded polystyrene trays covered
app:lcatlo.n of any force2 and the specific deformation Qith 16 um-thick polyvinylchloride (PVC) film; 10 pm-thick
totaRtelst tlm.e (B_O urne, 003). for food high density polyethylene (HDPE) packaging bags; 20 pm-
€ gxatlon IS an important test for OO_ teXtu“’fhick polypropylene (PP) packaging bags and 70 um-thick
evaIugUon, u;ually used for.the study .Of the wscoelast’.ﬁu|,[”ayer polyolefin vacuum bags. The samples were
behavior of biological materials (Cesial, 2007), and maintained at 5 = 2 °C and 90 * 5% of relative humidity for

the modeling of a mathematical instrument is basic fcg period of 12 days in a biochemical oxygen demand
analysis of this behavior (Del Nob# al,, 2007; Fustier (B.0.D.) incubatar

etal, 2009.)' N . The texture profile analysis was carried out according
Accqrdlng to_Resende_ & Correa (2_0(_)7)’ specific mOP'e{B Beléia & Pereira (2004), using a texture analynedel

can satlsfactorlly descrlbe_ the_varlatlon_ o_f rheologicaf, 1 (Stable Micro System), also known as texturometer

parameters during food ripening, prqwdmg not O_nl_yrhe samples were pressed at 20% of the initial height using

practical texture rates, but also underlying CharaCte”St'%mpression with constant speed of 0.02 nrniith an

to processes that occur during storage. aluminum cylinder of 100 mm diametdthe interest

Other methpds haye been de_velgpeq to determine fo grameters were hardness and adhesiveness, which were
texture properties, being worth highlighting the Instrume ;utomatically calculated by the software progixture

ltal Te}(tur(;e Prciﬁli’ which has b:_;ariieibntly afplpliedlfor. a Expert forWindows® from force curves (N) x time (s)
arge food scalél'he Instrumentalexture ProfilAnalysis groduced during the test.

(TPA) simulates the conditions to which food is submitte The experiment was delineated in four groups,

along the mastication process and is offered as a Wayc%fntaining the following packaging types: 1) expanded
“e'p'T‘g _fOOd resgarchers to qbtam descriptive ar lystyrene trays covered with polyvinylchloride film (PVC);
quantitative sepsonal d_ata regarding texture characteristi ‘high-density polyethylene (HDPE) packaging bags: 3)
Thu§, the aim of this study was to evaluate the?extub lypropylene (PP) packaging bags: and 4) multilayer
alj[e_ratlons that occur during thg storage period (bfolyolefin (PML) packaging bags for vacuum. The groups
m|n|.mally prqcessed yellow Pe.ruwan. roots by textur ere subdivided based on chronological evaluation (from
profllg analysis ,(TR) and rglaxatlon, u5|.ng foqr types ,OfO to 12 days) in a completely randomized delineation with
plastic packaging, combined to refrigeration durln$our replications. The data were analyzed by analysis of
storage. variance and regressiofo compare means of qualitative
factor, Turkey’s test was used, at 5% significance level. For
MATERIALS AND METHODS the quantitative factopmodels were chosen based on
The present study was developed in the Laboratogvgnificance of regression coefficients using t test,
of Physical Properties and Quality Evaluation ofoeficient of determination (Rand biological behavior
Agricultural products of the National Grain Storage The relaxation test was also carried out using the
Training Center (CENTREINAR), and in the Post-harvedexturometerA cylindrical flat probe was used, with 100
Laboratory of the Phytotechnology Department andnm diameterat a test speed of 0.02 m mignd constant
Minimum Processing Unit, both at the Federal Universitforce of 4 N. For the relaxation curve modeling, the

of Vicosa, UFM(MG, Brazil). generalized Maxwell model was employed, equation 1:
We used yellow Peruvian roots from cultivanaela

de Carandajobtained at the Central Food Supply (Ceasig (1) =ce+ 4, exp[__’)JrAz exp(__’)JrA} exp(__’) @)

