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1-Methylcyclopropene Counteracts
Ethylene-Induced Microbial Growth
on Fresh-Cut Watermelon
BIN ZHOU, JAMES L. MCEVOY, YAGUANG LUO, ROBERT A. SAFTNER, HAO FENG, AND TONY BELTRAN

ABSTRACT: The effects of exogenous ethylene, 1-methylcyclopropene (1-MCP), or both on microbial growth on wa-
termelon fruit and watermelon slices were investigated. Freshly harvested seedless watermelons (Citrullus lanatus,
cv. Sugar Heart) were treated with 0.5 or 1.0 ppm 1-MCP, 10 ppm ethylene, 1-MCP + ethylene, or left untreated as
controls. Fruits were processed into wedge-shaped slices, packaged into rigid trays sealed with a polyethylene film
with a 29.2 pmol s−1 m−2 Pa−1 oxygen transmission rate. The slices were evaluated after 0-, 6-, and 12-d storage at 5 ◦C.
Ethylene treatment alone increased the populations of aerobic bacteria, lactic acid bacteria, and yeasts and molds on
the packaged slices during storage compared to those on corresponding control slices and resulted in extensive juice
leakage from the slices. The ethylene treatment also resulted in high aerobic bacterial counts throughout the flesh of
whole melons compared to the controls. Treating watermelons with 0.5 or 1.0 ppm 1-MCP prior to ethylene exposure
counteracted the deleterious effects of ethylene. Extending the time from harvest to 1-MCP treatment increased the
population of aerobic bacteria, but had no detectable effect on the growth of lactic acid bacteria or yeasts and molds.
The results indicate that low concentrations (0.5 or 1.0 ppm) of 1-MCP can be used on whole watermelon to avoid
deleterious effects of exogenous ethylene to which the melons could be exposed during shipping or storage.
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Introduction

The market for fresh-cut fruits increased significantly in the last
decade. The latest available watermelon sales data (for the year

2003) indicate that fresh-cut watermelon accounted for 46% of the
total watermelon sales that topped $1.5 billion (Natl. Watermelon
Promotion Board 2003). Like other fruit, fresh-cut watermelon dete-
riorates faster than the whole fruit due to the wounding that occurs
during processing (Watada and others 1990, 1996) as well as phys-
iological changes that occur postprocessing (Karakurt and Huber
2004; Mao and others 2004, 2006). Although watermelon is a noncli-
macteric fruit (Karakurt and Huber 2002) and usually produces little
ethylene (Elkashif and others 1989), its physiology and quality are
affected by low concentrations of exogenous ethylene to which the
watermelon may be exposed during transportation and storage. For
example, the ethylene produced by bananas stored nearby can have
severe consequences for whole watermelons according to the Natl.
Watermelon Promotion Board. Exogenous ethylene will induce pla-
cental tissue softening and water soaking, electrolyte leakage, rind
softening, and enhanced phospholipid degradation in watermel-
ons (Karakurt and Huber 2002; Mao and others 2004, 2006). These
changes will also likely condition watermelon tissues to be more
conducive to microbial growth, hastening the deterioration process.

The chemical 1-methylcyclopropene (1-MCP) is a potent antago-
nist to the action of ethylene and is useful in prolonging the quality
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of various fresh-cut fruits including apples (Jiang and Joyce 2002;
Perera and others 2003) and pineapples (Budu and Joyce 2003). At
low concentrations, 1-MCP appears to irreversibly bind to the ethy-
lene receptors of plant tissues resulting in ethylene insensitivity and
delaying or inhibiting ethylene-mediated ripening and senescence
processes of various fruits (Blankenship and Dole 2003; Mao and
others 2004). Although 1-MCP alone does not always maintain the
quality of some fruit, especially nonclimacteric fruit such as water-
melon (Ku and others 1999; Porat and others 1999; Pelayo and others
2003), 1-MCP can mitigate the deleterious effects of exogenous ethy-
lene and thereby delay the ripening process (Mao and others 2004;
Nilsson 2005). Since 1-MCP affects the ethylene-induced deteriora-
tion of watermelon (Mao and others 2004), 1-MCP will likely also
affect the subsequent growth of microbes on watermelon fruit and
slices.

The objectives of this study were to examine (1) the influence of
ethylene, applied to whole watermelon, on the microbial popula-
tions and water leakage of subsequently processed fresh-cut water-
melon stored in sealed packages at 5 ◦C and (2) the ability of 1-MCP
to counteract ethylene-induced effects. The effect of ethylene on
microbial populations of whole watermelons was also examined.

