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The physiologic disorders scald in 'Anjou' and 'Packham's Triumph'
and senescent scald in 'Bartlett' pear fruit are important problems during
cold storage. Scald has not been characterized under different susceptibility
conditions in 'Anjou', and whether the symptoms of scald in 'Packham's
Triumph' or senescent scald in 'Bartlett' are related to the same process is
unknown.
Scald was characterized spectrophometrically and the antioxidant
tocopherol measured in 'Anjou', 'Packham's Triumph' and 'Bartlett' pears
under different conditions of maturity at harvest. Ultraviolet absorption
spectra of hexane extracts of the 'Anjou' and 'Packham's Triumph' fruit
peel showed a main peak at 232 nm and secondary peaks at 258, 269 and
281 nm during storage at 0 0C. This spectrum was similar to that of ccfarnesene (232 nm) and its oxidation products (conjugated trienes, CT258,
CT269, CT281) reported in the literature. In 'Bartlett', the 232 nm
absorbance peak was also present in the spectrum but the CT258 was the
major product among the conjugated trienes.
Scald development coincided with decreasing concentrations of a-farnesene
and increases in various conjugated trienes, depending on tissue

susceptibility. Late- harvested 'Anjou' and 'Packham's Triumph', the most
scald-resistant fruit, had the highest CT258/CT281 ratio and the highest atocopherol concentration during storage at 0 0C. oc-Tocopherol
concentration and CT281 accumulation were negatively correlated
(r= -0.54). Scalded tissue had less tocopherol than healthy tissue in all
'Anjou' maturity stages.
Scald incidence of 'Anjou' fruit, grown at different elevations in the Hood
River valley, Oregon, correlated negatively with CT258/CT281 ratio
(r= - 0.78). Contrary to other varieties, early-harvested 'Bartlett' was the
fruit most resistant to the disorder; it had the lowest concentration of
conjugated trienes and the lowest CT258/CT281 ratio.
Two natural sources of a-tocopherol, compounds A and B (patents applied
for), were tested as alternatives to the commercial antioxidant, ethoxyquin.
Compound A reduced senescent scald in 'Bartlett' fruit from 100% to 4%,
and was better than ethoxyquin. Compound B reduced scald in 'Anjou'
from 100% to 8% after 5 months, similar to ethoxyquin. Compounds A
and B were equally effective at reducing scald in 'Packham's Triumph', but
altered normal ripening making their potential use questionable. The most
effective treatment suppressed accumulation of CT281, as does
ethoxyquin.
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PEAR FRUIT SCALD: A PHYSIOLOGIC DISORDER INVOLVING aFARNESENE, CONJUGATED TRIENES AND a-TOCOPHEROL

CHAPTER 1

INTRODUCTION

Pear (Pyrus communis, L.) fruits can be affected by several
physiological disorders and pathological diseases during storage at low
temperature (Meheriuk et al., 1994). Superficial scald is one of the most
importants, because it is very intense, difficult to predict and does not
develop uniformly from season to season, or from one orchard to another.
Also it has limited tolerance in the fruit market and is highly dependent on
application of synthetic antioxidants such as diphenylamine or ethoxyquin
during the postharvest handling of the fruit.
Many reviews have been published related to the scald. Hardenburg
reviewed most of the research until 1965, and Ingle and Souza's review
concentrated on studies published until 1989. Since then new information
has been published that confirms basic research done several years ago,
and several new ideas have been proposed during this time concerning both
the biochemistry of the problem and predictive models of this disorder.
Many types of scald or browning on the skin related to
physiological disorders of apple and pear fruits have been described in the
literature. The most common of them is superficial scald. Others such as
soft and senescent scald are modifications of the former related to the
intensity, depth of the lesion, and timing when the symptoms begin to
appear.

Superficial scald is a physiological disorder that affects apple and
pear fruit skin when they are stored for a long time at low temperature.
Brown spots with different intensity develop on the surface of the fruit
without affecting the pulp. Usually the symptoms appear after the fruit is
transferred to ripening temperatures.
Considerable research has been done to identify the causes of the
damage. The accumulation of oxidized products of a-farnesene
(conjugated trienes) measured as the change in absorbance wavelength
between 290 and 281 nm have been the main compounds correlated with
the damage in apple fruit, but these specific compounds have never been
isolated from the fruit.
The mechanism by which oxidized compounds of a-farnesene
induce the damage is not very well known. The peroxide radical formed
during the autoxidation process of a-farnesene can be postulated as a
direct toxic compound in the cells or as initiator for new radical
compounds in the peroxidation process of lipid cell membranes. The final
symptoms may be the result of phenol oxidation when the
compartmentation between organelles is lost. Therefore, the natural
capacity of the fruit to scavenge the radicals produced can be an
important factor that could explain the differences observed due to other
factors associated with this disorder (variety, maturity, and weather
conditions). One of the most important radical scavenging systems in the
cell involves a-tocopherol, the deficiency of which has been associated
with some human pathological diseases and is considered essential for the
protection of plant and animal membranes from photo-oxidative and other
oxidative deterioration. The principal function of tocopherol in all
biological membrane is its action as a highly efficient recyclable chain

reaction terminator for the removal of radical species generated during
lipid oxidation (Fryer, 1992).
Scald disorder has been economically controlled using the synthetic
antioxidants diphenylamine, in apple, and ethoxyquin in pear. Despite
their effectiveness, the future of the use of these compounds is uncertain
because of the public concerns about the effect of chemicals on human
health and the environment.
Scald has been described to occur in many varieties of pear, but
differences in symptoms among varieties has been found. Scald in
Bartlett and Cornice pears have been associated with the senescence
process of the fruit, but there is no information whether the symptoms are
produced by the same process of farnesene oxidation or even it whether
has not any association with superficial scald. Scald in Anjou fruit has
been studied and is believed to be associated with a similar process as in
apples, but has not been fully characterized among the different scenarios
of scald susceptibility. Packham's Triumph scald is a problem during the
commercialization of the fruit, but has not been studied much.
The objectives of this study were
(1) To characterize the association between farnesene, conjugated trienes
and the natural antioxidant a-tocopherol of the skin in the scald
development of three pear varieties: Anjou, Packham's Triumph and
Bartlett.
(2) To evaluate new and natural alternatives to commercial synthetic
antioxidant (ethoxyquin) used for scald pear control.

CHAPTER 2

LITERATURE REVIEW

Characteristics of Scald Physiological Disorders

Soft Scald
Soft scald, ribbon scald or deep scald are identified and distinct
from superficial or senescent scald by sharply defined, irregularly shaped,
smooth brown areas in the skin of the apple. One or more small lesions
may occur on any part of the fruit surface but seldom at the stem or calyx
end.
Soft scald develops in cold storage, but stops when the fruit is
removed to high temperature. It is induced in susceptible cultivars by
storing them at temperature of 2.2 0C or lower and is most likely to be
found in fruit exposed directly to cold air (Meheriuk et al., 1994). The
incidence of the disorder has been correlated with the level of hexanol in
the fruit tissue (r= +0.55, n = 22, p< 1%) (Wills, 1973) and has been
induced by injection of hexanol into the fruit prior to storage (Wills, 1972).
Hopkirk and Wills (1981) found that apples with low linolenic acid content
were more susceptible to soft scald. The application of diphenylamine ,
butylated hydroxyanisole (BHA) or ethoxyquin to 'Jonathan' apples after
harvest reduced the incidence of soft scald disorder and increased the
amount of unsaturated fatty acids in the surface lipids, and reduced the
level of hexanol in the fruit (Wills et al., 1981).

Senescent Scald
Senescent scald has been describe in Bartlett, Bosc, Howell,
Cornice, Sierra and Flemish Beauty pears and is associated with loss of
ripening capacity of the fruit, when they are stored for a long time
(Meheriuk et al., 1994). Pierson et al. (1971) described the early stage of
the disorder as small isolated areas of brown discoloration usually near the
calyx end of the fruit, but in later stages larger brown areas of the skin are
affected. This may occur in cold storage or when the fruit is removed to
ripen at warm temperature. They suggest that the only effective control
measure to reduce this problem is to reduce the storage time, cooled
promptly after harvest and maintain the temperature near -0.5 0C.

Common Scald or Superficial Scald
Common scald or superficial scald appears when pears are ripened
at room temperature after several months of cold storage and is usually
confined to the epidermis of the fruit. Visual symptoms of the disorder
include diffuse browning of the skin in more or less well defined zones.
Meigh (1970) described two types of scald symptoms. First, the injury is
visible as a faint bronzing of the green ground color which becomes a
deep brown but generally remains distinct in outline. The surface layers
sink, leaving the lenticular zones as round green projections. The second,
in contrast, is first visible at the lenticels, giving the apple or pear a
speckled appearance.
Histological and microscopic studies (Bain, 1956; Bain and Mercer,
1963) have shown that this disorder development is a progressive
browning of the contents of the cells of the hypodermis. In early stages,
the contents of the outer hypodermal cells are light brown while the inner

adjacent cells appear to be normal. As the severity of the disorder
increases, the brown coloring of the skin deepens, and the browning of
the cells increases in intensity and extends through the five or six layers
of the hypodermis. Epidermal cells are not affected unless the disorder is
very severe.
Microscopic symptoms of scald are the formation of additional
electron dense material which is superimposed on the disorganization of
cells due to normal senescence. When the intensity of the disorder
increases, the macroscopic browning is characterized by the formation of
new electron dense substances, and by overall tanning and collapse of the
protoplasts.

The Scald Hypothesis
The first report which was related to the compounds that promote
scald were done by Brooks, Cooley and Fisher in 1919, as cited by Meigh
(1970) who observed that less scald is produced in well ventilated storage
chambers. They proposed that the accumulation of volatile products
generated by the apples themselves resulted in injury leading to superficial
scald. Huelin and Kennet (1958), tested some of the various compounds
produced by ripening apples (carboxylic acid and their ethyl esters,
alcohols and carbonyl compounds) but none of those tested induced scald
damage at normal concentrations found in the fruit. Between 1958 and
1964 many researchers suggested that scald could be related to some
compound accumulating in the cuticular wax of the fruits during storage.
Shutak and Christopher (1960), in a detailed experiment with different
methods of removing apple cuticles, concluded that the outer layer of the
fruit plays an important role in scald development. They argued that the

"cuticle appears to act as a barrier decreasing the escape of the causal
substance(s) responsible for scald"
Murray et al. (1964) identified and isolated P-farnesene, later
correctly identified as a-farnesene, 2, 6, 10 trimethyl-2, 6, 9, 11dodecatetraene (Huelin and Murray, 1966) as a constituent of apple, pear
and quince wax not found in most other fruits (Figure 2.1). No other
hydrocarbons with conjugated unsaturation were detected in their
analyses. Perhaps not so coincidentally, apples and pears are also fruits
most susceptible to scald disorders. Huelin (1964), Huelin and Coggiola
(1968) and Meigh and Filmer (1969) postulated that superficial scald
observed in apple stored for a long time may be caused by the
unsaturated sesquiterpene a-farnesene, which reaches its maximum
concentration during the period when initiation of the disorder has been
shown to occur. Despite this observation, the correlation of a-farnesene
concentration with scald occurrence was poor. Huelin and Coggiola
(1968) found under Australian conditions that more farnesene was found
in early-picked apple varieties and more in scald susceptible 'Granny
Smith' than in scald resistant 'Crofton' variety. They tried to induce scald
by applying a-farnesene to the surface, but the symptoms were
reproduced only when oxidized a-farnesene was used.
Anet (1969) separated, from in vitro autoxidation of a-farnesene,
two farnesene hydroperoxides which had similar absorption maxima at
260, 269, and 281 nm. The same absorption maxima were obtained by
Huelin and Coggiola (1970c), Meir and Bramlage (1988) and Chen et al.
(1990b) in hexane extracts of apple and pear peels.
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Structure of different farnesene isomers.

In comparative experiments over five years, Huelin and Coggiola
(1970c) found that conjugated trienes of farnesene gave a higher negative
correlation (r= -0.72) with scald than did farnesene. They recognized
that conjugated trienes calculated from the rise in absorbance at
wavelengths from 262 and 269 nm of the epicuticular wax extract gave
only a crude estimate of the conjugated trienes because of the large
number of other compounds that can absorb at these wavelengths.
To overcome these problems, Anet (1972) proposed that conjugated
trienes should be determined from the difference in absorbance at the long
wave maximum 281 minus 290 nm, which resulted in a mean value of
extinction coefficient ( E281-290 )= 25,000.
Although conjugated trienes of a-farnesene and other secondary
related products from natural skin of fruit have never been isolated, most
of the scald studies have used the change in absorbance from 281 to 290
referred as the group of compounds oxidized from a-farnesene.
Conjugated trienes, measured in this wavelength region, have been found
to increase in fruit over time during storage, but then also decline during
prolonged storage (Huelin and Coggiola 1970c; Du and Bramlage, 1993).
Recently, Du and Bramlage (1993) questioned the traditional
system to calculate the oxidized farnesene compounds that correlate best
with the scald disorder. They found evidence that another wavelength
absorption of conjugated trienes (258 nm) relates better to the differences
in scald susceptibility. They proposed that metabolites-catabolites (258
nm conjugated trienes) of 281 nm conjugated triene compounds(CT281)
are involved more directly in cellular damage than CT281 alone. Thus,
toxic metabolism of 281 nm can be avoided if it is metabolized to 258 nm

10

conjugated trienes compounds. They reported different results in favor of
this hypothesis:
In 'Cortland' and 'Delicious' apples, the ratio (CT258/CT281) of the fruit
decreased with time during storage, while scald incidence increased. Late
harvested, scald resistant 'Cortland' apples had higher CT258/CT281
ratios than did early-harvested, more scald susceptible fruit.
How the farnesene, and specifically, the conjugated triene
compounds could produce scald damage in the cell is a matter of
discussion. Huelin and Coggiola (1970a) proposed that cell injury may
occur as a result of the following events: 1) Secretion of farnesene by the
epidermis and hypodermis may be followed by oxidation, from which it is
protected (presumably by endogenous antioxidants) while in the living cell.
2) The products of oxidation may then cause injury either by entering the
cells or by polymerizing to impermeable films which prevent gas
exchange. However, observations with electron microscopy (Bain and
Mercer, 1963) have shown that dense particles are formed in the vacuoles
of cells prior to any visible browning. Conjugated trienes more probably
cause damage by increasing the permeability of the tonoplast and
promoting the browning caused when phenolic compounds come into
contact with enzymes.
The hypothesis that farnesene is involved in oxidative reactions
leading to scald has become more and more important. Thus, a-farnesene
accumulates in low temperature storage by an unknown mechanism,
perhaps as one of the multiples changes associated with the very early
ripening process, during the first one to two months. After two to three
months at low temperature the accumulating farnesene begins to be
oxidized to conjugated trienes. The a-farnesene oxidation is very
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important because of the formation of very reactive free radical
compounds.

Biosynthesis and Characteristics of a-Farnesene
a-Farnesene, a volatile unsaturated sesquiterpene compound, is a
member of the terpenoids, one of the largest groups of organic
compounds in plants. For example, abscisic acid (C15) and the
gibberellins (C20) are terpenoids that serve as plant hormones. Steroids,
derived from triterpenoids C21-C30, are important structural components
of many cell membranes. Carotenoids, another major pigment class, are
red, orange, and yellow tetraterpenes (C40). Terpenoid side chains (C5C45) are found in a variety of key metabolites, such as plastoquinone and
ubiquinone, components of electron transport chains. Some of these
groups of compounds are now believed to function in an ecological
context, serving as defenses against herbivores and pathogens, as
attractants for insect pollinators and fruit-dispersing animals, or as agents
of interplant competition (Harborne, 1991).
According to Gershenzon and Croteau (1993), the pathway of
terpenoid biosynthesis can be divided into several stages. The first stage
is the synthesis of the C5 isoprene unit, isopentenyl pyrophosphate (IPP),
from three molecules of acetyl-CoA, via the mevalonic acid pathway.
The second stage involves one molecule IPP which reacts with one of its
isomer, dimethylallyl pyrophosphate (DMAPP) forming a molecule of ten
carbons, geranyl pyrophosphate (GPP). Third, the isoprenoid chain is
extended by successive additions of IPP units forming various prenyl
pyrophosphates (dimethylallyl pyrophosphate (DMAPP), geranyl
pyrophosphate (GPP) or farnesyl pyrophosphate (FPP)).
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The addition of IPP to geranyl pyrophosphate produces farnesyl
pyrophosphate (FPP) (C1 5), which is the main branch point to the
sesquiterpene skeletons (Figure 2.2). Farnesyl pyrophosphate can also
dimerize in head to head fashion to form squalene (C30), which leads to
the formation of triterpenes.
HMG-CoA reductase ( 3(S)-3-hydroxy-3-methylglutaryl-CoA ),
prenyltransferases and cyclase are the most important enzymes in the
regulation of terpenoid biosynthesis. HMG-CoA reductase catalyze the
reduction of HMG-CoA to (3R)-mevalonic acid in a two-step, NADPHdependent process. The role of HMG-CoA reductase in regulating
cholesterol biosynthesis in mammals has suggested that this enzyme also
catalyzes a rate-controlling step in plant terpenoid formation. In
mammals, the regulation of HMG-CoA reductase via feedback inhibition by
sterols is elaborately mediated by changes in the rates of enzyme
synthesis and degradation and changes involving reversible
phosphorylation. In plants, HMG-CoA reductase activity is strongly
associated with the rate of terpenoid formation but the regulation of the
enzyme has not been carefully studied (Stermer and Bostock, 1987).
Prenyltranferases are branch point enzymes situated later in the
pathway that mediate the condensation of IPP with an allylic
pyrophosphate (DMAPP, GPP or FPP), forming a new allylic pyrophosphate
containing five carbon atoms more than the original. The rate of plant
terpenoid formation in vivo does, in fact, show a close relationship with
the level of prenyltransferase activity in many experimental systems
(Dudley et al., 1986, Cornish and Backhaus, 1990).

13

Mevalonic acid
Pathway

i
/— OPP

IPP

^WA/—opp

OPP

GPP

DMAPP
IPP

Sesquiterpenes
C15

-

VX/VNA/

opp

2X

I

FPP

I

I

Farnesene

Diterpenes
C20
«-

IPP

^/x A-zxA^xA/- OPP

Tetraterpenes /
C40

GGPP

I

Squalene

Triterpenes
C30

I

Sterols

IPP

Polyterpenes
C45-C150,000

Figure 2.2.