MG, Brazil). The tubercles with damages, visible 1 2 T3
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where: Figure 1 shows the evolution for hardness (a) and
o (t): force normalized at time t, dimensionless; adhesiveness (b) values of slices along storage.
oe: force normalized at balance @}, dimensionless; Regarding hardness, a decrease was observed in all
A, A, A model constants, dimensionless; packag!ng bags, and slices cgndltloned in PP and vacugm
t time. s- and packaging bags presented higher hardness value, which
T L allows inferring that at the sensory level, greater intensity
1,1, T, relaxation time, s. . . .
force is required to compress food in mouth between
In order to verify the adjustment degree of models tmolars compared to slices conditioned in other packaging
describe the relaxation of yellow Peruvian root slices, theags.
magnitudes of determination coefficient\Relative mean Nuneset al. (2011), in a study with minimally

error (P) (Equation 2) and standard deviation estimatgsrocessed yellow Peruvian roots, treated with different
were used (SE) (Equation 3). antioxidants and stored at 5 °C for fifteen days, also
verified reduction of hardness of slices during storage.
P:@z (2)According to Chitarra & Chitarra (2005), hardness is
n Y associated with the force required for the product to reach
a given deformation, giving an idea of cell structure
Z(Y_I’})z transformations, cell cohesion and biochemical
SE = iR (®alterations, occurred during the product useful life as a
where:
Y: experimentally observed value;

7]

consequence of loss of turgor and/or action of cell wall
hydrolytic enzymes.
The adhesiveness profile increased (in module) as
N . the estimate for slices conditioned in vacuum
Y: value estimated by model; . . .
packaging bags was loweand for slices conditioned
n: Number of data observed; and . . . . .
in PVC, it was higher at the respective storage times,
GLR Degre_es of Freedom of models (number of parametnguiring more work to separate the compression probe
of model minus one). from the sampleAccording to Junqueirat al. (2010),
the adhesiveness increase is possibly associated with
RESULTSAND DISCUSSION microbial growth in the sample surface. They noticed
The texture attributes of yellow Peruvian root sliceghat, from day 6, minimally processed cassava sticks
of the four packaging bags studied are present&alite were sticky during handling, showing high correlation
1, according t@'PA data.The packaging bags presentedvith the UV fluorescence test, detecting presence of
statistical difference for hardness. pseudomonas.

Table I Result of thélexture ProfileAnalysis (TR) of yellow Peruvian root slices conditioned in packaging bags studied during
storage

Hardness
Storage days
PVC HDPE PP VACUUM

0 315.0318 a 315.0318 a 315.0318 a 315.0318 a
2 220.6889 b 250.5661 ab 269.8416 ab 307.3811 a
4 208.7798 ab 190.6594 b 276.8678 a 261.0950 ab
6 245.7050 ab 174.3953 b 268.1622 a 2545728 ab
8 201.0979 ab 162.0381 b 273.0244 b 261.6061 b
10 212.9892 a 177.3492 a 236.3736 b 216.0967 b
12 227.4100 a 178.4967 a 242.5564 b 234.3039 b

Adhesiveness
0 -1.9749 a -1.9749 a -1.9749 a -1.9749 a
2 -0.1978 a -0.1400 a -0.1072 a -0.1217 a
4 -0.2333 a -0.1400 a -0.1117 a -0.1217 a
6 -2.1000 a -0.1550 a -0.0927 a -0.1320 a
8 -0.2445 a -0.1652 a -3.0741 a -0.1556 a
10 -0.2617 a -0.2117 a -1.4561 a -0.1431 a
12 -0.2000 a -0.2240 a -0.1885 a -0.1583 a

For the same variable, means followed by same small letter in line do not differ statistically by Tukey's test at 5% significance level.
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Figure 1: Observed values for the attributes hardness (a) and adhesiveness (b) in yellow Peruvian root slices conditioned in the
packaging bags studied (PVC, HDPE,d&#®VACUUM).
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Figure 2: Relaxation curves of yellow Peruvian root slices conditioned in PVC (a), HDPE (b), PP (c) and vacuum (d) packaging bags,
at different storage times.
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Table 2 shows parameters of the generalized Maxwé@land 3). The estimated data variability lower than 10%
model to describe the relaxation process of yellow Peruviamdicates better model adjustment for practical purposes,
roots during storage. which is recommended for non-linear models (Mohapatra

The isolated use of the coefficient of determinatio& Rao, 2005; Cunninghaet al,, 2007). P and SE values
must not be used as evaluation criterion of non-lineavere satisfactoryindicating that the Maxwell model
models (Kashaninejaet al. 2007; Cunningharet al, represents the behavior of relaxation curves of yellow
2007). Hence, P and SE values were calculated (Equatidteruvian root slices during storage.

