Physicochemical and Sensory
Evaluation of ‘Rocha’ Pear Following
Controlled Atmosphere Storage
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ABSTRACT: The effects of several processing factors (storage time, time in the open air at room temperature, and
overhead concentrations of O, and CO,) on color, firmness, polyphenol oxidase (PPO) activity, and sensory at-
tributes of pears (cv. Rocha) grown in 2 locations were studied using a multiple linear regression model. Backward
elimination (F = 0.005) was used to assess the significant factors. Extended storage time, long-time exposure at
room temperature, and high O, concentration played major roles on color changes assessed instrumentally and
further confirmed by a sensory panel. Firmness was strongly affected by storage time and by time in the open air
at room temperature, Finally, PPO activity was dependent on the growing location.
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Introduction
RII{INNNCRMSFS IN THE PROCHICTION ANy
impact of the Pyrus communis L. cv.
Rocha, a pear bearing an Appélation
d'Origine Protegée status (and possessing
excellent and unigue sensory properties
and good storability), along with attempis
to optimize its storage conditions, were
prompted by consumer demand. The
‘Rocha’ pear is characterized by a white,
smooth, granular, sweet, nonacidic, and
very juicy pulp. Pears are usually harvest-
ed between August and mid-September,
s0 appropriate postharvest storage condi-
tions are required to preserve fruit quality

over a period of up to 9 mo.

Extensive information is available per-
taining to recommended controlled atmo-
spheres (CA) for storage of various pear
varieties (for example, Chen and Varga
1997; Richardson and Kupferman 1997);
however, the effects of CA are dependent
on several internal and external parame-
ters (Roelofs and Jager 1997: Lammertyn
and others 2000; Watkins and Pritts 2001).
Conversely, in the case of the Rocha culti-
var, little information is found on the rec-
ommended gas composition for CA storage
(Richardson and Kupferman 1997) or on
the factors that can influence the associat-
ed guality loss (Veltman and others 2000]).
Several disorders have been associated
with CA storage, such as the development
of undesirable color and texture, and ab-
normal taste and flavor (Drake and others
2001), and some of these disorders have
been directly correlated with improper
postharvest storage practices. The forma-

tion of yellow and brown pigments was
claimed to be a result of high levels of phe-
nolic compounds and polyphenol oxidase
{PPO) (Coseteng and Lee 1987; Amiot and
others 1992), but the severity of this defect
is cultivar-dependent (Amiot and others
1995). Browning incidence has recently
been associated with antioxidant and ATP
levels in the fruit (Veltman and others
1999; Saquet and others 2000). After stor-
age and during the ripening period, firm-
ness decays at a rate that is constrained by
factors such as storage duration and tem-
perature (Jonhston and others 2001). Good
retention of firmness in pears is achieved
under low O, content (Kader 1989), where-
as firmness retention is enhanced in ap-
ples when stored under low 05 and high
C0y concentrations (Banks and others
1997). Maintenance of pear attributes is
thus likely if storage under CA conditions is
provided (Drake and Eisele 1999).

The 2 goals of this study were (1) to deter-
mine the effect of storage time, time of ex-
posure to the open air al room emperatire,
and storage gas composition on quality pa-
rameters of pears (cv. Rocha) produced in
distinct locations and (2) to empirically mod-
el the effect of those factors on the final
quality of the pear.

Materials and Methods

Plant material

Pears (cv. Rocha) were harvested at a
stage of commercial maturity in August 1998
in 2 different locations, Sobrena and Picar-
ra (Portugal).

Storage conditions

The pears were stored at 0 to 0.5 °C and
90 to 95% relative humidity in air (NA) or
under CA conditions at Estacio Nacional de
Fruticultura Vieira Natividade (Alcobaca,
Portugal). Four CA storage conditions were
tested: 2% (viv) Oy + 0.5% (v/v) Oy 2% (v/
vl Os + L.5% (viv) CO4; 3% (v/v) Op + 0.5%
{viv) COy and 3% (v/v) Oy + 1.5% (v/v) CO,.