Pathway of formation of major groups of terpene end
products.(Gershenzon and Croteau, 1993)
1= IPP isomerase, DMAPP= dimethylallyl pyrophosphate, GPP= genaryl
pyrophosphate, FPP= famesyl pyrophosphate, GGPP= geranylgeranyl
pyrophosphate, IPP= isopentenyl pyrophosphate
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Further transformations include the cyclization of the prenyl
pyrophosphates to one of a number of basic skeletal types by cyclase
enzymes or other secondary transformation of initial cyclic products,
including oxidation, reduction rearrangement, configuration double bond
isomerization and hydration.
Subcellular compartmentation is a characteristic in the formation of
these compounds. Three separated compartments, the plastids, the
mitochondria and the cytoplast, have the capacity to convert IPP to
various terpenoid metabolites. Sesquiterpene and steroi formation occurs
in the cytoplasm and the endoplasmic reticulum (review by Kleining,
1989). The availability of metabolites such as AcetylCoA, ATP, and
NADPH, required in the mevalonate pathway, could provide other
regulators of terpenoid production superimposed upon controls at the
gene, enzyme and subcellular levels. These products derive from the
oxidation of stored carbohydrates or acyl lipids or arise directly from
photosynthesis. One might therefore expect a close correlation between
the rate of respiration and the production of terpenoids. This theory
supports the observation that more farnesene synthesis was found when
ethylene production by 'Granny Smith' increases (Watkins et al. 1993).
a-Farnesene occurs in essential oils (Nobumoto et al., 1990) and it has
been found to stimulate the ovipositor of gravid female codling moths
(Wearing and Hutchins, 1973).
Huelin and Murray (1966) described the farnesene in apple fruits as
an a-farnesene stereoisomer with a trans-configuration assigned to the
9,10 double bond and a likely trans-configuration of the 6,7 bond (Figure
2.1). The infrared, mass and NMR spectra also identified a trans-beta
farnesene isomer. Anet (1969) characterized in vitro a-farnesene with a
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UV absorbance maximum at 232 nm and a molar extinction coefficient of
27,740, which is in agreement with the related terpene, trans-p-ocimene
(max 232 nm, E= 27,600) and was well differentiated from that shown
by cis p-ocimene.

Mechanism of Autoxidation of a-Farnesene
The three isoprenoids units of a-farnesene are susceptible to
oxidation by a similar mechanism studied in the lipid peroxidation
process(for review, see Halliwell and Gutteridge, 1985). Anet (1969),
working with isolated a-farnesene, proposed that it can be attacked by a
free radical in two ways: "by abstraction of a hydrogen atom or by
addition of a radical to one of the unsaturated system". The most labile
hydrogen atom is possessed by the doubly allelic methylene group, but
the other hydrogen could take minor part in the autoxidation (Figure 2.3).
The loss of hydrogen atoms converts farnesene into a free radical
(Ila) which rapidly reacts with an oxygen biradical to form the peroxy radical
(III). The radical (III) can abstract a hydrogen atom from another farnesene
or one of the farnesene oxidation products yielding (IV) or adds to an olefin
group. The addition of peroxy radicals to conjugated olefins leads to dimers
and eventually to polymers. Cyclization also is favored by the two methyl
substituents stabilizing the free radical-forming cyclic peroxide (VI). It can
go to form VII and also VIII by the abstraction of other hydrogen atoms.
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Proposed mechanism of a-farnesene autoxidation (Anet 1969)
*Most labile hydrogen atom removed during a-farnesene autoxidation
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The extent of autoxidation is usually determined from the quantity
of hydroperoxides produced, but this functional group is difficult to
determine in the presence of conjugated unsaturated compounds.
However, when the first hydroperoxide group is introduced, conjugated
triene hydroperoxides form with characteristic UV spectra showing four
intense maxima at 251 (inf.), 260, 269 and 281 nm.
The triene alcohols derived from the triene hydroperoxides gave
extinction coefficient values 281 (E28I) of 34,000 and 29,000 and for
E290 of 7,740 and 4,350 resulting in a mean value for E281-290

=

25,000 (Anet, 1969). Two hydroperoxides were identified from the afarnesene oxidation process: namely (E, E)-1,5-dimethyl-1-(4-methylpent3-enyl)hepta-2,4,6-trienyl hydroperoxide and a mixture of the erythro and
threo (E, E)-4-( 1 -hydroperoxy-1 -methylethyl)-1 -methyl-1 -(4-methylhexa1,3,5-trienyl)tetramethylene peroxides.
Farnesene oxidation can be promoted directly by diatomic oxygen
molecules, singlet oxygen, superoxide radicals, hydrogen peroxide or other
radicals produced during oxidative deterioration processes (e.g. lipid
peroxidation). The development of these oxidative reactions are favored
to occur via a low temperature stress system (Wise and Nylor, 1987a, b )
and the normal senescence-related deterioration of the cells (Brennan and
Frenkel, 1977; Meir et al., 1991).
Studies in chilling susceptible species have found that temperatures just
above freezing point enhance photooxidation, promote the generation of
free radicals and that chilling resistant tissue has the ability to remove the
toxic oxygen species before lipid peroxidation occurs (Purvis and
Shewfelt, 1993). Superficial scald has been postulated to occur in a
similar way because of comparative results with chilling sensitive tissues.
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For example, the a-farnesene begins to be oxidized in the apple and
'Anjou' pear fruits to conjugated trienes which then accumulate as long as
the fruits are at low temperature (Huelin and Coggiola, 1970c; Budini et
al., 1989; Chen et al., 1990b; Du and Bramlage, 1993). The disorder can
be controlled by application of antioxidants (ethoxyquin and
diphenylamine) before storage, which suppress the oxidation of ccfarnesene to conjugated trienes (Huelin and Coggiola, 1970ac; Chen et
al., 1990a; Lurie et al., 1989b). Superficial scald of apple and pear is
reduced when they are maintained at 1.5% O2, and reduced even more if
O2 concentration is maintained very low (0.5%) (Little et al., 1982; Chen
et al., 1993). Similarly, pretreatment of cucumber and sweet peppers,
chilling sensitive fruit, with ethoxyquin or sodium benzoate reduced
subsequent chilling injury (Wang and Baker, 1979).
Also, a-farnesene has been isolated from banana and more farnesene was
associated with susceptible chilling fruit (e.g. more farnesene was found
in 'Alstonville' a susceptible chilling variety and fruit stored at 0 0C had
higher farnesene levels than that stored at 20 0C) (Wills et al., 1975).
Although this similarity between chilling injury damage and scald is
intriguing, further studies need to be done to prove the chilling association
in development of scald damage.
Lipid peroxidation is a normal metabolic event in senescence of the
fruit. Farnesene might be the toxic compound that enhances the
senescent process. In this view, the scald disorder results from either (1)
compromised defense or repair mechanisms to provide adequate
protection for farnesene oxidation (2) an increase in degradation reaction
that exceeds the capacity of defense or (3) a combination of both
processes. During the exposure to stress (low temperature) the balance
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between degradation and defense/repair should be shifted towards greater
degradation in susceptible tissue.
a-Famesene hydroperoxide may enhance further oxidation of
farnesene itself or promote other peroxidation processes (Figure 2.4).
Lipid peroxidation is a prominent feature of senescence in plant cells and
plays a significant role in fruit deterioration (Maguire and Haard 1975,
1976). The mechanism by which cellular systems are damaged include
free radical polymerization, aldehyde crosslinking, polymerization,
disruption of membrane lipid integrity (Chio and Tappel, 1969), and
lipoxygenase enzyme that catalyses the hydroperoxidation of
polyunsaturated fatty acid (Feys et al., 1980) as well as various lipases
including phospholipases A-j, A2, B, C and D.
Although the relatively saturated condition of the wax matrix
system of fruits differs by variety and in response to climate, makes it
possible to hypothesize differences in scald susceptibility relative to afarnesene, there is also the alternative concept involving a specific
antioxidant protection system and other less specific scavenger molecules
which could protect key sites and limit overall damage.
High levels of antioxidants have been found in scald resistant late
harvested fruit (Meir and Bramlage, 1988) and antioxidants are low in
scalded tissue (Gallerani et al., 1990 ).
Less water soluble antioxidant was found by Barden and Bramlage
(1994b) in apple peel and this was associated with increased scald
susceptibility and longer storage period. However, high amounts of lipid
soluble antioxidant were also a characteristic of this period.
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Factors Affecting the Superficial Scald Disorder

Maturity
Early harvest has been associated with increased scald
susceptibility in apple fruit. Immature New Zealand apple fruits scalded
more than those harvested at later maturity stages (Padfield, 1955).
Cantillano (1988) also found a marked decrease in scald susceptibility by
delaying the harvest time of Fuji apples under Brazilian growing
conditions. Blanpied et al. (1991) found a marked decrease in scald
susceptibility if harvest was delayed until a starch index of at least 5.3
was reached in 'Starkrimson Delicious' apple fruits. Weekly harvest of
'Cortland' and 'Delicious' apples resulted in increasing ethylene production
rates and increased accumulations of a-famesene and conjugated trienes
at harvest, but decreased scald development after storage (Watkins et al.,
1993). 'Stayman' apples harvested 1 5 to 20 days before normal harvest
increased the development of scald, but the earliest and latest harvests
had less scald potential (Albrigo and Childers, 1970). Little and Taylor
(1981) found less scald susceptibility with delay of harvest in warm
(Goulbum Valley) and cool (southern Victoria) districts of Australia.
The increased susceptibility to scald of immature apple fruits has
been postulated to be attributed to a less efficient endogenous antioxidant
system that is less able to prevent the autoxidation of a-farnesene, even
though the immature fruits do not generally produce more a-farnesene
(Anet, 1972). Meir and Bramlage (1988) found increased antioxidant
activity with later harvest and antioxidant activity at harvest was
negatively correlated with scald development (r= -0.83).
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Despite the general idea that the fruit picked early in a less mature
condition is more susceptible to scald, there have been contradictory
studies. Shutak and Kitchin (1965) found less scald in apple fruits
harvested early with a progressive increase in scald incidence up to a
point where scald decreased again. Therefore the earliest and latest
harvest developed less scald than the normal harvest.
Curry, (1990a) analyzing a large database gathered from 'Oregon
Spur Delicious' orchards in Washington state during the period from
1982-1988, found only a weak correlation between any maturity indices
and the occurrence of scald.

Natural antioxidants
The level of natural antioxidants in the peel of apple fruit has been
studied relative to the capacity of the fruit to inhibit the oxidation of afarnesene. Anet (1974) reported that scald did not occur if hydrophobic
antioxidant levels remained sufficiently high during storage to prevent
farnesene from being oxidized. He separated eleven hexane-soluble
antioxidants from apple cuticle, and these also were present in varying
quantities in all cultivars, many of these antioxidants present had UV
absorption near 200 nm (204, 205, 207, and 210 nm) in the apple fruit.
Meir and Bramlage (1988) measured the antioxidant activity of apple fruits
at harvest time. The antioxidant activity increased when the harvest was
delayed. Optical density at 200 nm (OD200)

was

detected from hexane

extracts of apples and was positively correlated (r= +0.63) with
antioxidant activity. They found that OD20O values for harvest-time
extracts were as strongly correlated with scald development after storage
as were antioxidant assays. They proposed the use of OD20O

as a
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system to determine antioxidant activity at harvest and a convenient
chemical index of scald susceptibility. However, until these antioxidants
are fully characterized and quantified caution is advised since, many other
carbonyl compounds absorb near 200 - 210 nm.
Further work in Bramlage's group (Barden and Bramlage 1994b,c)
studied the relation of natural antioxidants, oc-tocopherol, carotenoids,
ascorbic acid, and the capacity to reduce iron (total water soluble reducing
capacity) on development of scald. They found significant correlation
with these antioxidants only when they modified the environmental
condition around the fruit. Bagging fruits before ripening decreased atocopherol, carotenoids, ascorbic acid and total water soluble compounds
concentrations and greatly increased scald development.
Barden and Bramlage (1994c) found that no individual antioxidant was
associated with conjugated triene accumulation or scald development, and
as conjugated trienes concentrations increased, total lipid-soluble
antioxidant activity also increased during storage. However water-soluble
antioxidants decreased during storage.
Under Italian growing condition Gallerani et al. (1990) found three times
more oc-tocopherol in healthy fruit than scalded tissue, but no correlation
was reported related to the intensity of the damage.

Variety susceptibility
The severity of scald is related to the characteristics of the variety.
In this case, not only chemical and physical properties are important but
also other factors as commercialization time and the use of certain
technology gives different appreciation of scald susceptibility. For
example, 'Cox's Orange Pippin' apple variety is usually marketed within
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12 weeks of harvest in New Zealand where the scald symptoms do not
appear within that time. However if they are stored longer the disorder is
manifested thus classifying the variety as susceptible. (Watkins, 1993).
Varieties with heavily pigmented skin are more resistant to the
disorder (Albrigo and Childers, 1970), possibly because early symptoms
would tend to be mashed by the darker anthocyanins.
Anatomical characterization of apple varieties has allowed some
separation in relation to scald susceptibility. Cuticle of Golden Delicious, a
scald resistant variety, was found to have a very heavy encrustation of
wax (85-95%) with large deep ultramicroscopic breaks which facilitate
the gas exchange and volatilization of toxic compounds. In contrast, the
cuticles of 'Cortland' and 'Mclntosh' (susceptible apple scald varieties) are
composed mostly of granule wax, with no surface breaks and this may
facilitate the accumulation of toxic volatile compounds (Gough and
Shutak, 1972).
Variety susceptibility to scald has been correlated with the
oxidation of farnesene. More farnesene oxidation compounds were found
in scald susceptible 'Antonovka' apple than in the cuticle of scald
resistant 'Slavyanka' apple variety (Sal'kova et. al., 1975). Under
Australian apple growth conditions more farnesene was found in the scald
susceptible 'Granny Smith' than in scald resistant 'Crofton' apples (Huelin
and Coggiola, 1968). Watkins (1993) classified New Zealand apple and
pear varieties in relation to the scald susceptibility:
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Table 2.1.

Scald susceptibility of some New Zealand apple and pear
cultivars.

High

Moderate

Low

Apple
Granny Smith

Fuji

Golden Delicious

Red Delicious

Cox's Orange Pippin

Gala
Royal Gala
Braeburn

Pear

Cornice
Packham's Triumph

Environmental factors
Temperature
The temperature during the last six weeks of the growing season
has been studied as a factor related to scald development. Uota (1952)
working in controlled conditions with branches of Macintosh apple trees,
found that when night temperature was high, (770F) 100% of the fruits
were scalded after 160 days in storage, whereas at low temperature (47c
F) only 2.0% were scalded. However this effect could be indirect
because low temperature also increased the anthocyanin level in this
colored variety. Highly colored apples are not as susceptible as less
colored.
The results of Olsen and Martin (1980) in 'Starking Delicious'
apples grown under controlled preharvest temperature conditions agree
with those of Uota. Cool night temperatures before harvest increases
color development and reduces the potential for scald disorder.
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Merritt et al. (1961) correlated scald incidence with the
accumulation of hours below various temperatures from 28 0F to 55 0F
while the fruit was growing on the tree. After various correlation analysis
the base of 50 0F was selected as the most consistently associated with
scald behavior in 'Stayman' and 'Staymared' apple varieties in four New
Jersey orchards (correlation values (r) ranged from -0.85 to -0.95 in
1957, from -0.85 to -0.96 in 1958 and from -0.89 to -0.98 in 1959). He
found that most of the fruits, when 150 hours had been accumulated,
were scald free after removal from storage and when 190 hours had
accumulated, practically all the fruit harvested were scald free. However
the maturity effect could not be separated.
Smock (1953) in a climate study, found that the only good
correlation between meteorological factors and scald incidence in storage
was with temperature during the last six weeks of the growing season.
Scald in 'Mclntosh' and 'Rhode Island Greening' apple varieties correlated
positively with high mean temperature during the last six weeks over nine
growing seasons.
In Massachusetts, Bramlage and Barden (1993), found that the
accumulation of hours below 10 0C (50 0F) was negatively correlated with
scald. For 'Cortland' apple they suggested that 100 hours below 10 0C
were needed for substantial scald resistance, and about 150 hours were
needed for nearly scald free fruit. However, this predictor has not been
satisfactory for scald development on 'Delicious' or 'Granny Smith' apple
varieties under New Zealand conditions (Bramlage and Watkins, 1992).
Barden and Bramlage (1994a) separated the contribution of
different preharvest factors on the development of scald using statistical
procedures. They found that under normal conditions in the Northeastern
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United States, the percent of scald was correlated more strongly with
preharvest hours below 10 0C than any ripening index in 'Cortland' and
'Delicious' apple varieties. They concluded that "low temperature was
most responsible for substantial loss of scald susceptibility, and that light
and ripening were secondary factors in this loss, interacting with the
effects of temperature".
In pears, Hansen (1961) also correlated scald development with the
accumulation of total heat units. 'Anjou' pears scalded more severely in
1932 and 1934, which were cooler years (least accumulation of heat
units) than 1933 and 1935 years. However, Mellenthin and Wang (1976)
using limb cages to control temperatures, found that superficial scald was
greater with higher daily-hourly average of 17.2 and 20 0C than with the
lower 11.7 and 13.9 0C temperature. More research needs to be done to
clarify these results.

Light
The effect of light on the development of scald has been studied
using exposed and bagged apples. Shutak and Kitchin (1966) enclosed
'Cortland' and 'Grimes Golden' apples with white or black muslin bags in
mid-August. Bagged apples developed more scald than exposed fruit, and
apples in white bags scalded less severely than those in black bags.
Besides the difference in light intensity, other factors such as temperature
and gas exchange could be confounding the light effect.
Barden and Bramlage (1994a), found that bagging fruit with Kraft
paper bags in mid to late August increased the likelihood that the fruit
would develop scald. In this experiment temperature around the fruit was
measured and was not influenced by the bagging system. Albrigo and
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Childers (1970) found more scalded fruit in 'Stayman' apples exposed to
sunlight than fruit grown in the shaded areas.