Materials and Methods

Fruit
Seedless watermelons (Citrullus lanatus, cv. Sugar Heart)

were harvested at the commercial maturity stage by a major
grower/packer in central Delaware, and immediately transported
to the ARS Beltsville Agricultural Research Center in Maryland. Un-
damaged watermelons were selected to meet size uniformity and the
selected fruit were stored at 20 ◦C until used for experimentation.
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Treatment with 1-MCP and ethylene
At 1 and 7 d after harvest, uniform sets of 20 watermelons were

treated with 0.5 or 1.0 ppm 1-MCP gas for 18 h at 20 ◦C or left un-
treated. Subsets (10 fruit) of the control and the 1-MCP-treated mel-
ons were then subjected either to exogenous ethylene treatment (10
ppm) for 5 d at 20 ◦C or air storage. The melons were stored an
additional 7 d in air at 20 ◦C prior to processing.

Processing of watermelons and storage
of fresh-cut slices

The melons were rinsed with tap water followed by two 1-min dips
with 100 ppm sodium hypochlorite (pH 6.5). With a sharp sanitized
custom-made knife, four 4-cm wide rings were latitudinally cut from
the center of the fruit. The rings were then processed into 6 equally
sized wedge-shaped slices. The slices were randomized and placed
(2 per container) in 13.5 cm×19 cm×4 cm rigid polypropylene trays
(Pactiv Corp., Lake Forest, Ill, U.S.A.) and sealed with a 29.2 pmol s−1

m−2 Pa−1 OTR film (Package Concept Corp., Salinas, Calif, U.S.A.).
The packaged slices were stored at 5 ◦C for subsequent evaluation.
Six replications (melons; trays) per treatment were evaluated.

Microbial analyses of packaged watermelon slices
On days 0, 6 and 12, tissue samples (25 g) were taken from the

melon slices and homogenized with 225 mL of sterile PBS (pH 7.0)
at 260 rpm in a stomacher 400 Biomaster (Seward Limited, London,
UK). The resultant slurry was filtered through sterile glass wool, se-
rially diluted with PBS as necessary, and then plated in duplicate
onto potato dextrose agar (PDA, Difco Lab, Sparks, Md., U.S.A.) sup-
plemented with chloramphenicol (200 µg mL−1), MRS (Difco Lab),
and tryptic soy agar (TSA, Difco Lab) using a spiral plater (Wasp
II Spiral Plater, DW Scientific, West Yorkshire, UK). After 24 (TSA)
or 48 to 72 h (PDA-chloramphenicol) of incubation at 30 ◦C in air
or 48 h (MRS) incubation at 30 ◦C under a modified atmosphere
(MA: 20 kPa CO2 and 5 kPa O2), plates were read with an auto-
mated plate counter (ProtoCOL, Synoptics, Cambridge, UK). Yeast
and mold counts from PDA-chloramphenicol plates, aerobic bac-
terial counts from TSA plates, and lactic acid bacterial counts from
MA-incubated MRS plates are reported as log cfu g−1.

Microbial analysis of whole watermelon treated
with ethylene or air

Aerobic bacterial populations in control and ethylene-treated
whole watermelons were examined after 7-d storage at 20 ◦C. Two
fruits from each treatment were surface sanitized and aseptically
quartered. A sterile 20-mm-dia cork borer was used to take a 100-
mm-long core from the fruit center outward to the rind. Cores were
segmented from the rind inward at depths of 10, 20, 40, and 100 mm.
Samples were collected in triplicate, weighed, and homogenized as
described above in the presence of 25 mL PBS, pH 7.4. Each ho-
mogenate was filtered through sterile glass wool and serially diluted
for spiral plating onto duplicate TSA plates. Plates were incubated
at 28 ◦C for 24 h and bacteria were enumerated as described above.

Juice leakage
Juice that had leaked from the watermelon slices during storage

was collected and the amount was determined using a graduated
syringe.

Statistical analysis
Data were analyzed using the General Linear Model procedure of

SAS (SAS Institute Inc., version 9.1, Cary, N.C., U.S.A.). Means were
separated with the Duncan’s multiple range test or t-tests (LSD).
Values were considered to be significant at P < 0.05.

