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Abstract. Florida Valencia oranges (Citrus sinensis Osbeck)
were harvested on 1 May 1996 and 10 May 1998 for use in pro
longed storage (20 to 22 weeks) experiments at low tempera
ture (3 to 4 C). The purpose of these studies was to assess the
influence of carnauba-, polyethylene-, and shellac-based coat
ing formulations on the quality of Valencia oranges stored at
low temperature. Performance of formulations was based on
weight loss control, gas levels (O2, CO2, and ethanol) within the
fruit, juice headspace ethanol levels and flavor, and fruit ap

pearance. The data showed that some coatings, such as the
polyethylene formulation used in the second experiment, can
provide adequate weight loss control, maintain low anaerobic
respiratory products, and maintain good internal quality under
extended cold storage conditions. Shellac-based coatings are
not the optimal selection for extended storage due to their rel
atively poor control of water loss and their low permeability to
O2 and CO2, which lead to off-flavor development within 5 to 10
weeks of storage and, with long-term storage, fruit physiolog
ical breakdown.

Many Florida fresh citrus packers are interested in mar
keting late season varieties during the summer. Summer sales
help maintain shelf space in retail outlets for Florida citrus,
broaden the marketing window for ever increasing crop vol
umes, and give growers and packers the opportunity to mar
ket their fruit during a time of the year when they can get
better prices for their products. To provide fruit of acceptable
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quality during this time, extended postharvest storage is re

quired.

Challenges to prolonged postharvest storage of citrus in
clude controlling decay and maintaining acceptable external
and internal quality. Proper handling procedures and fungi
cide strategies can limit losses to decay (Albrigo and Brown,
1973), and proper storage conditions can help maintain qual
ity by, for example, decreasing postharvest fruit water loss.
Various studies have shown the effects of shellac-based

wax application on flavor modification (Cohen et al., 1990;
Hagenmaier and Baker, 1993, 1994a; Mannheim and Soffer,

1996) and peel disorders (Petracek etal., 1995,1998a, 1998b)
of fruit stored for relatively short periods at near-ambient
temperatures. Considerable prolonged citrus storage re
search was done using solvent-based coatings (Albrigo and
Brown, 1973; Huang et al., 1987; Kawada and Albrigo, 1979).
More recently, a Valencia storage study (Baldwin et al., 1995)
compared shellac-based and other coating treatments. The
storage temperatures used, however, were higher than those

that are optimal for extended storage, thus the storage period
considered was shorter than that needed commercially. A re
cent long-term cold storage study with Marsh grapefruit
(Brown et al., 1998) showed a loss in flavor for fruit coated
with a shellac-based coating relative to non-coated fruit and
fruit coated with a carnauba-based coating.
The purpose of this research was to assess the influence of
coating formulations on the quality of Valencia oranges
stored long-term at low temperature. Performance evaluation
of formulations was based on weight loss control, gas levels
within the fruit, juice headspace or fruit internal air space eth
anol levels, flavor, and fruit appearance.
Materials and Methods

Plant material. Mature fruit of Valencia orange (Citrus sin
ensis Osbeck) were commercially harvested on 1 May 1996
(Experiment 1) and on 10 May 1998 (Experiment 2) from
groves near Haines City, FL. Fruit were stored overnight at
22°C and 95% relative humidity, then packed the following
day at Haines City Citrus Growers Association, Haines City, FL
for Experiment 1 and at the Citrus Research and Education
Center (CREC), Lake Alfred, FL for Experiment 2. All fruit
except those of the field run (FR) treatment in the first exper
iment received a commercial prepacking imazalil drench ap
plication. In the first experiment all fruit except the FR and
drenched-only treatments were washed on roller brushes with
Freshgard 5 (FMC, Lakeland, FL) at a concentration of 2.0%
sodium 07t/*0-phenylphenol, while all fruit in the second ex
periment except those in the FR treatment were washed with
Fruit Cleaner 395 (FMC), a typical commercial detergent
cleaner. Fruit were not degreened.
Experiment 1. The effects of wax formulation (both with
and without 2000 ppm imazalil) on weight loss, ethanol levels
of extracted juice, and internal O2 and CO2 were determined.
Fruit were either not waxed (FR or imazalil drenched) or
Proc. Fla. State Hort. Soc. 112: 1999.

