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ABSTRACT

A wax containing fungicide was applied to sweet lime (Citrus [imetta Swing.)
fruits as a postharvest treatment in 1989 and 1990. The fruits were waxed with
aqueous emulsions of 25 50 and 75% of prepared wax-emulsion and stored for a
5-month period at 10°C as well as in amblent storage. All wax concentrations
containig 1% Sodium orthophenyl phenate (SOPP) or 0.4% Thiabendazole (TBZ) were
effective in reduction of fruit weight loss in both storage conditions. The maximum
teduction in weight loss (45%) without affecting fruit flavor, was achieved in fruits
which were treated with 75% wax-emulsion and stored in ambient storage, in 1989.
The weight loss of coated fruits decreased as concentration of wax-emulsion was

increased. The weight loss was proportionally higher in peel than in pulp.
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INTRODUCTION

Sweet lime is one of the main commercial citrus fruits in Iran. Fruits
are mostly stored and then sent to internal and external markets for
consumption during spring and summer. Marketing losses of sweet lime due
to senséscence and decay are cxcessive, thus reducing saleable weight and

marketability. Ben-Yehoshua (2) indicated that a major requirement for
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extending the postharvest life of citrus fruit is to slow its transpiration. A
number of researchers have reported the composition and efficiency of
different types of wax emulsions (7, 8, 10, 13). Waxes may serve as a
carrier of fungicides, and the effectiveness of Thiabendazole (TBZ) or
Sodium orthophenyl phenate (SOPP) in wax in controlling penicillium rots
of citrus has been reported (9, 12). So far there is no information available
on sweet lime storage in Iran. The main purpose of this study was to
formulate a wax emulsion with material suitable for use as skin coating
and to investigate the effect of various concentrations of a formulated wax
on fruit weight loss and storage life of sweet lime in refrigerated and

non-refrigerated storage.
MATERIALS AND METHODS

The composition of the prepared emulsion was that reported by
Bennett (1), except that bees wax was substituted for carnauba wax. The
prepared wax had the following formulation (parts by weight): paraffin
wax, 165; bees wax, 55; stearic acid, 42; NaOH, 6; triethanolamine, 20;
shellac, 100 and water, 2000. The emuision was diluted with cold water to
obtain 25, 50 and 75% wax emulsion. The fruits were harvested at optimum
maturity on Jan. 8, 1989 and transferred to the laboratory. On the next day
the fruits were washed and disinfected with a 0.5% aqueous solution of
Sodium orthopheny! phenate (SOPP). After rinsing with tap water, lots of
200 uniform fruits were subjected to different treatments of wax coating.
The dipping solution contain 0.1% non-ionic detergent as a wetting agent,
A completely randomized design with four replications was used. The
treatments were wetting agent only, 1% SOPP; 25, 50 and 75%
wax-emulsions plus 1% SOPP. Each lot of fruits was dipped in its

7



corresponding treatment solution for one min, drained and dried in warm
air.

Treated lots were divided into random samples of 5 fruits and kept in
perforated polyethylene bags each with 24 holes of 5 mm diameter and
stored at ambient (temperature 7-21'C; RH 40-70%) or refrigerated
(temperature 10°C; RH 85-90%), for a period of 5 months. Samples of
treated fruits from both storage conditions were evaluated at monthly
intervals. To determine the effects of treatments on the fruit weight loss,
the samples were weighed at the beginning and at regular intervals and
expressed as percentage of weight loss. Water loss of peel and segments of
fruits were determined by drying peel and segments of one fruit from each
treatment and replication at 80°C and expressed as percentage of peel and
pulp water.

For the pulp/peel ratio determination, one fruit from each treatment
and replication was peeled and the pulp and peel,obtained. The pulp/peel
ratio was then calculated as a quotient of the pulp and peel weight.

The same experiment was repeated on Dec. 15, 1990, except that 0.4%
Thiabendazole (TBZ) was substituted for SOPP and a commercial wax
("Technimul" Dussek Campbell Pty of Australia Ltd) (1:2) plus 0.4% TBZ
also was used to compare the effect of prepared wax with that of

commercial wax.

RESULTS

Weight Losses

The results of wax coating on weight loss of sweet lime in each year
are shown in Tabtes 1 and 2. The percentage of weight loss in each month
and at the end of the experiment was greater in ambient storage than in

cold storage (10°C).
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Table 1.

Effect of wax coatings on cumulative weight loss(%) of sweet lime stored at 10°'C and ambient temperature in 1989.

1st month

2nd month

3rd month 4th month Sth month Mean
Treatment
Ambient Ambient Ambient Ambient Ambient Ambient
10C  sorage 10C  sworage 10C  storage 10C  sworage 10C  Sorage  10C  storage
Control 1.54a% 14lab 135bc 444a 245a 797 a 380a 1209a 536a 3195a 290a 1157a
1% SOPP¥ 084 b 169 a 170 a 392a 218a 658ab 339a 119a 466ab 3212a 262ab 1128a
25% wax +
1% SOPP 092 b 1.01bc 143b 309 a 153b 624ab 305a 1076ab 385ab 2204c¢ 215¢ 863 b
50% wax +
1% SOPP 076b 101bc 127c 272a 24la 589ab 356a 918ab 367ab 1955c 231bc 780 b
T5% wax +
1% SOPP 071 b 065¢c 1.02d 249a 190a 49b 374a 862b 327b 1375b 194c 6.16 ¢

¥ Means followed by the same letter within cach column are not significantly different at 5% level by Duncan’s multiple range test.

