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ABSTRACT: The vibration during transportation is one of the main causes of fruit damage. The
actual methodologies used for damage evaluation in fruits seem to be subjective, since most of them
are based on visual evaluation. In this study the effect of vibration, for one and two hours, on
polyphenoloxidase (PPO) activity in peach pulp was investigated. The relation among PPO activity
variation, postharvest time and resting time were also considered. Results showed that vibration
affects PPO activity. However, it was not possible to correlate PPO activity variation and vibration.
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ATIVIDADE DE POLIFENOLOXIDASE EM PESSEGOS APOS VIBRACAO

RESUMO: A vibracdo durante o transporte € uma das principais causas de dano em frutas. As
metodologias atuais utilizadas na avaliacdo de danos em frutas parecem ser subjetivas, visto que a
maioria delas é baseada em avalia¢Ges visuais. Neste trabalho, investigou-se o efeito da vibracdo em
dois niveis, uma e duas horas, sobre a atividade de polifenoloxidase (PPO) em péssegos. A relacdo
entre a variacdo da atividade de PPO, tempo pos-colheita e tempo de repouso também foi
considerada. Os resultados mostraram que a vibracdo afeta a atividade de PPO. Entretanto, néo foi
possivel correlacionar a variacao da atividade de PPO e a vibracao.

PALAVRAS-CHAVE: polifenoloxidase, vibracdo, dano, péssego.

INTRODUCTION

The occurrence of vibration damage during transportation of fruit and vegetables is always
undesirable since it is related to losses in quality and reduction in shelf life. The mechanical plant
tissue damage is a broad concept that embraces plastic deformation, superficial disruption such as
cut, puncture and abrasion, and generalized vegetal tissue disruption, caused by external forces and
leading to physical modifications and physiological, chemical and biological changes. From the
point on view of quality, sensorial perception of color, flavor and firmness are taken into account by
consumers (MOHSENIN, 1986).

Considering the importance of such losses and the need for better packaging design tools,
many other investigations for agricultural products based on mechanical damages were performed
in the last years, some of them focused on the product performance (BERARDINELLI et al., 2005;
FERREIRA et al., 2006; GOMES, 2006; ZHOU et al., 2007; FERRAZ & LACERDA, 2007;
SANCHES et al., 2008; VALENTINI et al., 2009) and others focused on packaging design
(CHONHENCHOB et al., 2008; JARIMOPAS et al., 2008; THOMPSON et al., 2008; ZHOU et al.,
2008). They somewhat used conventional approaches either to investigate the response of the
vegetable tissue solely or the produce-package system by evaluating changes in physical-chemical
properties after a mechanical stress. Although these overall procedures have been widely used they
often do not bring a better understanding to the damaging mechanism since the effect is measured
as a combination of effects yielding to an overall response. Evaluations of these features also carry
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certain subjectivity since they are mostly based on the appearance of the damaged portion or of the
whole produce. In many cases, to obtain the full expression of such effects, a certain time is needed,
making the processes time dependent and allowing the summing up of many different complex
interactions to occur at various times. However, if prime vibration effect indicators could be
identified, they could lead to better tissue evaluation since superposition effects could be reduced.

The investigation carried out by TOURINO et al. (1993) brings these arguments into
evidence, since it was observed that peach fruits response to cut damages was detected as an
increase in polyphenoloxidase (PPO) activity. Polyphenoloxidase (PPO) is one of the main enzymes
related to enzymatic browning of phenolic compounds. Polyphenoloxidase may be considered
universally distributed in plants, fungi and bacteria (MAYER, 2006). Although the PPO hole in
plants biology is not completely clear, its produced reaction might indicate a defense mechanism
(THIPYAPONG et al., 1995).