Control of Scald
Antioxidants
Brooks et al. (1919) reduced scald successfully by wrapping apples
individually with oiled wrap papers. They considered that scald was
caused by some volatile material produced by the fruit itself and the wrap
material absorbed this compound in a way not clearly understood. Oiled
wraps do not obstruct the gas exchange between fruit and outside; do not
alter the rate of CO2 production (Fidler, 1950) nor production of volatile
alcohols, aldehydes, ketones and esters (Meigh, 1957). Huelin and
Coggiola (1968) found that a-farnesene moved from the fruit to the oiled
wraps until wraps contained more than twice as much as the fruit.
Wrapping the apple fruits in oiled papers was a standard practice in
the industry to reduce scald disorder until the introduction of
diphenylamine (DPA) dips or sprays by Smock in 1957. The effectiveness
of this antioxidant has been demonstrated in different countries and under
variable conditions in apple fruits . Padfield (1959) and Hall et al. (1961)
reduced scald incidence in 'Granny Smith' apples to almost 0% with 1000
ppm of DPA in dipping treatment under Australian conditions; this
concentration and method of application was always better than oil paper
wrapping systems. The same result was confirmed by Ginsburg (1961)
for South African grown apples and by Denmead et al. (1961) under
British conditions.
The success of scald control in long term storage of apple is related with
appropriate precaution taken in the application of this antioxidant.
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Diphenylamine is insoluble in water and is formulated with other
compounds to make it water miscible. Two types of DPA are available for
dipping treatments. One is DPA wettable powder which can be used on
both apples and pears. It is specifically recommended for 'Starking' and
other red apple types. In spite of its control in 'Anjou' pear after 3
months in storage, an unacceptable high level of phytotoxicity makes it
difficult to recommend DPA in this group of fruits (Chen and Vargas,
1993). The other type of DPA is an emulsion formulation which is
specially recommended for 'Granny Smith' and 'Packham's Triumph'
pears. DPA must not be used on 'Golden Delicious' because of its
phytotoxicity.
Eksteen (1980) summarized a series of recommendations and
precautions necessary for South African growers, necessary for success
in the control of scald using the antioxidant DPA. Recommended
concentrations of DPA varied from 1,500 to 2,500 ppm for short (2-3
months) and long term (5 months) storage, respectively. The highest
dosage was also recommended for apples which were picked very early.
DPA is absorbed from the solution by the fruit, wood of the bins, organic
material, and dust on the fruit, so it is necessary to restore the level of the
dip in the tank and to replenish the DPA. The best uptake of DPA from
the fruit is obtained when the fruit and dipping solution are at ambient
temperature of about 20oC. The effectiveness of the application also
decreases in relation to time elapsing between picking and dipping. If
dipping take place 14 days or more after harvest, no scald control is
obtained. If it is delayed 7 days, the control is less than 50%. Thus the
fruit should be treated as soon as possible after harvesting.
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DPA is registered for use on apples and pears in South Africa and a
maximum tolerance of 10 ppm is permitted for marketing. For export
apples, the maximum tolerance of 3 ppm can not be exceeded. The US
Environmental Protection Agency tolerates 10 ppm of DPA as maximum
residue level in apple fruits.
Ethoxyquin (6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline), another
effective scald inhibitor, is used to control scald in apple and especially in
pear fruits. Postharvest dip treatments of 2,700 ppm ethoxyquin or
incorporated in oil wraps at the rate of 2.5 mg/wrap were demonstrated
to be effective to control scald in 'Anjou' pears (Hansen and Mellenthin,
1967).
The effectiveness of Ethoxyquin is related to the earliness of
application and dosage (Chen and Vargas, 1993). Thus 1,000 or 1,350
ppm applied to fruit within 2 or 14 days, respectively, after harvest gave
satisfactory control of scald for 4 months of storage. Only the treatment
with 2,700 ppm ethoxyquin within 7 days after harvest gave good scald
control for 5 months and none of the treatments could suppress scald
development in 'Anjou' fruit for longer than 6 months.
Although 2,700 ppm ethoxyquin is a recommended application,
phytotoxicity on Anjou pear skin has been reported. An improvement of
this 2,700 ppm ethoxyquin treatment has been a split application
developed by Chen et al. (1990a). A less concentrated ethoxyquin
application of 1,000 ppm applied to 'Anjou' pears within two days after
harvest and line spray application of 1,700 ppm ethoxyquin applied after
one to three month(s) storage developed minimal scald and did not shown
any phytotoxicity symptoms after 5 months storage.
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The effect of these antioxidants on stored fruit quality and their
mode of action on scald has been studied. Hardenburg and Anderson
(1960) determined that DPA had no adverse effect on fruit firmness,
decay, or breakdown. Sims (1962) found that DPA decreased respiration
of both the whole apple fruit and peel tissue, while ethoxyquin increased
the respiration of these tissues. A study of mitochondria isolated from
apple fruit showed that cytochrome oxidase was not affected by DPA, but
that the succinoxidase system was inhibited (Yatsu, 1961). Work done in
animals has found that mice fed with diets containing large amounts of
antioxidant ethoxyquin live longer than mice fed with normal diets
(Comfort et al., 1971).
DPA and ethoxyquin have been found to inhibit the autoxidation of
a-famesene, and this has been accepted as the main mode of action of
these antioxidants (Huelin and Coggiola 1970c; Chen et al. 1990b). Lurie
et al. (1989b) found that the concentration of a-famesene was two to
three times higher and the levels of conjugated trienes (oxidized
compounds of farnesene) were four to seven times lower in DPA treated
apples than in untreated control fruit. They also found that DPA
prevented ethylene production and reduced the activity of
polyphenoloxidase, peroxidase, and lipoxygenase. The authors proposed
that the action of DPA in scald reduction may not be specifically
preventing the oxidation of a-famesene but rather by its more general
antioxidant effect.
Other chemical compounds have been tested to reduce the scald
incidence, but very few have shown the same positive effects of DPA or
ethoxyquin. In vitro experiments with isolated farnesene using amine,
phenolic and sulfur compounds as antioxidants inhibited the autoxidation
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of farnesene but when they were applied in vivo as dips or injected in the
core, only amine compounds produced a significant reduction of farnesene
autoxidation. Phenolic compounds were ineffective and some acted as
pro-oxidants (Anet 1974).
Butylate hydroxytoluene (BHT) was effective in reducing the incidence of
scald in 'Granny Smith' apples when applied as a postharvest dip or when
stored in wraps impregnated with BHT, but high concentration was
required (Wills and Scott, 1977; Gough et al. 1973). Other studies with
BHT (Hardenburg and Anderson, 1965) did not find satisfactory results.
Another antioxidant compound, 2,6-Dimethylhepta-2,5-dien-4-one
(phorone) reduced scald incidence in 'Granny Smith' when applied as an
injection or as a vapor. Phorone reduced the accumulation of a-farnesene
and the amount of conjugated trienes during storage (Scott et al., 1980).

Growth regulators
The main growth regulator investigated for reducing scald
development has been ethephon (2-chloroethyl-phosphonic acid ), a
commercial ethylene-releasing compound used to accelerate the ripening
of the fruit. The results are variable and depend on variety, time of the
application and dosage. Positive effects on scald reduction have been
reported in New Zealand (Padfield, 1977). Spray application of 500 ppm
ethephon to 'Granny Smith' apple trees decreased the amount and
intensity of scald fruits. Sprays of 500 to 1,000 ppm ethephon applied in
July on 'Delicious' apples reduced the scald to 50% on fruits after cool
storage. With 'Granny Smith' and 'Fuji' apple, scald was reduced by 59%
and 52% respectively when 400 ppm ethephon was applied five weeks
before harvest (Curry, 1990). Lurie et al. (1989b) in Israel reduced the
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incidence of scald between 20 to 75 % depending on the ethephon
treatment and storage length.
The effect of ethephon in the reduction of scald symptoms is not
well understood. Watkins et al. (1993) studying the relation of ethylene
production to a-farnesene accumulation and conjugated trienes at harvest
found that ethephon application to 'Cortland' apples increased synthesis
of a-farnesene and conjugated trienes before harvest but either increased,
decreased, or had no effect on scald development, depending on other
conditions. Barden and Bramlage (1994b) found that ethephon on
'Cortland' apples increased total water soluble reducing compounds, and
percentage inhibition of lipid oxidation of peel extracts, increased
concentration of a-tocopherol, carotenoids, and ascorbic acid in peel, but
only slightly reduced scald.
The role of ethylene in scald development is not clear. Scald has also
been controlled when ethylene is maintained at very low concentration in
the apple storage atmosphere.
According to Du and Bramlage (1994), the application of ethephon
can produce a rapid and delayed effect. The former is characterized by
the stimulation of ethylene production and famesene and conjugated
trienes accumulation in fruit peel, which could increase scald
development. However, in the delayed effect there is a disproportionately
higher accumulation of conjugated trienes, measured at 258 than of
conjugated trienes 281 during prolonged cold store, and related to
decrease scald development.
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Storage conditions

Ventilation
The increase of ventilation, which delays the manifestation of scald,
was related with the capacity to remove the farnesene, a semi-volatile
compound. Brook et al. (1919) obtained almost complete control of scald
by increasing the air movement. Anet (1972) reduced the ventilation of a
longitudinal sector of apples and the accumulation of farnesene increased
and scald began slightly earlier in the covered part than the uncovered
sector of the fruit. Huelin and Coggiola (1970b) did not find a positive
effect on this manipulation process. Probably different levels of air
exchange and farnesene synthesis could explain these differences.

Modification of gas composition
Modification of the normal atmospheric composition (21 % O2 and
0.03% CO2) around the fruit alters the response of apples and pears to
scald development. Ultra low levels of oxygen is required to reduce the
manifestation of scald. Scald on 'Granny Smith' apples has been more
effectively controlled with controlled atmosphere (CA) storage using 0%
to 2% CO2 + 1 -5% O2 than with the commercially used CA atmosphere
of 2% to 4% O2 (Little and Taylor, 1981). Better results were obtained if
ultra low oxygen treatment (ULO) was preceded by 10 days of initial
oxygen stress treatment of 0% to 0.2% O2 (Little et al. 1 982).
In any of the maturity conditions and storage times the combination
of initial low oxygen stress follow by CA low oxygen storage was the best
treatment to reduce the incidence of scald disorder in 'Granny Smith'
apples grown in South Africa (Trutter et al., 1994).
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Different combinations of O2 and CO2 have proven to be
satisfactory for scald control depending on the fruit growing conditions.
One percent of oxygen and 1 % CO2 was found to be the most promising
mixture to control storage scald in 'Delicious' apple fruit grown in Oregon.
1 % O2 and <0.03% CO2 effectively reduced or eliminated the incidence
of scald in apples grown in Washington. Different susceptibility to low
oxygen injury was found among areas of production. A high incidence of
low oxygen injury was found in apples grown in Oregon, but no
symptoms of low oxygen injury were found in apples grown in
Washington or British Columbia (Chen et al., 1985)
Nardin (1993) proposed a control system for scald without any
chemical treatment such as DPA or ethoxyquin. He reported that it was
possible to store 'Delicious' and 'Granny Smith' apples from the South
Tyrol of Italy for 130 or 150 days respectively and from Mongenduft for
more than 210 days if stored in CA. The optimum concentration of
oxygen varied between 0.9% and 1.2% for the duration of the storage.
Couey and Wright (1977) found that better control of scald was
obtained when normal CA storage in 'Anjou' pear (1.7% CO2, 2.7%02)
was preceded by a high level CO2 treatment (12% CO2 for 14 days).
Controlled atmosphere storage inhibits scald development by preventing
oxidative processes by lowering oxygen concentration in the storage
atmosphere. Chen et al. (1993) showed that the accumulation of
farnesene and conjugated trienes can be greatly suppressed by hyper-low
oxygen (0 - 5% O2) combined with elevated CO2. Although this
inhibition was persistent it was also reversible when the fruit were
returned to air at -10C. The high incidence of pithy brown core disorder at
those hyper low O2 / elevated CO2 condition made this treatment
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unacceptable for commercial use. However, in the same report hyper low
O2 without CO2 reduced the pithy brown core disorder but was less
effective for suppressing scald. Gallerani et al. (1988) also found an
inhibitory effect of ultra-low oxygen (0.5%O2; 2% CO2) on the
biosynthesis of farnesene and accumulation of conjugated trienes in the
storage of Italian grown 'Granny Smith' apples.
Ben-Arie et al. (1993) found a negative correlation between CO2
concentration up to 10% and both a-farnesene and conjugated triene
levels in 'Jonathan' and 'Golden Delicious' apples, after 5 months of
storage, before scald had appeared on any of the fruit. They concluded
that the almost parallel decline in a-farnesene and conjugated trienes at
CO2 concentrations ranging from 0% to 10% suggests that CO2 might
be inhibiting farnesene biosynthesis.

Alternatives to chemical scald control
Alternatives to chemical scald control have included the use of high
temperature as hot water or hot air treatment. The first reports of scald
control using hot water dips was reported by Stoll (1958) and Patterson
(1959), cited by Curry (1993). Later, Hardenburg and Anderson (1965)
and Hardenburg (1967) showed effective inhibition of scald in 'Stayman'
and 'Delicious' apples with hot water dips for 30 or 60 sec. at 540C, but
were less effective in the case of 'Rome Beauty' variety.
Hot water at 50oC for 60 seconds reduced the level of scald in
'Granny Smith' apples after 6 months in storage but only the scald in late
harvest fruit was reduced to an acceptable level with this treatment. At
60oC, however, considerable darkening due to heat injury was developed
(Curry, 1993). In 'Red Anjou' pears, hot water treatments of 35, 45, and
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550C reduced the incidence of scald, but only the highest temperature
treatment reduced scald similarly to the ethoxyquin treatment. This
treatment also reduced the firmness by about 10% (Curry, 1994).
Recently, Lurie et al. (1990) reduced the intensity of apple scald
using hot air treatment of 380C for four days equivalent to levels similar to
that achieved by 3,000 ppm DPA treatment after three months in storage.
The inhibitory effect was no longer apparent after five months of storage.
Klein and Lurie (1994) reported a synergistic effect between calcium and
hot air treatments in reducing the severity of scald and in retaining fruit
firmness after 5 months of storage. The mode of action of high
temperature water or air is not clearly understood. Curry (1994) found the
hot water treatment reduced the oxidation of farnesene. More famesene
and less conjugated trienes were found in heat treatment than in the
control, an effect similar to that produced by ethoxyquin. In contrast,
Lurie et al. (1990) found the heat treatment not only inhibited the
formation of conjugated trienes, but also reduced farnesene production.
They proposed that pre-storage heat treatments may act against
superficial scald by inhibiting the activity of the enzymes related with the
farnesene synthesis. They reported different effects on the physiology
and biochemistry of the fruit treated with high temperature. Protein
synthesis, ethylene production, and fruit softening were reversibly
inhibited by the heat treatment. Fruit respiration, membrane permeability
and chlorophyll degradation in the fruit peel was increased by the heat
treatment.
Intermittent warming, another alternative to chemical treatment,
has been tested for reducing scald. Smith (1959) obtained complete
control of the disorder when the apples were warmed to 1 5.5

0

C for 5
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days during the sixteenth and twentieth weeks of cold storage. Bramlage
and Watkins (1993) interrupted the cold storage of 'Granny Smith' apple
for 5 days at 20 0C after 2 weeks at 0 0C and reduced the scald
incidence similar to a 1,000 ppm DPA treatment. During the warming
period, softening and loss of green color were reported as undesirable side
effects.
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CHAPTER 3

SPECTROPHOTOMETRIC CHARACTERIZATION OF SCALD IN ANJOU'
PACKHAMS TRIUMPH", COMICE' AND BARTLETT" PEAR FRUITS
RELATIVE TO DIFFERENT STAGES OF MATURITY

Abstract

Scald development in "Anjou", 'Packham's Triumph', 'Cornice' and
'Bartlett' pear fruits was characterized by spectrophotometry and the level
of peel antioxidant a-tocopherol was measured. The fruits were harvested
at several stages of maturity and produced different degrees of
susceptibility to scald. Ultraviolet absorption spectra of hexane extracts
from peel discs of the fruit showed a main peak at 232 nm and secondary
peaks at 258, 269 and 281 nm during the storage at 0 0C, regardless of
the variety and maturity. This spectrum was similar to that of a-farnesene
(232 nm) and its conjugated trienes (CT281, CT258, CT269) compounds
referred to in the literature as responsible for scald damage of apples. In all
the varieties and maturities studied, scald disorder coincided with decreases
of farnesene, but the proportion of conjugated trienes varied. Late
harvested 'Anjou' and 'Packham's Triumph', fruits were most resistant to
the disorder, had the highest CT258/CT281 ratio and the highest
concentration of a-tocopherol after four months in storage at 0 "C.
Oxidized farnesene compounds, CT281 nm absorbance were positively
correlated with scald, and tocopherol was negatively correlated (r= -0.54,
p< 0.05). The role of tocopherol in the prevention of a-farnesene oxidation
is discussed. Hexane extracts of 'Bartlett' pear peel showed the same peak
at 232 nm, but CT258 absorption was the main conjugated triene
regardless of maturity. Early maturity 'Bartlett' fruit was the most resistant
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to the disorder, and was characterized by low levels of all the conjugated
triene forms, including the CT258/CT281 ratio.
The peak at 232 nm for a-farnesene was also present in 'Cornice' pear at
the single maturity evaluated and this also decreased when the disorder
symptoms started to appear. However, concentrations of all the conjugated
triene species in 'Cornice' were very low.

