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Abstract Physico-chemical changes in ripe tomato (Lyco-
persicon esculentum Mill.) were analyzed on day 0 and
2 weeks after ultraviolet-C (UV-C) light treatment or mod-
ified atmosphere (MA) storage and combined UV-C+MA
storage at 10 °C. Modified atmosphere packaging (MAP)
film was used to create MA conditions. The tomatoes were
evaluated for surface colour, mass loss, firmness, respiration
rate, total soluble solids and antioxidant capacity. The to-
matoes treated with UV-C and MA storage underwent least
changes in their physico-chemical properties, indicating that
combination of UV-C and MA storage was successful in
retaining the attributes of the fresh product. The increase in
antioxidant capacity of the tomatoes during UV-C treatment
suggested that UV treatment during post harvest handling

may be successfully combined with MA storage, resulting in
a product with better nutritive value.

Keywords Cherry tomato . Modified atmosphere
packaging/storage . Ultraviolet . Peak fresh bags® .

Antioxidants . Respiration rate

Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most
widely grown crops in the world, with global tomato pro-
duction exceeding 141 million t yr-1 (FAOSTAT, 2009).
Apart from been eaten fresh, they are available and used in
a variety of processed forms. The highly perishable nature
of fresh tomatoes has encouraged researchers to develop
innovative techniques to prolong their shelf life, such as
the use of modified atmosphere packaging (MAP).

Modified Atmosphere packaging involves increased con-
centration of CO2 and reduced concentration of O2 to levels
which help extend the shelf life and maintain the quality of
the produce (Zagory and Kader 1988; Kuenwoo et al. 2000;
Rojas-Graü et al. 2009). Increased shelf life by alteration of
gas compositions have been reported for various commod-
ities (Wang 1993). Hong and Gross (2001) studied the
changes in quality of fresh cut tomatoes under various
MAP conditions, including films and temperatures.

Hormetic effects can be induced by both ionizing and
non-ionizing radiations. Ultraviolet (UV) treatment can alter
the chemistry of plants and in some cases enhance the
nutraceutical potential of plant foods (Cisneros-Zevallos
2003). UV treatment has also shown to prolong the shelf
life of fruits and vegetables (Ben-Yehshua et al. 1992).
Delay in ripening, reduction in colour change, production
of anti-fungal compounds, maintenance of the firmness and
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texture due to UV treatment in fresh produce have been
widely reported (Mercier et al. 1993; Arul et al. 2001;
Gonzalez-Aguilar et al. 2001; Charles et al. 2003; Maharaj
et al. 1999; 1993; Barka 2001; Barka et al. 2000a; b).
Optimal, beneficial UV dosages for different fruit and veg-
etables ranges from 0.5 kJ m-2 in strawberries (Fragaria×
ananassa Duchesne), to 9.0 kJ m-2 in oranges (Citrus×
sinensis (L.) Osbeck) (Shama and Alderson 2005).

Apart from maintaining the quality of the product, UV
treatment of fruit and vegetables has been observed to
increase their antioxidant capacities. An increase in antho-
cyanin levels in apples (Malus domestica Borkh.) and straw-
berries, vitamin D2 content in edible mushrooms [Agaricus
bisporus (J.E.Lange) Imbach], and phenolics in grapes
berries (Vitis vinifera L.), have been reported (Dong et al.
1995; Mau et al. 1998; Cantos et al. 2000).

Given the increasing consumer demand for high nutrient
and nutraceutical-containing products, a business estimated
to be worth $65 billion (Lachance 2002); the increase in
anti-oxidant capacity of fruits and vegetables through UV
treatment is greatly desirable. This would result in the pro-
duction of a value added commodity during post harvest
handling, greatly benefiting the processing companies and
hence the growers.

In this study, MA storage and UV treatments were facto-
rially combined and their effects on physiochemical proper-
ties such as surface colour, firmness, total soluble solids,
mass loss, respiration rate and antioxidant capacity of cherry
tomatoes was investigated.

