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Abstract - (Total wax and n-alkane profiles from fruit and leaf waxes of Malpighia glabra L.) - Malpighia glabra L., popularly known as
“acerola” or Barbados cherry, is an economically important species due the high levels of ascorbic acid (vitamin C) in its fruits. Cuticular
wax affects post-harvest storage. Nevertheless, no data are available for wax composition on this species. Crude wax amount and n-alkane
profiles have been evaluated for three distinct genotypes of acerola. The total amount of wax ranged from 11 pg.cm? to 24 pg.cm? on leaves
and 10 pg.cm to 30 pg.cm? on fruits. Two of the three genotypes presented statistically distinct totals for leaf and fruit-wax. Type A (yellow
epicarp) presented the highest amounts of crude wax on both leaves and fruits. n-Alkanes ranged from C ; to C,, in fruits, with n-pentacosane
(C,,) as the main homologue of most individuals. Narrower n-alkane distribution was found in cuticular foliar wax, with C,,-C,,, with n-
hentriacontane (C,)) as the major component of most individuals. The environmental and economical aspects related to total wax amounts
and n-alkane profiles are discussed herein.

Resumo - (Cera total e perfil dos n-alcanos de frutos e folhas de Malpighia glabra L.) - Malpighia glabra L., conhecida popularmente como
acerola, ¢ uma espécie economicamente importante devido ao elevado nivel de 4cido ascorbico (vitamina C) em seus frutos. A cera cuticular
afeta o armazenamento do fruto pos-colheita. No entanto, ndo ha dados disponiveis sobre a composi¢do das ceras nessa espécie. Teor de
cera total e perfil de n-alcanos foram estudados em trés gendtipos diferentes de acerola. A quantidade de cera total variou de 11 pg.cm™ a 24
pg.cm nas folhas e nos frutos de 10 pg.cm™ a 30 pg.cm™. Dois dos trés genotipos apresentaram diferengas significativas entre os teores de
cera dos frutos e das folhas. O tipo A (epicarpo amarelo) apresentou a maior quantidade de cera tanto nas folhas como nos frutos. O perfil
de n-alcanos nos frutos variou de C,-C,,, sendo n-pentacosano (C,,) o homologo principal na maioria dos individuos. A cera cuticular foliar
apresentou um perfil de n-alcanos com distribuigdo mais restrita, com os homoélogos C,,-C,, como componentes majoritarios. Os homoélogos
de cadeia curta foram detectados sempre em quantidades menores do que 1%. O n-hentriacontano (C,,) foi o n-alcano principal na cera foliar.
Implica¢des econdmicas e ecoldgicas relacionadas a quantidade das ceras cuticulares e ao perfil de n-alcanos sdo discutidas.
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Introduction

The appearance of a cuticular layer covering all primary
aerial surfaces of plants is pointed out as one of the most
important factors for the establishment of terrestrial plants
(Baker 1982). The cuticle is composed of a cutin matrix
which is either embedded (intracuticular) or covered
(epicuticular) by wax. The cutin matrix consists of a polymer
typically composed of esterified hydroxyl- and polyhydroxy
derivatives from C,, and C , fatty acids. When considering
the isolated cuticle mass range from 2000 pg.cm? (in fruits)
to 450-800 pg.cm (in leaves), and assuming that 40 — 80 %
corresponds to the cutin matrix, this layer can be assumed
to be an important plant polymer (Heredia 2003). Waxes
are complex mixtures of long-chain aliphatic homologous
series (e.g n-alkanes, alcohols, aldehydes, fatty acids, and

esters), with minor amounts of terpenoids and cinamic acid
derivatives. An additional non-hydrolysable fraction of the
cuticular membrane, named cutan, is poorly understood as to
its structure and chemical composition (Villena et al. 1999,
Heredia 2003).

Since the cuticle is the outermost layer of aerial organs,
several functions have been associated to this layer, such as
being an efficient barrier against excessive water loss, in the
control of dust and/or spores adhesion over the plant surface,
as a plant-herbivory interaction mediator and, more recently,
it has been demonstrated to be crucial in ensuring organ
identity during development by preventing the fusion of cell
walls from adjacent organs (Yephremov et al. 1999, Sieber et
al. 2000, Wellesen et al. 2001 & Jenks et al. 2002).

