
EFFECTS OF ETHYLENE ON THE OUALITY
OF FRUITS AND VEGETABLES

ALLEY E. WATADA

! ETHYLENE, a 2-carbon volatile, is produced endoge-
nously by perhaps all plants and their organs. At concentra-
tions as low as 0.1 pL/L, ethylene can induce a wide array of
physiological responses, including altered geotropic growth,
abscission, ripening, senescence, and physiological disorders.
These responses can be beneficial or detrimental, depending
upon the response and one's need.

Use of Ethylene
As described by Abeles (1973), interest in ethylene dates

back to at least 1864, when Girarden reported that gas from
gas lamps caused injuries and defoliation of trees. In 1901,
Neljubov identified ethylene as a component of the illumi-
nating gas. Crocker and Knight reported in 1908 that ethyl-
ene and illurninating gas induced same physiological
responses in flowers. In 1912, Sievers and True showed that
color development of lemon was induced by the gaseous
product of a kerosene heater. Gane (1934) showed that the
gaseous product from the heater contained ethylene, and
Denny (1924) demonstrated that coloration of lemons can be
induced with ethylene.

Harvey (1925; 1928) conducted a comprehensive study on
the use of ethylene to blanch celery and to ripen bananas,
pineapples, dates, persimmons, tomatoes, hard pears (proba-
bly winter pears), apples, muskmelons, honeydew melons,
casaba melons, mangoes, avocados, papayas, custard apples,
and jujubes. Harvey indicated that loss of chlorophyll, devel-
opment of ripening color, softening of tissue, removal of
tannins, development of flavor, increase in sweetness, and
early proteoclastic enzyme activity occurred when these
fruits were exposed to ethylene.

The amount of endogenous ethylene produced by plant
tissue generally increases autocatalytically at a specific stage
of growth or development to initiate a physiological response.
Application of exogenous or supplemental ethylene to a plant
tissue prior to the autocatalytic increase will generally ini-
tiate the physiological response as well as the increase in
ethylene production.

Today, supplemental ethylene is commonly used to induce
ripening of avocado, bananas, mangoes, tomatoes, and honey-
dew melons; degreen citrus fruits (except lime) for fresh
market; and induce softening of freestone peaches and pears
destined for processing. Mature-green tomatoes are treated
at shipping point with 100 ppm, and in some instances 1,000
ppm, ethylene for 24-48 hr at 20-25oC and 85-909" relative
humidity (Gull, 1981). Although 1-10 ppm ethylene is suffi-
cient to induce ripening, higher concentrations are used to
ensure treatment of fruits located in the center of the
container and pallets, and to compensate for leakage of
ethylene out of the treatment rooms. Because high levels of
cariron dioxide inhibit ethylene action on ripening, the
recommended treatment procedure is to keep the CO2 from
accumulating beyond 49'o during treatment, and to keep it
below 2 9o after the treatment. Honeydew melons will ripen
with 10 ppm ethylene, but commercially they are treated
with 1,000 ppm ethylene for 18-24 hr (Redit, 1969). The
fruits are generally examined after 24 hr of ethylene treat-
ment and, if adequate ripening is not noted, may be given a
reoeated ethvlene treatment.
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Citrus fruits that develop early in the season usually
become edible when the skins are still green, so they are
treated with ethylene to accelerate chlorophyll degradation
and appearance of yellow and orange colors. For degreening,
ethylene is metered into storage rooms at a rate to maintain
the concentration at 1-5 ppm. A temperature of 28-29oC and
relative humidity of 90-969i, are recommended (Wardowski
and McCornack, 1979). Ventilation of storage rooms with
fresh air after ethylene treatment is essential because the rate
of degreening is reduced if the concentration reaches 0.197,
and will stop at 1.0fi or above. Ethylene increases decay of
citrus: therefore, concentrations above 5 ppm are avoided,
and the exposure time is kept to a minimum.

Bananas are treated with ethylene at the wholesale market
or distribution center rather than at the shipping point. This
practice is necessary because the transit period from the
shipping point to the distribution center exceeds by far the
ripening time of ethylene-treated bananas. Ripening of
bananas can be hastened with only 1 ppm ethylene; however,
commercially, 100-1,000 ppm is used for a 12- to 24-hr
period. During treatment, the recommended temperature is
18-24'C and the relat ive humidity 90-959i.