After 4, 7, and 9 mo of storage, fruits se-
lected at random were removed from each
storage condition and transported to the
Post-harvest Technology Laboratory at Es-
cola Superior de Biotecnologia (Porto, Portu-
gal), where they were allowed to ripen in air
at room temperature (19 to 20 °C). Pears se-
lected randomly from each storage condi-
tion were evaluated for physicochemical
attributes at 1 and 6 d after removal from
storage for Sobrena, and at 2 and 7 d after
removal from storage for Picarra,

Color assessment

The color of the pear flesh was assessed
with a (hand-held) tristimulus reflectance
colorimeter, model CR-300 (from Minolta,
Ramsey, N.Y., U.5.A.). The skin of the pear
was removed just before assayving to avoid
flesh oxidation. Two replicates of 10 pears
each were employed. Color was recorded
using a CIE-L*a*b* uniform color space. The
color parameters selected were a* and b*
because they were the best indicators of
the influence of the factors tested.

Firmness assessment
The texture measurements were per-
formed with a universal testing machine,



Effects of storage factors on pear quality . . .

Table 1—Second-order polynomial model for Hunter's a* value of ‘Rocha’ pears from 2 different growing locations, as
a function of the relevant independent variables, and associated estimators of parameters.

Estimated value = 95%

Location Model* Parameter confidence interval Unit R
Sobrena ¥y =by+ b,x,; b +2l:n,,.1':12 + by 02205 dim?nsiunless 0.80
b + b + Db + b 0.6+ 0.2 mo~
5% Ky + DyoXg? 4 BogXe? + DyX X, 1 06402 e
b,, 0.04 = 0.01 mo-2
b —0.014 + 0.002 mo x (Swiv)
by, 0.013 + 0.002 ¢2
by, 0.019 £ 0.004 (ewiv)—2
ba, 0.14 + 0.03 {Sw/v) 2
Pigarra Y, =b,+b.X, +b + by X, X + -0.B£0.5 dimensionless 0.84
ByaX,Xg + g2 +'b,3k?x,+ o E’,’ 07201 mo-
by, 0.03 + 0.01 mo™
by 0.020 + 0.006 mo~" x d™
Byy 0.06 £ 0.01 mo~! x (% wiv)™
by, 0.010 + 0.005 da?
by -0.020 = 0.001 d x (% viv)™"
By -0.05 = 0.02 d' x (% viv)!

*including only the siatistically significant paramaters

Table 2—Second-order polynomial model for Hunter’s b* value of ‘Rocha’ pears from 2 different growing locations, as
a function of the relevant independent variables and associated estimators of parameters.

Estimated value = 95%

Location Model* Parameter confidence interval Unit R2
Sobrena Yo =Dy + DX + byly + bz,,,x + by Xy + b, 10217 di:nensinnlass 0.75
by XX, 4+ b 4+ X+ by x b -0.6 £ 0.2 d
“ i by 3309 (% i)~
By 0.04 £ 0.07 mo?
byg 0.02 £ 0.09 ma % (Sewiv)!
by 0.03=0.01 d= = (%vivy
Doy 0.3+0.1 d-! = (Sewiv)!
By -0.15 + 0.04 (Tawiv)2
Bag 24107 (96wiv)-2
D 16=09 {Baviv)2
Pigarra Y.=by+ l::15 2D X X, 4 by 154+ 05 dimensionless 0.65
bypXo? + by X b, 0.020 + 0.009 mo2
b, 0.06 + 0.01 mo~" = (% i)
be -0.040 + 0.009 d?
b., —0.010 + 0.003 (% wiv)2

“including only the statistically significant parameters

Table 3—Second-order polynomial model for firmness of ‘Rocha’ pears from 2 different growing locations, as a func-
tion of the relevant independent variables, and associated estimators of parameters.