The association of increased wax-layers with drought
stress has been the subject of several investigations. Bondada
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et al. (1996) observed an increase in the amount of wax on
both leaves and bracts, respectively, from 91.7 pg.cm? to
154.6 pg.cm™ and from 74.2 pg.cm? to 108.9 pg.cm?, when
cotton plants were submitted to a reduction in water.

Cuticular wax plays a crucial role in limiting transpiration
across the plant surface. Wax amount and composition have
been related to fruit dehydration sensibility (Riederer &
Schreider 2001, Smith et al. 2006), which emphasizes its
important role in the fruit market. For apples, the protective
function of wax as a water-loss barrier is not only important
while fruit is still on the tree. During a long storage period,
commonly applied to this fruit, wax integrity guarantees
both fruit quality and appearance (Veraverbeke et al. 2001).
Vogg et al. (2004), on analyzing lines of mutant tomato,
concluded that wax composition has an important bearing on
cuticular transpiration. Among wax compounds, n-alkanes
play a critical role in the efficiency of this layer against water
loss in both fruits (Sala 2000, Veraverbeke et al. 2001), and
leaves (Oliveira et al. 2003). However, there is no consensus
regarding the correlation between wax-amount/chemical
composition and water barrier effectiveness.

Malpighia glabra L., popularly known as the West
Indian cherry, Barbados cherry, and acerola, is an important
economical species due toits remarkable ascorbic acid (vitamin
C) concentrations in fruits. Although acerola originated in
Central America, it has been widely cultivated in Brazil and
other tropical countries. This fruit was first introduced into
Brazil in the 1950s, and was initially propagated from seeds,
which incentivized high genetic variability among fruits
from native plantations (Rosso & Mercadante 2005). By
1996, the Brazilian area under cultivation reached 7000 ha,
with a yield of more than 32,000 tons (Pertinari & Tarsitano
2002), consumed in natura or frozen (whole or isolated pulp)
(Oliveira & Filho 1998).

To date there is no information available on the amount
of wax and its composition in Malpighia species. The
present investigation evaluates total cuticular wax yield and
the n-alkane profile of three distinct genotypes of acerola
harvested in a southeastern Brazilian plantation and suggests
that this differences could affect post-harvest shelf life.

Material and Methods

Fruitand leaf samples were harvested in a small farm (Sitio
Sete Irméos) situated in Indaiatuba (Sao Paulo State - Brazil)
(23°05°25”S and 47°13°05”W). Total farm-area presented
around 4000 plants with high phenotypic variability. Twenty-
four individuals representing three distinct genotypes that
were selected, based mainly on the color of their epicarp:
type A (yellow epicarp — 4 individuals), type B (light-red
epicarp — 10 individuals), and type C (deep-red epicarp — 10
individuals).

Surface fruit area was calculated based on an elliptic
surface area formula, and for leaf area the Skye Instrument
was employed with Leaf Measurement System v.2.0 software.

Total cuticular wax was extracted by dipping the samples
three times (30 sec. each) in chloroform. The extracts were
pooled together and evaporated to dryness in a rotative
evaporator under reduced pressure. Each individual sample
corresponds to pools of 30 fruits and 30 leaves, randomly
picked from trees. The amount of wax is calculated as ug.cm.

n-Alkanes were isolated by silica (70-230 mesh -
Merck) column chromatography eluted with n-hexane,
and homologous series identified by GC/MS (HP 5890 ser.
II plus/HP 5989B), applying the following conditions:
source temperature 200°C, quadrupole temperature 100°C,
EM 70eV, capillary column DB 5HT of 30m x 0.32mm i.d.
(J&W Scientific), injector and detector temperatures 300°C,
helium as carrier-gas at a flow rate of 1 mL.min"'. Oven-heat
program: initial temperature 140°C held for 1 min, increased
by 10°C.min"', until the final temperature of 300°C remained
unchanged for 10min.

Quantitative wax data were analyzed by One Way ANOVA.
Statistically distinct values (p < 0.05) were compared by
Bonferroni’s test using Jandel (SigmaStat) software (Neter et
al. 1996).

Results and Discussion

The total amount and composition of fruit and of leaf
waxes are susceptible to certain biotic and abiotic factors,
such as geographic location, light intensity, humidity, plant
species and age and harvested organ (Baker 1982).