Materials and methods

Tomato fruits

Mature red cherry tomatoes (product of Mexico) of uniform
size and colour purchased from a local market were used.
All fruit were gently washed with distilled water and air
dried.

Treatment/storage conditions

The fruits were divided into four treatment sets: Control,
UV, MA storage and UV+MA storage. Each treatment was
performed on 10 fruit and replicated three times. The UV-C
treatment with a dosage of 3.7 kJ m-2 (Maharaj et al. 1999)
was given to treatment sets UV-C and UV-C+MAP using a
low pressure mercury discharge lamp emitting quasimono-
chromatic UV radiation at 254 nm (FOTODYNE- BIOCAN
Scientific, ON, Canada). The amount of radiation was mea-
sured by a portable digital radiometer (MILTEC, Model
ML1400A, Canada).

Fruit from control and UV treatment sets were placed
into perforated plastic (Ziploc®) bags, while fruit from
MAP and UV-C+MAP treatment sets were transferred to
MAP film bags (PEAKfresh ® bags, Australia, 5063) and
sealed (Multivac®,D-8941 Wolfertschenwenden, Germany).
According to the manufacturer, the packaging film has the
following transmission rates: O2-6500-7500 cc/m2/24 h,
CO2- 23000–24000 cc/m2/24 h, Ethylene- 3900 cc/m2/
24 h. The surface area of the MAP film bags (180–
240 cm2; depending on the mass of the fruits in the bag)
used to maintain MA conditions were calculated with an
empirical formula (Raghavan et al. 1982).

Area ¼ RR�M

K �ΔCO2
ð1Þ

Where,

Area is the surface area of the PEAKfresh® bag (m2)
RR is the respiration rate (mL CO2 kg

-1 h-1)
M is the mass of the produce (kg)
K is the permeability of the membrane to CO2

(mL d-1 m-2atm-1)
ΔCO2 is the desired CO2 partial pressure difference

across the membrane (atm).

The bagged fruits were stored for 14 days at 10±0.5 °C,
which is the commercial cold storage temperature recom-
mended for ripe tomatoes (Díaz de León-Sánchez et al.
2009). The gas composition of MAP and UV-C+MAP
treated sample bags was determined using a gas Chromato-
graph (GC) (SRI-8610A Gas Chromatograph, SRI interna-
tional, Menlo Park, California, USA) by analyzing the gas
samples collected from the headspace of the bags after
14 days storage.

Evalutation of physiochemical properties

Five randomly selected fruits from each of three treatment
replicates were used for evaluations which included colour
change, firmness, total soluble solids, mass loss, respiration
rate, and antioxidant capacity. The physico-chemical attrib-
utes were assessed prior to any treatment (Day 0) and after
respective treatments and storage (Day 14).

Surface colour change

Colour measurements were carried out on the surface of the
fresh fruits using a tristimulus colorimeter (Minolta Co.
Ltd., Japan). Colour values, expressed as L* (lightness),
a* (redness/greenness) and b* (yellowness/blueness) were
determined for all samples. Three readings were taken per
fruit and mean values were calculated per fruit and for each
treatment combination (5 fruit x 3 replicates x 3 per fruit).
Reference colour values for the fresh samples (L�f ; a

�
f ; b

�
f )
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and colour values from stored samples (L�s ; a
�
s ; b

�
s ) were

employed in calculating the colour change (ΔE), as defined
by (McGuire 1992):

ΔE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðL�f � L�s Þ2 þ ða�f � a�s Þ2 þ ðb�f � b�s Þ2
q

ð2Þ

Firmness

Firmness of a fruit or a vegetable is one of the physical
attributes which considerably affects its marketability. Firm-
ness of tomato generally decreases with an increase in the
duration of storage (Moneruzzaman et al. 2008). Firmness
of the tomato samples were measured using a penetrometer
(FT 327 QA suppliers, Norfolk, VA). Firmness was
expressed in terms of Newtons.