Table 2:Values of estimated standard deviation (SE), relative mean error (Rigienebf determination (B and parametergé,
Al,A2,A3,11,12 andr3) of the generalized Maxwell model obtained by the adjustment of experimental data from relaxation process
of yellow Peruvian root slices conditioned in all packaging bags

Packagin
Time Parameters ging
PVvC HDPE PP VACUUM
a, 0.7580** 0.7580** 0.7580** 0.7580**
A, 0.1679** 0.1679** 0.1679** 0.1679**
A, 0.0761** 0.0761** 0.0761** 0.0761**
A, 0.0013** 0.0013** 0.0013** 0.0013**
t1(s) 2.9219** 2.9219** 2.9219** 2.9219**
0 12 (S) 0.2501** 0.2501** 0.2501** 0.2501**
13 (s) 0.2091** 0.2091** 0.2091** 0.2091**
SE 0.01 0.01 0.01 0.01
P (%) 0.63 0.63 0.63 0.63
R? 0.9962 0.9962 0.9962 0.9962
a, 0.7475** 0.7505** 0.7851** 0.7725**
A 0.1705** 0.1637** 0.1698** 0.1566**
A, 0.0749** 0.0784** 0.0780** 0.0756**
A, 0.0008** 0.0001** 0.0021** 0.0013**
t1(s) 3.1270** 2.9328** 2.9298** 2.8394**
4 12 (S) 0.2619** 0.2418** 0.2399** 0.2288**
13 (S) 1.1274** 0.0209** 0.3185** 0.1910%**
SE 0.01 0.01 0.01 0.01
P (%) 1.07 1.30 1.15 1.17
R? 0.9890 0.9842 0.9891 0.9851
a, 0.7306** 0.7220** 0.7681** 0.7694**
A, 0.1527** 0.1892** 0.1702** 1.1484**
A, 0.0702** 0.0814** 0.0765** 0.0739**
A, 0.0007** 0.0001** 0.0004** 0.0004**
11(s) 2.8126** 2.9012** 2.8702** 2.9161**
8 12 (S) 0.2549** 0.2738** 0.2478** 0.2367**
13 (s) 0.1260** 0.0166** 0.0731** 0.0581**
SE 0.01 0.02 0.01 0.01
P (%) 1.04 1.74 0.81 1.07
R? 0.9874 0.9832 0.9943 0.9876
a, 0.7215** 0.7125** 0.7502** 0.7580**
A 0.1437** 0.1940** 0.1689** 0.1301**
A, 0.0754** 0.0853** 0.0749** 0.0696**
A, 0.0006** 0.0001** 0.0012** 0.0003**
11(s) 2.5075** 2.9737** 2.7392** 2.6929**
12 12 (S) 0.2317** 0.2722** 0.26** 0.2369**
13 (S) 0.1252** 0.0135** 0.1674** 0.0516**
SE 0.02 0.01 0.02 0.02
P (%) 1.46 0.53 2.28 1.80
R? 0.9725 0.9978 0.9617 0.9574

**Significant at 1% significance level by t-test.
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Other authors, using the Maxwell model with differenBhattacharya S (2010) Stress relaxation behaviour of moth bean

numbers of elements. also reported better representatio@our dough: Product characteristics and suitability of model.
- T . ournal of Food Engineering, 97:539-546.

of experimental relaxation data for different products b
this equation (Del nobilet al., 2007; Rodrlguez—SandovaI measurement. Nework, Academic Press. 427p.
etal, 2009; Sadowslet al, 2009; Bellldo&Hatche?OO9, Campus MAddis MF, Cappuccinelli R, Porcu MC, Pretti Tedde
Bhattacharya, 2010; Campes al., 2010). This fact v, secchi N, sara G & RoggioT (2010) Sress relaxation
demonstrates the wide use of this model for the study ofoehaviour and structural changes of muscle tissues from Gilthead

; ; ; Sea Bream (Sparusaurata L.) following high pressure treatment.
VISCO_eIaStIC_ alteratlons' . Journal of Food Engineering, 96:192-198.