Table 1 shows total amounts of cuticular wax (ug.cm?)
on fruits and leaves from three acerola genotypes. Types A
(yellow epicarp) and C (deep-red epicarp) presented significant
differences (p < 0.05) between total wax on both fruits and
leaves, which was not observed for type B. Available data
were not sufficient to define which plant organ presented the
thickest layer of wax. Whereas type A presented, on average,
higher total amounts of wax on fruits (26 pg.cm?) than on
leaves (21 ug.cm), type C showed the opposite. The average
of total cuticular wax for leaves of type C was higher (16.7
pug.cm?) in comparison to fruit-layers (14.3 pg.cm?). Baker
(1982) has suggested that layers of cuticular wax on fruits
are always thicker than those on leaves in the same species.
Rosenquist and Morrison (1989) observed thicker cuticular
layers on grape fruits than on leaves. Values for acerola
type C and type B do not confirm these suggestions. Type C
presented higher values on leaf than on fruit surfaces, while
no significant difference was found for type B.

Distinct varieties of one crop may present different amounts
of cuticular wax. A comparison among the three acerola
genotypes unveils type A with higher values for both fruit and
leaf cuticular wax than types B and C. Sala et al. (1992) detected
different amounts of cuticular wax on fruit surfaces of several
Citrus sp cultivars. Quantitative variation in total wax and
isolated compounds was also detected in apples (Verabereke et
al. 2001), potatoes (Szafranek & Synak 2006), sesames (Kim et
al. 2007a), and soybeans (Kim et al. 2007b).
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Although acerola has been widely cultivated in Brazil and
others countries, there are no consensual definitions regarding
cultivars and/or the establishment of varieties. Oliveira and
Filho (1998) suggested that color of epicarp, which ranges
from yellow to dark-red, is a valuable parameter in putative
cultivar delimitations. Light colored fruits (type A), e.g. non-
red epicarp, presented a larger wax-layer. However, other
intermediate fruit-color genotypes should be investigated to
confirm this hypothesis.

Post-harvest water loss by fruits results in fruit softening
besides reduced glossiness and shelf life (Smith et al. 2006).
Since plant cuticle and consequently cuticular wax act as a
water-loss barrier, any information related to this layer may
be useful to address differences in this physiological trait.
Albrigo (1972) encountered a negative correlation between
wax-amount and water loss in postharvest fruits. Methods and
periods of harvesting and storage may affect the amount of
wax and composition, whereby this may have an influence on
the quality of the fruit.

The acerola market is variable. Whereas for the Brazilian
market preference is for deep-red fruits, European consumers
valorize fruits with a light-colored epicarp, these being used
for vitamin C enrichment of other fruit juices (Gonzaga Neto
et al. 1998). Light-colored fruit trees are rare in Brazilian
crop areas, a reason why a small number of samples were

accessible for this genotype. Total fruit wax in type A, which
was significantly (p < 0.05) higher than in the other two
analyzed types (Table 1), may be considered an important and
valuable characteristic, since it can increase fruit resistance
and consequently improve exportation of these fruits.

Another important factor worthy of note is that the amount
of cuticular wax is not always inversely correlated with
transpiration rate or positively with drought-tolerance (Ristic
&Jenks 2002). Previous papers suggest that wax composition,
rather than total wax layer, is more effective as a barrier for
non-stomatic water loss. Aliphatic long chain n-alkanes from
apple (Veraverbeke et al. 2001) and tomato (Vogg et al. 2004)
fruit waxes have a greater influence on post-harvest fruit
appearance than other wax components.

n-Alkanes composition was determined by GC/MS for
leaf and epicarp waxes of acerola (Tables 2 and 3). Fruit
n-alkane profiles were more variable than those of leaves,
ranging from Cto C,,. Most analyzed samples presented
n-pentacosane (C,)) as the major constituent in the fruit
n-alkane fraction, followed by n-heptacosane (C,) and
n-nonacosane (C,,). Those samples which did not present C,
as the main homologue have been characterized by C,, as the
major n-alkane component, followed by similar percentages
of C,, and C,,. n-Nonacosane, as the main component of
the n-alkane fraction of fruit cuticular waxes, has already

Table 1. Total cuticular wax (pg.cm™) of fruits and leaves of three acerola genotypes.

