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Abstract. Respiration, C
2
H

4
 production, lipid composition, and electrolyte leakage were monitored during ripening of two

nonnetted muskmelon (Cucumis melo L.) varieties differing in their storage life: ‘Clipper’ (a long-storage-life variety) and
‘Jerac’, which was used as a control. Respiration rates were comparable in both varieties. Although ‘Jerac’ exhibited norma
climacteric C

2
H

4 
production, ‘Clipper’ continued to produce significant amounts of C

2
H

4
 until senescence. Electrolyte leakage

increased with ripening and was always higher in ‘Jerac’. The loss of membrane integrity seems to be related to changes
the lipid composition due to a breakdown of phospholipids, an increase of sterol synthesis, and an increase in fatty a
saturation. On the contrary, in ‘Clipper’, the absence of a major change in sterol and phospholipids content and the high leve
of fatty acid unsaturation suggest that membrane permeability is not greatly affected during ripening. This is consistent with
the low loss of solutes measured and may delay senescence in ‘Clipper’ fruit.
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In most climacteric fruit like muskmelon, ripening is associa
with increased respiration and C2H4 biosynthesis and is accomp
nied by many visual and physiological changes (Brady, 19
This process is now considered as a phase of reorganization
than disorganization of tissues because it is the result o
synthesis and degradation of cell components (Romani, 198

Among the mechanisms involved in fruit ripening, change
membrane structure play an important role because they le
increased the membrane permeability and alter the activi
membrane-bound enzymes.

Changes in membrane function have been followed in tom
tissues (Güçlü et al., 1989), in apple microsomal fractions (Lurie
Ben-Arie, 1983), or in apple isolated membranes (Lurie et al., 1
and corresponded, at least in part, to changes in lipid compos
These authors reported a correlation between changes in lipid
position, particularly in the sterol–phospholipid ratio and memb
permeability. However, in muskmelons, Lester and Stein (1
showed that biochemical changes that affect membrane lipid co
sition could influence storage life.

Therefore, the purpose of this work was to follow C2H4 synthesis,
CO2 production, and changes in the lipid composition of meso
tissues in two nonnetted muskmelon varieties differing in storage
‘Clipper’ a long storage variety (>14 days) and ‘Jerac’ (<7 da
which was used as a standard. Ethylene and CO2 were used as
physiological ripening markers. Moreover, we proposed to corr
these metabolic events to their storage life and to compare chan
lipid composition with changes in membrane permeability.

Materials and Methods

Plant material. Nonnetted muskmelons were grown in a gre
house. Plant flowers were hand-pollinated and two fruit per p
were allowed to develop. ‘Clipper’, type Vauclusien (Nunhem
Netherlands), and ‘Jerac’ (Tezier, France) muskmelons wer
tained from Eyragues (France) and harvested at the beginn
nd
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physiological maturity (about 37 days after full bloom). Fru
classified at maturity were green-yellow. The fruit were weigh
and stored in a room held at 25C, 85% relative humidity (RH). 
data are means from five experiments (an experiment corresp
ing to a growing). For each experiment, five assays were run w
five fruit per assay and variety.

Determining C2H4 and CO2 production. Ethylene and CO2
production were measured following Güçlü et al. (1989). Fr
from each variety were sampled for analysis each day or as nee
and their CO2 and C2H4 evolution were determined by enclosin
each fruit in a 3-liter jar. Samples were drawn from the contai
atmosphere after 1 h and analyzed for CO2 using a Girdel gas
chromatograph (GC) (Suresnes, France) with a catharomete
tector. The carrier gas was argon (30 ml·min–1). The detector
temperature was 40C and the oven temperature was 35C. 
were expressed as ml CO2/kg fresh weight per h. Ethylene in ga
samples was analyzed by GC (Shimadzu CR6A) equipped wi
Porapak T column (60 × 0.32 cm) at 80C with a N2 carrier at 20
ml·min–1 and a flame ionization detector (FID). Oven temperatu
was held at 70C. For measuring CO2 and C2H4 production on fruit
attached to plants, fruit were enclosed in a hermetically sea
plastic bag, Data were expressed as µl C2H4/kg fresh weigh per h.

Isolating microsomes. Five grams of mesocarp pulp was homo
enized with a Turrax homogenizer in 150 ml EPPS, pH 8.5 (Droill
et al., 1987). The homogenate was filtered through five layers
Miracloth and centrifuged at 12,000× g for 30 min. The supernatan
was then centrifuged at 130,000× g for 1 h to obtain microsomal
membrane pellets that were resuspended in 2 mM EPPS, pH 8.5.

