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Abstract— The effect of heating harvested fruits before storage
varies depending on factors such as the fruit cultivar, heating
method, and storage conditions. In this research, tomato fruits at
different maturity stages were treated with steam and then stored
at 28°C. Mature-green stage fruits heated at 55°C for 10 and 30
minutes showed no signs of rot for 24 days. Breaker-stage fruits
heated at 55°C for 10 and 20 minutes, as well as at 60°C for 10
minutes, remained disease-free during storage. Heating at 55°C
for 30 minutes enhanced the colour development of mature-green
fruits, and the same effect was observed for breaker-stage fruits
heated at 55°C and 60°C for 20 minutes. However, steam
treatment did not effectively protect red-ripe fruits, as they
decayed faster than the control group. Significant heat injury was
observed only in breaker stage fruits heated for 20 and 30 minutes
at 55°C, and 10 and 30 minutes at 60°C. The fungi causing decay
isolated from diseased fruits were Fusarium oxysporum,
Colletotrichum gloeosporioides, Rhizopus stolonifer, Geotrichum
candidum, and Aspergillus niger.
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. INTRODUCTION

Heat treatment is generally used to achieve pre-storage
insect and microbial control on harvested plant commodities
since it offers effective non-chemical protection [1][2][3][4].
Shelf-life extension is usually the resultant effect as the insects
are not able to feed on the commodity preventing the formation
of ports of entry through which other organisms may penetrate.
While concerns have been raised over chemical methods of post-
harvest fruit disinfection due to the residual byproducts, research
has shown the potential of heat treatment as a promising and
safer post-harvest treatment for fruits and vegetables [5][3].
Heat application has a direct effect on bacteria and fungi through
cell and spore inactivation. This as a result delays or prevents
fruit rot, controls insect pests, slow ripening and increases
tolerance to chilling injury [6][7]. Heat also elicits the
production of antifungal chemical compounds which act in
synergism with cell inactivation or spore kill effect, making it
more efficient in plant protection. Although the various forms of
heat treatment, particularly at extreme temperatures may result
in physiological injuries such as scalding or a ‘boiled’ effect [8],
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fruit changes such as reduced firmness due to the activity of
pectinmethylesterase [9], colour change resulting from
inhibition of lycopene accumulation and chlorophyll
degradation [10][11], respiratory metabolism and chemical
composition changes [10][12], and change in ethylene
production [13]. Further, heat treatment affects physiological
processes such as ripening, water loss and ion transport [14][15]
within tissues of the plant. It may also affect the response of the
plant to stresses such as temperature and pH fluctuations as is
observed in chilling injury response when the plant commodity
is stored at refrigeration temperature afterwards [16]. This is in
addition to the effect on nutrient status and physicochemical
characteristics including total soluble solids, acidity, and pH
[8][17]. The advantage of heat treatment is that it can be used
instead of preservative chemicals which may have adverse
effects on the health of the consumer despite the relative ease of
application. Sometimes, however, heat is used in combination
with fungicides as brief hot dips or drenches to enhance the
effectiveness of the chemicals. For protection, it is necessary to
prevent recontamination after heat treatment.

Steam, also referred to as vapour heat, has higher
penetrating power than hot air but has the disadvantage of
wetting produce which could promote the growth of surviving
microbes. Tomato fruits at different stages of ripening have been
subjected to single and double regimes [18] of hot water/
steam/hot air treatments before storage with contradicting
reports on their efficacy in extending storage life. The responses
of the fruits were reported to vary with the cultivar, stage of
ripening and the temperature-time protocol employed. Mature
green and pink tomatoes that were steam treated to 38°C core
temperature were not affected in colour development [14].
Steam, also applied on mature-green tomato fruits at 45°C for 1
minute produced significant disease control within a 5-day
ambient storage period after inoculation with Fusarium
verticillioides just below the surface and those deep inoculated
at 10mm [19]. Breaker fruits inoculated at 1mm depth were
similarly protected by 5 minutes of exposure. Steam is hereby
being tested alone at 55°C and 60°C for 10, 20 and 30 minutes
on mature-green, breaker and red-ripe tomato fruits to determine
the effect on shelf life and ripening characteristics of treated
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fruits which remain healthy for significant lengths of time post-
treatment. The temperatures being presently investigated have
been tested on oranges [20] and vapour heat at 50°C was tested
on mature-green and breaker Roma tomato fruits [21].

Il. MATERIALS AND METHODS

A. Treatment

Healthy, unbruised, mature-green, breaker and red-ripe
tomato fruits were separately exposed to steam in a Gallenkamp
water bath after surface disinfection in 0.385%w/v sodium
hypochlorite for 10 minutes. The temperatures tested were 55°C
and 60°C for 10, 20 and 30 minutes.