Application of Ethephon
In the early 1960s, various compounds were evaluated

which would release ethylene after the compound was
applied to the plant t issue (de Wilde, 1971). From these
studies evolved the compound (2-chloroethyl)phosphonic
acid, also known as ethephon, which is now widely used.
Ethephon is applied on growing plants to regulate flowering,
to induce abscission of leaves and fruits, and to hasten
ripening processes. It is used on the following horticultural
crops to regulate their harvest:

o Apples. Ethephon is used to hasten ripening of early-
season market apples, although the use dilTers among the
various regions of the United States. In the southern region
along the Appalachian foothills, approximately 609i, of the
Delicious and 109i, of Stayman and Rome apples are sprayed
with ethephon. Delicious apples grown in the Northwest are
also treated with ethephon, but the chemical is applied only
to a very small percentage of the total acreage. In the
Northeast, about 1'li of the Mclntosh apples are sprayed
with etheohon. and in the Midwest the Polar Red cultivars
are treated. Because etheohon hastens maturitv and soften-
ing, treated fruits are not-held for long-term storage.

o Cherries. The use of ethephon on cherries to induce
abscission of fruit allows effective machine harvesting of the
total load on trees. In the Midwest, approximately 90?c of
sweet cherries and 25,c'; of sour cherries that are harvested
mechanically are sprayed with ethephon. In the Northwest, it
is used only on sour cherries.

o Blueberries. Ethephon hastens the ripening of blue-
berry fruit, but is used only on a very small percentage of the
crop to aid in the last harvest of the season. It can also be
usea to cause abscission of the fruit of the weed black
barrenberry that grows interpersed with lowbush blueberries
(Ismail, 1974). The fruit of black barrenberry is similar to
blueberry in appearance and time of maturity, so the barren-
berry fruit can cause adulteration of the blueberry product.

o Figs. Ethephon hastens the ripening of figs and hence
shortens the harvesting period. It is currently used on 50cti of
the total Calmyrna figs, which constitute slightly over half of
al l  t igs grown in Cali fornia.
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o.Granqs.-_{,pproximately 20o/a of the grapes grown for
raisins in California are sprayed with ethephirn t6 increase
sugar content and hasten maturity. With a few fresh-market
grapes such as Emperor and Flame Seedless. it is used to
enrich the anthocyanin content.

o Walnuts. Ethephon is used on walnuts when the kernel
and hull are not developing simultaneously, or when wet
weather is anticipated during harvest. If the temperature is
very high during the growing period, the kernel develops
faster than the hull, and if the harvest is delaved until the
hull dehisces, the kernel will be overmature and of low
quality. Application of ethephon will cause abscission of the
nut and dehiscence of the hulls when the quality of the kernel
is at its optimum.

o Tomatoes. E-thephon is used to hasten the ripening of
approximately 4O% of the 240,000 acres of tomatoes srown
for processing in Cali fornia. I t  is used when plants sche?uled
for early harvest are planted late or develop ilowly because of
cool wet weather, or when cool wet weather is predicted at
the end of the season, which can affect tomato quality. On the
coastal regions, ethephon might be used to abscise some of
the leaves to allow air circulation within the plant and reduce
the opportunity for rot fungus to develop and grow.

Application of ethephon to regulate ripening and hence
schedule harvesting time is not without prbblems. Ethephon
will affect or induce any physiological plocess under poten-
tjal control of ethylene."The effeci on a particulu. p.o"".s i,
dependent gpon a number of variables, including concentra-
tion of ethylene, temperature, and phvsiological-state of the
plants. When these conditions deviate unknowingly or with-
out control, unwanted processes, including injuiies, can be
initiated.

Effect of Ethylene on Quality Attributes
_Ripening is a term used to encompass many processes

which may occur simultaneously or sequentially and be
independent or associated. Supplemental ethviene mav
affect many of these processes, or may affect only iome of thir
processes that are associated with food quality.

o Color. Loss of green color is initiated or accelerated
when plant tissue is exposed to ethylene. Ethylene at a 5 ppm
le^vel can caus^e the green color of cabbage to fade significanily
after 1 mo of storage, and 1 ppm can have an undesirablb
effect on cabbage stored for 5 mo (Hicks et al., 1982). The
rate of color loss differs among commodities, as noted with
various types of citrus. Kitagawa et al. (1978) found that of
the seven citrus types he studied, Satsuma mandarin lost the
most chlorophyll (837i,) and Valencia oranses the least
(35o1 I,  after a I5-hr treatment with I ,000 ppmithylene. The
destruction of chlorophyll may be due to increas-ed chloro-
phyllase activity, as noted with calmondin fruit (Barmore.
1975). The chlorophyllase activity of calmondin fruit
increased by- 509'�" after a 12-hr treatment with 10 ppm
ethylene, and by 137 % afLer a24-hr treatment. At the eid of
24 hr, calmondin fruit lost llo/o of the chl<-rrophyll content, as
estimated with a color dif ference meter.