41
Introduction

Scald physiological disorder in apple has been reviewed extensively in
the past (Hardenburg, 1965 and Meigh, 1970) and recently by Ingle and
D'Souza (1989). After the discovery of a-farnesene in the epicuticular wax
of 'Granny Smith' apple, 'Packham's Triumph' pear and quince fruits by
Huelin and Murray (1966), many scientists have tried to prove the
importance of this compound in relation to scald damage of apple (Huelin,
1964; Huelin and Coggiola, 1968; Meigh and Filmer, 1969). The fact that
decreased a-farnesene autoxidation is associated with less scald damage is
the main observation supporting the a-farnesene oxidation hypothesis in
apple. After working with oxidized farnesene for five years, Huelin and
Coggiola (1970b) confirmed that the oxidized metabolites of a-farnesene
correlated better with scald damage than did the a-farnesene precursor.
Many factors have been reported to influence scald susceptibility;
e.g., preharvest temperature, maturity, light, and O2, or CO2 concentration
during storage. However the main factor related with the susceptibility in
apple scald has been the level of maturity at harvest time. A high incidence
and severity of scald was found by Blanpied et al. (1991) when the starch
index was less than 5.3 (from 7) at harvest in 'Starkrimson Delicious' apple
fruits. Anet (1972) reported that less mature 'Granny Smith' fruits are
more susceptible to scald than mature fruits, but they do not generally
produce more farnesene. Anet attributed the increased susceptibility of
immature fruit to a less efficient or impaired antioxidant system. Meir and
Bramlage (1988) found higher antioxidant activity in later-harvest than
earlier-harvest fruit, and antioxidant activity at harvest was negatively
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correlated more strongly with apple scald development than was either afarnesene or conjugated trienes.
The lipid solubility of a-farnesene suggests that lipid-soluble
antioxidants, especially vitamin E or a-tocopherol, may play an important
role in delaying the oxidation of a-farnesene. However, Barden and
Bramlage (1994c) recently found that no individual antioxidant was
consistently associated with the presence of conjugated trienes or scald in
'Cortland' apples. But low levels of a-tocopherol and high scald intensity
was reported in apple fruit grown under restricted light using a bag cover
(Barden and Bramlage, 1994a). Similarly, Gallerani et al. (1990) reported
three times more a-tocopherol in healthy tissue than in scalded apple tissue.
The developmental stage of maturity at the time of harvest is an
important factor related to the quality of fruit after storage. Harvest
maturity indices of pear has been reviewed by Kingston (1992). Flesh
firmness alone is one of the most reliable parameters (Wang, 1982) and
Wrolstad et al., 1991 has summarized firmness optima for different
varieties. Early harvest has been associated with less formation of high
boiling esters in Cornice (Zerbini et al., 1993) and is also known to impact
Bartlett flavor (Russell et al., 1981) and increase the storage chilling
requirement for normal ripening (Chen et al., 1981). However, late harvest
is more susceptible to decay (Kingston, 1992), softening and core
breakdown development (Pierson et al., 1971). Despite its identified
importance in apple, there is little information relating maturity to the
development of scald in pears.
In the case of pears, different manifestations of brown color occur.
'Bartlett' and 'Cornice' pears develop a brown discoloration of the skin that
has been called "senescent scald". Unlike superficial scald, senescent scald
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may develop in cold storage or when the fruit is removed to ripen. The fruit
is inedible and remains firm. This type of disorder has been associated with
varieties that lose their ability to ripen when stored for extended periods
(Meheriuk et al., 1994). However, there is little information on whether
this disorder is related with oxidized famesene products.
Superficial scald in 'Anjou' can be suppressed by the antioxidant
ethoxyquin (Hansen and Mellenthin, 1967; Chen et al., 1990a; Chen et al.
1990b), low level of oxygen (Chen et al., 1993), and scald has been
significantly correlated with oxidized products of a-farnesene (Conjugated
trienes 281) when ethoxyquin was applied to the fruit (Chen et al., 1990b).
These responses of 'Anjou' pears have established the hypothesis that
'Anjou' scald symptoms are developed in a manner analogous to apple
scald. Packham's Triumph pear variety has been classified with high
susceptibility to develop symptoms similar to Anjou scald (Meheriuk et al.,
1994, Watkins., 1993) but no detailed study has demonstrated the same
association with conjugated trienes.
The objectives of this study are to characterize the scald symptoms on
Anjou, Packham's Triumph, Bartlett, and Cornice pear fruits
spectrophotometrically and to study their association with a-farnesene,
conjugated trienes and the antioxidant oc-tocopherol under different
conditions of scald susceptibility produced by the developmental stages of
maturity at harvest.
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Materials and Methods

Pear Samples
'Bartlett', 'Packham's Triumph' and 'Anjou' pear fruit were harvested
at three maturity stages corresponding to the high, mid range and low end
of firmness ranges for commercial harvest maturity of these varieties in the
Medford, Oregon area: 'Bartlett': maturities: 98 (N), 89 (N) and 80 (N);
'Packham's Triumph': maturities: 73 (N), 69 (N) and 63 (N); Anjou: 68 (N),
62 (N) and 56 (N). All fruits were from the same block of uniform, mature
trees at the Southern Oregon Experimental Station, Oregon State
University, Medford. 'Cornice' pears were harvested from the same orchard
at a single commercial harvest maturity (86.4 N).
Experimental units of 100 fruits pear box, x three replications were
taken randomly from a group of trees at each sampling date. Ten fruits
were analyzed at harvest time. Flesh firmness was measured on two
peeled sides using a UC firmness penetrometer (Western Ind. Supply) with
an 8 mm tip. All fruits were dipped in 500 ppm Benomyl solution for decay
control dried and distributed into boxes with a perforated polyethylene bag.
All the boxes were stored at 0 0C in the same room for different periods of
time.

a-Farnesene, Conjugated Trienes and a-Tocopherol Determination
Six pears were taken separately from each box replication at specific
time intervals during storage ('Bartlett' = 1, 2, 3 and 3.5 months in
storage, 'Packham's Triumph' and 'Anjou' = 0, 2, 3, 4 and 6 months in
storage and 'Cornice' 1, 2,3,4 and 6 months in storage) and analyzed for afarnesene and conjugated trienes. For a-tocopherol determination, one

45

single evaluation on the six pears was done at 3 months for 'Bartlett' and at
4 months for 'Packham's Triumph' and 2, 4 and 6 months in storage for
'Anjou' fruit in all the maturity stages. Also the determination of tocopherol
for scalded and healthy tissue of 'Anjou' was done after the fruits were
stored for 6 months and ripened for 10 days.

a-Farnesene and Conjugated trienes
Twenty four peel discs of 0.8 cm^ were excised from four sides of 6
pears and extracted with 30 mL HPLC-grade hexane for 5 minutes. Two
mL aliquots were scanned at 50 nm/min for UV absorption between 200
and 300 nm wavelengths in a Baush & Lomb 2000 spectrophotometer and
the absorbance at 204, 232, 259, 269, 281 and 290 nm wavelengths
were recorded. a-Farnesene was quantified from the absorbance at 232
nm (extinction coefficient (E) = 27,700, Huelin and Coggiola (1968)) and
three values of conjugated trienes were reported CT259 = OD 259-290nm'
CT269 = OD269-290nm

and

CT281 = OD28i-290nm

as wa

s proposed by

Du and Bramlage (1993). The average of E = 25,000 (Anet, 1972) was
used in all the calculations for conjugated trienes.

a-Tocopherol
The same six pear fruits per replication were used to evaluate the
a-tocopherol content in the pear skin. The extraction procedure of
McKersie and Deversdorf (1982) was used for lipid soluble antioxidant.
Peels of six pears were removed using a potato peeler. One hundred pear
peel discs of 0.8 cm^ or 6 grams of peel tissue were subsampled and
extracted with 25 mL chloroform-methanol (2:1) using a Polytron
homogenizer (Brinkmann Instruments). The suspension was filtered and
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washed using 15 mL of 0.05% NaCI. The organic layer was drawn off
using a separatory funnel, evaporated in vacuo to dryness, and resuspended
in hexane prior to passing through a 10 cm column of anhydrous sodium
sulfate to remove water contamination. The sample in hexane was stored
at -20 0C for further analysis.
For a-tocopherol determination, the extract was dried under a
nitrogen stream and resuspended in hexane to a concentration of 20 mg of
lipid/mL of hexane. An aliquot of 0.5 mL was filtered thought a nylon
microfilter membrane (Alltech 66, 13 mm, 0.2 urn) then analyzed in a
Beckman model 334 HPLC liquid chromatograph (Beckman Instruments
Inc., Berkeley, CA), with 20 (J.L injection volume equipped with Hitachi 10010 UV detector (Hitachi Ltd., Tokyo, Japan) and a Shimadzu CR3A
integrator (Shimadzu Co., Kyoto, Japan). Analysis was carried out using a
silica (5nm) Microsorb-MV 4.6 x 250 mm column, with n-hexane :
isopropanol (99:1 v/v) mobile phase at a flow rate of 1 mL/min. and 295
nm wavelength. The a-tocopherol was identified and quantified by
comparing the retention time of known concentrations of standard atocopherol (Sigma). The concentration of a-tocopherol was calculated from
the calibration curve and expressed in mg/cm^ pear peel (Appendix 3.1).

Scald Evaluation
After four and six months at 0oC in air, 20 fruits for each of 3
replication of 'Anjou', 'Packham's Triumph' and 'Cornice', were removed
for ripening (20 0C for 10 days but only 5 days for Cornice), after which the
scald damage was evaluated. In the case of 'Bartlett', the evaluation was
done upon removal from storage and also after four days ripening.

47

Scald was reported as percentage incidence (number of fruit scalded
divided by the total number of fruit multiplied by 100) and severity of
development, using the following hedonic scale related to the percentage of
the fruit surface with brown scald symptoms: Healthy = no scald; Very
slight = 1 % to 10%; Slight = 11 % to 20%; Moderate = 21 % to 50%;
Severe = 51% to 70% and Extremely severe = 71 to 100%. An index for
severity was calculated: Index = (N0 of fruits in each level of damage
multiplied by healthy = 0, Very slight = 1; Slight = 2; Moderate = 3;
Severe

= 4 and Extremely severe = 5 then all the categories were added

together and divided by total number of fruits.
The data were analyzed using SAS General linear model procedure
(SAS Institute, Gary, NC) based on a completely randomized design in a
two factor factorial arrangement (stage of maturity and storage period ) for
each variety. Analysis of variance was used to analize percentage of scald
(transformed as arcsinV%), index for scald severity, a-farnesene, conjugated
trienes, a-tocopherol concentration and ratio CT258/CT281 after four
months in storage.
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Results

Incidence of Superficial Scald
The development of scald on 'Anjou', 'Packham's Triumph', 'Bartlett'
and 'Cornice' pears is shown in Tables 3.1, 3.2, 3.3, and 3.4 respectively.
The typical pattern of 'Anjou' and 'Packham's Triumph' is that pear fruits
will appear to be normal in storage, but upon ripening they show a
progressive tendency to exhibit the brown discoloration of the skin known
as superficial scald. Samples taken monthly from these two varieties
showed that scald started to appear upon ripening after three months in
storage for 'Anjou', the fourth month being very critical and with the
maximum incidence at six months and thereafter for storage for both
varieties.
The symptoms of the disorder differed among varieties. In 'Anjou'
and 'Packham's Triumph', the symptoms started to appear after three or
four days in ripening conditions (20 0C) as small blotches, uniformly
distributed on the neck of the pear. As ripening continued the incidence of
the disorder increased and the blotchy black skin covered more and more of
the yellow surface of the fruit but does not penetrate into the pulp. The
susceptibility was different from fruit to fruit and therefore broad ranges of
scald damage were possible to find within a group of fruits. The symptoms
increased until the tenth day of ripening which was the last day of
observation.
In the case of 'Bartlett' and 'Cornice' the symptoms appeared early
and during storage, increasing in severity when the fruit ripened. The
symptoms started as uniform small black blotches concentrated around the
calyx end of the fruit. As storage time increased, the black discoloration
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covered more and more of the surface spreading from the calyx end to the
stem end of the pear. As in the other two varieties, different degrees of
damage were observed among fruits. The fourth day of ripening was the
critical time to get the maximum intensity of damage.
The incidence of scald symptoms was influenced by harvest maturity
stage. 'Anjou' (62N) and 'Packham's Triumph' (69N) at commercial
harvest maturity were the most susceptible fruit for the disorder. After four
months 60% of the fruit was damaged in 'Anjou' and 40% in 'Packham's
Triumph'. The intensity of the damage was mostly low at 4 months (less
than 10% of the surface with black discoloration) but increased after six
months when all fruits had some damage and the symptom intensity was
mostly in the moderate to severe range.
When the harvest was delayed from the commercial maturity date for
about 10 days for 'Anjou', the severity of the disorder was 47% lower for
'Anjou' (Table 3.1) . This difference in scald susceptibility was maintained
for long periods in storage (6 months) and the latest harvest was 83%
damaged compared with the 100% for the earlier maturities. Damage
reduction is more evident when the severity index of the damage is
compared.
In 'Packham's Triumph' (Table 3.2), if harvest was delayed for 20
days, the reduction in scald was important after four months storage when
the scald intensity was 26% lower than in fruit picked at the commercial
harvest time.
The effect of maturity of 'Bartlett' pears on scald damage was
different from the 'Anjou' and 'Packham's Triumph' pears (Table 3.3). In
'Bartlett' the susceptibility to scald increased as the harvest was delayed.
The earliest harvest showed the lowest percent of scald after 3.5 months in
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storage (4.8%) and after ripening (76%). This incidence was different from
that seen in the commercial harvest maturity before ripening (53.7%) or
after ripening (98%), and contrasted with the high incidence of late harvest
maturity where 90% of the fruit was damaged before ripening and almost
100% of the fruit had scald upon ripening. The high susceptibility of late
harvested fruit was confirmed by the early scald incidence found after 2
months in storage (5.7%) and the high intensity of the damage found at all
evaluation times.
'Cornice' fruit evaluated at a single harvest maturity showed a
pattern very similar to 'Bartlett' (Table 4). The damage occurred during
storage and increased during ripening. Contrary to 'Bartlett' the symptoms
in Cornice in that they started to appear later in storage (after 5 months).
No scald was found at 4 months before or after ripening. The critical period
occurred at six months when the incidence of scald was very high (96%).

51
Table 3.1.

Effect of harvest maturity and 0 0C storage duration on the
incidence and severity of scald of 'Anjou' pear fruits ^fter
ripening for 10 days at 20oC .
Incidence of scaldc

Storage
time a
(Months)

4

6

Harvest
maturity5
Newton
(N)

Very
slight

Slight

Moderate

Severe

Total
Extremely
severe

%d

Severity6
(0" 5)

68

51.7

6.6

0.0

0.0

0.0

58.3a

0.65a

62

46.7

15.0

3.3

0.0

0.0

65.0a

0.88a

56

16.7

0.0

1.7

0.0

0.0

18.3b

0.22b

68

15.0

21.7

30.0

20.0

13.3

100.0a

2.95a

62

15.0

16.6

28.3

20.0

20.0

100.0a

3.13a

56

35.0

33.3

5.0

8.3

1.7

83.3b

1.58b

a

Fruit were free from scald at 1 and 2 months in all the maturities. At 3 months, fruit of
maturity 2 presented 5.5% of scald. It was evaluated from a small sample of 18 fruits
after ripening for 10 days at 20oC.
b

Maturity 1 =68Newton (N) Sept. 7; Maturity 2= 62N Sept. 17; Maturity 3= 56N Sept.28

incidence was evaluated from a sample of 20 fruits x 3 replications after ripening for 10
days at 20oC. The severity of scald was ranged in relation to the % of damage on the
fruit: no scald= 0 very slight= 1-10%; slight= 11-20%; moderate= 21-50%; moderate
severe = 51-70% and severe 71-100%).
d

Mean separation by Duncan's multiple range test, p<0.05; means followed in the column
by the same letter are not significantly different. The percentage was transformed by
arcsinVpercentage).

e

Severity index was calculated from incidence ( number of fruit in the different levels N0 of
healthy fruits xO; very slightxl; slightx2; moderatex3; severe x 4 and extremely
severex5)/ 60 fruit.
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Effect of harvest maturity and 0 0C storage duration on the
incidence and severity of scald of 'Packham's Triumph' pear
fruits ,after ripening for 10 days at 200C

Table 3.2.

Incidence of scaldc
Storage
time a
(Months)

4

6

Harvest
maturity1"
Newton
(N)

Very
slight

Slight

Moderate

Severe

Total
Extremely
severe

%d

Severity6
(0-5)

73

31.7

0.0

0.0

0.0

0.0

31.7a

0.32a

69

35.0

3.3

0.0

0.0

0.0

38.3a

0.42a

63

11.7

0.0

0.0

0.0

0.0

11.7b

0.12b

73

10.0

15.0

33.3

26.7

15.0

100.0a

3.21a

69

11.7

16.7

23.3

30.0

18.3

100.0a

3.26a

63

10.0

18.3

35.7

28.3

11.7

100.0a

3.13a

a

Fruit were free from scald at 1, 2 and 3 months in all the maturities.

b

Maturity 1 = 73N Sept. 10; Maturity 2= 69N Sept. 14; Maturity 3= 63N Oct 6.

incidence was evaluated from a sample of 20 fruitsx3 replications after ripening for 10
days at 20oC.
d

Mean separation by Duncan's multiple range test, p < 0.05; means followed in the
column by the same letter are not significantly different. The percentage was transformed
by arcsinV(percentage).

e

Severity index was calculated from incidence (number of fruit in the different levels N0
healthy fruitsxO; very slightxl; slightx2; moderatexS; severe x 4 and extremely
severex5)/60 fruits.
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Table 3.3.

Effect of harvest maturity and storage duration on the
incidence and severity of scald of 'Bartlett' pear fruits after
ripening for 4 days at 20oC.
Incidence of scaldc

Storage
timea
(Months)

3

3.5
After

After

After

Harvest
maturity6
Newton
(N)

Very
slight

Slight

Moderate

Total

Severe

Extremely
severe

%d

Severity
^' 5)e

0.04c

98

2.6

0.8

0

0

0

3.4c

89

7.5

2.5

0

0

0

10.0b

0.1b

80

40.8

10.8

3.3

0.8

0

55.8a

1.2a

98

3.8

0.9

0

0

4.8c

0.05c

Ripening

45.0

13.0

6.0

5.0

0

75. OB

1.4B

89

23.6

10.8

3.2

10.8

5.4

53.8b

1.2b

9.3

8.2

6.2

20.6

53.6

97.9A

3.9A

Ripening

0

80

5.3

4.3

9.7

16.1

53.8

89.2a

3.8a

Ripening

7.8

9.2

5.3

15.8

60.5

98.6A

4.0A

a

Fruit were free from scald at 1 month in all the maturities. 5.7% of scald was found in
the late maturity (SON) at 2 months before ripening.
b

Maturity 1 = 98N Aug.6; Maturity 2= 89N Aug. 19; Maturity 3= SON Sept. 3

incidence of scald was followed during storage from a sample of 30 fruitsxS replications
and after four days of ripening
d

Mean separation by Duncan's multiple range test, p < 0.05; means followed in the
column by the same letter are not significantly different. The percentage was transformed
by arcsinV(percentage).

e

Severity index was calculated from incidence ( number of fruit in the different levels N0 of
healthy fruit xO; very slightxl; slightx2; moderatexS; severe x 4 and extremely
severex5)/90 fruits.
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Table 3.4.

Incidence and severity of scald on 'Cornice' pear fruits after 4
and 6 months in storage at 0oC and four days of ripening at 20

o

c.
Incidence of scald''

Storage
time
(Months)3

Very
slight

Moderate

Severe

Extremely
severe

%

Severity0
(0-5)

0

0

0

0

0

13.3

16.6

6.7

0

0

36.6

0.66

6.7

18.3

25.0

26.7

96.6

3.41

4

0

6
Ripening

Slight

Total

23.3

0

a

Fruit were free from scald at 1, 2, 3, 4 and 5 month in storage at 0 0C
Comercial harvest maturity 86.4 Newton.

incidence of scald was followed during storage from a sample of 20 fruitsxS replications
and after four days of ripening
c

Severity index was calculated from incidence ( number of fruit in the different levels N0
healthy fruitsxO; very slightxl; slightx2; moderatex3; moderate severe x 4 and
severex5)/60 fruits.
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Table 3.5.