Estimated value + 95%

Location Model* Parameter confidence interval Unit R
Sobrena Yy=by +byX, + b,,?{iz-ibn}(f > E‘} :;: * ;l : b 0.92
+ 42 * MO
e by, 14202 N x mo-2
b, -0.66 £ 0.05 N x d*
Bl 0.08 + 0.02 N ox d™ x (Fawiv)
by, -0.5+0.2 Moxd™ = (Fuiv)™
Pigarra Y,=b,+b K +b, X2 b —16.7 £ 8.1 M 0.87
BygXy Ky + Dgga? * DogoXs + hz,ix i’xih X2 Ef 267226 N xmors
-1.9:0. x
b:; —0.4+0.1 M x mo xd
by, =0.08 + 0.03 M= mo™ x (Fewiv)™
byy -0.21 £ 0.08 N x d-2
b,, 0.05 = 0.02 N = d™ x (%eviv)?
Bog 0.02 + 0.01 N x (awiv)
b, —1.4 + 0.6 N x (%wviv)?

“including only the statistically significant parameters



maodel 4501 (from Instron, Canton, Mass.,
LL.5.AL), The punciure probe (8-mm dia) was
programmed Lo penetrate 5 mm ina normal
direction, at a crosshead speed of 10 mm/
min, using a 100-N load cell. For each fruit,
the skin was removed from the test section,
and the flesh was punciured twice on oppo-
sile sides in the equatorial area, Two repli-
cates of 10 pears each were employed. Re-
sults were expressed as the maximum force
to puncture the equatorial surface of the
whole pear.

PPO activity assay

A few modifications were introduced on
the extraction procedure initially described
by Galeazzi and Sgarbieri (1981). A pear en-
zyme extract was prepared by homogeniz-
ing frozen pear samples with 0.2 M sodium
phosphate buffer (pH 6.5) containing 2%
(wiv) polyvinylpolypyrrolidone (PVPP) and

0.25% (v/v) Triton X-100, using an Ultra-
Turrax model T 25 (TKA Labortechnik, Wilm-
inglon, N.C., U.5.A.) in an external ice bath,
for 3 min at 1-min intervals. The homoge-
nate was centrifuged at 4 °C and 16 000 x g
for 30 min using a Sorvall RC-5C centrifuge
(Instruments Dupont, Newtown, Conn.,
11.5.A.). The supernatant was then filtered
through cheesecloth and its volume was
measured.

The rate of increase in absorbance at 420
nm during 1 min at 25 "C was recorded using
a UV/VIS Recording Spectrophotometer
maodel UV-260 (Shimadzu, Kyoto, Japan).
The reaction mixture consisted of the afore-
mentioned supernatant (which was a crude
enzyme extract) and catechol (which was
used as substrate). The linear part of the
absorbance/time curve was used to esti-
mate the activity of the eneyme. One unit of
enzymatic activity () was defined as the

change of 0.001 units of absorbance under
the aforementioned assay conditions. Trip-
licate assays were performed on each of the
3 pear extract replicates obtlained at each
storage condition,

Sensory analysis

Sensorial analyses were performed by 6
or 7 d of exposure (o air at room (empera-
ture for Sobrena and Picarra locations, re-
spectively. Pears were evaluated in terms
of firmness, yellow color, juiciness, and
sweelness by 10 experienced panelists
who had been selected previously on the
basis of their interest, taste acuity, and abil-
ity to determine intensities. The sensory
assessments were performed in a sensorial
testing room, with individual booths and
controlled lighting (white). Pear samples
were cutl into quarters and pecled just be-
fore evaluation, thus avoiding oxidation as
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Figure 1—Hunter's a* values of ‘Rocha’ pears from the Sobrena location throughout time in the open air at room tem-

perature after 4 (<), T (L) and 9 [) mo of storage under (a) air, (b) 2% (w/v] O, + 0.5% (v/v) CO
(w/v) CO_, (d} 3% [w/v) O, + 0.5% (v/v) CO_, and [e) 3% (w/v] O, + 1.5% (v/v] CO,. Points represe

tal values, bars standard deviation and

fines fitted model (Eq. 1, Table 1).