The development of ripening color with ethylene treat-
ment, as noted with banana (Liu, 1976), muskmelon (Bianco
and Pratt, 1977), and citrus (Wheaton and Stewart, 1923), is
due to synthesis of pigment and not to unmaskins with the
loss of chlorophyll. Stewart and Wheaton (1922) showed that
B-citraurin, cryptoxanthin, and cis-viloxanthin increased dif-
fe-rentially with three 1-day treatments of 10 ppm ethylene.
The amount of carotenoids synthesized with elhylene differs
among citrus fruits. Young and Jahn (19?2) found that
Hamlin o-{ang_es and Bearss lemon did not respond to ethyl-
ene as well as-Le-e, Nova, Robinson, and Dancy. Ethylene may
also hasten the biosynthesis of anthocyanins. The anthocya-
nin content of olives from trees treated with 1,000 pfm
ethephon was almost ten times greater than that frbm
nontreated trees, and a 2,000-ppm treatment resulted in an
almost 20-fold increase in the pigment content (Rugini et al.,
1982)- A cyanidin was the main component of the anthocya-
nins found in the olives.

o Firmness. Firmness of many fruits and vegetables
decreases with ethylene treatment. Apricots thit were
treated with 100 ppm ethylene during the ripening period at

20oC after cold storage had lower penetration-force test
readings than apricots ripened without ethylene (Brecht et
al. 1982). Results of a sensory panel also indicated that
ethylene-treated fruit were softer than the control fruit. The
differences in penetration force between the treated- and the
control-ripened fruit were 19 newtons (N) for Patterson
cultivar and 5 N for Tilton cultivar. The difference was not as
great for Tilton, probably because the control fruit softened
almost to the minimum firmness level during the ripening
period. Eth.vlene appeared not to affect the soTtening iate oT
nectarines (Brecht and Kader, 1982); however, this lack of
effect also-may have been due to the rapid softening of
untreated fruit.

Tloneydew melons and muskmelons soften rapidly with
ethylene treatment. Bianco and Pratt (197?) lound the
penetration force of Honeydew melons to drop from 31 N to
27 and 14 N in 24 and 48 hr, respectively, with 60 ppm
ethylene. Softening of cantaloupes was more rapid; flieir
firmness dropped from 44 N to 14 and 5 N after 24 and 48 hr,
respectively.

Ilthylene can affect the softening process without affecting
other physiological processes. In mature Anjou pears, soften-
ing is initiated simultaneously with the respiratory climacter-
ic. In treatment of a younger but mature fruit with 2 ppm
ethylene, Wang et al. (19'12) reported that the softening
processes were initiated before the climacteric period.

Ethylene accumulates in some holding or storage areas and
causes undesired softenins. Firmness of watermelon flesh
decreased significantly whei exposed to 5 ppm ethylene for 3
days, and this decrease was sufficient to cauie the acceptabil-
ity ratings to be low (Risse and Hatton, 1982). The loss of
firmness is probably due to activation of cell-wall-hydrolyz-
ing enzymes induced by ethylene. Activities of cellulase and
pectinase increased along with tissue maceration when water-
melons were treated with ethylene (Shimokawa, 19?3). In
avocado treated with ethylene, polygalacturonase activity
increased simultaneously with softening of the fruit (Chapliir
et al., 1983). Haas avocado stored in 100 ppm ethylene at 6oC
for 12 days lost more than 75% of its firmness within 2 davs
after being placed at 20"C; however, the control fruit still hid
about 507o of its firmness on the fourth dav.