Maturity
Newton
(N)

Effect of harvest maturity on the concentration of a farnesene,
conjugated trienes 281, 269, 258, conjugated trienes ratio and
a tocopherol in the peel of 'Anjou', 'Packham's Triumph' after
4 months in storage at 0 0C or 3 months in 'Bartlett' fruit.

a Farnesene
(nmolcm"2)

Conjugated trienes
(nmolcm"2)
281
269
258

Conjugated trienes
(ratio)
258:281 269:281

a Tocopherol
{mgcm"2)
x lO"3

Anjou
68

42.5b

12.1a

14.5a

7.8a

0.65b

1.12b

2.4b

62

58.6ab

11.4a

14.2a

9.1a

0.79b

1.23b

2.6b

56

73.4a

8.3b

12.7a

9.9a

1.18a

1.53a

4.5a

Packham' s Triumph
73

61.6b

9.5a

16.9b

16.7b

1.82b

1.84b

0.9b

69

72.3a

9.3a

19.9b

21.2ab

2.27b

2.12b

1.7b

63

76.9a

6.6a

27.5a

25.2a

3.87a

3.05a

3.5a

Bartlett
98

38.8a

3.9b

11.1b

14.7b

3.7b

2.8b

1.8a

89

38.1a

6.9a

23.5a

30.5a

4.4ab

3.4ab

1.8a

80

31.7a

6.2a

22.1a

28.7a

4.6a

3.6a

2.5a

Mean separation by Duncan's multiple range test, p<0.05. Means followed in the column
by the same letter are not significantly different. The percentage was transformed by
arcsinV(percentage).
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Analysis of Spectra from Fruit Peel Hexane Extraction
Spectral analysis (200 - 300 nm) of hexane extracts of pear peel disc
revealed an absorption pattern similar for 'Anjou', 'Packham's Triumph' and
'Cornice' but different for 'Bartlett'. Five peaks at (204, 232, 259, 269
and 281 nm) were identified, with different absorption magnitudes
depending on the variety, maturity and time in storage. The 204 nm peak
was the only one important at harvest time (Figure 3.1 A., 3.1 B., 3.1 C).
The absorption at 232 nm, attributed mainly to the sesquiterpene afarnesene, was insignificant at harvest, but as soon as the fruit was stored
at cold temperature its absorption magnitude increased, reaching a
maximum after 2 to 3 months in storage. After that period, the
concentration began to decline at a rate that depended on the variety and
maturity.
a-Farnesene in late harvest 'Anjou' was significantly higher at harvest
(p < 0.05) and remained higher during the entire storage period (Figure
3.2A). The same high level of farnesene during storage was a
characteristic of late harvested 'Packham's Triumph' fruit, but only during
the critical 4 month storage period for the disorder (Figure 3.2 B). Late
harvested 'Bartlett' fruits also accumulated the highest amount of farnesene
in the skin, but it decreased more than the other maturities during the
period of storage. The earliest 'Bartlett' (maturities 1 and 2) accumulated
less farnesene and retained more a-farnesene in the tissue than the other
two maturities (Figure 3.3).
As the absorbance at 232 decreased, absorbances at 258, 269, and 281
nm increased. These peaks, referred as conjugated trienes, were well
identified in 'Anjou' and 'Packham's Triumph', but differences in the
proportion of each one were found.
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Figure 3.1.

Spectra of hexane peel extracts of Anjou (A), 'Packham's
Triumph' (B) and 'Bartlett' (C) pear fruits during storage at

ooc.
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Absorbance at 269 nm was the main peak for conjugated trienes in 'Anjou',
and it increased during storage as did the 258 and 281 nm peaks. The
amount of these compounds varied with fruit maturity. Comparison of
conjugated triene concentrations among maturities is shown in Figs. 3.4
and 3.5. In all the varieties, the concentration of CT281 increased during
storage, reaching, a maximum at specific time, depending on the maturity.
Late harvest pears reached the maxima early in storage, but the total
amount accumulated was lower than in the other two maturities.
Conjugated trienes 258 (CT258) followed the same pattern of synthesis,
but the level found in the late maturity fruit was higher than the other two
maturities. The ratio of CT258/CT281 was high at harvest time but
decreased during storage. The highest ratio value was found in the latest
maturity fruit, not only at harvest time, but also after 4 months. However,
at six months, no differences were found compared to the commercial
harvest maturity (Figure 3.6A).
The production of CT258, CT269 and CT281 in 'Packham's
Triumph' was similar to 'Anjou'. The three conjugated trienes increased
during storage, but the CT258 was proportionally higher than 281 and
almost the same as 269 (Figure 3.IB, 3.5). Differences were noted during
storage and among maturities. Late harvest accumulated higher levels of
258 than early and mid maturity, and the ratio CT258: CT281 remained
much higher for the late maturity until 4 months in 0 0C storage. After 6
months of storage few differences were detected between the late and
commercial harvest maturities(Figure 3.6).
'Bartlett' peel extract showed an absorption spectrum different than
the other pear varieties for the conjugated trienes. The main peak in the
conjugated area was 258 nm which increased during storage (Figure 3.1C)
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with very little 269 or 281 nm. Differences were seen found among
maturities. The late maturity accumulated the highest amount of CT258
and CT281 but no clear pattern in the ratio CT258/CT281 was found
(Figure 3.7, 3.8).
'Cornice' pear fruits peels synthesized very little of a-farnesene and
conjugated trienes during storage. a-Farnesene concentration increased
slowly and remained high until 3 or 4 months when it started to disappear.
The conjugated trienes showed the same increase as susceptible varieties
'Anjou' and 'Packham's Triumph' but the levels were very low especially
until 4 months. After that the production of trienes increased three times
coincident with a decrease in a-farnesene and the appearance of scald
(Figure 3.9).

a-Tocopherol Content
a-Tocopherol concentration of pear peel was depended upon maturity
at harvest. Late harvested 'Anjou' fruit consistently accumulated the
greatest amount of this antioxidant, and it remained higher during storage
than in either of the two earlier maturities (Figure 3.1 OA). The level of
tocopherol remained high after ripening in the skin of healthy tissue, but
wherever brown color developed in the skin, this antioxidant fell
dramatically (Figure 3.1 OB). This association was quantified in all stages of
'Anjou' maturity also a negative correlation (r= -0.54) was found between
a-tocopherol concentration and the accumulation of oxidized a-farnesene
(CT281) (Figure 3.11). Late harvested 'Packham's Triumph' fruit also had
more a-tocopherol than the fruit of the other two earlier maturities after
four months in storage. In 'Bartlett', the concentration of tocopherol did not
differ significantly among maturities (Table 3.5).
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during six months in storage at 0 0C. Points represent means
± SE, vertical lines, for triplicate values of six fruits.

61

•

I

1

/k.

50 CM

E

o

i

1

40 -

o

E
/

30

7

-

Harvest
maturity

\^

-i

-

O 98

X

-

/

f

C
<D

(0
<D
C

• 89
V 80

20

Y /

-

10

/

-

0

I

I

i

i

1

2

3

3.5

Storage time at 0

Figure 3.3.

(Newtons)

0

C (Months)

Changes in a-famesene in the peel tissue of 'Bartlett' pears
from three harvest maturities, during 3.5 months in storage at
0 0C. Points represent means ± SE, vertical lines, for triplicate
values of six fruits.

62

i

i

i

i

J

I

L

i

i

J

I

16
12
01

<o

8

CM

E
o
\
o
E
c
0)
Q>

c
o

L

16

Harvest maturity
(Newtons)

12

O 68

8

• 62

4

A 56

GO

m
CM

o
a
en

0

C*
O

16

o

12 |co

8

CM

J

I

I

I

I

L

0

1

2

3

4

5

6

Storage time at 0 "C (Months)

Figure 3.4.

Changes in conjugated trienes 281, 258, 269 in the peel
tissue of 'Anjou' pear from three harvest maturities during six
months of storage at 0 0C. Point represent means ± SE,
vertical lines, for triplicate values of six fruits.

63

O)
CO
CM

E
o
V.
o
E
c
m

e
c
o

oo

T

1

1

T

1

r

36
32
28
24
20

c
o

o
_

1

r

T

1

r
Harvest Maturity
(Newtons)

■r?

S 16

0
o

1

36
32
2B
24
20
16
12
8
4
0

O 73

•^

12
8
4 :^
0
T
1
r
36
32
28
24
20

• 69
V 63

T

1

r

4

5

6

3 16
12
8
4
0
0

1

3

Storage time at 0 "C (Months)

Figure 3.5.

Changes in conjugated trienes 281, 258, 269 in the peel
tissue of "Packham's Triumph' pear from three harvest
maturities during six months of storage at 0 0C. Point
represent means ± SE, vertical lines, for triplicate values of six
fruits.

64

Anjou

16
14
oo

Harvest maturity
(Newtons)

Packham's Triumph

A

Harvest Maturity B
(Newtons)

18
16
14

12

12

CM

10

CO

8

8

6

6

4

4

2

2

0

0

\
in
CM

o
o
k.

n
o
c
a

10

«
O
a>
3

1.2

c"
O
CJ

0.8

a

^

a

v
v

s

s
s

oo

in

^

0.0
Storage time at 0

b

S

^s

n
o
c
o
a

n

mi
bbV

0.4

Figure 3.6.

\
CM

1.6
■♦■■

CO
CM

bb

S

c
o
u

0

C (Months)

Changes in conjugated trienes ratio (258/281) in the peel
tissue of 'Anjou' and 'Packham's Triumph' pear from three
harvest maturities during storage at 0 0C. Points and bars
represent means ± SE, vertical lines, for triplicate values of six
fruits. Bar graphs are an expanded comparison of the same
data. Mean separation by Duncan's multiple range test, p <
0.05; means followed in the month of storage by the same
letter are not significantly different.

65

o>

4-4
40
36
32
28
?4
20
16
12
8
4
0

CM1

E
o
o

E
c

n

a
c

00

m
CM

u

T3
9)

a
Z3
•"^

c
ft

o

oo
CM

44
40
36
32
28
24
20
16
12
8
4
0

Harvest maturity
(Newtons)
O 98

• 89
V 80

44
40
36
32
28
24
20
16
12
8
4
0
3

3.5

Storage time at 0 "C (Months)

Figure 3.7.

Changes in conjugated trienes 281, 258, 269 in the peel
tissue of 'Bartlett' pear from three harvest maturities during
3.5 months of storage at 0 0C. Point represent means ± SE,
vertical lines, for triplicate values of six fruits.

66

CO
CM

Harvest Maturity
(Newtons)

20

\
oo
m
CM

.2

15

n
o
»

10

■f

a
en
3

o
o
0 -

_L

1

2

3

3.5

Storage time at 0 "C (Months)

Figure 3.8.

Changes in conjugated trienes ratio (258/281) in the peel
tissue of 'Bartlett' pear from three harvest maturities, during
3.5 months storage at 0 0C. Points represent means ± SE,
vertical lines, for triplicate values of six fruits.

67

N

E
o
o
E
«

D

•c

0

o
u

^-^

<M

J

I

L

12

3

4

30

E
25
o

F

c

20

"■^

©

c
o

15

u.
O

10

n
o
c
i

8

5

0

5

6

Storage time at 0 "C (Months)
Figure 3.9.

Changes in conjugated trienes 281, 258, 269 and a-farnesene
in the peel tissue of 'Cornice' pear harvested at 86 N, during
six months in 0 0C storage. Points represent means ± SE,
vertical lines, for triplicate values of six fruits.

68

Harvest maturity
(Newtons)

68
J 62

ES 56

Storage Time at 0

0

C (Month)

Scalded tissue
Normal tissue

I

68

62

56

Harvest Maturity (Newtons)
Figure 3.10. Changes in a-tocopherol in the peel tissue of 'Anjou' pear from
three harvest maturities. A. During storage at 0 "C. B. In
scalded and normal tissue. Bars represent means ± SE, vertical
lines, for triplicate values of six fruits.

69

o
o

Q.

5 -

D
O
Q.
M

E
o
\
o»
E

4 -

n

O
x
x

3 -

O
JC

a.
o
o 2 o
»I
a

6

8

10

12

14-

Conjugated trienes 281 (nmol/cm )
Figure 3.11. Correlation value (r) between the a-tocopherol and conjugated
trienes 281 of 'Anjou' pears from three harvest maturities
during 4 and 6 months in storage at 0 0C.

70
Discussion

Brown color development on the skin of 'Anjou', 'Packham's
Triumph', 'Cornice' and 'Bartlett' pear fruit was an important storage
problem in agreement with the literature that scald is one of the most
important physiological disorders in the storage of pears (Meherieuk et al.,
1994). The incidence of scald among varieties and maturities was different
but always increased during prolonged storage (Table 3.1, 3.2, 3.3, 3.4).
'Bartlett' fruit appear as the most sensitive, followed by 'Anjou',
'Packham's Triumph' and 'Cornice'.
Hexane extraction of the skin is the traditional method used to
analyze a-farnesene and its oxidized products, which are believed to be
responsible for tissue damage in scald. Similar patterns in wavelength
absorption have been found comparing famesene in vitro and hexane
extracts of apple and 'Anjou' pear skin (Huelin and Coggiola (1970a); Meir
and Bramlage (1988) and Chen et al. (1990b)). The 232 nm peak has been
associated with a-farnesene, and the compounds between 260 and 290 nm
related with oxidized famesene conjugated trienes. Anet (1969) separated
two conjugated species from in vitro autoxidation of a-farnesene both
having absorption maxima at 251 (inflexion), 260, 269, and 281 nm.
The same characteristic absorption spectra were found in this
research for 'Anjou' and 'Packham's Triumph' in all the stages of harvest
maturity. The main peak at 232 increased in storage until 2-3 months and
then decreased coincident with an increase in compounds with absorbances
in the wavelengths from 258 to 290 nm and the visible manifestation of
scald. This characteristic pattern increased during storage and was
modified by the harvest maturity.
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Late harvested fruits of 'Anjou' and 'Packham's Triumph' were least
susceptible to the disorder, as are late harvested apple fruit. However, the
earliest harvest did not show more severe scald, as has been reported in
some apple research (Padfield, 1955).
What is the characteristic of this scald-resistant tissue?
This question has to be answered by interpreting the different results. The
synthesis of farnesene increased during storage and reached a maximum
after 2-3 months. After this period, farnesene concentration started to
decrease and all the conjugated forms increased, but in different proportions
depending on the maturity.
Late harvested 'Anjou' fruit accumulated significantly the lowest level
of conjugated trienes 281, retained the highest CT258/CT281 ratio, and
had the highest level of the antioxidant a-tocopherol in the skin after four
months in storage. In 'Packham's Triumph', the difference in CT281 was
not statistically different but high levels of a-tocopherol and a high
CT258/CT281 ratio were constant characteristics (Table 4.5, Figure 6).
High levels of a-tocopherol in late harvested fruit has also been found
in 'Cortland' and 'Delicious' apple fruit, coincident with low levels of scald
(Barden and Bramlage 1994b).
A significant correlation (r = -0.47 , p < 0.05, n= 18) were found between
the levels of a-tocopherol in the skin of 'Anjou' and scald severity. Also it
was coincident with the low level of this antioxidant found in the scalded
tissue in all stages of 'Anjou' maturities (Figure 3.1 OB). A similar result
was found by Gallerani et al. (1990) in 'Granny Smith' apple.
The a-tocopherol is a natural antioxidant that has been studied in
many pathological human diseases associated with free radical formation
(Halliwell and Gutteridge, 1990). In plant cells, it is located in the
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chloroplast envelope (Fryer, 1992) and has been found to decrease during
the normal senescent process of the leaf (Kunert and Ederer, 1985) but few
studies have examined the role of cc-tocopherol in the development of
physiological disorders in fruits.
a-Tocopherol is probably the major lipid soluble antioxidant proposed
by Anet (1974) as necessary to prevent a-farnesene oxidation or to act in
the reduction of peroxidation of the cell membrane associated with
senescence. A significant negative correlation (r= -0.54) between the level
of a-tocopherol and the accumulation of oxidized farnesene compounds
(CT281) was found in this study (Figure 3.11), corroborating the hypothesis
that this antioxidant might be involved in suppressing a-famesene oxidation.
Late harvest scald resistant tissue showed different characteristics in
the production pattern of conjugated trienes. The difference in absorbance
between 281 and 290 nm (CT281) increased during the first month in
storage but remained lower during the critical period in late-harvested fruit
compared with the other earlier maturities. Much of the characterization of
scald damage in apple fruit has been done using this measure as the best
correlation parameter, but there is little information about the association of
symptoms with the other wavelengths (258, 269 nm) that appear during
scald development. Recently, Du and Bramlage (1993, 1994) reported that
conjugated trienes measured as the difference between 258 and 290 nm,
are important compounds in the development of scald in apple. They found
that the fruit was more resistant to scald damage when conjugated triene
258 remains high in the tissue. They proposed that more important than
conjugated trienes 281 is the ratio between 258 and 281, and a high ratio
was correlated with greater resistance to scald.
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The scald-resistant late harvested fruits of 'Anjou' and especially
'Packham's Triumph' had the highest ratio of 258/281, and it was
significantly higher (p < 0.05) during the period of scald susceptibility
(Figure 3.6). The correlation coefficient between this parameter and scald
severity was r= -0.68 for 'Anjou'; and -0.81 for 'Packham's Triumph'; p <
0.05, n= 9. The same relation was found by Du and Bramlage (1994) in
late harvested 'Cortland' apple variety. However the CT281 concentrations
were not consistent; and although not well correlated for 'Anjou' the
correlation was significant for 'Packham's Triumph' (r= 0.81).
The association of conjugated trienes 258 and 281 is not well
understood yet, but the types of farnesene oxidation products appear to be
important in the development of the disorder. This measure may provide a
new alternative to predict the disorder, perhaps more accurately than the
traditional system using only conjugated trienes 281.
Scald development on the peel of 'Bartlett' and 'Cornice' fruit was
different from 'Anjou' and 'Packham's Triumph'. The disorder began during
storage, the symptoms were differently distributed (at the calyx end of the
fruit), and the damage was more intense in the later-harvested fruit.
a-Farnesene accumulation in 'Bartlett' followed the same pattern as
in the other two varieties, increasing during storage, reaching a maximum
and then decreasing as scald symptoms appeared. Late harvest 'Bartlett'
was the most scald susceptible tissue, confirming that this process is
associated with senescence of the fruit, contrary to 'Anjou' and 'Packham's
Triumph'. Late harvest 'Bartlett' fruits accumulated the highest amount of
a-farnesene but only low amounts remained as scald disorder appeared.
All the conjugated triene forms were significantly higher (p < 0.05) in
scald-susceptible late harvest 'Bartlett' fruit than the resistant early harvest
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fruit at three months of storage (Table 3.5), but none were correlated
significantly (p < 0.05) with the disorder. A high CT258/CT281 ratio was
found in all the maturities studied in this variety but no clear pattern was
found among maturities.
'Cornice' pears behaved similarly to 'Bartlett' in scald development:
the symptoms appeared during storage and they started from the same
sector of the fruit (calyx end). The damage was shown late in the cold
storage period and scald incidence was high during ripening after 6 month
storage. The farnesene level in the skin was lower in 'Cornice' than in the
other varieties and increased until three months, but after 4 months
decreased rapidly, reaching the lowest level at 6 months, coincident with
the manifestation of the disorder (Figure 3.9). The increase in conjugated
trienes was coincident with the decrease in farnesene and the manifestation
of scald, but all forms of conjugated trienes were present at very low
concentrations.
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Conclusion
Scald development in 'Anjou' and 'Packham's Triumph' followed the
same pattern of famesene and conjugated triene accumulation seen in apple
fruit. a-Famesene increased during storage and decreased when the
disorder appeared. Late harvested pears were more resistant because less
CT281 had accumulated in the tissue, possibly because pears had higher
levels of antioxidant a-tocopherol. A high 258/281 ratio in this tissue was
also associated with less damage due to scald.
Scald in 'Bartlett' and 'Cornice* pears appears to be related to the
decrease in famesene during storage. Absorbance at 258 nm was the
major conjugated triene form and a low level of all conjugated triene species
was characteristic of scald resistant early harvested 'Bartlett' but low
correlations were found with the conjugated trienes ratio 258/281. In
'Cornice' the conjugated trienes remained very low compared with the other
varieties. Therefore it is not possible to conclude that the scald produced in
these two varieties follows the same process as in 'Anjou' and 'Packham's
Triumph'.
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CHAPTER 4