lc) 2% (viv) O_ + 1.5%
average of experimen-



much as possible. Five pear samples, cor-
responding to each storage condition, were
simultanecusly presented on individual
coded plates. Panelists were asked to indi-
cate their score by marking a 1 to 9 scale
with 1 = none, 3 = slightly, 5 = moderately,
7 = strongly, and 9 = extremely intense, for
firmness, yellow color, juiciness, and sweet-
ness.

Statistical analysis

The influences of storage time (X, ), time
in the open air al room temperature (X,),
concentration of oxygen (X;), and concen-
tration of carbon dioxide (X,) in the CA
were empirically modeled according to the
following second-order polynomial, using
as dependent variables Hunter's a* value
(Y}, Hunter's b* value (Y,), and firmness
(Y3).

¥ =bo+ b+ baXa + badl + bl + bi20® + b Xa ¢
braXaXs + by Xe + baaXa® + bedaXs +

b XaXs + Beodls® + bud Xl + budl®
(1)

In the above polynomial, by is the inter-
cept; by, ba, by, and by are linear parameters;
byq baa, by, and by, are quadratic parame-
ters; and by, bys, by, bag, boy, and by, are in-
teraction parameters.

The experimental data were fitted to by
Eq. 1 using stepwise backward regression
with the software SPSS (version 9.0, SPS5
Inst., Chicago, Ill., 1L5.A), using F = (L0035 as
criterion of significance for the adjustable
parameters. Data with associated residual
values above 2 standard deviations were re-
jected as outliers. An analysis of variance
{ANOVA) was performed to evaluate the in-
fluence of the storage conditions on the

PPO activity and the sensorial attributes
color, firmness, sweeiness, and juiciness;
Duncan’s multiple range test was employed
to detect significant differences.

Results and Discussion

Color

At harvest, the average and standard
deviation of the initial values of a* for
pears from the Sobrena location was -
2.4 + 0.5; after storage, the average experi-
mental values ranged from —4.2 to -1.9. The
value of a* decreased over storage time in
pears under all conditions tested (Figure 1),
and the decrease was more notorious from
the 4th 1o the 7th mo, eventually becoming
negligible from the 7th to the 9th mo of CA
storage. When the pears were exposed to air
at room temperature, the value of a* in-
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Figure 2—Hunter's a* values of ‘Rocha’ pears from the Picarra location throughout time in the open air at room tem-

perature after 4 (), 7 (L) and 9 |) months of storage under [a] air, (b} 2% [w/v)

viv) GO, [d), 3% (v/v) O, + 0.5% [w/v) CO, and [e) 3% (v/v] O, + 1.5% (v/v] CO,.

tal values, bars mdarﬁ deviation and

ifnes fitted model (Eq. 1, Table 1).

0, + 0.5% [v/v) CO,, [c) 2% (w/v) O, + 1.5%

i'ollth represent average of experimen-



creased in pears from all storage condi-
tions.

The decrease of a* as storage time
elapsed, and its increase afterward
throughout time in the open air at room
temperature, were confirmed by the nega-
tive value of b, and the positive value of ba,
(Table 1). Furthermore, the values of a* de-
creased with the concentration of O, as its
interaction with the time of storage also
yielded a negative parameter value. Hunt-
er’s a* value was positively influenced by
the square of the concentration of (J,, as well
as by the interaction between the concen-
trations of Oy and CO,,

At harvest, the average and standard
deviation of the initial value of a* for pears
from the Picarra location was —2.4 + 0.6; afier
storage, the average experimental values of
a* ranged from —4.1 to -1.9. The value of

this parameter showed a decrease with stor-
age time that was confirmed by the negative
value of b, (Table 1, Figure 2); such de-
crease was more apparent between the 4th
and the 7th mo than between the 7th and
the 9th mo of storage. When fruits were ex-
posed to the open air at room temperature,
the values of a* increased in pears from all
storage conditions, A positive effect was
found for the interaction of the time of expo-
sure to the open air at room temperature
and the storage time. The results of the re-
gression model also indicate that color
changes were negatively influenced by the
interaction of the time of exposure to the
open air at room temperature with either the
concentration of () or the concentration of
C0s. Conversely, there was a positive inter-
action of the storage time with the concen-
tration of CO..