The optimum temperature range for ethylene to induce
physiological response is 20-25"C; however, undesired soft-
ening can be induced at lower storage temperatures. McIn-
tosh apples (Liu, 1977) and Cox's Orange Pippin apples
(Knee, 1976), which are stored at 3.3"C, have been found to
soften, as determined objectively and by sensory panel, when
ethylene was present at a low level of 1 ppm. Apple cultivars
such as Delicious, Golden Delicious, and Idared, which are
stored at 0"C, were not alTected by the low levels of ethylene
(Liu, 1977). Kiwifruit, which is stored at 0"C, softened when
a very low level of ethylene (30 ppb) was present (Arpaia et
al., 1985). With all of these fruits, it is critical to keep the
storage rooms and transit space free of ethylene to maintain
firmness and storage life.

o Texture. The detrimental effect of ethylene on textural
quality can be noted immediately, as found with cucumber or
asparagus, or it may occur only after cooking, as found with
sweetpotatoes. Poenicke et al. (19?7) found that the textural
attributes of cucumber Explorer cultivar were affected differ-
entially by ethylene concentrations: after a 48-hr treatment
at 29-31oC, the values for hardness, chewiness, and workload
(brittleness and hardness), as determined by Instron texture
proile, increased with ethylene concentration up to 0.5 ppm
and then decreased with increased concentration bevond 0.5
ppm. Gumminess, brittleness, elasticity, and cohesiveness
were not affected by ethylene concentrations up to 5 ppm.

A short exposure to ethylene can cause toughening of
asparagus spears. Haard et al. (1974) reported that t hr of 100
ppm ethylene treatment at 20" C caused an increase in rate of
fiber development and dramatic changes in isoperoxidase
distribution. From these and other results, they concluded
that ethylene initiates a shift to peroxidase isozymes which
are involved in lignification.

The cores of some sweetpotatoes become hard and inedible
when cooked, and this condition occurs with certain roots
stored at temperatures below 15oC. Studies have shown that
this condition, termed hardcore, can be induced bv ethvlene.
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Timbie and Haard (1977) reported that Jewel sweetpotatoes
treated with 92 ppm ethylene for 3 days at 2oC hld more
severe trqrdcore upon cooking than those sweetpotatoes held
in air. Tannic acid can cause firming of sweetpotatoes, and
Buescher et al. (1975) reported that ethylene enhanced
phenolic content and phenolic oxidizing enzyme activity. It is
not clear how these changes cause modification of the
intercellular cement involved in the development of hard-
core.

o Vitamins. Ethylene affects the vitamin C content but
not the B-carotene content of tomatoes. Mature-green Walter
tomatoes treated with 8,000 ppm ethylene for 24 hr and then
ripened had a 16% higher vitamin C content than the
untreated fruit. Treated and untreated fruit had similar
B-carotene (provitamin A) content. (Watada et al., 1976).

o Chemical Composition. Ethylene has a variable or
differential effect on the chemical composition. It generally
does not have an effect on soluble solids or titratlble acid
contents in stone fruits (Brecht et al., 1982), muskmelons
(Bianco and Pratt, 1977), apples (Forsyth et al., 1969), and
possibly many other commodities; exceptions, however, are
possible, as noted with apples by Liu (1977). Hicks et al.
(1982) analyzed individual acids in stored cabbages and
noted that the typical increase in malic acid during storage
was greater when the storage environment contained ethyl-
ene, whereas the typical decrease in citric acid content was
not affected by the ethylene. The difference in malic acid
contents between the treated and nontreated cabbages was
apparent by the third month of storage with 5 ppm elhylene
and the fifth month with 1 ppm ethylene. It is possible that
ethylene affects biosynthesis or degradation of a specific acid
or carbohydrate, but not the total content of either.

Bliss and Pratt (1979) examined the flavor volatile compo-
nents of muskmelons treated with 100 ppm ethylene at 20oC.
They found that ethylene hastened the production and
altered the ratio of volatile esters that are produced during
ripening. A change in the ratio could alTect ihe acceptabilit!
of the melons.

o Disorders. Ethylene in holding areas or storage rooms
can cause or accelerate disorders. Marsh grapefruit stored 8
weeks at 10oC became sticky when the atmosphere contained
2 ppm ethylene (Hatton and Cubbedge, 1973). The stickiness
may have been due to ethylene reacting with the wax that
was applied on the fruit. Mclntosh apples may develop "core
browning" during storage, and 6 ppm ethylene accelerates
this disorder (Forsyth et al., 1969). Kiwifruit stored in
controlled atmospheres of l% Oz and 3, 5, or 7 % COz at 0"C
developed internal breakdown, and the severity of break-
down was greater when 0.5 ppm ethylene was present (Arpaia
et al., 1985). In these kiwifruit, white inclusions developed in
the core, possibly due to the interaction between ethylene
and elevated CO2 content in the tissue. The inclusions
contained large amounts of starch granules. In lettuce, small
dark lesions termed brown spots or russet spotting, which can
be caused by ethylene, occur occasionally on siored heads
(Rood, 1956). The spotting will develop with a level as low as
1 ppm ethylene and occurs most readily with lettuce stored at
5"C. Carrot roots sometimes become bitter during storage,
and the bitterness is caused by ethylene (Ells, 1958). The
compound responsible for the bitterness is isocoumarin,
which can be formed when the ethylene level is only 1 ppm
(Sondheimer, 1957). Carlton et al. (1961) showed that labeled
ethylene was not incorporated into the bitter compound, so
ethylene apparently played a catalytic role in the formation
of isocoumarin. These various disorders appear to be specific
to the commodity, as they have nothing in common.

