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ABSTRACT

This study aimed to analyze the cuticle thicknessgattern of epicuticular wax deposition in ‘Gaknd ‘Galaxy’
apple cultivars falus domesticd8orkh,) from three Brazilian producing areas: Vaea(RS), Fraiburgo (SC) and
Sao Joaquim (SC) with altitudes of 971, 1,048 a/f8b3m, respectively. Harvested fruit were kepteurtgvo
storage conditions: regular atmosphere (RA) (0 @ 80% RH) and controlled atmosphere (CA) (1.5% Z6%
CO,, 0°C and 90% RH). Cuticle thickness measuremepte Wwade using LM and the deposition pattern of
epicuticular wax observed with a SEM. Altitude amdine apple producing areas was not a factor ina$#jon
pattern of waxes between the cultivars but at higtiitudes, the cuticle was thicker in both thdtiears. In the
freshly-harvested fruits, waxes deposition in thenf of platelets and the mechanism of “tear andaigpwere
observed. Severity of microcracks in the cuticle ware evident on the fruits from CA.

Key words: Malus domestic&8orkh, altitude, cold storage, controlled atmosph&ght microscope

INTRODUCTION bud begins to develop, exposing the tissue to the
water vapor deficit, the pro-cuticle begins to aove
The southern region of Brazil accounts for morghe surface of the tissue with an overlay network
than 95% of the national production of applesof lipid-basis microtubules produced by the
During the 2008-09 season, it produced 1184.8pidermal cells and linked to them. The elongation
tons of apples that comprised primarily of twoprocess of wax microtubules, aggregation,
cultivars, ‘Gala’ (46%) and ‘Fuji’ (45%) (IBGE crystallization  and  polymerization  occur
2009). However, the ‘Gala’ cultivar is gradually simultaneously during the fruit growth, causing the
being replaced by the clones of red ones, such deposit of wax platelets on the cuticle and on the
'‘Galaxy' (Boneti et al. 2002). microcracks formed in it, a procedure known as
Epicuticular waxes are a major component of théTear and Repair” (Curry 2009). Wax production
cuticle that covers the surface of apple, protectincontinues during the storage (Belding et al. 1998),
it against the environmental stresses, such as, windntil the origin cells become biochemically
solar radiation, dehydration and entry of pathogenighibited, necrotic or without substrate (Curry
causing rot in the fruit (Kolattukudy 1984; Belding 2005). The fruits of different apple cultivars vary
et al. 1998). Wax biosynthesis occurs from thén terms of epicuticular waxes morphology,
beginning of apple fruit development. Once thequantity and chemical composition during

"Author for correspondence: bagloria@usp.br

Braz. Arch. Biol. Technol. v.55 n.5: pp. 709-714p80ct 2012



710 TessmerM. A. et al.

development, as well as during the storage andensen 1962). The images were digitally captured
subsequent life (Veraverbeke et al. 2001). Changelsrough a Leica DM LB microscope with a video
in the process of wax formation and deposition canamera attached to a PC, using the IM50 image
cause damage, reducing the quality of the fruit. analysis software. For the thickness of the cuticle
The aim of the present work was to study thehe captured images from the areas without
cuticle thickness and pattern of epicuticular waxcuticular flanges were measured using the Image
deposition in ‘Gala’ and ‘Galaxy’ apple cultivars Tool software. Three replicate measurements were
from three Brazilian producing areas with differentmade in four different fruits.
altitudes and kept under two storage conditions. For surface examination using the scanning
electron microscope, portions of the fruit surface
in the equatorial region were taken at harvest and

MATERIAL AND METHODS after 120 days of storage. Four fruits of each
_ _ cultivar and location were sampled for the
Fruits collection and storage assessment. The samples were attached by their