The value of b* at harvest for pears from
the Sobrena location was 10.6 £ 1.3, in
terms of average and standard deviation.
Following storage, the experimental values
of b* ranged from 11.9 to 20.0. This pa-
rameter increased in value during storage,
as confirmed by the positive value of by,
(Table 2, Figure 3); such an increase was
clearer for pears stored in the open air
than under CA. When pears were exposed
to air at room temperature, the value of b*
decreased as dramatically shown by the
negative value for bs. The values of b* in-
creased with the concentration of O, (by).
Hunter's b* values were positively influ-
enced by the interaction of the concentra-
tion of O, with the storage time and the in-
teraction of the concentration of O, with
the time of exposure to the open air at room
temperature. The regression analysis
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Figure 3—Hunter's b* values of ‘Rocha’ pears from the Sobrena location throughout time in the open air at room tem-

perature after 4 (), 7 [} and 9 (2) mo of storage under (a) air, (b) 2% (v/v) O, + 0.5% (v/v)

viv) €O, [d) 3% [v/v) O, + 0.5% [v/v] CO_, and (e} 3% [v/v] O_ + 1.5% [v/v) CO,. Points represe

tal values, bars standard deviation and

fines fitted model (Eq. 1, Table 2).
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showed that there are positive effects asso-
ciated with the square of the concentration
of CO, and with its interaction with the
time of exposure to the open air at room
temperature, whereas a negative effect
can be ascribed to the interaction of the
concentrations of O, and CO,,

The value of b* at harvest was 10,8 £ 1.1
for pears from the Pigarra location; the ex-
perimental values of b* afier storage
ranged from 14.1 to 23.2,. The changes of
the values of b* unfolded an increase dur-
ing storage, which was confirmed by the
positive value of by; (Table 2, Figure 4).
When pears were exposed to the open air at
room temperature, the values of b* de-
creased. The interaction of the storage time
with the concentration of O, had a positive
effect, whereas a negative one was ob-
served in terms of the square of that con-

Firmness

At harvest, the firmness of pears from the
Sobrena location was 523zx71 N
{average + standard deviation). By the end
of the storage period, the firmness ranged
in 18.7 to 60.1 N, The experimental data in-
dicated that the frmness decreased
throughout storage time (Figure 5); the firm-
ness increased slightly from the 4th to the
7th mo of storage, and decreased sharply
thereafter. Regarding the empirical model
postulated, it was characterized by a posi-
tive value of b; and a negative value of by,
(Table 3). The firmness also decreased dur-
ing the time of exposure to the open air at
room temperature. The stepwise regression
analysis indicated that firmness changes
were positively affected by the interaction
of the time of exposure to the open air at
room emperature with the concentration of

tion of the time of exposure to the open air
at room temperature with the concentration
of €O,