ALTERNATIVE COMPOUNDS TO ETHOXYQUIN FOR THE REDUCTION OF
SCALD IN PEAR FRUIT VARIETIES

Abstract

Two natural sources of the antioxidant cc-tocopherol (Compounds A
and B) were evaluated for the reduction of scald physiologic disorder, in
three pear fruit varieties: 'Anjou', 'Packham's Triumph' and 'Bartlett'. Five
concentrations (2.5, 5.0, 10, 15 and 100%) were compared with the
recommended commercial antioxidant ethoxyquin (2,700 ppm) treatment.
Senescent scald of 'Bartlett' was reduced to 4% with compound A (100%)
after 4 months in storage and ripening for 4 days. Commercial ethoxyquin
did not control scald in this variety. Compound B decreased scald damage
during storage at 0 "C but only for concentrations greater than 15%. More
scald was produced when linoleic acid methyl ester was applied to the
surface of the fruit as a comparative control. The best treatment for
'Anjou' was compound B at 100%. It reduced scald to levels similar to
ethoxyquin after 5 (8% scald) and 7 months (15% scald) in storage plus
ripening for 10 days. Compounds A and B (100%) were equally effective in
the reduction of scald of 'Packham's Triumph' and were similar to
ethoxyquin, but some alteration in normal ripening raised questions as to
the potential uses of these compounds at those concentrations, for this
variety, under the conditions of this experiment.
The most effective concentrations of compounds A and B for all pear
varieties, reduced the formation of conjugated trienes 281. In 'Bartlett' the
reduction was also better than ethoxyquin treatment, but in 'Anjou' and
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'Packham's Triumph', ethoxyquin was the most effective in suppression of
conjugated trienes 281 formation. These compounds (A and B) and
ethoxyquin increased the concentration of a-tocopherol in the skin of the
'Anjou' and 'Packham's Triumph'. However, a low level was characteristic
of 'Bartlett' variety. Although both compounds are rich sources of atocopherol, they differ in fatty acid composition. Differences in the
saturation of fatty acid are discussed as possible causes to explain the
different results among varieties and compounds.
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Introduction

North American pear production is estimated at 824,000 tons with
91% produced by the U.S. Four cultivars 'Bartlett', 'Anjou', 'Bosc', and
'Cornice' make up 98% of the production. Washington, Oregon and
California constitute about 97% of the U.S. production (Wrolstad et al.,
1991).
'Bartlett' and 'Packham's Triumph' are mainly stored under regular
atmosphere and are marketed within three months after harvest. Sixty
percent of 'Anjou' fruits are stored in conventional air storage at -10C, and
the remaining 40% in controlled atmosphere (CA) (i.e., 2% O2 plus 1 %
CO2) at -1

0

C. The storage period for this variety is five months for the

regular atmosphere and 8-9 months in controlled atmosphere (Chen et al.
1990a). Under this storage situation superficial scald in 'Anjou' and
'Packham's Triumph', and senescent scald in Bartlett are the most
important disorders that limit their storage lifetime.
Superficial scald damage has been characterized microscopically in
apple fruit (Bain and Mercer, 1963), and described visually on 'Anjou' fruits
(Hartman, 1931; Chen et al., 1990a). The symptoms are concentrated on
the skin because only a few cell layers beneath the epidermis are affected.
Skin browning without alteration of the pulp is a characteristic of the
disorder. Scald in 'Bartlett' is called "senescence scald" because the brown
color development during storage at low temperature and is shown at the
end of the storage life, together with loss of ripening capacity (Meheriuk et
al. 1994). The characterization of scald in 'Packham's Triumph' has not
been studied ,but similarities to the development of scald in 'Anjou' have
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been found and are presented in the results discussed in the previous
chapter.
The application of a synthetic antioxidant, ethoxyquin ( S-ethoxy-l^dihydro-2,2,4-trimethylquinoline), is a commercial practice used to reduce
the incidence of this disorder. Ethoxyquin, at a concentration of 2,700
ppm, appliad right after harvest gives very good control up to five months
of storage (1 % scald). This can be applied to the fruit either by drench, as
a line spray, or by impregnating it into paper wraps. Fruit has to be
drenched as soon as possible after harvest, usually no later than 2 days.
Despite this, high phytotoxicity has been reported as the main limitation to
this treatment (Porrit et al. 1982, Chen et al., 1990a). An alternative split
application has been developed. One application of 1,000 ppm at harvest
and 1,700 ppm after 3 months gives effective control without phytotoxicity
for at least 5 months (Chen et al., 1990a).
The suppression of conjugated trienes 281 formation, oxidized
compound of farnesene, has been the main mode of action related with the
control of scald by this antioxidant (Chen et al., 1990a)
Global concern about the effects of chemicals on human health and
the environment are creating uncertainty over the continued use of
ethoxyquin and diphenylamine and the FDA and EPA are re-examing
whether the use of these compounds will be allowed. The use of low O2
(Chen et al., 1993, Little and Taylor, 1981; Mellenthin et al., 1980; Nardin,
1993); initial low oxygen stress (Little et al., 1982), hot water treatment
(Hardenburg and Anderson, 1965; Curry, 1994); and heat treatment (Lurie
et al., 1990, Klein and Lurie, 1994), are possible alternatives to chemical
antioxidants for scald control in apple and pear .
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The low O2 treatment is the most effective alternative to applied
antioxidants for scald control in Anjou pear. However, the incidence of
pithy brown core disorder in low O2 and high CO2 has to be taken into
consideration in the selection of the effective oxygen concentration,
together with the commercial storage facility capable of accurately
maintaining these atmospheres.
The objective of this study was to evaluate natural alternatives for
the control of scald in three varieties of pear: 'Anjou', 'Packham's Triumph',
and 'Bartlett', under the hypothesis that the high levels of the natural
antioxidants, a-tocopherol or vitamin E, of these compounds might be an
alternative to ethoxyquin to reduce the accumulation of oxidized
compounds of a-farnesene (conjugated trienes), hypothesized as causative
in scald development.
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Materials and Methods

Three pear varieties: 'Anjou', 'Packham's Triumph' and 'Bartlett',
were harvested from an orchard of the Southern Experimental Station,
Oregon State University, at commercial maturity, with firmness values of
62, 69 and 89 Newtons (N) for 'Anjou', 'Packham's Triumph' and 'Bartlett',
respectively, for two seasons. Two separate experiments were developed.

Experiment 1
(1992-1993). Twelve boxes of each pear variety were randomized in three
treatments with 4 box replications of 100 fruit each. The treatments were
applied at 4, 2 and 1 week after harvest to 'Bartlett', 'Anjou' and
'Packham's Triumph', respectively. The treatments consisted of a dip
application of ethoxyquin at 2,700 ppm, compound A at rate of 150
mL/100 fruit and water control fruit. All the treatments included Benomyl
fungicide at 500 ppm to reduce decay problems during storage.
Six pears were taken separately from each box replication at specific
time intervals during storage ('Bartlett' = 3.5 months in storage,
"Packham's Triumph' = 2, 3, 4 months and 'Anjou' = 2, 3, 4, 5 and 6
months in 0 0C storage) and separated in 3 sub-samples of 2 pears each
analyzed for a-farnesene, conjugated trienes before and after ripening. The
same pears were used to evaluate scald incidence and severity after
ripening.

a-Farnesene and Conjugated trienes
Eight peel discs of 0.8 cm^ were excised from four sides of 2 pears
and extracted with 10 mL HPLC-grade hexane for 5 minutes. Two mL
aliquots were scanned at 50 nm/min. for UV absorption between 200 and
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300 nm wavelengths in a Baush & Lomb 2000 spectrophotometer and the
absorbances at 204, 232, 258, 269, 281 and 290 nm wavelengths were
recorded. a-Farnesene was quantified from the absorbance at 232 nm
(Extinction coefficient E= 27,700, Huelin and Coggiola (1968)) and three
values of conjugated trienes were reported and calculated from the
difference in absorbance between 290 and 281 (CT281 = OD28i-290nm >'
290 and 259 (CT259= OD 259-290nm)' and 290 and 269 nm (CT269 =
OD269-290nm )

as

proposed by Du and Bramlage (1993). The average of

E= 25,000 Anet (1972) was used in all the calculations.

Scald Evaluation
At the same sampling time, the same fruits evaluated for scald
development was used for spectrophotometric evaluation. The six fruits
were transferred to a 20 0C chamber to ripen for 10 days for 'Anjou' and
'Packham's Triumph' and 4 days for 'Bartlett' and the scald intensity
recorded. One single large evaluation of 40 fruits for each of 4 replications
was done after the last month of evaluation for each variety.
Scald was reported as percentage incidence (number of fruit scalded
divided by total number of fruit multiplied by 100) and severity of
development, using the following hedonic scale related with the percentage
of the fruit surface with brown scald symptoms: Healthy = no scald; Very
slight = 1% to 10%; Slight = 11% to 20%; Moderate = 21% to 50%;
Severe = 51% to 70% and Extremely severe = 71 to 100%.
An index for severity was calculated: Index = (N0 of fruits in each level of
damage multiplied by healthy = 0, Very slight = 1; Slight = 2; Moderate =
3; Severe = 4 and Extremely severe = 5) / number of fruits. Then all the
categories were added together and divided by total number of fruits.
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The data were analyzed using SAS general linear model procedure (SAS
Institute, Gary, NC) based on a complete randomized design. The analysis
of variance was used for: percentage of scald was transformed by
(arcsinVpercentage), index for scald severity, conjugated trienes and afarnesene. Duncan's test p < 0.05 was used to compare among mean
treatment.

Experiment 2
(1993-1994). 'Anjou', 'Packham's Triumph' and 'Bartlett' pears. A total of
1 5 boxes were harvested from the same orchard as experiment 1, and
distributed in different treatments of 3 replications of 20 fruits each one for
each variety. 'Anjou' consisted of 30 boxes because of two time of
evaluation (5 and 7 months in storage at 0 0C).
Treatments:
Two natural compounds were evaluated for scald control in pear fruit.
Because both are in patent consideration, they will be referred to as
compounds A and B. Concentrations of A: 2.5, 5.0, 10.0, 15.0 and 100 %
and similarly for compound B: 2.5, 5.0, 10.0, 15.0 and 100 %.
Dilutions were prepared by dissolving each compound in a 0.02% wax
solution (Elf Atochem) incorporated with 500 ppm benomyl for rot control.
Each solution (150 mL) was used for the three replications.
Five treatments were prepared for comparative controls.
1. Control: no treatment
2. Control Wax: 0.02% wax solution
3. Fatty acid: 124 ppm of linoleic acid methyl ester were dissolved in the
wax solution
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4. a-Tocopherol: 400 ppm of a-Tocopherol were prepared with the wax
solution
5. Check-commercial Elf Atochem Ethoxyquin 2,700 ppm
Benomyl solution (500 ppm) was included in all treatments for rot
control. The application of the treatments (compounds A and B and the
controls) were done using a hand brush with continued agitation within 2
days after harvest and the ethoxyquin consisted of a dip application.

a-Farnesene, Conjugated Trienes and a-Tocopherol
a-Farnesene, conjugated trienes and tocopherol were analyzed by the
same method described in chapter 3, at 5 months of storage for 'Anjou'
and 'Packham's Triumph' and at 4 months for 'Bartlett'.

Scald Evaluation
Scald was evaluated on 20 fruit in each of three replications after 5
and 7 months in storage for 'Anjou', 5 months for 'Packham's Triumph'
plus a ripening period of 10 days at 20 0C and 4 Months for 'Bartlett'
before and after ripening for 4 days. Scald was evaluated using the same
scale for severity and percentage described previously in chapter 3.
The data were analyzed using SAS general linear models procedure
(SAS Institute, Cary, NC) based on a complete randomized design. Analysis
of variance was performed on treatment effects and the different factors
associated with this disorder: scald incidence (%), scald severity (index),
conjugated trienes 281 (nmol/cm^), a-farnesene (nmol/cm^), conjugated
triene ratio (CT258/CT281) and a-tocopherol (mg/IOOg fresh peel). When
the treatment effect was significant p < 0.05, Duncan's mean comparison
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procedure was performed. The percentage of scald was transformed by
arcsinVpercentage for the analysis.
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Results

Experiment 1

Scald Development
The incidence and intensity of scald increased during storage in all
the varieties regardless of the treatment. The symptoms of scald in 'Anjou'
became evident after 3 months in storage during the ripening process, and a
high severity and incidence (100% of the fruit) developed after six months
in storage (Figure 4.1, 4.2). Until six months, the only effective treatment
in reducing the disorder was ethoxyquin. Although compound A was
different from the control, the incidence and severity of the disorder was
very high and does not appear to be an alternative to scald control for
'Anjou' pears (Figure 4.1).
In contrast, 'Packham's Triumph', after four months of storage, 90% of the
control fruit was scalded, but only 30% had scald symptoms when
ethoxyquin or compound A was used as a postharvest treatment (Figure
4.1).
In 'Bartlett', compound A reduced the incidence and severity of the
disorder. At four months 21 % of the fruit treated with compound A was
affected by scald compared to 84% for the control, and was much better
than and in contrast to the comparatively low effectiveness of ethoxyquin,
which had 64% scald (Figure 4.1).

a-Farnesene and Conjugated Trienes
Anjou' and 'Packham's Triumph'. A high level of famesene was measured
in these pear varieties after 2 months in storage, probably coincident with
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the maxime farnesene peak in both varieties (Figure 4.2, 4.3). At this time
pears treated with compound A accumulated significantly the lowest level
of a-farnesene compared with the control and ethoxyquin. 'Packham's
Triumph' fruit treated with ethoxyquin also suppressed the farnesene
oxidation, but this was not statistically different in the case of 'Anjou'.
The accumulation of conjugated triene 281, the traditional method to
analyze the oxidized compounds of farnesene, was reduced dramatically in
the skin of 'Packham's Triumph' and 'Anjou' pears treated with ethoxyquin.
Although compound A produced the same effect in the case of 'Packham's
Triumph', the effect was not effective for very long in 'Anjou' fruit (Figure
4.2, 4.3). The ratio between the two wavelengths of conjugated trienes,
258 and 281, was also modified by the treatments. The highest ratio was
obtained when ethoxyquin was applied to the fruit in both varieties (Figure
4.4)
Although 100% compound A controlled scald very well, poor ripening
quality was developed after ripening apparently because of the reduction in
respiration rate and ethylene production (Figure 4.5).
'Bartlett'. The conjugated triene 281 concentration was the lowest among
the conjugated trienes whereas the conjugated triene 258 was the most
abundant (Figure 4.6) and this was quite a different pattern from the other
varieties. Compound A significantly reduced the amount of conjugated
trienes 281 compared with ethoxyquin and control, but no difference was
found in conjugated triene 258 and in the ratio 258:281 (Figure 4.6).
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V.SL.

Figure 4.1.

S.L.
M.
S.
Scald Severity

E.S. Total

Effect of 100% compound A and ethoxyquin (2,700 ppm) on
total scald incidence and severity of 'Anjou', 'Packham's
Triumph' and 'Bartlett' after 6, 4 and 4 months in storage and
ripening for 10,10 and 4 days respectively. Scald severity:
V.SL. = very slight, S.L. = Slight, M.= Moderate, S= Severe,
E.S. = Extremely severe
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Figure 4.2.

Effect of 100% compound A and ethoxyquin (2,700 ppm) on
scald severity, after ripening, accumulation of conjugated
trienes 281 and a-farnesene in the peel tissue of 'Anjou'
pear, during storage at 0 0C.
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Figure 4.3.

Effect of 100% compound A and ethoxyquin (2,700 ppm) on
scald severity after ripening, accumulation of conjugated
trienes 281 and a-famesene in the peel tissue of 'Packham's
Triumph' pear, during storage at 0 0C.
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Effect of 100% compound A and ethoxyquin (2,700 ppm) on
respiration rate (mgC02/kghr) and ethylene production
(uL/Kg-hr) of 'Packham's Triumph' fruits during ripening at
20 0C after 4 months 0 0C storage.
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Effect of 100% compound A and ethoxyquin (2,700 ppm) in
the accumulation of different forms of conjugated trienes in
peel tissue of 'Bartlett' pear fruits.
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Experiment 2

Scald development
'Anjou'. 'Anjou' fruit was very susceptible to the disorder. All of the
'Anjou' control fruit had some incidence of scald concentrated at severity of
2.8 after 5 months and 3.6 after 7 months of storage upon ripening.
Similar scald incidence and severity was developed by 'Anjou' pears treated
with tocopherol, fatty acid or the wax control (Table 4.1, Figure 4.7).
The best alternative to control 'Anjou' scald besides ethoxyquin was
compound B (Figure 4.7). Reduction in scald was dependent on the
concentration of compound B and time of storage. After 5 months in
storage the scald incidence was reduced from 100% to 20% with 10%B
(Figure 4.8) and even greater scald control was obtained with higher
concentrations of B. Scald incidence only reached 4% with the highest
concentration (100 %) of compound B. The condition was clearer after
longer period of storage; and the lowest concentrations (2.5 and 5.0%B)
were not effective and similar to the control. Scald incidence was reduced
to 50% after application of a 10% concentration of compound B. At 100%
of compound B scald incidence was reduced to 15% (Figure 4.8).
Compound A was more effective for control of 'Anjou' scald at lower
concentrations than compound B after 5 and 7 months in storage.
However the high scald intensity which developed in all the concentrations
used ranked it a poor alternative to ethoxyquin.
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Table 4.1.

Effect of different treatments in scald severity (index = 0-5) of
'Anjou', 'Packham's Triumph' and 'Bartlett' pear fruits.
Months at 0 oc

Days at 20 "C

Treatments
Anjou

Packham's
Triumph.
5

0

Bartlett

5

7

Control untreated

2.8a

3.6a

3.0a

2. led

4.7abc

Wax 0.02% control

2.9a

3.4ab

2.9a

2.2bc

4.5bc

Methyl linoleate
124ppm
Tocopherol 400ppm

3.0a

3.6a

3.1a

4.6a

5.0a

2.8a

3.4ab

3.0a

1.7de

4.Sab

0.08g

0.31g

0.18e

2.1cd

3.9ef

0.6cd

2.6c

2.2b

1.3ef

4.4c

5.0

0.7cd

2.6c

2.3b

2.0cd

4.3cd

10.0

0.2fg

2.2d

1.6c

0.9fg

3.2g

15.0

0.6de

1.7e

1.6c

0.4hi

2.1h

0.4def

l.lf

0.31e

0.04i

0.04j

1.4b

3.3ab

2.9a

1.9cd

4.6abc

0.9c

3.1b

2.2b

2.6b

4.5bc

10.0

0.3fg

2.2d

0.8d

2. led

4.0de

15.0

0.3efg

1.2f

0.5de

0.6hg

3.5fg

100.0

0.07g

0.4g

0.3e

0.08i

l.li

Ethoxyquin
2,700ppm
Compound A (%)
2.5

100.0
Compound B (%)
2.5
5.0

4

Means with the same letter within the column are not different, compared by Duncan's
test p < 0.05.
'Anjou' fruit was stored for 5 and 7 months at 0°C, 'Packham's Triumph' for 5 months
and scald severity was evaluated after 10 days at 20 °C.
Bartlett' fruit was stored for 4 months at 0°C and scald severity was evaluated after 0
and 4 days at 20 "C.
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Figure 4.7.