‘Gala’” and 'Galaxy" apple fruits harvested in threends on slides with adhesive tape and kept in a
commercial orchards in the 2008/09 seasordesiccator containing silica gel for dehydration.
Vacaria (RS), Fraiburgo (SC) and S&o Joaquimfter the minimum period of 72 h, fragments were
(SC) located at 971; 1,048 and 1,353Mremoved (0.2 x 0.2 mm) and attached on
respectively, were studied. The producing areagluminum stubs and coated with gold (30-40 nm).
were selected according to the cultivar, rootstockhen, the samples were examined under a LEO
and orchard age, aiming to reduce the/p-435 SEM (Electron Microscopy Ltd,
heterogeneity deriving from the interaction amon@ambridge, UK) at 20 kV.
these factors. The fruits were harvested randomly
at commercial maturity, at the medium height ofgtatistical analysis
the plant. They were packed in cardboard traysfhe experiment was arranged in a completely
placed in plastic boxes lined with bubble wrapyandomized design in a 3 x 2 (producing areas x
and then transported to the Estacdo Experimentgitivars) factorial scheme. Data were submitted to
de Fruticultura Temperada, Embrapa Uva e Vinhghe analysis of variance (ANOVA) and means
Vacaria, RS. were compared by Tukey's test Bt < 0.05%
After the harvest, the initial assessment Wagsing Sisvar Program (Sisvar 2000).
carried out to characterize the cuticle and
epicuticular waxes. Ten fruits of each variety and
location were placed in screened bags and labeleESULTS AND DISCUSSION
These samples were stored under regular
atmosphere (RA) at 0 °C and 90 % relativeThe cuticle of freshly harvested fruits of both the
humidity (R.H.) and controlled atmosphere (CA)cultivars from the three producing areas was thick
at1.5% @, 2.5 % CQ, 0 °C and 90 % R.H. and and had conspicuous flanges (Fig. 1 A and B).
evaluated after 120 days of storage. The cuticle thickness was different between the
cultivars and among the producing are&s <
Preparation of the samples, capturing images 0.05% (Table 1). There was no difference
and measurements between the cultivars of Vacaria. Thicker cuticles
For the cuticle analysis, four samples weravere observed in ‘Gala’ apples grown at the
collected in the equatorial region of freshlyhighest altitude (Sdo Joaquim -1,353 m), and in
harvested fruits. Samples were fixed in KarnovskyGalaxy' apples from Fraiburgo, the producing
solution (Karnovsky 1965). For better fixation, thearea of intermediate altitude (1,048 m).
samples were placed in the vacuum pump t@hang (1983) and Xing-Jun et al. (2004)
remove the air from the intercellular spaces. Théhvestigated the effect of altitude on apple fruit
samples were dehydrated in a graded ethanahd they found that the cuticle became thicker
series and embedded in Leica historesin@ith the increase of altitude. According to Curry
(Heraeus Kulzer GmbH and Co. KG, Hanau(2009), the thickness of the cuticle is a functidn
Wehrheim, Germany). Serial sections (5-10 pmhe genetic background of cultivar and
thick) were cut on a rotary microtome and staine@nvironmental growth of the fruit.
with Sudan IV to detect the lipophilic substances
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Figure 1 - Cross sections of the freshly harvested fruitsraiburgo-SC. A: ‘Gala’, B: ‘Galaxy’.
Cuticle (Ct), Epidermal cell (Ec), Collenchyma dglic), Phenolic compounds
(arrows).

Table 1 - Cuticle thickness of apple fruits from threefeiiént Brazilian producing areas.
Cuticle thickness am)

Producing area (altitude m)

Gala Galaxy
Vacaria/RS (971) 17.77+2.04 Ab 18.12+ 2.08 Ab
Fraiburgo/SC (1,048) 18.49+3.19 Bb 21.99+2.31Aa
Séo Joaquim/SC (1,353) 20.412.41Aa 18.742.28Bb

Means followed by the same capital letter withiroe and by the same lower-case letter within arolare not significantly
different atP < 0.05 Means followed by standard deviation.

The cuticle is a dynamic system that expands ithe fruit, the cuticle begins to stretch causing
proportion to the growth of the fruit. As the microcracks in the wax platelets (Fig. 2 A and E).
parenchyma cells elongate during the expansion &fnder favorable environmental conditions, this
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process occurs gradually, beginning the repair akported by Barthlott et al. (1998). There was no
microcracks through the parallel deposition of waxdifference in the shape and distribution of
platelets before the complete disruption anepicuticular waxes among the growing areas.
exposure of underlying epidermal cells in aAfter 120 days of storage, there was an increase of
procedure, known as "tear and repair" (Currymicrocracks in the cuticle, which were more
2005). extensive and deeper than in the freshly-harvested
This pattern was observed in both the cultivaréruits. There were also changes in the shape of the
(Fig. 2 A-C and 3 A-F). Other wax patterns wereepicuticular waxes from the platelets to spherical
also found, such as granules (Fig. 2 D and Fpr amorphous clusters (Fig. 2 C-F, I-M, R-S and 3
plates (Fig. 3 A), platelets (Fig. 2 B) as alsoC-F, I-M, P-S).