The average firmness (and standard de-
viation) of pears from the Pigarra location
was 53.6 = 8.9 N at harvest; after storage the
firmness was between 22.0 and 64.7 N. The
firmness of the pears was influenced by
storage time, as well as by the time of expo-
sure to the open air at room temperature
{Table 3, Figure 6). There was a clear nega-
tive influence by the interaction of the stor-
age time with the time of exposure to the
open air at room temperature, positive influ-
ences by the square of the concentration of
0, and the interaction of the concentration
of O, with the time of exposure (o the open
air at room temperature, and negative influ-
ences by the square of the concentration of
(20, and the interaction of the concentration

centration. 0, and negatively affected by the interac- 0f O, with the storage time.
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Figure 4—Hunter's b* values of 'Rocha’ pears from the Pigarra location
perature after 4 (), 7 (J) and 9 () mo of storage under (a) air, (b] 2% (v/v] O, + 0.5% wiv) CO, [c] 2% [w/v) O, + 1.5%
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Table 4—Effect of storage conditions on PPO activity (U/g/min) of ‘Rocha' pears from the Sobrena location over the
time of exposure to the open air at room temperature

Overhead atmosphere composition

2% (viv) O, + 2% (viv) O, + 3% (viv) O, + 3% (viv) O, +
Time (d) Air 0.5% (viv) C 1.5% (viv) CO, 0.5% (viv) GO, 1.5% (viv) GO,
1 814.1 cd® 901.4 be 1014.8 ab 7261 d 11353 a
[ 5765 b 4104 ¢ 750.4 a 424 .4 ¢ 469.0 be

Mean separation within columns in the same line by Duncan’s multiple range test (P = 0.05); significantly difierent means are followed by different letters (a,
b, ¢, d)

Table 5—Effect of storage conditions on PPO activity (U/g/min) of ‘Rocha’ pears from the Sobrena location over the
storage time

Overhead atmosphere composition

Storage time 2% (wiv) O, + 2% (viv) O, + 3% (wiv) O, + 3% (wiv) O, +
(mo) Air 0.5% (viv) €O, 1.5% (viv) €0, 0.5% (viv) €O, 1.5% (viv) CO,
4 302 gt 660.0 bc 13546 a 680.5 bc B60.4 b

T B05.3 ab 5031 b 7526 a 544.1 ab 5822 ab

9 9506 a A6 D B406 ¢ 5011 ¢ 963.9 a

IMaan separation within columns in the same line by Duncan's muitiple range test (P = 0.05); significantly different means are followed by different letters (a,
b, ¢, dj
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Figure 5—Firmness of ‘Rocha’ pears from the Sobrena location throughout time in the open air at room temperature
after 4 (), 7 [C) and 9 [2) mo of storage under (a] air, [b) 2% [v/v) O, + 0.5% [w/v) CO,, [c) 2% (v/v] O, + 1.5% [v/v) CO_,
(d] 3% (w/v) O, + 0.5% [v/v) CO_, and (e} 3% (v/v) O, + 1.5% (v/v) CO,. Points represent average of experimental values,
bars stnndarJ deviation and lines fitted model [Eq. 1, Table 3).



Table 6—Effect of storage conditions on PPO activity (U/g/min) of 'Rocha’ pears from the Pigarra location over the
time of exposure to the open air at room temperature

Overhead atmosphere composition

2% (wiv) O, + 2% (wiv) O, + 3% (wiv) O, + 3% (wiv) O, +
Time (d) Air 0.5% (viv) CO, 1.5% (viv) CO, 0.5% (viv) CO, 1.5% (viv) €O,
2 B49.2 g° 1209.2 ab 1053.6 be 937.9 cd 13081 a
7 B41.2 b 6776 ¢C B59.4 b 608.7 c 1282.7 a
ZMean separation within columns in the same line by Duncan's multipbe range test (P = 0.05); significantly different means are followed by different letters (a,
b, ¢, d)
PPO activity activity decreased in pears from all stor- was observed under CA (Table 5). The

At harvest, the PPO activity + standard
deviation in pears [rom the Sobrena loca-
tion was 467.0 £ 11.0 U/g/min and in pears
from the Picarra location was 295.9 £ 8.2
U/g/min. The PPO of pears from the So-
brena location was significantly (P < 0.05)
affected by the storage time, the time in
the open air at room temperature, and the
storage conditions. In particular, the PPO

age conditions over the time of exposure to
the open air al room temperature (Table
4). By 6 d of exposure to the open air at
room temperature, pears stored under the
2 conditions of 0.5% (viv) CO, presented
lower enzyme activity than those under
2% [v/v) Oy + 1.5% (v/v) CO,. Pears under
air presented an increase of the PPO activ-
ity over storage time, but no clear effect