Genotypes
A B C
Samples FRUIT LEAF FRUIT LEAF FRUIT LEAF
1 26 20 10 15 17 18
2 30 24 11 18 12 14
3 22 20 12 14 16 19
4 26 20 12 17 17 16
5 13 15 13 18
6 15 17 16 17
7 16 11 12 19
8 20 11 12 14
9 21 18 13 14
10 14 17 15 18
means + SD* 26+3.27Aa 2142.0Ba 14.4+3.69Ab 15.3+2.63Ab 14.3£2.11Bb 16.7£2.06Ab

Each individual sample corresponds to 30 fruits and/or leaves harvested from the same tree.

Genotype A: yellow epicarp, genotype B: light-red epicarp, genotype C: deep-red epicarp.

* Numbers followed by distinct letters indicate significant differences (p<0.05). Capital letters compare total fruit and leaf-wax
values of each type. Lowercase letters compare total fruit or leaf-wax among the three acerola types.
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been described for sweet cherry - Prunus avium (Peschel et
al. 2007) and apple - Malus domestica (Belding et al. 1998,
Veraverbeke et al. 2001).

The detection of C,; as the main homologue in fruit
cuticular waxes seems to be unusual among several of the
investigated species. Short/medium-chain length alkanes
in fruit waxes (C,, — C,)) have been suggested as essential

compounds in chilling-injury protection. Changes in these
homologue concentrations were correlated to damage
reduction caused by low temperature storage (Nordby &
McDonald 1991). The ratio of short/medium-chain length
(C,,- C,) over long-chain length (C,, - C,,) alkanes among
acerola fruits was generally 2:1. Distinct ratio values were
found only in those samples with C, as the main homologue

Table 2. n-Alkane profiles of fruit cuticular wax from three acerola genotypes. Values are given as percentages (-: non-detected

homologue, t: values lower than 1%).

n-alkane chain length

Samples*
C18 C19 C20 C21 C22 (C23 (C24 C25 C26 (C27 (C28 C29 C30 C31 (32 C33 C34
A 1 4 2 t t t 7 6 33 8 22 3 9 6 - - - -
2 t t t t t 3 3 6 8 11 14 16 11 11 10 4 3
3 - t t t t 3 6 19 6 15 3 23 2 21 t 2 -
4 12 31 t t t t t 57 t t t t t t - - -
B 1 5 2 4 2 4 5 9 13 12 11 7 18 4 4 - - -
2 t 4 6 5 8 15 10 8 8 8 6 9 4 5 4 - -
3 2 | 3 1 7 w 19 16 16 11 6 6 1 | - - -
4 t t 2 2 3 8 1 20 16 17 11 12 4 4 - - -
5 7 t 5 t 5 6 11 17 13 8 7 7 8 6 t - -
6 2 t 8 3 9 11 14 16 14 10 6 7 t t - - -
7 - t t t t 8 13 31 13 15 9 11 t t t - -
8 2 2 2 4 6 11 12 15 13 10 8 7 4 4 - - -
9 t - 10 t 8 20 13 38 4 7 t t t t t - -
10 t t t t t 8 8 18 14 17 13 14 8 t t - -
C 1 3 9 t t t 20 t 30 1 13 t 24 - t - - -
2 12 20 t t t 5 7 45 6 5 t t t t - - -
3 - t t t t 17 t 62 t t t 21 - - - - -
4 3 4 6 4 6 8 12 22 14 12 5 4 t - - - -
5 2 2 2 4 6 11 12 15 13 10 8 7 4 4 - - -
6 - - - - - t 7 26 - 24 6 37 - - - - -
7 - t t t t 11 5 19 7 21 6 23 t 8 - - -
8 4 16 t t t 5 2 8 2 11 t 44 - 8 - - -
9 - - - - - t 7 26 - 24 6 37 - - - - -
10 - t t t t 11 5 19 7 21 6 23 t 8 - - -

* Letters correspond to acerola genotypes (A: yellow epicarp, B: light-red epicarp, C: deep-red epicarp). Numbers correspond to

each individual sample of 30 fruits harvested from the same tree.
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(Table 2). The high proportion of short/medium-chain length
n-alkanes in these fruits may contribute to their long-term
low temperature storage. However, detailed investigations on
storage time, temperature and wax composition relationships
are needed for this species.

Similar to fruits, total cuticular leaf-wax did not present
wide variation (Table 1). Table 3 reveals n-alkane profiles
for leaf-wax samples consisting of odd and even carbon-
numbered molecules from C,, — C,,, with n-hentriacosane
(C,,) as the main homologue, followed by C,,. Variations in
these profiles were much lower in leaf-wax in comparison to
those observed in fruits. Long chain n-alkanes, mainly C, ,

are also major constituents in the leaves of several important
crops, such as sesame (Kim et al. 2007a), soybean (Kim et al.
2007b), potato (Szafranek & Synak 2006), tomato (Smith et
al. 2006) and cotton (Bondada et al. 1996).