Total Soluble Solids (TSS)

TSS is an index of the concentration of soluble solids in
fruit, and is predominantly influenced by the sugars
present in samples (Saltveit 2005). The TSS of the sam-
ples was measured using a handheld refractometer
(Reichert Inc. NY, USA). A drop of clear tomato juice
obtained by squeezing the fruit in a muslin cloth was
placed in the reading chamber and the TSS was read in
units of percent.

Mass loss

Mass loss of the samples after 14 days’ storage was calcu-
lated as a percentage of the initial mass (Day 0) (Javanmardi
and Kubota 2006).

% Mass Loss ¼ Initial mass� Final massð Þ � 100
Initial mass

ð3Þ

Respiration Rate (RR)

Respiration is an oxidative process which occurs in
living cells, where energy is released in a series of
metabolic steps leading to the breakdown of complex
materials, such as sugars, into carbon dioxide and water
(Forcier et al. 1987). Pre-storage and post-storage toma-
to samples of known mass were placed in airtight jars
equipped with a rubber septum. Air samples were drawn
through the septum with a syringe initially and after 6 h
at 21 °C and their gas composition analyzed by gas
chromatography. Respiration rate was determined by
calculating the change in percentage of carbon dioxide
and oxygen in the gas sample (mg kg-1 h-1) over the
6 h incubation period (Forcier et al. 1987).

Measuring antioxidant capacity of the samples

The main antioxidants in tomatoes are carotenoids, ascorbic
acid and phenolic compounds (Giovanelli et al. 1999). Ly-
copene is the major carotenoid accounting for more than
80 % of the total carotenoids present in a fully ripe tomato
fruit (Nguyen and Schwartz 1999). Today, estimation of
antioxidant capacity has become an important parameter to
evaluate the nutritional quality of food.

The antioxidant capacity of the tomato samples was
measured using the Ferric Reducing Ability of Plasma
(FRAP) assay (Benzie and Strain 1996), which determines
the antioxidant capacity of the sample through the reduction
of yellow-coloured ferric tripyridyltriazine complex to a
blue-coloured ferrous complex upon reaction with antioxi-
dant molecules. The capacity is measured spectrophotomet-
rically (Beckman DU 640, Beckman Instruments, Fullerton,
CA) by the change in absorbance at 593 nm. Freeze dried,
seed-free powdered tomato tissue was used for the antioxi-
dant analysis. Ascorbic acid was used as the standard to
quantify the antioxidant concentration of the tomato tissue
samples and the results were expressed in μg ascorbic acid
equivalents g -1 DM.

Statistical analysis

Analysis of variance (ANOVA) test using General Linear
Model (GLM) method has been performed to investigate
treatments effects (P≤0.05) using SAS 9.2 (SAS Institute
Inc., Cary, NC, USA). Means were compared using Dun-
can’s comparison tests (P≤0.05). Correlations among fruit
quality parameters were measured using Pearson’s correla-
tion coefficients (P≤0.05).

Results and discussion

Mass loss

Mass loss of the samples stored in perforated plastic bags
(control and UV) was significantly greater (P≤0.05) than
samples stored in sealed bags (MA and UV+MA)
(Fig. 1a). Mass loss of the samples was unaffected by
UV-C treatment (P>0.05). There was no significant dif-
ference in mass loss between MA and UV+MA or control
and UV treated samples. Also, the interaction between
UV-C and MA was found to be statistically non- signifi-
cant (P>0.05).

Total Soluble Solids (TSS)

There were no significant treatment effects (P>0.05) on
% TSS except between fresh and UV-C+MA (Fig. 1b).
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Fresh samples (before storage) tended to show a greater
% TSS than stored tomatoes, regardless of the treatment
imposed. The lack of significant change in % TSS with
a short storage period treatment was consistent with a
similar study (10 days of storage at 12 °C) reported by
Kagan-Zur and Mizrahi (1993). TSS reduction with
storage is generally related to sugar-acid metabolism.
A higher level of CO2 in modified atmosphere packag-
ing was reported to restrict this reduction in TSS of

cherry tomatoes with storage (Akbudak et al. 2006). In
this study neither UV-C nor MA treatment caused sig-
nificant reduction in loss of % TSS with storage. But
UV-C treatment combined with MA (UV-C+MA)
showed some significant reduction in the loss of %
TSS compared to the fresh. Also the interaction between
the two treatments (UV-C and MA) was found to be
statistically significant (P ≤0.05); the reason for this
was not determined.