PPO activity of pears from the Pigarra loca-
tion was significantly (P < 0.05) affected
by the storage conditions and the time in
the open air at room temperature; a no-
ticeable decrease in PPO activity in the
pears stored under the 2 conditions of
0.5% {v/v) CO, over time was observed
(Table 6). Despite the significant effect
that the storage conditions have on PPO
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Figure 6—Firmness of '‘Rocha’ pears from the Pigarra location throughout time in the open air at room temperature

after 4 (<), T (0) and @ () mo of storage under [a) air, (b) 2% [w/v) O, + 0.5% (v/v)

€O, (c) 2% (v/v) O, + 1.5% (v/v) CO,,

(d) 3% [w/v]) O, + 0.5% (v/v) CO_- and (e] 3% [v/v) O, + 1.5% (v/v] CO,. Points r-nr-un‘: average of experimental values,

bars standa

deviation and lines fitted model (Eq. 1, Table 3).



Table 7—Effect of storage conditions on PPO activity (U/g/min] of ‘Rocha’ pears from the Pigcarra location over the
storage time

Overhead atmosphere composition

Storage time 2% (viv) O, + 2% (wiv) O, + 3% (wiv) O, + 3% (wiv) O, +
{ma) Air 0.5% (viv) CO, 1.5% (viv) CO, 0.5% (viv) &0, 1.5% (viv) CO,
4 8229 b* 1197.5 a T46.8 b 7183 b 14043 a

7 911.5¢c 10889 b 1000.1 ¢ 5125d 1226.9 a

9 B12c 532.6 b 11213 b 1088.3 b 1256.4 a

Ta:n;]aparatiun within columns in the same ling by Duncan’s multiple range test (P = 0,05); significantly different means are followed by ditferent letters {a,

Table 8—Effect of storage conditions on sensorial attributes of ‘Rocha’ pears from the Sobrena location by 6 d of
exposure to the open air at room temperature

Overhead atmosphere compesition

2% (viv) O, + 2% (viv) O, + 3% (wiv) O, + 3% (wiv) O, +
Attribute Air 0.5% (viv) &0, 1.5% (viv) GO, 0.5% (viv) GO, 1.5% (viv) €0,
Yellow color 5.9 at 3.8 b 3.7 be 31¢ 4.4b
Firmness 4.4 bc 53a 4.6 ab 5.0 ab 36c
Juiciness 5.2 be 5.8 abc 6.2a 50c¢ 6.0 ab
Sweelness 36¢c 57a 59a 46b 5T7a

‘lé'lea;\ separation within columns in the same line by Duncan’s multiple range test (P = 0.05); significantly different means are followed by different letters {a,
.

Table 10—Effect of storage conditions on sensorial attributes of ‘Rocha’ pears from the Pigarra location by 7 d of
exposure to the open air at room temperature.

Overhead atmosphere composition

2% (wiv) O, + 2% (wv) O, + 3% (wiv) O, + 3% (wiv) O, +
Attribute Air 0.5% (viv) €O, 1.5% (viv) €0, 0.5% (viv) GO, 1.5% (viv) GO,
Yellow color 5.8 at 42b 39b 4.9 ab 42 b
Firmness 42b 5.7a E1a 53a 50a
Juiciness 46 ¢ B5a 63ab 55b 6.3 ab
Sweetness iTve 6.2a 500 51b 5.7 ab

*Mean separation within columna in the same ling by Duncan's multiple range test {F = 0.05); significantly differant means are followed by different letlers {a,

b, ¢}

Table 9—Effect of storage time on sen-
sorial attributes of ‘Rocha’ pears from
the Sobrena location by 6 d of expo-
sure to the open air at room tempera-
ture.