B. Storage

The fruits were then individually placed on sterile Petri
plates, kept in disinfected plastic boxes with close-fitting lids
and placed on a laboratory side bench at 28°+2°C. Mature green
and breaker fruits were visually observed for colour
development at three-day intervals for 24 days [22].

C. Quality Assessment

The extent of ripening was rated on a scale of 1 — 5 as
1=mature green; 2=breaker (green, tarnish yellow, red colour
not more than 10% surface area); 3=turning (orange to red
colouration greater than 10% but not more than 30% aggregate
surface area); 4=pink (orange to red colouration greater than
30% but not more than 60% surface area); 5= light red (red
colouration greater than 60% but not more than 90% surface
area); 6=red ripe (red colouration greater than 90% surface
area) according to Anon et al [22]. Ripening rating was done
for mature-green and breaker-stage fruits only.

I1l. RESULTS AND DISCUSSION

A. Soil Physical Characteristics

Applying steam treatment resulted in increased colour
development in mature green fruits compared to the control
group. By the 24th day of storage, the control fruits were still
between the pink and light-red stages, while all heat-treated
fruits had reached the maximum red colour (Figure 1). The
difference in fruit response was noticeable from day 9. Most
steam-treated mature-green fruits had progressed beyond the
pink ripening stage by day 9, except those treated at 55°C for
10 minutes and 60°C for 20 minutes, which were still between
the turning and pink stages. The ripening of steam-treated
breaker fruits was also generally enhanced, as observed on day
9, except those treated at 60°C for 30 minutes. These fruits were
severely inhibited compared to the control but reached the pink
stage by day 21 and the light-red stage on day 24, showing no
significant difference from all other treatments, including the
control (Figure 2).

During the study, it was observed that the mature-green and
red-ripe fruits did not show significant heat injury as a result of
steam treatment at both temperatures, in comparison to the
breakers which exhibited significant heat injury when exposed
to 60°C for longer periods (Table 1). The occurrence of disease
on the fruits was irrespective of the treatment applied. The fungi
associated with the decays included Fusarium oxysporum,
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Geotrichum candidum, Aspergillus niger, Colletotrichum

gloeosporioides, and Rhizopus stolonifer.

In the case of mature green fruits, it was found that
treatment at 55°C for 10 and 30 minutes did not lead to rot
development throughout the 24-day storage period.
Conversely, rot development was most severe on fruits treated
at 60°C for 20 and 30 minutes (Table 2).
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Fig. 1. Ripening rating of mature-green tomato fruits exposed to pre-storage
steam treatment
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Fig. 2. Ripening rating of breaker tomato fruits exposed to pre-storage steam
treatment

TABLE I. HEAT INJURY ON TOMATO FRUITS EXPOSED TO
STEAM AT 55° AND 60°C
Treatment Stage of maturity/Heat Injury rating

Mature-green Breaker Red-ripe
Control 1.00+0.00* 1.00+0.00* 1.00+0.00?
55° - 10min 1.00+0.00? 1.00+0.00? 1.00+0.00?
55° - 20 min 1.00+0.00? 1.60+0.40° 1.00+0.00?
55° - 30 min 1.00+0.00? 1.40+0.24° 1.00+0.00?
60° - 10 min 1.20+0.20° 1.60+0.40° 1.20+0.207
60° - 20 min 2.00+0.32° 2.40+0.44¢ 1.20+0.207
60° - 30 min 1.80+0.582 3.4040.00° 1.20+0.20?

Values are means of three replicates + SE of the means. Values followed by the
same alphabet in a column are not significantly different by Tukey test at
0=0.05

The disease was more severe on breaker fruits treated at
60°C for 20 and 30 minutes while those heated for 10 minutes
remained disease-free for 24 days (Table 3). The control red-
ripe fruits showed less disease development compared to the
heated fruits. Red-ripe fruits treated at 60°C for 20-30 minutes
decayed rapidly during storage (Table 4)



TABLE II. DISEASE SEVERITY RATING ON MATURE GREEN TOMATO FRUITS EXPOSED TO STEAM AND STORED AT 28°+2°C
Storage Period (Days)/ Disease rating