It is known to be present in peach fruit since long but the interest on the subject still continues
(TOURINO et al., 1993; BRANDELLI & LOPEZ, 2005; TORALLES et al., 2005). On the other
hand, Bochu et al. (2001) and Yang et al. (2002) reported growth pattern changes in Gerbera
jamesonii acrocarpous callus and Actinidia chinensis callus, respectively, as influenced by different
mechanical vibration frequencies. Although the vibrations were not to the level of damaging the
tissue, some frequencies altered the growth rate, the content of soluble protein and cell membrane
fluidity. Combining these findings, it could be used the PPO activity response to evaluate vibration
damages. PPO activity response was also chosen to investigate the effect of vibration on peach fruit
because of its simplicity concerning the methodology and equipment availability. ‘Douraddo’ peach
was selected due to its high damage susceptibility (AMORIM et al., 2008), its importance in the
state of Sdo Paulo economy (ALMEIDA et al., 2005) and the proximity of our labs to the
production site.

MATERIAL AND METHODS
Peaches

Ripe peaches (Prunus persica (L.) Batsch cv. Douraddo) were hand-picked from a
commercial orchard (Doni Frutas, in Jarinu, Sdo Paulo, Brazil). The fruits were manually selected
for absence of visual defects. Fruits were stored at 3-5 °C and 90-95% RH. After vibration, fruits
were kept at lab conditions with temperature varying from 20 to 25 °C.

Experimental design

The experimental flow diagram is shown in Figure 1. Mechanical vibration was applied to the
fruits in the 3" (PHT_3), 7" (PHT_7), 11" (PHT _11) and 17" (PHT _17) days after harvest. Two
vibration levels, one and two hours (vib_1h and vib_2h, respectively) of continuous vibration were
chosen. Resting times (RT), corresponding to the time elapsed between the end of vibration and the
PPO activity measurement, were taken as 1; 24 and 72 hours or, in short, RT_1, RT_24 and RT_72,
respectively. The combination of these parameters resulted in 48 treatments. For each treatment,
four peaches were evaluated.
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FIGURE 1. Experiment flow diagram.

Vibration procedure

Vibration tests were performed using a 1.5 x 1.5 m, 5 t of dynamic force vibration table
(MTS, model 891). The table was automatically controlled (MTS, 407 Controller and SignalCalc
550 Vibration Controller) using an accelerometer (Kistler, model 8710A50M1), with resolution of
0.01G.

Fruits were placed directly on the vibration table, kept still and subjected to a dwell vibration
test at 5 Hz, acceleration of 0.9 G for 1 or 2 hours (18,000 and 36,000 cycles, respectively).

Specimen removal

After vibration tests, specimens were extracted from the fruit pulp. From each peach, two
disk-like specimens were obtained, approximately 30 mm in diameter and 3 mm thickness;
specimens were removed right from below the contact surface. Non-contact surface specimens were
similarly extracted from the diametrically opposite region. Figure 2 illustrates the specimen removal
regions. After removal, specimens were immediately sunk into liquid nitrogen and stored at -20 to -

24°C.
NC

C

FIGURE 2. Illustration of specimen removal regions: C - contact area; NC - non-contact area.
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Polyphenoloxidase assay

Each frozen specimen sunk in liquid nitrogen was macerated until a homogeneous powder
was obtained. From this material, 2 g were added to a centrifuge tube with 5 mL of buffer (sodium
phosphate 0.05 M, pH 6.0) and kept in ice. The solution was centrifuged (10,000 x g, 30 min at
4 °C); the supernatant was filtered using organza cloth and a 0.5 mL from this were added to 3 mL
of buffer and 0.1 mL of catechol 2 mM (enzyme substrate). The following reaction was conducted
at 30 °C for 30 minutes, and ceased using a 5 minutes boiling water-bath. Tubes were placed in an
ice bath until reaching room temperature and the solution absorbance was measured at 420 nm
using an Ultrospec 2000 spectroPhotometer (Pharmacia Biotech). PPO activity was expressed in
umol of degraded catechol - min™ - g of fresh mass™ (adapted from Cano et al., 1997). Absorbance
determinations were made in duplicate, except for PHT_3 specimens in which just one absorbance
determination was done.

RESULTS AND DISCUSSION

The average results for PPO activity are shown in Figure 3 and they indicate a tendency of
increasing activity variation along postharvest time but specially with resting time. The 72 hours
resting time showed the highest PPO activity variation.