7.07 a
7.64a

0.69 b 0.6 b

0

1

2

3

4

5

6

7

8

9

Control UV MA UV+MA

M
as

s 
lo

ss
 (

%
fw

b)

Treatments

(A)

8.06 a

7.6ab

7.43ab 7.43 ab

7.1 b

6.5

7

7.5

8

8.5

Fresh control UV MA UV+MA

T
ot

al
 s

ol
ub

le
 s

ol
id

s 
(%

fw
b)

Treatments

0.85 a 0.82 a

0.71 b

0.63 b

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

control UV MA UV+MA

C
ol

ou
r 

ch
an

ge
 (

ΔE
)

Treatments

20.61 a

11.77 c 12.75 c
15.7 b

18.64 ab

0

5

10

15

20

25

Fresh control UV MA UV+MA

F
ir

m
ne

ss
 (

N
)

Treatments

6.56 d

22.54 b
24.03 a

16.806 c 17.67 c

0

5

10

15

20

25

30

Fresh control UV MA UV+MA

m
L

 C
O

2 
kg

-1
 h

-1

Treatments

375.98 bc

330.48 c

402.48 ab

349.5 c

427.77 a

0

50

100

150

200

250

300

350

400

450

Fresh Control UV MA UV+MA

µg
 A

A
 e

qu
i/g

 D
W

Treatments

(B)

(C)

(D)

(E)

(F)

Fig. 1 Changes in quality parameters of Cherry tomatoes (percent
fresh weight basis (%fwb)) after 14 days storage at 10 °C in standard
perforated or modified atmosphere (MA) bags, with or without pre-
packaging and pre-storage Ultra violet –C (UV-C) treatment (a Values
with different letters are significantly different (P≤0.05); n03). a
Percent mass loss of cherry tomatoes. b Total soluble solids. c Colour

change (ΔE) in cherry tomatoes. d Firmness of cherry tomato fruit
(Newtons (N)). e Respiration rates (mL CO2 kg-1 h-1) of different
treatment samples. f Antioxidant capacity (micrograms ascorbic acid
equivalents per gram dry weight (μg AA equi g-1 DW) of different
treatments
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Surface colour change

Colour change was greatest in control and least in UV-C+
MA treatments (Fig. 1c). Colour change of a fruit is a factor
predominantly based on ripeness of the fruit, senescence,
storage duration and conditions (Moneruzzaman et al.
2008). In our study there was no significant difference in
colour change found in between control and UV treated
samples (P>0.05) nor the interaction between MA and
UV had any significant effect, indicating that UV treatment
has no effect on colour change in this case as we used ripe
tomatoes. MA storage samples (MA and UV+MA) showed
significantly lower colour change compared to control and
UV treatment samples. Formation of lycopene which is
known to be the main constituent of red pigments in tomato
is dependent upon the presence of O2 (Hobson and Davies
1971). Higher CO2 and lower O2 inhibits further ripening by
lycopene formation (Yang et al. 1987). MA storage, which
in our study maintained higher CO2 (11.3 %) and lower O2

(3.1 %) concentrations (mean values) plausibly inhibited
further ripening of already ripe tomatoes.

Firmness

Highest firmness was retained in UV+MA and least in control
treatment among the stored samples (Fig. 1d). There was no
significant difference found among the modified atmosphere
storage treatments (MA and UV+MA) nor the interaction
between MA and UV had any significant effect, which in turn
were significantly different from UVand control treated sam-
ples. Firmness of the samples was negatively correlated with
mass loss and respiration rate (Table 1). In this study MA
storage (MA and UV+MA) which maintains the higher CO2

concentration retained better firmness than the non-MA (UV
and Control). Fruit samples with greater moisture content will
be more firm than wrinkled samples of lesser moisture con-
tent. Storage under MA conditions maintained greater firm-
ness than under non-MA conditions (Fig. 1d), as the mass loss
was reduced more than ten-folds by MA storage compared to

perforated non-MA storage. This is indicative that moisture
content of the samples along with storage conditions plays a
vital role in firmness.