waxed with either (1) an experimental polyethylene formula
tion (PI) or, (2) commercially available carnauba- (Cl), or
(3) commercially available shellac-based (SI) wax supplied by
FMC. These coatings are proprietary mixtures. Fruit were
stored at the FMC facility in Lakeland, FL at 4 ± 1°C and 93 ±
2% RH until week 20 of storage, when RH was decreased to
75 ± 5% for the final two weeks in order to simulate marketing
conditions. Storage temperature at no time deviated from
this temperature, recorded by Cole-Parmer Single Use Re
corders (Vernon Hills, IL).

Weight loss was determined by weighing the fruit at one
day and 5,10,15, 20, and 22 weeks after wax application (four
cartons with each containing 15 fruit per treatment) and ex
pressed as percent loss per day. Ethanol was measured on
juice samples extracted using the Fresh'n Squeeze Citrus Juic
er (FMC, Lakeland, FL). Three replicates, each from a com
posite juice sample of 60 fruit, were analyzed per treatment.
Juice ethanol was measured by headspace accumulation as
previously described (Baldwin, et al., 1995). Ethanol was iden
tified by comparison of retention times with standards and
the concentration was determined by using regression equa
tions to calculate a peak height calibration curve as previously

described (Nisperos-Carriedo et al., 1990b).
Internal O2 and CO2 samples (0.2 ml) were taken from
the core of the fruit through the stylar end as described pre
viously (Petracek et al., 1995). These samples were analyzed
in a flow-through system consisting of O2 (Model 26112, Orbisphere Laboratories, Geneva, Switzerland) and CO2 (Model
Li-6251, Li-Cor, Lincoln, NE) gas analyzers connected in se
ries with N2 used as the gas carrier. Gas samples were taken af
ter 20 weeks of storage (10 fruit per treatment).
Experiment 2. The effects of washing, carton lining with a
polyethylene film, or coating formulation on weight loss, in
ternal O2 and CO2, internal ethanol, and juice flavor were de
termined. Fruit were either not waxed (FR, washed-only, or
washed then stored in a polyethylene-film lined carton) or
waxed with either (1) commercially available polyethylene(P2), (2) an experimental carnauba- (C2), or (3) commer
cially available shellac-based (S2) wax from FMC. No fungi
cide was added to the applied coatings. In the carton lining
treatment, enough polyethylene-film was used to provide a
single layer barrier between the contained fruit and the 6 en
closing carton surfaces. All cartons used for storage were com
mercially-available 4/5 bushel cartons, which will typically
hold approximately 18.1 kg net weight of fruit. Fruit were
stored at the CREC at 3 ± 1°C and 93 ± 2% RH for 20 weeks.
Weight loss was determined by weighing the fruit at one
day and 5, 10, 15, and 20 weeks after wax application (three

cartons with each containing 7 fruit per treatment) and ex
pressed as percent loss per fruit per day. Internal O2 and CO2
levels were evaluated by the method described above. Fruit in
ternal ethanol in core air space was determined by a gas-chromatograph (5709A, Hewlett Packard, Wilmington, Del.)
equipped with a HayeSep Q Custom (1.8 m x 3.175 mm, 100/
120) column (Supelco, Bellefonte, Penn.), and a flame ionization detector. All gas samples, which were obtained from
the same fruit throughout the experiment, were evaluated at
3 days and 5, 10, 15, and 20 weeks after wax application (12
fruit per treatment).