Treatment 3 6 9 12 15 18 21 24

Control 1.0+0.00? 1.4+0.55° 1.60+0.89*°  1.80+0.83% 1.80+0.84*  2.20+1.30*  2.40+1.67*  2.40+1.67°
55°-10min 1.0+£0.00° 1.0£0.00° 1.0+0.00* 1.0+£0.00° 1.0+0.00* 1.00+0.00° 1.0£0.00° 1.00+0.00°
55°-20min 1.0+0.00° 1.20£0.45*  1.20+0.45*  1.20+0.45° 1.20+0.45*  1.20+0.45° 1.20+0.45*  1.20+0.45*
55°-30min 1.0+0.00? 1.0+0.00° 1.0+0.00? 1.0+0.00a 1.0+0.00* 1.00+0.00? 1.00+0.00*  1.00+0.00*
60°-10min 1.0+£0.00° 1.60£0.89°  1.80+1.30°  1.80+1.30*°  2.00+1.73*  2.00+1.73*  2.00+1.73*  2.00+1.73%
60°-20min 1.40+0.89°  3.40+0.89°  4.60+0.54°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°
60°-30min 1.20+0.44*  3.60+1.67° 5.0+0.00° 5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°

VALUES ARE MEANS OF FIVE REPLICATES * STANDARD ERROR (SE) OF THE MEAN. MEANS FOLLOWED BY THE SAME LETTER IN A COLUMN ARE NOT SIGNIFICANTLY DIFFERENT BY TUKEY

TABLE l1I. DISEASE SEVERITY RATING ON BREAKER TOMATO FRUITS EXPOSED TO STEAM AND STORED AT 28°+2°C
Storage Period (Days)/ Disease rating

Treatment 3 6 9 12 15 18 21 24

Control 1.20+0.45% 1.20+0.45° 1.20+0.45° 1.20+0.452 1.20+0.45° 1.20+0.452 1.20+0.45% 1.20+0.45°
55°-10min 1.00£0.00*  1.00+0.00®  1.00£0.00®  1.00+0.00*  1.00£0.00®  1.00+0.00*  1.00+0.00*  1.00+0.00*
55°-20min 1.00+0.00®  1.00+0.00®  1.00+0.00®  1.00+0.00*  1.00+0.00®  1.00+0.00*  1.00+0.00®  1.00+0.00?
55°-30min 1.00+0.00°  1.00+0.00®  1.20+0.45%  1.20+0.45%  1.60+0.89%  2.00+1.73°  2.00+1.73®  2.00+1.73%
60°-10min 1.00+0.00*  1.00+0.00®  1.0+0.00? 1.00+0.00®  1.00£0.00*  1.00+0.00®  1.00+0.00*  1.00+0.00*
60°-20min 1.40+£0.55°  2.60+0.89° 2.80+1.09° 3.40+1.15° 3.40+1.15° 4.40+1.34° 4.40+1.34° 4.40+1.34°
60°-30min 1.20+0.45°  2.20+1.60°  2.60+1.14°  3.00+2.04° 3.20£2.04°  4.40+1.34°  4.40+1.34°  4.40£1.34

VALUES ARE MEANS OF FIVE REPLICATES * STANDARD ERROR (SE) OF THE MEAN. MEANS FOLLOWED BY THE SAME LETTER IN A COLUMN ARE NOT SIGNIFICANTLY DIFFERENT BY TUKEY TEST AT 4=0.05

TABLE IV. DISEASE SEVERITY RATING ON RED-RIPE TOMATO FRUITS EXPOSED TO STEAM AND STORED AT 28°+2°C
Storage Period (Days)/ Disease rating
Treatment 3 6 9 12 15 18 21 24
Control 1.20+0.45* 1.40+0.55% 1.40+0.55% 1.40+0.542 1.40+0.55% 1.40+0.55% 1.40+0.55*  2.00+1.73%
55°-10min 1.20+0.45% 1.60+0.892 1.60+0.892 2.00+1.73% 2.20+1.64° 2.20+1.64% 2.20+1.64° 2.80+£1.30°
55°-20min  1.00+0.00%  2.40+1.67°  2.60+1.81°  2.80+2.04% 2.80+2.04®  2.80+2.04®  2.80+2.04%®  2.80+2.04%
55°-30min 1.20+0.45% 1.80+0.83% 2.80+1.22% 2.20+1.64%° 2.20+1.64°2 2.20+1.64% 2.40+1.64° 2.40+1.512
60°-10min 1.00+0.00 2.60+1.52° 4.20+0.84° 4.80+0.45° 5.00+0.00¢ 5.00+0.00° 5.00+0.00° 5.00+0.00°
60°-20min  1.00+0.00®  4.00£0.70°  5.00+0.00°  5.00£0.00°  5.00£0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°
60°-30min  1.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°  5.00+0.00°

Values are means of five replicates + standard error (SE) of the mean. Means followed by the same letter in a column are not significantly different by Tukey test
at 0=0.05