Effect of different concentrations of compounds A and B (0,
2.5, 5, 10, 15, 100 %) on the incidence of 'Anjou' scald after
5 and 7 months in storage at 0 "C and 10 days of
ripening. (The treatments not listed in the graph were not
different from the control ). The means of the treatments are
comparing by Duncan's test p < 0.05. Bars with the same
letter, the means are not statistically different.
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Figure 4.8.

Response of scald incidence (%) to different concentrations of
compounds A and B (0, 2.5, 5, 10, 15, 100 %) after 5 and
7 months of storage at 0 0C and 10 days at 20 0C in 'Anjou'
pear fruits.
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Compound B (100%) was comparable in 'Anjou' scald control with
the ethoxyquin (2,700 ppm) effect at both 5 and 7 months of storage.
(Figure 4.7). After 7 months of storage the general quality of the fruit,
including the ethoxyquin treatment, was very poor; mealiness and internal
breakdown were characteristic of this fruit. The 'Anjou' pears treated with
high level of compound A or B did not show these problems but some
developed symptoms of pithy brown core similar to the damage reported in
low O2 and high C02'Packham's Triumph". The response of this variety to either compound A or
B was very similar. In the low concentration range (2.5 - 10%) compound
A and B did not control pear scald, but levels higher than 15% were
effective in reducing the incidence of scald (Figure 4.9). Both compounds
at 100 % concentration reduced scald to an extent comparable to
ethoxyquin but lower quality was produced after ripening. The fruit
remained firm and green without the development of the ripening texture
characteristic of this variety, similar to the incomplete ripening problem
observed in the first season's experiment.
'Bartlett'. The extent of scald was significantly different depending on the
compounds and concentration of the treatment applied. No differences
were found between the untreated control and the wax treated control used
to solubilize compounds A and B. Therefore, in further discussion of
comparisons this treatment is referred to as the control. A high incidence
of senescent scald developed during 4 months of 0 0C storage (63% scald),
and upon ripening (99%) of control 'Bartlett' fruit. This disorder was
aggravated by application of the methyl ester of linoleic acid during storage
and after ripening, but was decreased by tocopherol before ripening,
without further positive effect during the high temperature (Figure 4.10).
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Figure 4.9.

Postharvest scald control treatment responses and
comparative effects of different concentrations of compounds
A and B (0, 2.5, 5, 10, 15, 100 %) in the control of
'Packham's Triumph' scald after 5 months of storage at 0 0C
and 10 days at 20 0C. (The treatments not listed in the graph
were not different from the control). The means of the
treatments are compared by Duncan's test p < 0.05. Bars
with the same letter, the means are not statistically different.
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Figure 4.10. Effect of different concentrations of compounds A and B (0,
2.5, 5, 10, 15, 100 %) in the control of 'Bartlett' scald after
removing from 4 months storage and after 4 days of ripening
(The treatments not listed in the graph were not different from
the control ). The means of the treatments are compared by
Duncan's test p < 0.05.
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Although ethoxyquin reduced the 'Bartlett' scald problem in storage,
the effect was not so important because after ripening there was high
incidence and severity of the disorder (Table 4.1, Figure 4.10). The best
treatment was compound A 100% followed by compound B (100%).
However, compound B was only effective at high concentrations (15100%) and the low concentrations (2.5 - 10%) were similar to control
levels. (Figure 4.11). The best treatments of compound A on Bartlett fruit
scald were observed in stored fruits before ripening, where the 10 and 1 5%
dilution as well as the full concentrated (100%) were quite effective. After
ripening the most effective treatment was 100% A, with 4.4% scald
incidence and severity 0.04 followed by 100%B with 22% scald incidence
and severity 1.1 (Table 4.1, Figure 4.10).

a-Farnesene, Conjugated Trienes and a-Tocopherol.
'Anjou'. Low positive correlation (r= 0.32) was found between scald and
farnesene considering all the treatments, and a linear relation was found
between 2.5 and 15% of compounds A or B and scald. The theoretical
concentration to obtain total scald control was obtained from the linear
equation. At 5 months storage the optima concentrations for compounds A
and B were 22 and 17% respectively and at 7 months the optima
concentrations were 49 and 30% for compound A and B respectively.
'Conjugated trienes'. Increasing scald was significantly correlated with the
accumulation of conjugated triene 281 in the skin of 'Anjou' fruit (r= 0.64,
p= 0.00001) and only effects of single concentrations were important in
this parameter (Table 4.2). The greatest reduction in conjugated trienes
was from ethoxyquin treatment and by the high concentrations of
compounds A and B (Table 4.2).
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Table 4.2.

Effect of different treatments on the conjugated trienes,
conjugated trienes ratio and a-farnesene in the skin of 'Anjou'
pear fruits stored for 5 months at 00C.
Conjugated trienes*
(nmol/cm^)

Treatments

Farnesene
nmol/cm^

281

258

269

Conjugated
trienes
(ratio)
258:281

Control untreated

15.2 b

13.3 be

19.5 ab

0.9

65.6 ab

Wax 0.02%
control
Methyl linoleate
124ppm
Tocopherol
400ppm
Ethoxyquin
2,700ppm
Compound A (%)
2.5

15.4 b

14.1 be

19.1 ab

1.1

64.8 ab

15.0 b

13.8 be

19.5 ab

1.1

65.0 ab

14.8 b

12.9 bed

19.6 ab

1.1

63.7 be

4.9 g

1.7

62.9 be

2.9 f

4.6 f

12.7 c

11.0 bede

16.7 cd

0.9

65.6 ab

5.0

10.6 d

8.0 def

12.9e

0.8

56.5 cd

10.0

10.4 d

7.6 def

12.7 e

0.7

58.0 cd

15.0

11.4 cd

8.5 cdef

14.2 de

0.7

39.5 ef

100.0

9.9 d

7.2 ef

12.3 e

0.7

30.7 g

Compound B (%)
2.5

15.0 b

13.8 b

19.7 ab

0.9

70.4 a

5.0

17.4 a

21.0 a

21.8 a

1.2

65.6 ab

10.0

7.4 e

5.7 f

9.1 f

0.8

34.4 fg

15.0

15.2 ab

12.7 bed

19.5 ab

0.7

54.4 d

100.0

11.2cd

9.7 bedef

12.7e

0.9

42.5 e

ns.
* Means with the same letter within the column are not statistically different, compared
by Duncan's test p < 0.05.
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a-Tocopherol. Peel tocopherol was significantly increased by compound A
or B and a negative correlation was found with the incidence of scald (%)
(r= -0.59, p= 0.00006). The highest amount was obtained with the
highest concentration of the compound B. The level of tocopherol in fruits
treated with the ethoxyquin was significantly greater than the control
(Figure 4.12).
'Packham's Triumph*. The concentrations of A or B were not related with
the conjugated trienes or a-farnesene (Table 4.3). Only the 100%
concentration of both compounds significantly reduced the level of
conjugated trienes in the skin of this variety. Ethoxyquin was the most
effective treatment to suppress conjugated triene formation.
'Bartlett'. The level of farnesene was not correlated with scald (p < 0.05).
The lowest level of farnesene was found on the skin of treated fruit with
linoleic acid methyl ester. No differences from the control were found with
tocopherol, either with ethoxyquin or the high concentration of compound A
(Table 4.4).
Conjugated trienes. In 'Bartlett' pears, the 258 absorbance was the major
conjugated triene found on the peel, similar to the result discussed in
chapter 3 (Table 4.4). Conjugated trienes 281 and 258 were significantly
and positively correlated with scald only when compound A and B data
were considered in the analysis (rcT28l
r

CT258 =

0 66 n=

-

=

0-83, n= 30, p= 0.000001,

3°' P= 0.00007) (Figure 4.13).

Compound A (100%) reduced the concentration of all forms of conjugated
trienes significantly. Thus conjugated triene 281 decreased from 9.3
nmol/cm^ for the control to 2.2 nmol/cm^ in the 100 % A treatment. The
ratio between 258 and 281 was not significantly related to the disorder
(Table 4.4).
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Figure 4.12. Effect of different treatments on a-tocopherol concentration in
the skin of 'Anjou' and 'Bartlett' pear fruits after storage for 5
and 4 months, respectively. (Vertical lines represent the
standard error of the mean of three replications).
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Table 4.3

Effect of different treatments on the conjugated trienes,
conjugated trienes ratio and a-farnesene in the skin of
'Packham's Triumph' pear fruits stored for 4 months at 0oC.
Conjugated trienes*
(nmol/cm^)

Treatments

281

258

269

Conjugated
trienes
(ratio)
258:281

Farnesene
nmol/cm^

Control untreated

13.3 be

25.0 abode

19.5 a

1.9 cd

66.6

Wax 0.02%
control
Methyl linoleate
124ppm
Tocopherol
400ppm
Ethoxyquin
2,700ppm
Compound A {%)
2.5

13.2 be

24.5 bede

20.2 a

1.7d

67.7

12.7 be

25.5 abed

19.1 a

1.7 d

64.2

13.0 be

27.5 abc

20.9 a

2.1 c

77.8

4.9 f

27.5 abc

5.0 e

5.8 a

77.8

5.0

15.2 b

25.2 abede

16.7 b

1.7 d

75.0

15.5 b

27.1 abc

12.9 c

1.8 d

80.5

10.0

13.8 be

22.2 cdef

12.7 c

1.6 d

58.4

15.0

11.6 bed

20.1 ef

14.2 be

1.7 d

68.1

100.0

8.3 def

22.2cdef

12.3 c

2.9 b

72.1

19.5 a

29.0 ab

19.7 a

1.5d

62.2

20.5 a

30.3 a

21.8 a

1.5 d

77.3

10.0

11.2 cde

20.7 def

19.1 a

1.9 cd

68.7

15.0

11.0 cde

20.3 def

19.5 a

1.9 cd

72.5

18.8 f

12.7 c

2.7 be

73.4

Compound B (%)
2.5
5.0

100.0

7.6 ef

ns.
* Means with the same letter within the column are not statistically different, compared
by Duncan's test p < 0.05.
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Table 4.4

Effect of different treatments on the conjugated trienes,
conjugated trienes ratio and a-farnesene in the skin of 'Bartlett'
pear fruits stored for 4 months at 0° C.

Conjugated trienes*
(nmol/cm^)

Treatments

281

258

269

Conjugated
trienes
(ratio)
258:281

Farnesene
nmol/cm^

Control untreated

9.3 de

42.1 bedef

33.5 ab

4.5 abc

36.2 def

Wax 0.02%
control
Methyl linoleate
124ppm
Tocopherol
400ppm
Ethoxyquin
2,700ppm
Compound A (%)
2.5

8.3 def

37.5 cdef

96.1 a

4.5 abc

33.2 ef

5.9 f

26.1 f

20.4 b

4.4 abc

21.2 g

8.6 def

40.1 bedef

32.1 ab

4.7 ab

35.1 def

6.2 f

30.3 def

22.3 ab

4.9 a

30.1 f

12.1 c

54.7 ab

42.8 ab

4.5 abc

43.3 c

5.0

15.3 ab

61.2 a

49.2 ab

4.0 bed

61.6 a

10.0

10.8 cd

46.3 abed

36.4 ab

4.3 abc

45.4 be

15.0

7.5 ef

28.4 ef

22.7 ab

3.8 cd

41.8 cd

2.2 g

7.8 g

6.6 b

3.5 d

30.7 f

13.0 be

56.8 ab

43. ab

4.4 abc

44.6 be

18.0 a

51.4 abc

43.4 ab

2.9 e

45.0 be

10.0

10.9 cd

53.3 abc

42.9 ab

4.9 a

50.2 b

15.0

10.4 cd

44.7abcde

34.3 ab

4.3 abc

45.2 be

100.0

6.8 ef

21.8 ab

4.0 bed

39.7 cde

100.0
Compound B (%)
2.5
5.0

27.6 f

* Means with the same letter within the column are not different, compared by Duncan's
test p < 0.05.
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Discussion

Experiment 1
'Anjou' and 'Packham's Triumph' developed a high incidence and
severity of scald after 4 months in storage. Although 'Packham's
Thriumph' was not evaluated longer than that period, it is possible that it
follows the same pattern as 'Anjou' fruit after 6 months in storage. The
'Anjou' scald was effectively reduced with antioxidant ethoxyquin, similar
to other work done in 'Anjou' (Chen 1990a,b; Hansen and Mellenthin,
1967), but without any phytotoxicity effect, reported by the same authors.
The alternative compound A was effective and comparable to ethoxyquin
only in the variety 'Packham's Triumph' during the period evaluated, but
was not very effective in the case of 'Anjou' (Figure 4.1).
The reduction of scald produced by these products was coincident
with the suppression of conjugated trienes formation, thus ethoxyquin
reduced the formation of conjugated trienes in both varieties and controlled
the scald effectively during storage. However, compound A was effective
in preventing conjugated trienes formation and only in the case of
'Packham's Triumph' was it coincident with maxime suppression of scald
(Figures 4.2, 4.3)
The accumulation of different forms of conjugated trienes has been
reported to modify the development of scald in apple fruit. Du and
Bramlage (1994) found a high ratio (CT258/CT281) associated with apple
tissue more resistant to scald and a significantly higher ratio was found in
the tissue when the antioxidant diphenylamine was applied postharvest.
They proposed that different forms of metabolites from farnesene oxidation
can be important in the final development of the disorder. The same high
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ratio of conjugated trienes 258/281 was found in both pear varieties,
'Anjou' and 'Packham's Triumph', when the antioxidant ethoxyquin was
applied to the fruit.
The association of conjugated trienes in the development of this
disorder was evaluated with the correlation values relating the severity of
scald and conjugated trienes 281 after four months. The correlation value
was r= 0.76 (p= 0.00001) for 'Anjou', and r= 0.66 (p= 0.00077) for
'Packham's Triumph'. Also significant correlation was found for the ratio
258 and 281 for 'Anjou' r= -0.71 {p = 0.000001) 'Packham's Triumph', r =
-0.53 (p= 0.0009)). No significant correlation was found with farnesene
and scald for any of the varieties or treatments.
The effect of ethoxyquin to reduce the degradation of farnesene in
the tissue was significant only in the case of 'Packham's Triumph'.
Ethoxyquin treated 'Anjou' had no effect in delaying farnesene oxidation,
but contrasts with the low level of conjugated trienes found in the tissue.
Chen et al. (1990b) working with different concentration of ethoxyquin in
'Anjou' found a reduction in the formation of conjugates, similar to our
data, but farnesene oxidation was also suppressed. However, they also
found that the oxidation of farnesene to conjugated trienes had no
quantitative relationship. It is possible that measures at 281 are including
other compounds related with the metabolism of the fruit, and ethoxyquin
could also be affecting them because of the general antioxidant effect.
The significant effect of compound A in the suppression of scald
development in 'Packham's Triumph' contrasted with the poor quality of the
fruit after ripening. The fruit remained firm, and poor degradation of the
green color was produced during the ripening period. This confirms the
problems found by other authors when coatings are applied as a
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postharvest treatment in pear fruit (Meheriuk, 1988). The alteration in the
normal ripening of 'Packham's Triumph' was confirmed by the low rate of
respiration and low rate of ethylene production during the ripening period
(Figure 4.5). This alteration contrasted with the normal ripening found in
the other two varieties.
Scald development in 'Bartlett' has been classified in the literature as
"senescent scald", because it appears in storage, and is related with the
normal deterioration of the fruit. The conjugated trienes 281 could not be
reduced by ethoxyquin treatment coincident with poor scald control.
However, compound A was effective in suppressing the formation of
conjugated trienes 281 and consequently the scald in the skin of 'Bartlett'
(Figure 4.1, 4.6).

