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Abstract The mature-red tomato fruits (cv. Pinky world) were packaged with functional modified atmosphere (MA)
film (0.03, 0.06 mm) and stored at 0, 5, 15°C. The results showed that the concentrations of CO, and O, inside MA pack-
age were about 4.21~8.17% and 9.78%~14.45% under steady state during storage 29 days at 0, 5°C, respectively. The
MA packaging(MAP) suppressed the fruits softening and the color change. The minimum lycopene content and max-
imum firmness were separately observed in fruits packaged with MA film (0.03 mm) at 5°C storage and film(0.06 mm)
at 0°C, which the lycopene content 6.08 mg/100 g, and firmness was 0.49 Kgf at 29 th day storage. The optimal con-
ditions to keep high quality of tomato fruits were obtained by MAP during storage at 0°C for 29 days, independently of
the film thickness, in which the adequate gas composition was CO, at 4.2%~5.6%, O, at 14.3%~14.5%, respectively.
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Introduction

The tomato is a popular fruit with its high nutrition, but it
often soften and change color rapidly at higher ambient tem-
perature. Modified atmosphere packaging (MAP) is common
used to extend shelf-life and keep freshness for fruits and veg-
etables, its effect mainly based on the gas composition inside
film package, which is closely related to respiration rate of
fresh products and film gas permeability (Hertog ef al., 1998).
Generally, the adequate high CO, and low O, made by MAP
could reduce respiration and ethylene production of products,
thus delay senescence, remain natural color and extend shelf
life (Kadder et al., 1989). It has been reported that MAP could
delay the color change, and keep high quality for tomatoes
(Park et al., 1999). In this study, the mature-red fruits and the
developed functional MAP film, a new kind of film with some
addition of functional substances, were used to look for the
optimal condition for keeping high quality of tomatoes.

Materials and Methods

1. Materials
The mature-red tomato fruits (cv. Pinky world) were
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selected according to same size and color at first, and then

packaged with functional MA film (thickness: 0.03,
0.06 mm) followed by storage at different temperature (0,
5, 15°C), the non-packaging as control. 10 fruits packaged
cach bag (33 x 42 cm). The gas permeability of film was
showed in Table 1. The gas permeability of film increased
with the storage temperature, which showed the lower
value in thicker film than that in thinner one. The gas com-
position inside MA package and fruit quality were deter-
mined at separate times.

2. Methods

1) Gas(CO,, O,) composition

The concentration of CO,, O, inside MA package was
determined by gas chromatograph(Shimadzu, GC 14-A,
Kyoto, Japan).

2) Lycopene content

The color determination: it was measured by a color dif-
ference meter (Yasuda, Model 600-UC-IV, Tokyo, Japan)
and expressed as Hunter L (lightness), a (redness-gree-
ness), and b (yellow-blue) values. Two readings were made
at the medial portion of fruit outside surface. The lycopene
content was calculated according to Arias et al. (2000), i.e.
lycopene, mg/100 g = 11.848(a/b) + 1.5471.

3) Firmness
The firmness was determined on three points around the
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Table 1. The gas permeability of MAP film at different temperature
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Units: ml-m2-h'-atm™

Temperature CO, 0,
0 0.03 mm 0.06 mm 0.03 mm 0.06 mm
0 43.54+1.42 30.38 +£4.22 16.24 £ 1.10 9.52+1.01
5 55.55+3.15 3621 +522 2044 £3.72 11.35+£1.05
15 78.58+4.20 45.05+1.59 2591 +£1.99 16.52 £2.17
equator of each fruit using a Rheometer (SUN scientific, ——07T,0.03 ——0C, 0.06
Model CR-10K, Tokyo, Japan) equipped with a cylinder —4&—57,0.03 —%—57, 0.06
probe of 8§ mm diameter. 30 =15, 0.03 —8—157,0.06

4) Soluble solids content, pH and titratable acidity

The soluble solids content (SSC), pH and titratable acid-
ity (TA) were assessed in juice obtained from three rep-
licate samples of 8 fruit per treatment. The SSC (°Brix)
was determined on juice squeezed from fruit by a refrac-
tometer. Five milliliters of fruit juice were diluted in 50 ml
distilled water, and pH of the solution was measured prior
to determination of TA by titration with 0.1 N NaOH to
pH 8.1. TA results are given as percentage of citric acid.

5) Vitamin C content

Vitamin C content was determined according to 2,6-
dichloroindophenol method (Joo et al., 1996).

