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POSTHARVEST TREATMENT OF TOMATO FRUIT WITH CHLORINE DIOXIDE GAS:
DOSE AFFECTS FRUIT QUALITY
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Abstract.

 

 Chlorine dioxide (ClO

 

2

 

) gas shows potential as a post-
harvest sanitizing treatment for fresh market tomatoes. Previ-
ous tests with ClO

 

2

 

 applied at 1 to 2 mg·kg

 

-1

 

 of tomato resulted
in a significant reduction in recoverable bacterial populations
and in the incidence of soft rot in inoculated wounds. How-
ever, treatment with 88 or 99 mg·kg

 

-1

 

 produced bleached and
sunken wounds and stem scars, whereas effects of these high
treatments on the ripening or other quality factors were not re-
corded. Here, standard round tomatoes from three commercial
harvest/handling steps (field pack of light reds, green fruit
post ethylene gas treatment, and green fruit prior to the dump
tank at the packinghouse) were exposed to a standard or 10

 

×

 

standard dose of ClO

 

2

 

 gas for 2 hours and were then ripened
at 20°C for up to 6 days to evaluate the effects of an overdose
on fruit quality. By the conclusion of the 20-mg treatments,
each of the stem scars appeared slightly whiter than those on
the untreated controls or those treated with 2-mg. Within 24-h
of storage after treatment, the bleached appearance became
more evident and had progressed into the pigmented tissues
beyond the corky ring around the stem scar. By contrast, stem
scars on the 2-mg fruit appeared similar to those on the con-
trol fruit. Green fruit not treated with ethylene and then ex-
posed to ClO

 

2

 

 at 20 mg·kg

 

-1

 

 had an accelerated onset of
ripening; all other fruit ripened similar to controls. However,
the stem scars of fruit from any harvest method treated with
20 mg·kg

 

-1

 

 ClO

 

2

 

 (only) were observed to have whitened imme-
diately following treatment and, by day 6, 28% to 61% of these
developed visible fungal growth. By contrast, no other detri-
mental changes in fruit quality could be attributed to either
dose of ClO

 

2

 

.

 

Treatment of fresh market commodities with gaseous san-
itizers has been increasingly explored recently, fueled by the
growing concern over food safety and the need to identify
more effective, easier, and/or less expensive sanitizing
agents. Preliminary success in reducing microbial loads with
the application of chlorine dioxide (ClO

 

2

 

) gas has been re-
ported for numerous commodities, including citrus, apples,
green peppers, and various berries (Brown and Wardowski,

1984; Du et al., 2003; Han et al., 2001; Sy et al., 2005). The
effect of ClO

 

2

 

 on tomato fruit has also been investigated,
suggesting that treatment at 2 mg·kg

 

-1

 

 fruit may cause a
significant reduction of either decay or human pathogenic
bacteria (Bartz et al., 2005; Mahovic et al., 2003). In the same
reports, however, it was noted that a much higher dose (about
50

 

×

 

 the effective levels reported) could cause phytotoxicity
on wounded surfaces of fresh fruit. Phytotoxic or other effects
on intact fruit, or on the ripening of immature fruit, were not
explored. Also, fruit quality issues may be seen if treated with
excess amounts of ClO

 

2

 

 gas, or by not assuring uniform distri-
bution of the gas in fruit treatment facilities. In this study, we
explored the possibility that the reported effective dose of
ClO

 

2

 

 of 2 mg·kg

 

-1

 

, or a dose 10 times greater, as is often inves-
tigated by government agencies in the evaluation of new
chemical treatments, may negatively affect the quality of fresh
market tomato fruit.

 

Materials and Methods

 

Fruit from three different commercial handling steps
were sampled and sorted for defects at the laboratory. Field-
packed fruit (‘Florida 47’) were light red in color. Green fruit
(‘Soraya’) that had been processed at the packinghouse were
sampled after 3 d in the ethylene gas room. Additionally,
green fruit (‘Soraya’) were sampled from field bins prior to
being processed. The fruit were transported (from Florida
west coast production area) to the laboratory where individu-
al fruit were randomly sorted into three, ca. 4 kg (8.8 lb), sam-
ples. At this time all fruit were at ca. 23°C in temperature. The
samples were placed in one of nine 19-L (5.02-gal) plastic bins
(3 treatments 

 

×

 

 3 harvest methods). A glass Petri dish was
placed in each bin and filled with enough of a dry two-com-
ponent mixture (kindly donated by the ICA TriNova Corpo-
ration, Marietta, Ga.) to produce

 

 

 

2 or 20 mg of ClO

 

2

 

 gas (in
the ratio of 5 mg produced per 1 g of each material [2 g total]
used) per kg fruit (0.064 or 0.64 oz ClO

 

2

 

 per ton of fruit) over
the course of 2 h (Linton, 2006). A Lexan lid with an activated
circulation fan (12 V, diameter = 46 mm [1.81 in]) was then
placed on each bin. Of the total production of ClO

 

2

 

 that will
occur over the 2-h treatment time, 50% is generated within 30
min of combining the components and ca. 90% production
occurs after 90 min. Control fruit were treated similarly, ex-
cept that no gas-producing mixture was enclosed with the
fruit. Bins were stored at room temperature (23°C) for the
duration of the 2-h treatment. After completion of the treat-
ments, the fruit were removed, placed on trays, and stored at
20°C and 95% relative humidity. Observations of color
change, phytotoxicity and decay were made daily.