Effects of Ethylen€ (continued)

o Abscission. Ethylene induces abscission; however, verv
Iittle attention is given to this phenomenon with siorei
vegetables. Pendergrass et al. (1976) demonstrated that 10
ppm ethylene increased the number of abscising cabbage
leaves during 5 weeks of storage at 1oC. Ethylene (100 ppm
also)'caused leaf abscission of Chinese cabbase stored for 2
weeks at 10oC (Wang, 1985). These studieJ indicate that
storage rooms should be free of ethylene to avoid accelerated
defoliation.

o Chilling Injury. Many fruits and vegetables are suscep-
tible to chilling injury when placed at temperatures between
0 and 10"C. Commodities differ in chilling sensitivity, and
the degree of sensitivity can be influenced by many factors,
including ethylene. Honeydew melons have been found to be
less sensitive to chilling when treated with ethylene before
placement at the chilling temperatures (Lipton and Mackley,
1984). These melons, when treated with 1,000 ppm ethylene
for 18 hr at 20"C, can be held for almost 3 weeks at 3.6"C
without developing serious chilling injury, and the melons
still have the capacity to ripen.

Chilling sensitivity of tomatoes and lemons is not affected
by ethylene treatment. Ripening characteristics were similarby ethylene treatment. Ripening characteristics were similar
for chilling-sensitive mature-green tomatoes that were held)-green f,omaf,oes f,nat were nel(

ithout 50 ppm ethylene (Manzafor 15 days at 5oC with or without 50 ppm ethylene (Manza-
no-Mendez et al., 1984). Bearss lemons degreened at 15.5"C
with and without 1 ppm ethylene were equally sensitive to
chilling when stored for 21 days at 1oC (McDonald et al.,
1985).

Chilling sensitivity of avocado and grapefruit increases
with ethylene treatment. Chaplin et al. (1983) indicated that
the chilling injury of Haas avocado held for 4 weeks at 1.5"C
was more severe when 10 ppm ethylene was present than
without ethylene. These avocados were more sensitive to
chilling injury at 5"C than at 1.5oC. At 5"C, ethylene had no
effect, perhaps because of the rapid breakdown. The Fuerte
avocado, which will ripen normally at temperatures between
9 and24"C, developed chilling injury at 12oC when 100 ppm
ethylene was present (Lee and Young, 1984). At 6oC, the
ethylene-treated and nontreated Fuerte avocado failed to
ripen, because of chilling injury.

The effect of ethylene on sensitivity of grapefruit to
chilling injury depends on the condition of the fruit before
placement at the chilling temperature (Hatton and Cub-
bedge, 1981). Grapefruit are typically degreened at25-29"C,
conditioned at 16oC, then stored at 1"C. If 5 ppm ethylene is
added to hasten degreening at 25-29" C, the treatment has no
effect on chilling sensitivity when the grapefruit are held at
1"C. However, if the conditioning at 16"C is omitted, the
grapefruit are injured by chilling at loC, and the severity of
injury appears to be greater with longer ethylene treatment
during the degreening process.

Questions on Mechanism
The above studies show that ethylene has differential

effects on the various quality attributes of stored fruits and
vegetables. Some of the effects are desirable and others are
not. The mechanism by which ethylene triggers or regulates
these attributes is not known. Ethylene becomes more effec-
tive in triggering these processes as plant tissue becomes
progressively sensitive to the gas. The factors involved in
sensitivity are not clear. If ethylene initiates its effects by
binding reversibly to metal-containing receptor sites (Burg
and Burg, 1967), then possibly sensitivity is dependent on
development or exposure of receptor sites. However, it is
unknown whether ethylene binding is a requisite for the
action of ethylene.
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Additional questions are raised as to whether the attri-
butep. induced by-ethylene are caused by induction of genes,
amplifications ̂ of . specific genes, repr-ession of ge.r6., oi
modification of existing proteins. Theie questions rieed to be
answered and clarified to utilize ethylene effectively in
regulating food quality.
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