IV. DISCUSSION

The results of our study show that heating fruits at the
mature-green and breaker stages at 55°C and 60°C enhances
colour development and promotes ripening without causing
heat injury. This is consistent with previous studies which
found that mature green tomato fruits exposed to hot air at 60°C
ripened beyond the turning stage by the 10th day, meanwhile,
steam being more efficient than hot air, caused faster ripening
[23][24]. Lurie and Sabehat, [25] and McDonald et al. [26]
similarly reported the impact of heat treatments on the colour
development of mature green tomatoes. The later author
specifically found that red colour development in mature-green
“Sunbeam” tomato fruits were promoted by hot air and hot
water treatment at 380C and 48°C for various hours
respectively. This is consistent with Aborisade and Iyun [23]
finding that heat treatment inhibits ripening processes in mature
green and pink tomatoes during heating at 38°C for three days.
However, their treated fruits later attained a uniform red colour.
These findings are in congruence with earlier research such as
Sabehat [27] who found the significance of hot water treatment
at 450C for 10 minutes in mature-green tomato pericarp discs,
Pinheiro et al.,[28] observed similar changes in mature green
tomatoes heated at 40-600C for several minutes in hot water,
Yabhia et al.,[29] findings on mature green tomato at 40 or 450C
for 5 or 15 minutes in hot water, while a reduced temperature
using hot air at 340C for a longer time (24hrs) was also reported
to bring about this changes in cherry tomato [4]. Our finding is
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in line with these previous authors' claims, as our finding
demonstrated that various heat treatments resulted in colour
development in tomato fruits, especially those at the mature-
green stages. The higher colour rating observed by day 12 on
all steam-treated breaker fruits except those exposed to 60°C
for 30 minutes in our research proves this enhanced ripening
effect. Heat injury on breaker fruits exposed for 30 minutes at
60°C was perhaps because of retarded ripening of those fruits,
although they still ripened to the pink stage by day 21.

The study observed that mature-green stage fruits exposed
to 55°C for 10 and 30 minutes, as well as breaker stage fruits
heated at 55°C for 10 and 20 minutes followed by 60°C for 10
minutes, showed protection from fungal attack. This protection
is likely due to a combination of natural protective compounds
in the fruit and the destruction of microbes by heat. Steam
treatment at these temperatures and durations is recommended
for mature green and breaker-stage tomatoes. However, red-
ripe fruits showed more severe rot after treatment, indicating
that steam treatment at 55°C and 60°C did not benefit this
maturity stage. The severe rot on breaker-stage fruits exposed
to 60°C for a longer period was caused by significant heat
injury, which damaged the fruit tissue. Additionally, heat
enhancement of softness (total soluble solid) and sugar content
(titratable acidity) of red-ripe fruits accelerated their decay after
treatment. This heat injury compromised the fruit's membrane
integrity, making it more vulnerable to fungal attack and rot
development.



In this study, some fungi associated with tomato fruits
have also been reported by other authors. For example, Fajola
[30] reported that Rhizopus stolonifer and Fusarium oxysporum
are soft rot pathogens on tomato fruits in Nigeria. The fact that
these fungi were found on diseased fruits in our study,
regardless of treatment, confirms that they specifically target
tomato fruits, although they can also cause decay in other fruits.
We observed that the shelf life of tomato fruits can be extended
for up to 24 days under ambient storage conditions. Previous
reports of shelf-life extension through heat treatment only
resulted in shorter periods, even when low-temperature storage
was used after heat treatment [18][19][31][32]. The two heating
temperatures we used are suitable for extending shelf life and
maintaining quality at all three maturity stages we studied,
although the optimal treatment time varies depending on the
stage.

V. CONCLUSIONS

Treating tomato fruits (mature green and breakers) with
steam heat at 55°C and 60°C, and then storing them at room
temperature, enhances color development. Once activated, the
ripening factor continues to increase, regardless of the heat
treatment. This enhanced colour development is more
significant in mature green tomato fruits. However, exposing
breaker tomato fruits to steam heat at 60°C for 30 minutes causes
significant heat injury. Despite the heat injury, ripening
progresses to the pink stage by day 21. Treating mature green
tomatoes with steam heat at 55°C for 10 and 30 minutes, and
treating breaker fruits at 55°C for 10 and 20 minutes followed
by 60°C for 10 minutes, protects against decay and microbial
attack, particularly fungal attack. However, 55°C and 60°C
steam treatments do not protect red-ripe tomato fruits from
decay. Nonetheless, physiological improvement is noted. Fungi
associated with fruit decay include Fusarium oxysporum,
Colletotrichum  gloeosporioides,  Rhizopus  stolonifer,
Geotrichum candidum, and Aspergillus niger. This study reports
that shelf-life extension for tomato fruits following steam
treatments, and when stored at room temperature, can be as long
as 24 days.
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