 

Results and Discussion

 

At the conclusion of the 2-h treatment, all fruit treated
with 20 mg·kg

 

-1

 

 had noticeable bleaching of the stem scars
(Fig. 1). By contrast, those untreated or treated with 2 mg·kg

 

-1

 

appeared to be free of surface bleaching or other changes. Af-
ter 24 h of storage, fruit that previously had visible phytotoxic
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effects also developed sunken and desiccated stem scars, with
damage expanding beyond the corky ring and under the ad-
jacent cuticle for several mm (<

 

¼

 

 inch); all other fruit re-
mained free of visible phytotoxic effects. The color of the
field-packed fruit treated with 2 or 20 mg was similar to the
controls and became fully red by the end of the storage peri-
od. All 3-d ethylene-treated fruit ripened similarly to controls
after ClO

 

2

 

 treatment, regardless of dose (Fig. 2). Green fruit
that were not exposed to ethylene prior to treatment with
ClO

 

2

 

 at 2 mg·kg

 

-1

 

 ripened similarly to control fruit; however,
onset of ripening occurred earlier in fruit that were treated
with ClO

 

2

 

 at 20 mg·kg

 

-1

 

 (Fig. 3). Stress to commodities such as

tomato can stimulate the production of ethylene, so an earli-
er onset of ripening (in fruit that were still green at treatment
and not treated with ethylene) is not surprising (Hong and
Gross, 1998; Yokotani et al., 2004).

After 6 d of storage, mold began to develop on some fruit.
Fruit from each ripeness stage tested had the greatest inci-
dence of mold when treated with ClO

 

2

 

 at 20 mg·kg

 

-1

 

 (Fig. 4).
All mold was observed on stem scars (Fig. 1) that were previ-
ously noted as damaged due to the ClO

 

2

 

 treatment. The ob-
served fungi were not identified, but had previously been
noted to include common saprophytes of damaged, desiccat-
ed, or senescent tomato fruit (Bartz and Mahovic, unpub-
lished). The visible desiccation, sinking, and cracking of the
stem scar apparently provided necrotic tissues that were colo-
nized by saprophytes or weakly pathogenic microorganisms.

While ClO

 

2

 

 gas has promise as a fumigation treatment for
sanitation of fresh market tomatoes, and could be applied di-
rectly to field-packed fruit, quality issues could arise due to ap-
plication of excess amounts, or the poor distribution of ClO

 

2

 

gas within a container of fruit. The quality problems were as-

Fig. 1. Stem scars of fruit commercially treated with ethylene for 3 d prior
to ClO2 treatment at 20 mg·kg-1 (0.64 oz per ton), after storage at 20°C for 4
d (top left) or 6 d (top right). Bottom: fruit that had been commercially treat-
ed with ethylene for 3 d, then treated with 0 mg·kg-1 ClO2 (control), after 6 d
storage.

Fig. 2. Ripening rate during storage at 20°C of fruit that were commercial-
ly treated with ethylene for 3 d prior to treatment with ClO2 at each of three
doses (0, 2, or 20 mg·kg-1 fruit).

Fig. 3. Ripening rate over 6 d at 20°C of green-harvested tomato fruit sam-
pled from a field-bin on the day of harvest that were treated with ClO2 at each
of three doses (0, 2, or 20 mg·kg-1 fruit).

Fig. 4. Incidence of decay observed on tomato stem scars, after storage for
6 d at 20°C following ClO2 treatment. Ethylene treated fruit were stored in a
commercial packinghouse ethylene chamber for 3 d prior to experimental
treatments.
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sociated with moist areas on the fruit, such as the stem scar
and corky areas. Previously, phytotoxicity was found at wound
sites on fruit treated with excessive amounts. However, in pre-
vious studies and as described here, the ClO

 

2

 

 gas had no ap-
parent effect on the overall color or smoothness (no pitting
was observed) of treated fruit. Thus, the waxy cuticle on the
fruit surface appeared to prevent the gas from contacting epi-
dermal cells. A proper dose-response should be evaluated, re-
ported, and observed for any commercial applications.
Different fruits and vegetables may have different levels of
susceptibility to the bleaching and desiccating effects of ClO

 

2

 

,
therefore the commodity in question should also be similarly
tested prior to any commercial treatment.
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