In tomato, with the onset of ripening, pectin degrading
enzymes starts to accumulate and contribute to softening the
cell walls (Shama and Alderson 2005). Tomato samples
treated with UV-C are found to inhibit microbial growth,
retard decaying and delayed senescence (Allende and Artés
2003). It has been reported that there is a reduction in the
cell wall degrading enzymes like polygalacturonase, pectin
methyl esterase, cellulose, xylanase, β-D-galactosidase and
protease in UV-treated ripening tomatoes (Barka et al.
2000b). However, in this study there was no affect of UV
treatment on the firmness of the samples (compared to
control) as we used ripe tomato fruits. Firmness of the UV
treated samples was significantly lower than UV+MA indi-
cating that firmness was affected by modified atmosphere
storage conditions.

Respiration rate

Respiration rate of the produce predominantly depends on
the stage of ripening, temperature and gas composition of
the surrounding air. As all the samples were kept at the same
temperature and ripening stage, the respiration rate would
have been affected by the gas composition and the effect of
UV treatment on the fruit. UV treatment accelerates several
biological processes like respiration rate in wide range of
fruits and vegetables including tomatoes (El-Ghaouth and
Wilson 1995; Maharaj et al. 1999; Erkan et al. 2001;
Allende and Artés 2003). In this study, UV-C treated sam-
ples showed highest respiration rate, which was significant-
ly higher than all the treatments including control which
were stored in the same packaging material as UV-C treated
samples (perorated plastic bags). The MA treated samples
(MA and UV-C+MA) were not significantly different, but
UV-C+MA (17.67 mL CO2 kg

-1 h-1) showed slightly higher
respiration rate than MA (16.806 mL CO2 kg

-1 h-1) possibly
because of the effect of UV-C treatment in UV-C+MA.

Table 1 Correlation among different evaluated parameters (Pearson Correlation Coefficient test)

Factors ML CH F TSS AA RR

ML – 0.32 NS −0.79 *** 0.34 NS −0.27 NS 0.91 ***

CH 0.32 NS – −0.55 NS 0.34 NS −0.88 *** 0.55 NS

F −0.79 *** −0.55 NS – 0.08 NS 0.31 NS −0.85 ***

TSS 0.34 NS 0.34 NS 0.08 NS – −0.48 NS −0.4 NS

AA −0.27 NS −0.88 *** 0.31 NS −0.48 NS – −0.13 NS

RR 0.91 *** 0.55 NS −0.85 *** −0.4 NS −0.13 NS –

(Pearson's r2 ); NS – Not significant; * Significant at the 0.05 probability level; **Significant at the 0.01 probability level; ***Significant at the 0.001
probability level. Mass loss (ML), colour change (CH), firmness (F), total soluble solids (TSS), antioxidants (AA), respiration rate (RR) (n03)
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Also, the interaction between UV-C and MAwas found to be
statistically significant (P≤0.05). Respiration rate of all the
treatments were significantly higher than that of fresh fruits
(6.563 mL CO2 kg

-1 h-1). Respiration rate of samples stored in
MA storage (MA and UV-C+MA) was significantly lower
than non MA treated samples (Control and UV-C) as MA
storage had higher % CO2 (11.3 %) and lower O2 (3.1 %)
compared to non MA storage. Low O2 and higher CO2 con-
centrations suppress the respiration rate and also the ethylene
production in tomatoes as O2 is involved in the conversion of
1-amino-cycloprane-1-carboxylic acid to ethylene (Klieber et
al. 1996; Alejandra et al. 2009). Ethylene gas (a promoter of
senescence) is known to show rise in respiration rate in many
fruits and vegetables like potato (Pharr and Kattan 1970),
tomato (Streif and Bangerth 1976). The samples stored in
MA storage showed low respiration rate and delay in senes-
cence as the ethylene gas produced inside the bags might have
been removed (based on the claim of the manufacturer) be-
cause of the use of the MAP films.