Odd carbon-numbered chain n-alkanes dominated in
fruit and leaf waxes of most individuals, except for two
samples of type B (respectively, individual 3 — Table 2 and
individual 2 — Table 3). In higher plant waxes, odd carbon-
numbered n-alkanes predominate over even carbon-numbered
molecules. Even carbon-numbered n-alkane biosynthesis is
not completely understood (Kunst & Samuels 2003). The
widespread occurrence of even carbon-numbered alkanes

Table 3. n-Alkane profiles of leaf cuticular wax from three acerola genotypes. Values are given as percentages. (-: non-detected

homologue, t: values lower than 1%).

n-alkane chain length

Samples™ C22 C23 C24 C25 C26 C27 C28 C29 C30 C31 C32 C33
A 1 t 2 4 8 4 16 4 22 4 27 3 6
2 t t t t t 12 5 15 8 43 6 11
3 t t t t t 13 t 32 9 36 t 10
4 t t t t t 10 t 16 8 39 13 14
B 1 t t t t t 5 t 15 6 52 10 12
2 t t t t t t t 19 t 23 58 t
3 - - - - - t t 11 t 64 t 25
4 1 3 4 5 3 15 5 26 8 22 4 4
5 - - t t t 9 3 17 6 38 8 19
6 t t t t t 8 t 29 t 51 t 12
7 t t 1 2 2 10 4 27 4 37 5 8
8 t t t t t 7 t 14 6 51 10 12
9 t t t t t 11 4 24 8 37 7 9
10 t t t 3 3 10 5 32 5 31 5 6
C 1 t t 7 13 8 13 4 23 t 32 t t
2 t t t t t 22 t 26 t 52 t t
3 t t t t t 10 t 45 t 45 t t
4 t t t t - t t 37 t 63 - -
5 - - t t t 4 - 28 6 45 3 14
6 t t t t t 11 t 23 t 47 t 19
7 - t t t t 12 t 33 t 38 t 17
8 3 t t t t 6 4 15 5 42 11 14
9 t t t t t 11 4 24 8 37 7 9
10 t t t t t t t 29 t 53 t 18

* Letters correspond to acerola genotypes (A: yellow epicarp, B: light-red epicarp, C: deep-red epicarp). Numbers correspond to

each individual sample of 30 leaves harvested from the same tree.
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may offer an interesting material for biosynthesis studies of
these compounds.

Long chain n-alkanes have markedly been suggested as
ubiquitous components in drought-adapted species. Oliveira
et al. (2003) pointed out that thicker leaf-wax layers did not
reduce water loss. However, n-alkanes ranging from C,, to
C,, were two or three-fold more efficient than triterpenes as a
transpiration barrier.

Water-deficiency may negatively affect several
physiological processes in a wide range of crops. Increased
leaf-wax layers have already been reported as being
adaptive answers of certain crops to water-stress conditions.
Nevertheless, recent research using sesame (Kim et al. 2007a)
and soybean (Kim et al. 2007b) have demonstrated that
cultivars with more drought-induced wax (a condition that
should improve plant vigor under drought) produced fewer
seeds after drought-stress, an unexpected response. These
authors suggested that the most drought-tolerant cultivars
could/may abort some of their seeds, and more efficiently
allocate resources for leaf-wax synthesis, so as to improve
water retention and assure survival of the mother-plant. This
process would promote healthy growth of the remaining
seeds, and maintain a more vigorous mother-plant. After
drought has been alleviated, the plant is able to generate
more new inflorescences (and seeds) than the less drought-
responsive plants.

Complete knowledge regarding cuticular wax and its
relationships with external biotic and abiotic factors requires
intense research efforts. Elucidation of these interactions will
certainly generate consequences for crop production, as well
as for the improvement of post-harvest storage conditions.

This is the first report on cuticular wax-yield and partial
composition in Malpighia glabra (acerola), and suggests
significant differences in fruit and leaf cuticular wax amount
and composition among distinct genotypes. Further studies on
complete wax composition and its role in post-harvest fruit
storage are needed in order to improve available data for the
economic use of this species.
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