§ SOPP = Sodium orthophenyl phenate,
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Weight losses of coated fruits in both storage conditions were decreased as
concentration of wax emulsion increased. Uncoated fruits in both storage temperatures
and in both years had the highest weight loss, whereas the lowest weight loss was
achieved with 75% wax-emulsion. The effects of wax emulsions on weight losses were
significant after the 4th and 5th months of storage, especially when ambient storage was
used (Tables 1 and 2). In 1989, reduction in weight loss of coated fruits in ambient
storage was higher than in cold storage, while in 1990 reduction of weight loss in cold
storage was slightly more than that in ambient storage (Table 3). At both storage
temperatures, reduction in weight losses of fruits treated with commercial wax was
slightly less than those treated with 50% wax emulsion (Table 3).

Table 3. The percentage of reduction in weight loss after 5 months of storage as
affected by concentrations of wax and storage condition.

1989 1990
Treatment
Ambient Ambient
10C storage 10C storage
25% wax emulsion 1793 2335 20.00 8.40
50% wax emulsion 11.83 3072 2285 2324
75% wax emulsion 2595 4529 29.82 2740
Commercial wax (1:2) - = 19.28 1329

Moisture Content of Pulp and Peel

The results of various treatments of ‘prepared wax-emulsion on the percentage of
pulp and peel moisture of sweet lime are shown in Table 4. There were significant
differences between coated and uncoated fruits in the percentage of peel moisture of
sweet limes that were held in ambient storage in both years, and cold storage in 1990.
Treatments had no effect on the moisture change of pulp but significantly changed the
moisture content of peel.
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Pulp to Peel Ratio .

Regardless of wax coating, harvest year had a considerable effect on pulp/peel
ratio of fruits stored. The pulp/peel ratio in 1990 was greater than 1989 (Table 5). The
peel thickness of fruits stored in 1990 was less than fruits stored in 1989.

Table 5. Pulp to peel ratio of sweet lime treated with wax-emulsions and stored for
5 months at 10C and Ambient storage.

1989 1990
Treatment
10C Ambient 10C Ambient
storage storage storage storage
Control 378% a 515a 448 ab 638 a
Fungicide 390a 478 a 474 a 468 b
25% wax 397a 385b 43ab  428b
50% wax 353a 382b 425b 484 b
75% wax 380 a 356 b 424 b 480 b
Commercial wax (1:2) — - 474 a 502b

Means followed by the same letter within each column are mnot significantly
different at 5% level by Duncan’s multiple range test.

DISCUSSION

The results of a two-year study revealed that coated fruits with 25, 50 and 75%
prepared wax emulsion significantly reduced weight loss more than commercial wax and
uncoated fruits. The reduction of weight loss by prepared wax-emulsion was probably
due to the decrease in transpiration from the skin because 90% of total loss of weight is
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shown to be due to transpiration (2). The maximum reduction in weight loss was
achieved by a 75% wax-emulsion. The greater efficiency of higher concentration of
wax-emulsion in reducing transpiration was due to producing a good barrier to water
vapor diffusion, whereas, 25% wax-emulsion produced a broken layer of coating. This
finding is in agreement with the results of Ben-Yehoshua er al. (3) who showed the new
surface layer after wax coating had many pits and breaks.

The 75% wax emulsion effectively reduced weight loss without affecting fruit
flavor, suggesting that anaerobic conditions were not present. Similar results have been
reported by Ben-Yehoshua (2) who showed that waxing with Tag (a commercial wax)
inhibited transpiration without affecting fruit flavor.

The lower pefcentage of peel moisture and increased pulp/peel ratio of uncoated
fruits indicates that the weight loss of peel was proportionally higher than the pulp.
Similar results have been previously reported (4, 7). During two-years of study sweet
limes in ambient storage lost more weight than fruits stored at 10'C. This is likely due to
differences in temperature and relative humidity, because the rate of water loss from
fruits and vegetables depends upon the vapor pressure deficit (VPD) (6).

In ambient storage of sweet lime, coated limes with thicker peel had less weight
loss compared to those with thinner peel. It may be suggested that- the high level of
surface to mass ratio of peel in thinner peel sweet limes, might be responsible for the
increase in moisture loss of peel (5). Thus tending to increase in resistance of peel to
water vapor transport. The same observation was made by Pfeffer (11)° who indicated
that as the cell wall dried, the permeability to gas diffusion declined. Therefore, in sweet
limes with thinner peels the effectiveness of wax coating in ambient storage is reduced.
Cold storage is probably more suitable for keeping thinner peel sweet limes.
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