Determining electrolyte leakage. Ten hypodermal-mesocarp
discs (10 mm wide, 2 mm thick) were incubated in 50-ml Erlen
eyer flasks at 20C in 25 ml 0.6 M sorbitol and 10 mM potassium
phosphate, pH 6 (Lester, 1990; Lurie and Klein, 1990). T
conductivity of the solution was measured at time 0 and after
using a radiometer conductometer (Copenhagen, Denmark). T
electrolytes were determined in the same solution after mixing
discs with a Turrax homogenizer (Janke & Kunkel, Germany) a
then filtering through two layers of Miracloth. Results are e
pressed as percentage of total electrolytes.

Analyzing lipids. Lipids were extracted according to Bligh an
Dyer (1959) from lyophylized samples in 0.8 water : 1 chlorofor
: 2 methanol (by volume).

Aliquots from the total lipid fraction were taken for analyzin
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total phospholipid content. Phospholipids were determined c
rimetrically by P analysis according to Ames (1966), and 
results were expressed in mg·g–1 dry weight. Fatty acids were
measured in the phospholipid fraction isolated from the total l
extract by thin-layer chromatography using 80 hexane : 20 et
1 acetic acid (by volume). The part containing phospholipids 
removed, eluted with 1 chloroform : 1 methanol (by volume), d
under N2, and then methylated. The fatty acid methyl esters wer
analyzed on a GC–FID (Delsi 700, Suresnes, France) usi
superox column (Alltech, Paris, France) 30 m long and 0.25 m
diameter. The carrier gas was H2. The detector temperature w
250C and the injector temperature was 240C. The temper
program was 180 to 240C, 4C/min. Reference methylated fatt
acids were run for identification purposes.

Total sterols were isolated from the total lipid fraction acco
ing to the method of Grunwald (1970) after incorporating betul
as an internal standard. Sterols purified by TLC were acetyl
and analyzed on the GC–FID using a DB 1 column (Alltech, P
France) 30 m long and 0.25 mm in diameter. Column ov
injector, and detector were 280 (isothermal), 300, and 3
respectively. Carrier gas flow rate was 1.1 ml·min–1. Retention
times were compared with authentic cholesterol, campest
stigmasterol, and sitosterol standards.
J. AMER. SOC. HORT. SCI. 121(3):554–558. 1996.
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Fig. 1. Changes in CO2 level during ripening of nonnetted muskmelons. Data sho
are means of five experiments and 95% confidence limits. The lines with
symbols represent experiments on attached fruit.
lo-
the

pid
er :
as

ied

g a
 in

s
ture

rd-
ol
ted
ris,
en,
0C

rol,

Results

Respiration rate and C2H4 production. Both varieties exhibited
a climacteric increase in CO2 production (Fig. 1) followed by a rise
in C2H4 biosynthesis (Fig. 2). There was no difference in C2H4 and
CO2 production between attached and detached fruit except
both were slightly delayed in detached fruit. The onset of 
climacteric occurred by day 3 and CO2 production reached a
maximum between day 5 and 7 with about 30 to 40 ml·kg–1·h–1. At
the start of experiments, small amounts of C2H4 were detected.
These amounts were always higher in ‘Jerac’. Ethylene le
increased some days later in parallel with the onset of 2
production. The maximum values were reached on about da
In ‘Jerac’, C2H4 production decreased after day 12, this charac
izes the postclimacteric phase. ‘Clipper’ continued to prod
appreciable amounts of C2H4 after the climacteric increase unt
fruit senescence.

Electrolyte leakage. Electrolyte leakage is a predictive measu
of muskmelon maturation and mesocarp membrane permeab
In both varieties, electrolyte leakage, assayed in sorbitol osm
cum, increased with fruit ripening (Fig. 3). However, the loss
solutes was always greater in ‘Jerac’ than in ‘Clipper’, especi
in the postclimacteric stage.