Respiration rate was positively and negatively correlated
with mass loss and firmness respectively (Table 1). Ethylene
gas other than raising the rate of respiration, negatively affects
the firmness of tomatoes (Allende and Artés 2003). MA
storage samples (MA and UV-C+MA) not only retained the
moisture content of the sample, but also might have removed
the ethylene gas which affects the firmness of the samples.

Antioxidant capacity of the samples

Among all the treatments UV-C+MA showed greater anti-
oxidant capacity (427.77 μg AA eq. mL-1) than fresh
(375.98 μg AA eq. mL-1) and control fruit (330.48 μg AA
eq. mL-1). UV-C treatment has been shown to enhance
accumulation of phenolics in tomato fruits. Barka et al.
(2000a) observed a significant induction of lipid peroxida-
tion markers in ripening tomatoes during the first 5 days
after UV treatment (3.7 kJ m-2) suggesting that the cell
membrane is the primary target for UV treatment. After
5 days, the level of lipid peroxidation markers dropped
lower than in control fruit, suggesting the induction of a
defense or repair mechanism. This suggests that UV treat-
ment results in rapid accumulation of photo oxidation prod-
ucts and that the plants react by stimulating their defense
mechanisms against oxidation (Shama and Alderson 2005).

Antioxidant capacity decreases with time under normal
conditions and some non-enzymatic antioxidants like ascor-
bic acid levels go down much quicker than others (Varit and
Yasuo 2003). UV-C+MA which were not significantly dif-
ferent from UV-C showed significant difference with fresh,
control and MA treatment indicating the increase in antiox-
idants is affected by UV-C treatment.

In tomato samples treated with UV-C, there was a decline
in ascorbate oxidase which degrades ascorbic acid (Barka

2001). UV-C+MA samples though not significantly higher
than UV-C treatment showed the highest antioxidants,
which could be because of UV-C treatment which enhanced
antioxidants combined with modified atmosphere storage
which helps in retaining the antioxidants with better storage
conditions like lower O2 concentration. Higher availability
of O2 throughout the storage of the produce is believed to
dramatically degrade the ascorbic acid by oxidation (Ale-
jandra et al. 2009). As MA storage (MA and UV-C+MA)
maintains lower O2 than non-MA storage, may help in better
retaining the ascorbic acid in the samples. Also, the interac-
tion between UV-C and MA was found to be statistically
significant (P≤0.05). Antioxidants are negatively affected
by the respiration rate of the samples. Abdulnabi et al.
(1997) study showed that concentration of ascorbic acid
content of tomatoes decreased with increase in rate of res-
piration because of the antioxidant function of ascorbic acid.
In our study there was a negative trend between antioxidants
and respiration though it was not significant (Table 1).

Conclusion

The modified atmosphere (MA) storage conditions were suc-
cessfully achieved with the usage of modified atmosphere
packaging (MAP) film bags. Tomatoes subjected to MA stor-
age conditions at a temperature of 10 °C for a period of 2weeks,
showed a reduction in % mass loss, colour change, respiration
rate, and retained the firmness. UV-C treatment enhanced the
antioxidant capacity of the tomatoes, but had no beneficial
effect in reducing the % mass loss, colour change, respiration
rate, or in maintaining the firmness of the fruits. The best
quality tomatoes, in terms of minimum changes in their
physico-chemical attributes (mass loss, respiration rate, colour
change, TSS, firmness) and enhanced antioxidant capacity
were achieved with UV+MA storage conditions, suggesting
that UV treatment can be successfully combined with modified
atmosphere storage, resulting in a produce with increased shelf
life and nutritive quality. Future studies could involve the
sensory evaluation of the UV+MA storage treated fruits to
assess the overall quality and consumer acceptance of the fruits.
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