Results

Microbial growth on watermelon slices
from untreated fruit

As shown in Figure 1, aerobic bacteria on packaged watermelon
slices grew at nearly a logarithmic rate during 12-d storage at 5 ◦C.
Bacterial populations increased significantly from < 2 log cfu g−1 on
the day of processing to > 7 log cfu g−1 after 12 d of storage. Lactic
acid bacteria and yeasts and molds grew at lower rates during storage
than aerobic bacteria. Populations of lactic acid bacteria and yeasts
and molds did not increase significantly from day 0 to day 6. By
day 12 both of these microbial groups displayed significant growth,
increasing from < 2 to approximately 3 and 4 log cfu g−1 for lactic
acid bacteria and for yeasts and molds, respectively.

Ethylene treatment of whole watermelons on juice
leakage and microbial growth on subsequently
processed and packaged slices

At the time of fresh-cut processing, populations of aerobic bacte-
ria, lactic acid bacteria, and yeasts and molds from ethylene-treated
fruit were not significantly different than those from control fruit
(Figure 2). However, significantly higher populations of all microbes
examined were noted on the ethylene-treated tissue after 6-d stor-
age at 5 ◦C. After 12-d storage the populations of aerobic and lactic
acid bacteria were significantly higher (by approximately 2 log units)
in the slices from ethylene-treated fruit compared to the controls.
No significant differences were noted in yeast and mold populations
at day 12. The 10 ppm ethylene treatment induced excessive juice
leakage from the watermelon slices while no leakage was noted in
control slices (Table 1).

1-MCP treatment of whole watermelons
on microbial growth of subsequently processed
and packaged slices

Treatments of whole watermelons with 1-MCP alone did not af-
fect microbial populations on subsequently processed and pack-
aged slices compared to those on slices processed from control
fruit (Figure 3). No significant differences were detected between
the 0.5 ppm and 1.0 ppm 1-MCP treatments throughout the dura-
tion of the experiment.
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Figure 1 --- Microbial growth on packaged watermelon
slices processed from control watermelons during stor-
age at 5 ◦C. Error bars represent standard errors of the
means.
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Ethylene treatment without and with prior 1-MCP
treatment of whole watermelons on juice leakage and
microbial growth of subsequently processed and
packaged slices

Microbial populations of aerobic bacteria, lactic acid bacteria,
and yeasts and molds were smaller in ethylene-treated watermelon
tissue that had been treated with 0.5 or 1.0 ppm 1-MCP compared
to those treated with ethylene alone (Figure 4). On the day of pro-
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Figure 2 --- Effect of ethylene treatment of whole water-
melons on microbial growth of subsequently processed
and packaged watermelon slices stored at 5 ◦C. Un-
treated (control); treatment with 10 ppm ethylene for 5 d
at 20 ◦C (ethylene). Error bars represent standard errors
of the means.

Table 1 --- Juice leakage from packaged watermelon slices

Treatmenta Storage day Juice leakage (mL)

0 0
Control 6 0

12 0
0 0

Ethylene 6 6.33 ± 1.81
12 12.18 ± 4.47

0 0
0.5 ppm 1-MCP + ethylene 6 0

12 0
0 0

1.0 ppm 1-MCP + ethylene 6 0
12 0

aControl = untreated; ethylene = treatment with 10 ppm ethylene for 5 d at
20 ◦C; 0.5 ppm 1-MCP + ethylene = treatment with 0.5 ppm 1-MCP for 18 h at
20 ◦C prior to treatment with 10 ppm ethylene; 1.0 ppm 1-MCP + ethylene =
treatment with 1.0 ppm 1-MCP for 18 h at 20 ◦C prior to treatment with 10 ppm
ethylene.

cessing, aerobic bacterial populations were significantly smaller (by
about 2 logs) in the 1-MCP + ethylene-treated tissues compared to
the ethylene-treated tissues, irrespective of 1-MCP concentration
applied. Populations of yeasts and molds and lactic acid bacteria in
slices from 1-MCP + ethylene-treated fruits were not significantly
different from those in slices from ethylene-treated fruits on the day
of processing. However, populations of all microbial groups exam-
ined were significantly smaller in the slices from 0.5 ppm 1-MCP-
treated fruits after 6-d storage at 5 ◦C compared to those in slices
from fruits treated with ethylene alone. After 12 d of storage signifi-
cant differences among the treatments were seen with populations
of aerobic bacteria and yeasts and molds but not lactic acid bacteria.
Juice leakage normally induced by ethylene was prevented by either
0.5 or 1.0 ppm 1-MCP (Table 1).
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Figure 3 --- Effect of 1-MCP treatment of whole watermel-
ons on initial microbial populations of subsequently pro-
cessed and packaged watermelon slices. Untreated (con-
trol); treatment with 1-MCP (0.5 ppm 1-MCP or 1.0 ppm
1-MCP) for 18 h at 20 ◦C. Error bars represent standard
errors of the means.
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Time from harvest to 1-MCP treatment of whole
watermelons on microbial populations of
subsequently processed and packaged slices