Figure 2 - Scanning electron micrographs of epicuticular wéxGala’ apple fruits from three
producing areas: Vacaria-RS (A-F), Fraiburgo-SCM¥zand S&o Joaquim-SC (N-S)
after harvest (A-B, G-H, N-O), stored under regaanosphere (RA) (C-D, I-J, P-Q)
and controlled atmosphere (CA) (E-F, L-M, R-S). fehis no difference in shape and
distribution of epicuticular waxes among producargas but under storage there are
changes in the shape of the epicuticular waxes filatelets (A-B, C, G-H, N-O, P-Q,
R-S), globules (Q) to amorphous clusters (C-D, E-®, R-S). Under CA also occur
waxes melting (E-F, L-M). Microcracks (MF) and “teand repair’ mechanism is
observed in all conditions (A-B, C, P-Q).
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Figure 3 - Scanning electron micrographs of epicuticulax wé‘Galaxy’ apple fruits from three
producing areas: Vacaria-RS (A-F), Fraiburgo-SCM¥zand S&o Joaquim-SC (N-S)
after harvest (A-B, G-H, N-O), stored under regwtmosphere (RA) (C-D, I-J, P-Q)
and controlled atmosphere (CA) (E-F, L-M, R-S). fhis no difference in shape and
distribution of epicuticular waxes among producargas but under storage there are
changes in the shape of the epicuticular waxes fptatelets (A-B, C-D, G-H, L-M,
N-O, P-Q, R-S), globules (N-seta) to amorphoustehss(E-F, I-J, L-M, R-S). Under
CA also occur waxes melting (E-F, L-M). MicrocracdF) and “tear and repair’
mechanism is observed in all conditions (A-B, GNHO, R).

These changes were observed in both the cultivaiethylene produced (Bufler and Streif 1986). Ju
and in all the producing areas, but they were morand Bramlage (2001) studied the developmental
evident in the fruits stored under the controlledchanges of cuticular constituents and their
atmosphere. This was probably due to theassociation with ethylene during the ripening of
reduction of the respiratory process, by changin¢Delicious' apples, indicating that the increase in
the gas composition of the chamber and reducethe waxes production coincided with the
production of ethylene during the storage. Theclimacteric rise of ethylene. During the process of
synthesis of the major wax components occurs vigipening, the composition of the cuticle is altered
sequential elongation of a @rimer from acetyl- due to the accumulation of unsaturated fatty acids,
CoA with G units derived from malonyl-CoA which have lower freezing point. The
(Shepherd and Griffiths 2006). The lower accumulation of these acids results in changes in
respiratory activity reduces the production ofthe physical properties of the cuticle (Argenta
acetyl-CoA, causing the reduction in the2002). Because of this change in compound
formation of waxes. The controlled atmosphereformation, the crystalloids begin to change their
has the ability to delay the onset of autocatalytiappearance, crystallizing into fatty clusters (FAg.
ethylene production during the storage of apple€-F, I-M, R-S and 3 C-F, I-M, P-S). According to
(Lau et al. 1984) and decrease the amount oBarthlott et al. (1998), the predominant
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components of waxes are generally regarded aSurry EA. Growth-induced microcracking and repair
responsible for the crystalloids shapes. Tests mechanisms of fruit cuticles. In: SEM Annual
carried out by Monteiro et al. (2007) with heat Conference: Proceedlngs: Contributed papers, _2009
treatment and subsequent cold storage of 'GalaU" Albuguerque, United States. New Mexico,
and 'Fuji’ apples showed partial or complete Society for Experimental Mechanics Inc. USDA,

fusion of wax crystall 2009. p.7.
y ' IBGE. Levantamento Sistematico da Producdo Agricola

— LSPA, 2009 [cited 2012 jan. 10]. Available from:
http://www.ibge.org
CONCLUSIONS Jensen WA. Botanical histochemistry: principles an
practice. San Francisco, W. H. Freeman,;1962. §. 40
The altitude of the growing regions influenced thelu Z, Bramlage WJ. Developmental changes of
thickness of the cuticle, appearing thicker in piac cuticular constituents and their association with
of higher altitude. The deposition pattern of the €thylene during fruit ripening in *Delicious’ apsle
waxes was the same in 'Gala’ and 'Galax . Post. Biol. TechnoR001; 21: 257-263.

. . Xau OL, Liu Y, Yang SF. Influence of storage
cultivars, but after 120 days of storage, an igea atmospheres and procedures on 1-

of microcracks in the cuticle and changes in the 4yingcyclopropane-1-carboxylic acid concentration
shape of the epicuticular wax, especially in jn relation to flesh firmness in ‘Golden Delicious’
controlled atmosphere were observed. apple.HortScience1984; 19: (3), 425-426.
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