Lipid composition. Total sterol content was always higher 
555
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Fig. 2. Changes in C2H4 production during ripening of nonnetted muskmelons. Data
shown are means of five experiments and 95% confidence limits. Arrows indicate
ripening stage: 1 = preclimacteric stage; 2 = climacteric stage; 3 = postclimacteric
stage. The lines without symbols represent experiments on attached fruit.
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Fig. 3. Efflux of electrolytes into 0.6 M sorbitol solution from hypodermal mesocar
tissues of nonnetted muskmelons. Data shown are means of five experimen
95% confidence limits.
‘Jerac’ than in ‘Clipper’ (1.5-fold), and there was a substan
increase in the former between the preclimacteric and climac
stages (Table 1), while in the latter the sterol level rema
constant. Phospholipid content was similar in both varieties a
onset of ripening, but decreased in ‘Jerac’ during the climac
and postclimacteric stages. As a result of the inverse chang
amounts of sterol and phospholipids in ‘Jerac’, the sterol–p
pholipid ratio increased during the maturation while in ‘Clipper
did not change consistently.

For both varieties, the major free fatty acids were C16:0; C1
C18:1; C18:2; and C18:3. C16:0 increased as the fruit ripene
‘Jerac’ and ‘Clipper’, while C18:2 increased in the former a
decreased markedly in the latter (Table 2). The main cha
occurred in ‘Clipper’ between the preclimacteric and postclimact
stages in C18:2 and C18:3 fatty acids; there was a concom
increase in C18:2 and decrease in C18:3.

Some indications about the membrane fluidity could be 
tained by expressing the results as various ratios usually us
characterize the saturation of fatty acids (Lurie and Ben A
1983). The double-bond index showed little differences from s
to stage of ripening (Table 3), and the saturated to unsaturated
acid ratio remained relatively constant in both varieties. Howe
the ratio linolenic (C18:3) to linoleic (C18:2) acid increased
‘Clipper’ as fruit ripened. This ratio decreased consistently
‘Jerac’ falling by 50% at the postclimacteric stage.
556

Table 1. Sterol and phospholipid content in the microsom
ripening. Means of five experiments ±SE.

Ripeness Sterol
stage (mg·g–1 dry wt)

Je

Preclimacteric 0.35 ± 0.05
Climacteric 0.60 ± 0.07
Postclimacteric 0.70 ± 0.05

Clip

Preclimacteric 0.32 ± 0.02
Cclimacteric 0.30 ± 0.05
Postclimacteric 0.35 ± 0.03
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Discussion

As usual in climacteric fruit, both muskmelon varieties we
characterized by transient increases in respiration (Fig. 1), wh
coincided with an increase in C2H4 biosynthesis (Fig. 2) under all
experimental conditions. In contrast, Shellie and Saltveit (19
have shown on other muskmelon varieties that fruit attached to
plant did not exhibit an increase in respiration. These auth
concluded that the increase in CO2 production may be a conse
quence of harvest and that the peak in C2H4 biosynthesis might
provide a better characterization of climacteric or nonclimacte
fruit. Our results show that the pattern for C2H4 biosynthesis was
slightly different in both varieties and indicated that there is so
dissociation of the C2H4 burst and the climacteric event as pointe
out by Güçlü et al. (1989) for tomatoes. Although ‘Jerac’ exhibit
a pattern of climacteric fruit—an increase of C2H4 production
followed by a drop, ‘Clipper’ maintained high C2H4 synthesis until
senescence, suggesting that C2H4 biosynthesis is not closely re-
lated to muskmelon storage life. This lack of correlation betwe
C2H4 production and storage life has also been reported by Ken
and Ng (1988), who showed differences in rates of C2H4 produc-
tion in netted and nonnetted melons and concluded that C2H4
production is genetically controlled. In the same way, Gussma
al. (1993) reported that long-storing apple genotypes produ
considerable amounts of C2H4 during ripening.

An indication of the extent of any membrane perturbation w
followed by measuring total electrolyte leakage from similar s
of pulp discs. The general increase in electrolyte leakage (Fig
in ‘Jerac’ reflects an increase in membrane permeability dur
ripening and reflects a loss of the mesocarp integrity. In app
Lurie and Ben Arie (1983) reported similar increases in permea
ity between the preclimacteric and climacteric stages, wh
coincided with increased membrane microviscosity. The low a
constant loss of solutes in ‘Clipper’ suggests that membr
integrity is not affected at least during the major part of t
ripening.