It is noticed, in the results dfable 2, that slices ] ] o ) ) ) o

diti din PP d kagi b Cespi M, Bonacucina,®/isici-Falzi M, Golzi R, Boltri L& Palmieri
con I ione m. an Valcuum _pac aging ags. are more;e (2007) Stress relaxation test for the characterization of the
elastic than slices conditioned in other packaging bagsiscoelasticity of pellets. European Journal of Pharmaceutics
as the parameter Oe represents the elastic component @hd Biopharmaceutics, 67:476-484.
higher magnitude in the model. Therefore, higher ¢ehitarra MIF & ChitarraAB (2005) Pés-colheita de frutos e hor
values show more elastic and better quality productstallgas: fisiologia e manuseio. 22 ed. Lavras, UFLA. 785p.
(Bellido & Hatcher 2009).This can be seen in Figure 2 Cunningham SE, McminWAM & Richardson PS (2007) Modelling
which shows the relaxation curves of values estimated" " absorption of pasta during soaking. Journal of Food
by th lized I del of vell - Engineering, 82:600-607.

Yt € gener_a,lze M_axwe mode O, yetlow Peruwafn rOOIBeI Nobile MA, Chillo S, Mentan# & BaianoA (2007) Use of
slices conditioned in all packaging bags studied, atihe generalized Maxwell model for describing the stress
different storage times. It is noticed that, by fixing a time relaxation behavior of solid- like foods. Journal of Food
during analysis, slices conditioned in PP (c) and vacuumEngineering, 78:978-983.

(d) packaging bags present a higher normalized for&estier P Castaigne FTurgeon SL& Biliaderis CG (2009) Impact

than slices conditioned in PVC (a) and HDPE (b) of cqmmerqlal soft wheat f_Iour streams on dough rhe_ology_ and
quality attributes of cookies. Journal of Food Engineering,

packaging bags. 90:228-237.
The relative normalized force at day Oin a determmeﬂmqueira MSTeixeira LJQ, Saraiva SH, PeRdEL & Carneiro
test time is higher than the normalized forces referring toJCS (2010)Alteragées fisico-quimicas e microbioldgicas ine-
day 2 of storage, and so on. This is due to the fact thatentes ao processamento minimo de mandioca no formato pa-
. . . . lito. Enciclopédia Biosfera, 6:01-13.
slices from the first storage days are firmer than slices from o ‘ ‘
the subsequent days, since they present, at eacta da§ashan|ne]ad M, Mortazaw, SafekordiA & Tabil LG (2007)

o . . Thin-layer drying characteristics and modeling of pistachio nuts.
less rigid structure, with less normalized force. Journal of Food Engineering, 78:98-108.

gourne MC (2003) Food texture and viscosity: concept and

Liu LH, Zabaras D, Bennett LEAguas P& Woonton BW (2009)
CONCLUSIONS Effects of UVC, red light and sun light on the carotenoid content
and physical qualities of tomatoes during post-harvest storage.
Slices conditioned in polypropylene and vacuum Food Chemistry 115:495-500.

packaging bags presented higher hardness value.  mohapatra D & Rao PS (2009 thin layer drying model of
The generalized Maxwell model represented well the parboiled wheat. Journal of Food Engineering, 66:513-518.
relaxation process in all studied packaging baggl’unes EE\Vilas Boas EVB & XistoALRP (2011) Qualidade de

. L . .__mandioquinha-salsa minimamente processada: Uso de
appropriately describing the alterations of yellow Peruvian . =~ - 0 umal of Biotechonoly and Biodiversityl3-

root slices during storage. 50.

Yellow Peruvian roots slice conditioned inResende O & Corréa PC (2007) Modelagem matematica do pro-
polypropylene and vacuum packaging bags were more-€sso de hidratacdo de sementes de fel&@ta Scientiarum
. . -, . . Agronomy, 29:373-378.
elastic than slices conditioned in other packaging bags.
Rodriguez-Sandoval E, Fernandez-Quint#r& Cuvelier G (2009)
Stress relaxation of reconstituted cassava doudMT - Food
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