At 6 and 12 d after processing, the populations of aerobic bacteria
on watermelon slices prepared from fruit treated with 1-MCP 1 wk
after harvest were significantly larger (by about 1 log) than the pop-
ulations on slices from fruit treated 1 d after harvest (Figure 5). No
significant differences, however, were noted in the lactic acid bac-
teria or the yeast and mold populations between the 2 treatments.

Ethylene treatment of whole watermelons on
microbial populations within whole fruits

Treating whole watermelons with 10 ppm of ethylene resulted in
significant aerobic bacterial growth (2.8 to 3.4 log cfu g−1) through-
out the tissues within 7 d of storage at 20 ◦C when compared to
air-treated controls. Bacteria in the controls (approximately 3.7 log
cfu g−1) were only found within the first 10 mm of rind tissue and
not beyond. The ethylene-treated tissues harbored approximately 3
log cfu g−1 to a depth of at least 100 mm.

Figure 4 --- Effect of ethylene treatment without and with
prior 1-MCP treatment of whole watermelon on microbial
growth of subsequently processed and packages slices
stored at 5 ◦C. Control treatment with 10 ppm ethylene for
5 d at 20 ◦C (ethylene); treatment with 0.5 ppm (0.5 ppm
1-MCP + ethylene) or 1.0 ppm (1.0 ppm 1-MCP + ethylene)
of 1-MCP for 18 h at 20 ◦C prior to treatment with 10 ppm
ethylene.

Discussion

In the commercial produce industries, various fruits are of-
ten stored together during the transport and marketing period.

Ethylene-induced effects need to be considered in such instances.
During this period, nonclimacteric fruit such as watermelon may
become exposed to ethylene being emitted from nearby climac-
teric fruit as well as from other sources such as the exhaust from
diesel-powered forklifts. Exogenous ethylene can cause physiologi-
cal disorders in watermelon fruit, inducing softening, water soaking,
and other physiological characteristics (Mao and others 2006) that
may stimulate microbial growth and fruit spoilage. As is evident
from our results, ethylene induced both juice leakage and increased
microbial growth in fresh-cut watermelon. Furthermore, ethylene
exposure resulted in aerobic bacterial growth throughout the flesh
of whole watermelon indicating that the microbes can breach the
softened rind of the ethylene-exposed fruit. Our results also indi-
cated that these negative effects of ethylene on watermelon quality
can be avoided by treating fruit with low (0.5 or 1.0 ppm) concen-
trations of 1-MCP immediately after harvest and before the fruits
are exposed to ethylene during transport and marketing. Mao and
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Figure 5 --- Effect of time period between harvest and 1-
MCP treatment of whole watermelons on microbial pop-
ulations of subsequently processed and packaged slices
during storage at 5 ◦C. Treatment with 1-MCP 1 (Treat-
ment 1) or 7 (Treatment 2) d after harvest. Error bars rep-
resent standard errors of the means.
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others (2004) reported that exposure of watermelons to 10 ppm
of 1-MCP for 18 h completely suppressed ethylene-induced soft-
ening, electrolyte leakage, and loss of extractable juice. Our find-
ings indicated that even lower concentrations of 1-MCP are suf-
ficient to avoid watermelon tissue damage and microbial growth
associated with ethylene exposure. Treatment with 1-MCP will
likely maintain quality and shelf stability of whole and fresh-cut
watermelon.

In this study, we concluded that 1-MCP alone had no direct effect
on the growth of microbes. However, 1-MCP did effectively counter-
act the ethylene-induced population increases of aerobic and lactic
acid bacteria as well as yeasts and molds on watermelon slices. These
results suggest that 1-MCP acts indirectly, likely by blocking ethylene
action and the resultant physiological effects in watermelon tissues,
to inhibit growth of a variety of microbes on watermelons. This wide
spectrum of growth inhibition is preferred since the makeup of the
microbial communities present on fresh-cut watermelon may be as
important as the microbial populations in influencing the quality of
the product over time.