50
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FIGURE 3. Average PPO activity in contact area specimens along postharvest time (VB + n°® =
vibration time; TR + n° = resting time).

Tables 1 to 4 show the results for all treatments including resting and vibration times, PPO
activity (expressed in pmol of degraded catechol - min™ - g of fresh mass™) with corresponding
coefficient of variation and the PPO activity variation (%) corresponding to the contact area to the
non-contact area ratio of the same peach. The PPO activity values refer to the mean results from
four peaches. Comparing PPO activity variation for the four postharvest times and each resting time
(Tables 1 to 4), higher values for higher vibration time only occurred twice, at PHT 3, RT_24 with
values of 23.1% and 40.5%, and at PHT_17, RT_24 with values of 8.6% and 13.9%, respectively.
The other treatments showed higher values for lower vibration times. These results also indicated
that for the majority of treatments PPO activity was not correlated to mechanical vibration time.
However, one has to consider the high coefficients of variation obtained, up to 45%, indicating that
those differences in average values may not be of any practical value.
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TABLE 1. PPO activity variation in peaches submitted to mechanical vibration on 3™ postharvest

day (PHT_3).
Resti(nh% time Vibrat(ir?)n time Seg;;nr:an PPO activity Coefficierzg/g)fvariation PPO acti\z%variation
2 NC 34 20.8 265
e
2 NC 8.4 122 +405
. ! NCC 1?1:; 2223 +1405
2 C 28.9 22.0 1251
NC 23.1 45.0

TABLE 2. PPO activity variation in peaches submitted to mechanical vibration on 7™ postharvest

day (PHT_7).
Resting time . ,. .. Specimen .. Coefficient of variation PPO activity variation
() Vibration time region PPO activity (%) (%)
C 20.9 9.8
1 1 NC 21.2 11.6 14
C 17.7 12.6
2 NC 22.2 15.3 203
C 20.4 8.6
Y 1 NC 23.0 16.1 113
5 C 17.9 15.2 144
NC 20.9 19.3 ‘
C 21.1 17.0
. 1 NC 16.4 17.6 281
5 C 22.9 12.8 1931
NC 18.6 11.7 '

TABLE 3. PPO activity variation in peaches submitted to mechanical vibration on 11" postharvest
day (PHT_11).

Resting time Specimen Coefficient of variation PPO activity variation

) Vibration time region PPO activity (%) (%)
C 17.9 14.9
. 1 NC 185 15.4 3.2
C 123 113
2 NC 28.4 12.2 6.7
C 21.7 25.8
. 1 NC 154 40.1 +40.9
, C 215 16.7 156
NC 18.6 1.8 :
C 49.6 44
. 1 NC 193 143 +157.0
; C 20.9 8.4 240
NC 2.1 113 :
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TABLE 4. PPO activity variation in peaches submitted to mechanical vibration on 17" postharvest
day (PHT_17).

Resting time . ,. . . Specimen .. Coefficient of variation PPO activity variation
) Vibration time region PPO activity (%) (%)
C 26.9 5.5
. ! NC 15.4 6.6 14T
C 21.8 6.7
2 NC 16.7 10.6 +305
C 18.9 9.8
y 1 NC 174 37.0 +8.6
5 C 16.4 33.3 +13.9
NC 14.4 35.1 '
C 215 23.7
72 1 NC 15.2 213 414
9 C 14.7 17.8 +34.9
NC 10.9 21.2 '

In almost 30% of the treatments (7 from 24 observations) it was observed that PPO activity
variation was negative, i.e. PPO activity was higher on the non-contact area. This occurrence may
be explained by the enzyme distribution throughout the fruit, which may not be homogeneous.
Another possibility is that mechanical vibration did not act on the contact area alone, but its effect
was spread along the whole fruit. This could affect the calculated PPO activity variation values,
since it depends on the contact and non-contact areas PPO activity measurements.

CONCLUSIONS

PPO activity variations in peaches due to mechanical vibration were detected. However, it
was not possible to establish a correlation between the vibration level and enzyme activity regarding
the methodology. Based on this and on the high coefficients of variation found, it seems necessary a
methodological refinement.
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