Experiment 2.
Scald was significantly reduced by compound A and B treatments.
The effectiveness of these compounds depended on the concentration
applied and the pear variety.
Compounds A and B are natural sources of antioxidants, mainly atocopherol. This antioxidant is maintained soluble with Iipid and many other
compounds. Scald in 'Anjou' pear fruit was reduced by compound B at full
concentration and offered an interesting alternative to ethoxyquin for pears
stored for 5 months (Figure 4.7). At 7 months, the disorder was very high,
and it was very difficult to completely control scald. However, compound B
controlled scald at a level similar to ethoxyquin. The quality of Anjou fruit
at 7 months was very poor not only for the control fruit but even with
ethoxyquin treatment. While scald was attenuated, mealiness and internal
breakdown were the main problems associated with this fruit. Although the
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fruit treated with compound B ripened and did not develop dryness in the
pulp, symptoms of pithy brown core were observed, specially at high
concentrations of compounds B and A. This disorder has been associated
with low concentration of O2 and or high concentration of CO2 in the pulp
of the fruit (Chen et al., 1993). This characteristic alteration did not appear
at 5 months and in any of the other varieties studied.
The concentrations tested did not included intermediate values
between 15 and 100%. Therefore, it is possible that the optimum
concentration be in a value lower than 100%.
Compound B was more effective than compound A in 'Anjou' and
high level of antioxidant was found in the fruit peel when A or B was
applied to the fruit (Figure 4.12). This effectiveness could be due to low
levels of oxidized compounds, directly from the fruit, or from the
compounds applied. The non oxidized linoleic acid can be important in
scald reduction, as has been found for linoleate in the soft scald of apple
fruit (Wills, 1981).
In "Bartlett'pears, however, compound B was less effective at scald
control than compound A. The difference in response between varieties
can be related because the scald symptoms are induced by different
factors. Scald was induced by linoleic acid methyl ester only in the
'Bartlett' variety, probably the oxidation of this compound in the skin
enhanced other oxidation processes that terminated with brown color in the
skin. Compound B is not only a rich source of tocopherol but also of
unsaturated fatty acids (18:2 and 18:3), and fatty acids can enhance scald
development when the balance of oxidation processes exceed the
antioxidant effect. Lower concentration of tocopherol were found in
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'Bartlett' peel compared to the other two varieties after storage (Figure
4.12).
The balance between potential oxidized compounds should be lower
in compound A than compound B because more mono-unsaturated fatty
acid (18:1) than unsaturated (18:2, 18:3) are found in solution with cttocopherol in the A treatments compare to B treatments.
The main effect produced by both compounds, that explains the low
level of scald, was related to less production of conjugated trienes 281, but
not with a-farnesene. The absorbance value at 281 may reflect the
contribution of many compounds and not necessarily only a-farnesene
oxidized compounds. The identification of types of compounds associated
with this wavelength and the toxicity response by the cell await further
research for knowledge about scald disorders.
The situation in Anjou was different, as compound B was more
effective than compound A. High levels of antioxidant were found when
both compounds (Figure 4.12) were applied. This situation should generate
low levels of oxidized compounds, directly from the fruit and from the
compounds applied. Unoxidized linoleic acid has been found to be
important in reducing soft scald of apple fruit and a high level of this fatty
acid remained in the tissue when the antioxidant diphenylamine was applied
to the fruit (Wills, 1981).
The level of conjugated trienes at 281 nm also related to scald
damage. Compound B reduced the concentration of 281 conjugated
trienes, but not as well as ethoxyquin. It is possible that the scald control
produced by the 100%B application involved other modes of action,
perhaps in the complex process of oxidation which develops during
senescence of the fruit.
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Conclusion
The natural compounds A and B tested as an alternative to
ethoxyquin offer an interesting possibility for the control of scald in
'Bartlett', 'Anjou' and 'Packham's Triumph' pear fruit and were similar in
effectiveness to ethoxyquin.
Scald in 'Bartlett' was controlled to level of 4% after 4 months
storage and ripening by compound A. In 'Anjou' after 5 months the
reduction of scald to 8% by the compound B was similar to levels seen
after ethoxyquin treatment. Scald after 7 months was effectively controlled
by compound B but alteration in the core physiology of the fruit makes this
treatment untenable, but no better alternative was found at this period.
'Packham's Triumph' scald was controlled effectively by full concentrations
of both A and B but this variety failed to ripen properly with these coating.
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CHAPTER 5

CHANGES IN CONJUGATED TRIENES IN ANJOU' PEARS IN RELATION TO
SUPERFICIAL SCALD DEVELOPMENT AFTER COLD STORAGE

Abstract

'Anjou' pears (Pyrus communis, L.) grown in the lower valley (150
meters elevation), the mid valley (380 meters elevation), and the upper
valley (610 meters elevation) of the Hood River valley OR district, were
harvested at commercial maturity, flesh firmness of 62.3 (±2.2) Newton,
and stored in air at -1 "C. Regardless of different growing elevations, the
incidence of superficial scald was noticeable after 2.5 months of storage
and became substantial after 3 months. The development of superficial
scald increased to a faster rate in fruit harvested from the lower valley than
those from the mid and upper valleys. a-Farnesene in the peel tissue
accumulated faster and to a higher concentration in fruit harvested from the
mid and upper valley than those from the lower valley and decreased after
2.5 months in cold storage. Three species of conjugated trienes measured
at 258 nm, 269 nm and 281 nm wavelengths (denoted as CT258, CT269,
and CT281, respectively) accumulated at the fastest rates and to highest
concentrations in fruit harvested from the mid valley than in pears from the
lower and upper valleys. The threshold level of conjugated trienes
(measured at 281 nm wavelength) at which superficial scald became
noticeable was different from fruit grown at different elevation.
CT258/CT281 ratios were highest in pears harvested from the upper valley,
second highest in fruit from the mid valley and the lowest in fruit from the
lower valley and were negatively correlated with superficial scald incidence.
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Comparison of conjugated trienes ratios during storage suggest the relation
order of synthesis as most likely: a-farnesene ■=> CT258 => CT269 => CT281
O * Scald.
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Introduction

The development of superficial scald disorder of 'Anjou' pears has
been associated with the accumulation of conjugated trienes in the peel
tissue during storage (Chen et al., 1990b). Scald incidence became obvious
when the level of conjugated trienes exceeded 3 nmol/cm^. Hence, the
threshold level of conjugated trienes at 2.5 nmol/cm^ accumulated in the
peel tissue was proposed as an index for detecting scald potential of
'Anjou' fruit during marketing season. Subtracting absorbance (OD) at 290
nm from OD at 281 nm (OD 281-290 nm) as proposed by Anet (1972) has
been used to calculate the concentrations of conjugated trienes in the
hexane extract of peel tissues of apple and 'Anjou' pear fruit (Chen et al.,
1990b; Chen et al., 1993; Meir and Bramlage, 1988). Spectrophotometric
observation of hexane extracts of 'Anjou' pear peels showed that the
absorption maxima at 258, 269, and 281 nm were exactly the same as
those expectra observed in apple peel hexane extracts (Chen et al., 1990b;
Huelin and Coggiola, 1970; Meir and Bramlage, 1988). These maxima have
been collectively assumed to represent all species of conjugated trienes
associated with a-farnesene oxidation.
The proposed threshold level of conjugated trienes at 2.5 nmol/cm^
in the peel tissue of 'Anjou' pear fruit was calculated solely from the
measurements of 0D 281-290 nm

anc

' t*16 ^ru't source was only obtained

from a simple orchard block located at the lower (about 150 meters of
elevation) Hood River Valley of Oregon (Chen et al., 1990b). In order to
verify the feasibility of this threshold level of conjugated trienes as a scald
index for 'Anjou' fruit grown in other districts, in this study we investigated
the changes in three species of conjugated trienes in the peel tissue of fruit
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harvested from the lower (150 m elevation), mid (380 m elevation) and
upper (610 m elevation) valleys in the Hood River district during 5 months
of cold storage in air at -1 0C during 1993-94. In addition, the possible
mechanism of scald development of 'Anjou' pears is discussed.
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Materials and Methods

Anjou pears at commercial maturity with a flesh firmness of 62.3 N ±
2.5 N (1 Newton = 0.225 lb) were harvested from each of 3 commercial
orchards located at lower (150 meters' elevation), mid (380 meters'
elevation), and upper-valley (610 meters' elevation) section of the Hood
River Valley district of Oregon. Days from full bloom (DFFB) and the dates
of harvest at the lower, mid, and upper valley were 145 days (9 Sept.,
1993) 143 days (23 Sept., 1993) and 144 days (11 Oct., 1993)
respectively. Fruits were picked randomly in each orchard within an area
about 2 hectares. About 100 harvested fruits were transferred into
wooden boxes lined with a perforated polyethylene film. Forty-four boxes
of harvested fruits from each location were stored in air at -1
hours after harvest and core temperatures reached -1

0

C within 12

0

C within 3 days after

storage.
At harvest and at 2 weeks intervals during 5 months of storage, 4
boxes of fruits from each location were removed from the cold storage and
ripened at 20 0C (± 1 0C) with a relative humidity of 90% (± 2 %) for 8
days. The severity of superficial scald symptoms on each fruit was visually
assessed. Fruits having approximately 0.5 cm^ or less, 0.6 to 1.0 cm^,
1.1 to 3.0 cm^, and greater than 3.0 cm^ surface area affected with scald
symptoms were classified as very slight, slight, moderate, and severe
respectively (Chen et al., 1990a). Fruits classified as slight or worse scald
symptoms were considered commercially unacceptable. Superficial scald
incidence per box was calculated by the sum of fruits affected with slight,
moderate and severe scald symptom divided by the total number of fruits in
each box and expressed as the percentage of scald-affected fruits.
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On day 1 of ripening, 5 fruits from each box were individually
weighed to estimate the total surface area as described previously (Chen et
al., 1990b). These 5 fruits were then individually extracted by dipping each
fruit in 100 mL HPLC grade hexane for 3 min, turning the fruit manually
during dipping. Aliquots of hexane extract were diluted appropriately and
scanned for UV absorption between 190 nm and 300 nm wavelengths.
Concentrations of a-farnesene in hexane extracts were calculated from
OD232(E = 27,700) according to Huelin and Coggiola (1968). Three
species of conjugated trienes (CT) with absorbance maxima at 258 nm,
269 nm, and 281 nm were assumed to have the same extinction coefficient
(E = 25,000) (Anet, 1972; Du and Bramlage, 1993). Concentrations of all
CT species were calculated from OD258-29O' 0^269-290

anc

' OD281-290

an

d

referred to as CT258, CT269 and CT281, respectively (Du and Bramlage
1993). CT281, previously referred to as "conjugated trienes (CT)", was
used to compare the published CT data (Chen et al., 1990b) and to verify
whether the threshold level of 2.5 nmol/cm2 was feasible as a scald index
for 'Anjou' fruits grown in three locations.
All data were analyzed as a split-plot design in a completely
randomized experiment where 3 orchards were considered as the main plots
and 11 storage periods as completely randomized subplots. If the sources
of the main plots and subplots were found to be significantly different and
highly interactive by the analysis of variance (ANOVA), changes in such
measurement (dependent variable) were plotted against months in storage
(independent variable) for each orchard location. The regression analyses
were conducted as the following function types: 1) linear; 2) exponential; 3)
logarithmic; 4) power law; and 5) polynomial. The type of function with
the highest significant correlation coefficient was used for the final plot.

128
Results and discussion

Development of superficial scald
Superficial symptoms on the fruit did not appear until 2.5 months of
storage regardless of orchard locations (Figure. 5.1). The ANOVA of the
incidence of superficial scald between 2.5 and 5 months of storage
revealed that both the main plots (orchard locations) and the subplots
(storage months) were highly significant and strongly interactive.
Regression analyses showed that the 3rd order polynomial function was the
best fit for each line. The incidence of superficial scald of the fruit
harvested from the lower valley was only 4% after 2.5 months of storage
but quickly increased to 56.1 % at 3 months and to 100% after 4 and 5
months of storage. The scald incidence of the fruit harvested from the mid
and upper valleys were 1.7% and 0.6% respectively after 2.5 months of
storage but increased rather gradually to only 19.0% and 7.7%,
respectively, at 3 months of storage. Although fruits harvested from the
mid and upper valleys increased scald incidence rapidly after 3.5 months of
storage, the magnitudes of scald incidence were always less than the fruits
harvested from the lower valley.

a-Farnesene
Changes in a-farnesene in 'Anjou' pears during 5 months of storage
followed the typical pattern as reported previously (Chen et al., 1990b).
Regardless of the orchard locations, a-farnesene increased to a maximum
after 2.5 months of storage and then decreased substantially during the
following 2 months of storage (Figure 5.2). Regression analysis revealed
that the 4th order polynomial function was the best fit for each line. Fruits
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harvested from the lower valley accumulated the lowest level of
a-farnesene at each corresponding storage interval as compared to fruits
harvested from the mid and upper valleys even though the pears from the
lower valley developed the highest incidence of superficial scald (Figure
5.1).
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Figure 5.1.

Incidence of superficial scald on 'Anjou' pears harvested from
3 orchard locations in the Hood River Valley district, Oregon
during 2.5 to 5 months of storage in air at -1 0C and ripened at
20 "C for 7 days. Each point is the mean of 400 fruits.
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Figure 5.2.

Changes in a-farnesene concentration in the peel tissue of
'Anjou' pears harvested from 3 orchard locations in the Hood
River Valley district, Oregon during 5 months of storage in air
at -1 0C. Each point is the mean of 20 fruits
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Conjugated Trienes
The ANOVA of 3 species of conjugated trienes (CT) in hexane
extracts of 'Anjou' pear peel, revealed that both the orchard location and
time in the storage were highly significant and interactive. Regression
analyses between CTs and storage time indicated that the 3rd order of
polynomial function was the best fit for each line (Fig. 5.3, Table 5.1). At
harvest, CT258 in fruit from the mid and upper valley were higher than that
from the lower valley (Figure 5.3). After 1 month of storage, CT258 in fruit
from the lower and upper valleys increased in parallell; reached the peak on
4 months of storage; then gradually decreased during the 5th month of
storage (Figure. 5.3).
The regression lines showed that CT258 in fruit from the upper valley
was always higher than those in fruit from the lower valley during the
storage period although they were not significantly different. CT258 in fruit
from the mid valley increased at the fastest rates with the highest
magnitudes as compared to those in fruit from the upper and lower valleys
during storage and approached a peak after 5 months of storage (Figure
5.3).
At harvest, CT269 and CT281 in fruit from the 3 orchard locations
were essentially zero (Fig. 5.3). These 2 species of CT in fruit from the
lower and upper valleys increased at the same rates with the same
magnitudes; and reached a maximum value at 4 months of storage; then
gradually decreased during the 5th month of storage. CT269 and CT281 in
fruit from the mid valley, similar to CT258, also increased at the fastest
rates with the highest values compared to fruits from the lower and upper
valleys and approached peaks values after 5 months of storage (Figure 5.3).
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Changes in CT258, CT269, and CT281 in the peel
tissue of 'Anjou' pears harvested from 3 orchard locations in
the Hood River Valley district, Oregon during 5 months of
storage in air at -1 0C. Each point is the mean of 20 fruits.
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Changes in CTs in 'Anjou' fruit peel extracts harvested from the
lower and upper valleys during 2.5 to 5 months of storage period were not
correlated with the incidence of superficial scald (Table 5.1). However, all
3 species of CT in fruit from the mid valley were highly correlated with the
incidence of superficial scald during the same storage period (Table 5.1).
The results confirmed the inconsistencies among the correlation coefficients
between 3 species of CTs and scald occurrences as reported by Meir and
Bramlage (1988) and Du and Bramlage (1993) in apple fruit.
When the fruit began to develop some incidence of scald after 2.5
months of storage, CT281 values (the traditional CT measurement) were
3.0, 5.0 and 3.8 nmol/cm^ in the skin tissue of pears grown in the lower,
mid, and upper valleys respectively (Figure 5.3) while the incidence of
superficial scald were 4.0%, 1.7% and 0.6% respectively (Figure 5.1).
Therefore, the previously proposed CT level of 2.5 nmol/cm^ as a critical
index for an early detection of scald development (Chen et al., 1990b) was
still valid for 'Anjou' fruit grown in the lower valley but was not valid for
fruit grown in the mid and upper valleys and possibly not for other 'Anjou'
fruit growing districts.

Conjugated Triene Ratios
While it is difficult to try to judge what the oxidative sequence might
be from the conjugated triene data presented in figure 5.3, a much
interesting comparison emerges when the ratios of the conjugated trienes
are plotted as in Figures 5.4 and 5.5. A logical assumption, but one
difficult to prove, might be that in a sequence of reactions leading from one
oxidized product to another, there would be at least temporary
accumulations of products before they become reactants for the next
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product. Thus if one calculates the ratios of the respective trienes,
ie 258 : 269, 269 : 281, 258 : 281, when the numbers are greater than
1.0, than that conjugated triene exists in greater amount than the triene in
the denominator. Figure 5.4 and 5.5 taken together make a strong case
that CT258 is the precursor to CT269 and CT269 is precursor to CT281.
Initially CT258. Initially CT258 is in higher concentration than either 269 or
281 and CT269 is in higher concentration than 281. Finally, CT258 falls to
a lower concentration than either CT269 or CT281.
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Table 5.1.

Simple linear correlations between the incidence of superficial
scald (%) on 'Anjou' pears grown in the lower, mid, and upper
valleys and the concentrations of 3 species of conjugated
trienes (CT) during 2.5 to 5 months of storage period.

Correlation coefficients (r)
Orchard
locations
Scald/CT258

Scald/CT269

Scald/CT281

Lower valley

0.20s

0.34ns

0.24"s

Mid valley

0.96'"

0.98***

0.99***

-0.0075ns

0.16ns

0.21ns

Upper valley

ns Not significant at p < 0.05
•""Significant at p < 0.001

137

Mechanism of Scald Development
Du and Bramlage (1993) reported that the incidence and the severity
of superficial scald on apple fruit were negatively correlated with the ratios
of CT258/CT281 during cold storage. When we plotted the ratios of
CT258/CT281 against storage time, the ratios dropped quickly from 3.8
(lower valley), 2.8 (upper valley) or 2.4 (mid valley) at harvest to less than
1.0 after 2 months of storage regardless of the storage locations (Figure
5.4) while the development of scald symptoms did not occur until 2.5
months of storage (Figure 5.1). The ANOVA of the changes in
CT258/CT281 in fruits from 3 orchard locations (the main plots) during the
half-monthly storage intervals between 2.5 and 5 months (the sub-plots)
revealed that both the orchard locations and the storage intervals were
significantly different, but with no significant interaction. It was evident
that CT258/CT281 were consistently the lowest in the fruit from the lower
valley, highest in the fruit from the upper valley, and those from the mid
valley in between during 2.5 to 5 months of storage (Figure 5.4).
Correlations of scald incidence and CT258/CT281 including all the data
points from 3 orchard locations during 2.5 to 5 months of storage showed
that they were negatively correlated (Figure 5.5).
The results on 'Anjou' pears, particularly the storage time sequence
of changes in ratios of conjugated trienes, appear to be at odd with the
tentative oxidative sequence hypothesized by Du and Bramlage (1993).
They suggested the mechanism series: a-farnesene ^ CT281 ■=> CT258 ^ ?
<=> Scald. Our data would appear to offer evidence that refutes that model
in favor of a more likely sequence: a-farnesene <=> CT258 ^ CT269 ^
CT281 => «=> Scald. However, since these absorption maxima are at this
time not yet assignable to specific structures of oxidized farnesene
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compounds, one speculation may be as good as another. Surely, as efforts
to isolate the intermediate compounds lead to better data, then a clearer
understanding will emerge.
Thus, higher ratios of CT258/CT281 with less scald incidence in fruit
from the mid and upper valleys than those from the lower valley were
observed throughout the storage period.
The impediment of the control points between a-farnesene and
unknown compound(s) leading to scald in 'Anjou' pears during storage
might be influenced by preharvest factors, especially temperature, during
fruit maturation. Mellenthin and Wang (1976) reported that 'Anjou' pears
exposed to the daily-hourly average (DHA) temperatures between 11.7 "C
and 13.9 0C in limb cages during 6 weeks before harvest developed the
least incidence of superficial scald (less than 10% scalded fruit) after
prolonged air storage at -1 0C as compared to those fruit exposed to higher
DHA regimes. In terms of apple fruit, Merrit et al. (1961) found that the
development of superficial scald on 'Stayman' apple was greatly reduced in
prolonged air storage when they were pre-exposed to 150 h below 10 0C
and scald was completely suppressed after apples were pre-exposed to 190
h below 10 0C before harvest. Similar reports on apples also showed
decreased scald incidence was associated with increased accumulation of
hours below 10 0C (Barden and Bramlage, 1994; Blampied et al., 1991,
Bramlage and Barden, 1989). The higher CT258/CT281 ratios associated
with lower scald incidence in 'Anjou' fruit grown in the higher elevations of
Hood River Valley might also be associated with the accumulated hours of
pre-harvest temperature below 10 0C.
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CT258/CT281 ratio of 'Anjou' pears harvested from 3 orchard
locations in the Hood River Valley district, Oregon during 2.5
to 5 months of storage in air at -1 0C.
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