Table 11 —Effect of storage time on
sensorial attributes of ‘Rocha’ pears
from the Pigarra location by 7 d of ex-
posure to the open air at room tem-
perature.

Storage time

Storage time

color may in fact indicate a higher suscepti-
hility to browning,

The attributes of pears from the Picarra
location were influenced by the storage con-
ditions as well, Fruits stored in air were more

{me) {ma) vellow, less firm, less juicy, and less sweel
Attribute 4 7 9 Attribute 4 - = than those stored under CA (Table 10). The
pears were less juicy by 4 mo than by 9 mo
Yellow color 38b" 42ab 46a Yellow color 4.7 ab* 38b 52a gf storage (Table 11)
Firmness 55a 44b 38c Firmness 50a 52a 49a g
Juiciness 56ab 52b 6.1a Juiciness 54b 61a 6.0a g
Sweelness 47a 53a 53a Sweetness 52ab 55a 4.7b Conclusions

IMean separation within columns in the same line
by Duncen‘s multiple range test (P = 0,05);
significantly different means are lollowed by
different letters (a, b, c)

activity, it did not follow a specific trend
during storage (Table 7).

Sensory analysis

The yellow color and sweetness of pears
from the Sobrena location were consider-
ably influenced by the storage conditions,
whereas the firmness and juiciness were

ZMean separation within columns in the same ling
by Duncan's multiphe range test (P = 0.05),
significantly different means are lollowed by
different letters (a, b, c}

influenced to a lesser extent. Sensorial data
revealed that the fruits stored in air were
more vellow and less sweet than those
stored under CA {Table 8); pears were also
firmer and whiter by 4 mo than by 9 mo of
storage (Table 9], as expected. Note that
pears more yellow and less sweet are con-
sidered as lower-quality fruits; the yellow

CHANGES IN COLOR OF PEARS FROM THE

2 growing locations considered were af-
fected by the storage time, the time of expo-
sure to air at room temperature, and the
storage conditions, The concentration of O,
was an important factor toward evolution of
color during storage. After pears had been
removed from storage, there was still a
memary effect of the concentrations of O,
and COy upon color, which interacted with
the time of exposure to the open air at room
temperature to accelerate color decay. Col-
or differences were confirmed by the senso-
rial tests; pears stored under air were more
yellow than those subjected to CA storage.



The firmness of pears originating from
the 2 locations was highly influenced by the
time of storage and the time of exposure (o
the open air at room temperature. Fruits
under all storage conditions tended to be
firmer between 4 mo and 7 mo of storage,
but firmness decreased by 9 mo of storage.
The substantial decrease observed between
7 mo and 9 mo of storage could be a conse-
quence of the loss of membrane integrity
(Ben-Arie and others 1979). As expected, the
metabolism in the pear tissues was re-es-
tablished after storage, thus allowing pears
to soften. During the ripening period, a reg-
ular firmness decrease took place, which is
caused by solubilization of pectin via action
of various adventitious hydrolases (Bartley
and others 1982). The effect of the overhead
gas during storage was not confirmed by
sensorial tests, which did not reveal signif-
icant differences in terms of firmness; how-
ever, Galvis-5dnchez and Morais (2002) re-
ported previously that '‘Rocha’ pears under
CA storage undergo normal textural chang-
£5.

The PPO activity was dependent on the
A composition, but its response to storage
time was apparently different for pears from
the 2 growing locations. Watkins and Pritts
(2001} claimed that cultivar location affects
the susceptibility of a commodity to injury by
C0y; whether PPO activity is affected or not
by storage conditions (Kader 1989) or
whether high or low PPO activity causes
browning in pears still remains uncertain
[Veltman and others 1999). Our results indi-
cated that the PPO activity at harvest was
already different in pears from the 2 grow-
ing locations. This realization might account

for the different response of PPO activity to
storage factors.
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