Changes in the membrane permeability are strongly relate
changes in the composition of the lipid matrix. During the sen
cence of rose petals, Borochov et al. (1982) have shown a rela
ship between an increase in the sterol–phospholipid ratio an
decrease of membrane fluidity. In apples, changes in the integ
of microsomal membranes are correlated with increased con
tration of total free sterol and increased fatty acids saturation le
of phospholipids (Lurie et al., 1987). A substantial increase of 
total sterol content has also been reported in tomato (Whita
1988). It seems that sterol rigidifies the unsaturated acyl chain
phospholipids inducing a gel phase formation in the membrane

p
ts and
J. AMER. SOC. HORT. SCI. 121(3):554–558. 1996.

al fraction of the mesocarp tissues of nonnetted muskmelons during

Phospholipid Sterol–phospholipid
(mg·g–1 dry wt) ratio

rac

2.25 ± 0.15 0.15
1.65 ± 0.09 0.36
1.35 ± 0.06 0.52

per

1.85 ± 0.05 0.17
1.70 ± 0.08 0.18
1.70 ± 0.07 0.20
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Table 2. Changes in fatty acid content of the phospholipids in the microsomal fraction of muskmelon mesocarp during ripening. Means of five
experiments, SE in parentheses.

Saturated-to- Double-
Ripeness Fatty acids (%) unsaturated bond 18:3/

stage 16:0 18:0 18:1 18:2 18:3 ratio index  18:2
Jerac

Preclimacteric 23 4 20.5 19 31 0.37 1.51 1.63
(1.8) (0.4) (1.9) (1.3) (2.2)

Climacteric  26 3.5 21 24 22 0.44 1.35 0.92
(2) (0.3) (1.5) (1.6) (2)

Postclimacteric 27 3.5 20 30 16 0.46 1.28 0.53
(2.1) (0.2) (1.1) (1.6) (0.9)

Clipper

Preclimacteric 22 2.5 20 28 24 0.34 1.48 0.86
(1) (0.2) (1.1) (1.7) (1.5)

Climacteric  24 2 19.5 23 28 0.37 1.49 1.22
(1.5) (0.2) (1.5) (1.4) (1.7)

Postclimacteric  26 2 18 19 31.5 0.41 0.87 1.66
(1.9) (0.1) (1.2) (0.9) (1.7)
an increase in membrane permeability. In netted muskme
plasma membrane (Lester and Stein, 1993), the loss of memb
permeability was associated with increased total free ste
phospholipid ratio and increased fatty acid saturation level. 
results show that in nonnetted muskmelons, there are also cha
in the lipid components of the mesocarp microsomal membra
during ripening (Tables 1 and 2). However, our conclusions
based on the assumption that data obtained with microso
membranes of muskmelon are indicative of changes in wh
membrane lipid level. It is not ruled out that changes in a spe
membrane do not appear with experiments on overall membra
In ‘Jerac’, the increase of membrane permeability may be rel
to a concomitant elevation of the sterol level and a breakdow
phospholipids (Table 1). Moreover, the slight decrease in the 1
18:2 ratio particularly between the preclimacteric and climacte
stages (Table 2) reflects an increase in the fatty acid saturation
could contribute to the loss of membrane fluidity. The behavio
the lipid composition in ‘Clipper’ was unusual in a senescing org
since the sterol–phospholipid ratio was constant and the degr
saturation of fatty acid decreased tending to increase the m
brane fluidity. Indeed, a similar behavior of the lipid compositi
has been described in potato tubers since increased degr
unsaturation of membrane fatty acids in response to low temp
ture appeared to increase membrane permeability during sto
but it was a beneficial acclimation response and not a senesc
process (Spychalla and Desborough, 1990). Here, the absen
major change in sterol and phospholipids content and the high 
of fatty acid unsaturation in ‘Clipper’ suggest that membra
permeability is not really affected during the ripening. This
consistent with the low loss of solutes measured and could con
ute to the long storage life of ‘Clipper’. Furthermore, the main
nance of membrane integrity could explain the high C2H4 produc-
tion until senescence since there is evidence (Field, 1981; Ma
and Kende, 1986; Bouzayen et al., 1990) that ACC oxidase
enzyme that converts ACC to C2H4, requires tonoplast and plasma
lemma integrity. ACC oxidase activity may be, in some aspec
measure of relative membrane integrity.

In conclusion, our results agree with the idea that ripening 
senescence are the result of lipid changes. It seems tha
nonnetted muskmelons, changes in membrane lipid compos
J. AMER. SOC. HORT. SCI. 121(3):554–558. 1996.
associated to a gel phase formation in the membrane ma
responsible for the loss of membrane permeability and, con
quently, affect postharvest storage life. Moreover, this opens
way to elucidating the significance of C2H4 production in ‘Clipper’
and to understanding the role of C2H4 as a trigger to the ripening
process. Further work should also be to understand the mecha
involved in the membrane protection during ripening.
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