The vitamin C was extracted from 50 gram of fruits by
HPQO; (5%), and determined as Joo et al. (1996) described
by following the addition of 2ml standard solution
(1~5 mg/100 ml), 1 ml DCP (0.03%), 2 ml Thiourea (2%)
and 1 ml DNP (2%) to the sample filtrate, and using 5 ml
H,S0, (85%) to stop reaction after 3 hrs at 37°C, the absor-
bance of the final reaction solution was recorded at
540 nm, the results were expressed as the content of L-
ascorbic acid (mg) per 100 gram fruit.

6) Weight loss rate

Weight loss rate was calculated after determination of the
fruits weight by electric balance, and expressed as the
change amount of weight based on the storage time.

7) Decay rate

Fruit decay rate was calculated as the ratio of number of
decayed fruits to that of total samples.

Results and Discussion

1. The gas composition inside MA package

The gas composition inside MA package was difference
with different temperature and film thickness. The CO,
accumulated and O, diminished gradually inside MA pack-
age during storage, no maximum or minimum value was
observed in package stored at 15°C. While fruits stored at
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Fig. 1. Changes of the CO, gas composition within MAP bag
during tomatoes storage.
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Fig. 2. Changes of the O, gas composition within MAP bag
during tomatoes storage.

5°C, 0°C the concentration of CO, increased to maximum,
or of O, decreased to minimum at first few days and fol-
lowed by a relatively steady state (Fig. 1, 2, Table 2), at
which the concen-trations of CO, and O, were about
4.21~8.17% and 9.78%~ 14.45% respectively (Table 2).

2. The quality

The tomato firmness decreased rapidly during fruits rip-
ening, which was higher in packaged fruits than that non-
packaged ones (Fig. 2). On the contrary, the change of
lycopene content of fruits showed (Fig. 3, Fig. 4). And
more, these effects were more obvious in fruits stored at
higher temperature and packaged with thicker film. At 29th
day after cold storage, no significant difference of firmness
was found in both packaging films, but the minimum lyco-
pene content was observed @n fruits with MAP (0.06 mm)
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Table 2. The concentration of CO,, O, inside film bag at steady state

Temperature Thickness CO, concentration(%) 0O, concentration(%o)
°C) (mm) Variation range Average Variation range Average
0 0.03 4.11~4.91 4.21 12.61~16.58 14.26
0.06 4.03~6.92 5.59 12.70~16.57 14.45
5 0.03 5.43~5.86 4.70 12.13~16.13 14.29
0.06 7.31~8.98 8.17 8.66~11.08 9.78
—e—0C, control —w—07T,003 —&— 07, 0.06 —eo—0C, control  —8—07,0.03 —a— 07, 0.06
—%— 57, control  —%—57, 0.03 —e— 57,006 —X— 57T, control  —%—57, 0.03 —e— 57, 0.06
100 —+— 157, control —— 157, 0.03 —— 157, 0.06 —+— 157, control 157, 0.03 —— 15T, 0.06
0.90 A
S 080 | 0 ]
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Fig. 3. The effect of MAP on the firmness of tomatoes.
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Fig. 4. The effect of MAP on the lycopene content of tomatoes.

at 0°C storage. Thus it showed that MAP suppressed the
fruit softening during cold storage, independent of film
thickness, although the thicker film had the more effective
inhibition on the development of lycopene.

The tomato SSC had a slight change during storage,
showing the lower value in fruits packaged with the thicker
film (0.06 mm), independent of the storage temperature
(Fig. 5). Thus, it was also shown that MAP suppressed the
sugar transferring into soluble sugar during ripening (Kad-
der et al., 1989; Park ef al., 1999).

The tomato TA content trended to decrease at last, and
remained the higher value during storage at lower tem-
perature (Fig. 6). The thicker film (0.06 mm) reduced the
TA content during storage at lower temperature (0°C, 5°C)

Storag time(day)

Fig. 5. Effects of MAP on the SSC content of tomatoes.
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Fig. 6. Effects of MAP on the acidity of tomatoes.

and the film (0.03 mm) packaging kept the highest value of
TA at 0°C storage, besides that there were no obvious dif-
ference in fruits packaged with film (0.03 mm) from con-
trol at 5°C storage.

The tomato pH trended to increase in fruits stored at
15°C, but the cold storage trended to decrease, besides that
the thicker film (0.06 mm) had no marked effect, the MAP
declined the pH value, although there were no significant
difference in both film packages (Fig. 7).

Changes of vitamin C content were difference with stor-
age temperature and MAP film thickness. Tt trended to
decrease during storage, and more markedly at 15°C,
which had little difference between packaged and non-
packaged ones at lower temperature (0°C, 5°C), but the
packaging decreased the vitamin C content at 15°C storage,
especially within packaging film (0.06 mm) (Fig. 8).
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Fig. 8. Effects of MAP on the Vitamin C contents of tomatoes.