Extending the time period from harvest to 1-MCP treatment re-
sulted in moderately increased aerobic bacterial populations on
subsequently processed watermelon slices while not significantly
affecting lactic acid bacteria or yeast and mold populations. Thus
the timing of 1-MCP treatment made little difference in the overall
microbial populations as long as the treatment occurred prior to
ethylene exposure.

Although there are no set US governmental limits on acceptable
microbial populations on fresh-cut fruit such as watermelon, the
growth and metabolism of microbes are key factors known to nega-
tively affect the quality and shelf stability of fresh-cut produce.

Conclusion

Low dosage 1-MCP treatments of whole watermelon had no di-
rect effect on microbial quality in subsequently processed wa-

termelon slices. Treatment of whole watermelons with 1-MCP prior

to ethylene exposure did effectively counteract ethylene-induced
population increases of aerobic and lactic acid bacteria as well as
yeasts and molds. Therefore, in a postharvest setting it may be ben-
eficial to use low concentrations of 1-MCP as a quality assurance
treatment to avoid the deleterious effects of possible ethylene expo-
sure during storage or transport.

References
Blankenship SM, Dole JM. 2003. 1-Methylcyclopropene: a review. Postharvest Biol

Technol 28:1–25.
Budu AS, Joyce DC. 2003. Effect of 1-methylcyclopropene on the quality of minimally

processed pineapple fruit. Aust J Exp Agric 43:177–84.
Elkashif M, Huber DJ, Brecht JK. 1989. Respiration and ethylene production in har-

vested watermelon fruit: evidence for nonclimacteric respiratory behavior. J Am
Soc Hort Sci 114:81–5.

Jiang Y, Joyce DC. 2002. 1-Methylcyclopropene treatment effects on intact and fresh-
cut apple. J Hort Sci Biotechnol 77:19–21.

Karakurt Y, Huber DJ. 2002. Cell wall degrading enzymes and pectin solubility and
depolymerization in immature and ripe watermelon (Citullus lanatus) fruit in re-
sponse to exogenous ethylene. Physiol Plant 116:398–405.

Karakurt Y, Huber DJ. 2004. Ethylene-induced gene expression, enzyme activities, and
water soaking in immature and ripe watermelon (Citrullus lanatus) fruit. J Plant
Physiol 161:381–8.

Ku VVV, Wills RBH, Yehoshua B. 1999. 1-Methylcyclopropene can differentially affect
the postharvest life of strawberries exposed to ethylene. HortScience 34:119–20.

Mao L, Karakurt L, Huber DJ. 2004. Incidence of water-soaking and phospholipid
catabolism in ripe watermelon (Citrullus lanatus) fruit: induction by ethylene and
prophylactic effects of 1-methylcyclopropene. Postharvest Biol Technol 33:1–9.

Mao L, Jeong J, Que F, Huber DJ. 2006. Physiological properties of fresh-cut water-
melon (Citrullus lantus) in response to 1-methylcyclopropene and post-processing
calcium application. J Sci Food Agric 86:46–53.

Natl. Watermelon Promotion Board. 2003. Available from: http://www.watermelon.
org. Accessed 2005 Dec 14.

Nilsson T. 2005. Effects of ethylene and 1-MCP on ripening and senescence of European
seedless cucumbers. Postharvest Biol Technol 36:113–25.

Pelayo C, Vilas-Boas EVDB, Benichou M, Kader AA. 2003. Variability in responses of
partially ripe bananas to 1-methylcyclopropene. Postharvest Biol Technol 28:75–85.

Perera CO, Balchin L, Baldwin E, Stanley R, Tian M. 2003. Effect of 1-
methylcyclopropene on the quality of fresh-cut apple slices. J Food Sci 68:1910–4.

Porat R, Weiss B, Cohen L, Daus A, Goren R, Droby S. 1999. Effects of ethylene and 1-
methylcyclopropene on the postharvest qualities of ‘Shamouti’ oranges. Postharvest
Biol Technol 15:155–63.

Watada AE, Abe K, Yamauchi N. 1990. Physiological activities of partially processed
fruit and vegetables. Food Technol 116:120–2.

Watada AE, Ko NP, Minott DA. 1996. Factors affecting quality of fresh-cut horticultural
products. Posharvest Biol Technol 9:115–25.

M184 JOURNAL OF FOOD SCIENCE—Vol. 71, Nr. 6, 2006 URLs and E-mail addresses are active links at www.ift.org