3. The ratios of decay and weight loss

There were 60%, 66% of fruits to decay within 0.03,
0.06 mm packaging film treatment as fruits stored at 15°C
for 14 day, while 40%, 25% to decay in 0.03, 0.06 mm film
package at 5°C for 29 days, respectively. No decay was
found in fruits without packaging stored at 0°C. The pack-
aged fruits showed off-flavor and apparent rot for 14 days
storage at 15°C. It might be resulted from inadequate gas
composition within package, in which there were excessive
accumulation of CO, and/or depletion of O, to lead fer-
mentation and metabolic disorder (Beaudry et al., 1992;
Brackett, 1987; Exma ef al., 1993), and the higher humid-
ity might promote the development of decay (Joles et al.,
1994).

Weight loss of fruits increased with increasing storage
temperature, which could be significanily reduced by MAP,
independent of the film thickness at the same storage tem-
perature (Fig. 9).

In conclusion, above all results showed that the optimal
storage conditions to keep high quality of tomato were
obtained at 0°C within package up to 29 days storage, inde-
pendently of the film thickness, in which the optimal gas
composition inside film bag was about 4.2%~5.6% CO,,
14.3%~14.5% O,, respectively.
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Fig. 9. The MAP on the weight loss of tomatoes during storage.

o TR 0, 5, 15°Co] AsAA FH wstE 24
sk A% 2090 MA ZA4A el CO, Oy5=x 2t
7} 421~8.17%, 9.78~14.45%A 3, AWNAH 0= MA ¥+
oA gkl Aele] Wslrh JAHA. A 29U MA
TAO03FAYE § F 5co AT BEviEe] A=
049kgf7F 7P ESEAL, MA 23006772 3 F 0°C
o AAe EntErt Ha o=l FH6.08 mg/100 gy
norh, Enfge] 4 4XE 9% A 210 MA £F
& 3} 0°cel] AASHRE Aol ulEHe Zlos JEigte
g 57 7= f232 o7k yehtA skt 7t
MA AR WY HAH 7k 2L COx= 4.2%~5.6%,
0,5 143%~14.5%= VELIT

REFERENCES

1. Arias, R., Lee, T.C., Logendra, L., Janes, H. 2000. Correla-
tion of lycopene measured by HPLC with the L*, a*, b*
color readings of a hydroponic tomato and the relationship
of maturity with color and lycopene content. J. Agric. Food
Chem., 48, 679-1702.

2. Beaudry, RM., Cameron, A.C,, Shirazi, A., Dostal-Lange,
DL. 1992. Modified atmosphere packaging of blueberry
fruit: effect of temperature on package O, and CO,. J. Am.
Soc. Hortic. Sci. 117, 436-441.

3. Brackett, RE. 1987. Microbiological consequences of mini-
mally processed fruits and vegetables. J. Food Qual. 10,
195-206.

4. Exama, A., Arul, ., Lencki, R., Li, Z. 1993. Suitability of
various plastic films for modified atmosphere packaging of
fruits and vegetables: gas transfer properties and effect of
temperature fluctuation. Acta Hortic. 343, 175-180.

5. Hertog, M.L.A.TM., Peppelenbos, H.W., Evelo, RG,
Tijskens, LMM. 1998. A dynamic and generic model of
gas exchange of respiring produce: the effects of oxygen,
carbon dioxide and temperature. Postharvest Biology and
Technology, 14, 335-349.

6. Joles, D.W,, Cameron, A.C., Shirazi, A., Petracek, PD.,



Vol. 11, No. 2 (2005) The Effect of Functional MA Film Packaging on Storage of Mature-Red Tomato 85

Beaudry, RM. 1994. Modified-atmosphere packaging of 8. Kader, A.A., Zagory, D., Kerbel, EL. 1989. Modified atmo-

‘Heritage’ red raspberry fruit: respiratory response to reduced sphere packaging of fruits and vegetables. CRC Ritical

oxygen, enhanced carbon dioxide, and temperature. J. Amer. Reviews in Food Science and Nutrition, 28, 1-30.

Soc. Hortic. Sci. 119, 540-545. 9. Park, K.W,, Kang, HM., Kim, D.M., Park, HW. 1999.
7. Joo, HK., Cho, K.S8., Cho, HY,, Chae, SK., Park, C.W, Effects of packaging films and storage temperature on modi-

Ma, S.J. 1996. Methods for Food Analysis. Hak Mun Pub- fied atmosphere storage of ripe tomato. J. Korea. Soc. Hort.

lishing Co., Korea, pp. 409-414. Sci., 10, 643-646.