Multiple comparison tests (Larmond, 1977) were per
formed to evaluate treatment effects on flavor of extracted
juice 10 and 20 weeks after wax application. The FR treatment
was not included. These juice samples were extracted using
the FMC Fresh'n Squeeze Multi-Fruit Juicer. Juice samples
from all treatments were extracted from a composite of 180
or more wholesome fruit. The juice was immediately chilled
to 4°C in a water bath. About 50 ml of the juice was dispensed
in 100 ml plastic cups (coded with random numbers) and
served to 25 sensory panelists within 4 hours of juice extrac
tion. The washed-only treatment was the reference sample.
The sensory panel was asked to compare the 'freshness'
(meaning mot containing fermented off-flavors) of all treat
ments to that of the reference sample. On a scale of 1 to 9,
freshness was rated from 1 (extremely less fresh than refer
ence sample) to 5 (same as reference sample) to 9 (extremely
fresher than reference sample).
Statistical analysis. All data were analyzed by analysis of
variance using StatView (Abacus Concepts, Inc., Berkeley,
CA, 1996). All significance comparisons were made using
Fisher's Protected Least Significance Difference at a 5% sig
nificance level.

Results and Discussion

Experiment 1. For the entire 22-week storage period, fruit
coated with PI with imazalil or Cl lost significantly less weight
(avg. = 0.075 and 0.079% per day, respectively) than non-coat
ed fruit (0.090 and 0.095% per day) and those coated with PI
without imazalil or SI (0.090 or 0.096% per day) (Table 1, col
umn 6). Imazilil added to PI significantly improved weight loss
control, but did not improve the performance of other waxes.
Weight loss by treatment was consistent over the first 20 weeks
of storage, with fruit losing 0.052 to 0.105% per day. Substan
tial weight loss (0.162 to 0.259% per day) occurred during the

final two weeks when the RH was decreased to 75 ± 5%.

Table 1. Experiment 1: Treatment effects on weight loss of Valencia oranges.
Weight loss (%/day)
Treatment

Week 0 to 5

Week 5 to 10

Week 10 to 15

Week 15 to 20

Week 20 to 22

Week 0 to 22

Field Run

0.105 e

0.060 a

0.087 be

0.090 bed

0.227 be

0.090 be

Drenched (imazalil)

0.101 de

0.086 be

0.099 cd

0.219 be

0.095 c

Polyethylene 1

0.092 cd

0.073 b
0.071 b

0.086 be

0.105 d

0.259 c

0.096 c

Carnauba1

0.079 b

0.053 a

0.083 b

0.088 be

0.183 ab

0.079 a

Shellac 1

0.089 c

0.074 b

0.091 c

0.076 ab

0.173 ab

0.090 be

Polyethylene 1 /imazalil

0.066 a

0.054 a

0.068 a

0.078 b

0.208 abc

0.075 a

Carnauba 1 /imazalil

0.087 be

0.052 a

0.084 be

0.090 bed

0.162 a

0.081 ab

Shellac 1 /imazalil

0.093 cd

0.058 a

0.102 d

0.062 a

0.191 ab

0.083 ab

Note: Weight loss, obtained from 4 cartons containing 15 fruit per treatment, was determined during storage at 4°C and 92% relative humidity. Mean sepa
ration (n = 4) within each column is by Fischer's Protected Least Significant Difference (PLSD) at a 5% significance level.
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Juice ethanol concentrations (Table 2) were significantly
higher in both of the SI treatments after 5 weeks of storage,
and the difference between the SI and other treatments be
came steadily greater throughout the storage period. At 5
weeks, ethanol in both SI treatments exceeded 1400 mg/L,
the threshold concentration thought to be associated with
off-flavors by Cuquerella et al. (1981), but was still below this
concentration in the PI and Cl treatments. After 5 weeks of
storage, ethanol was significantly lower for non-coated fruit.
At all other sampling dates, there were no significant differ
ences in ethanol concentration for non-coated fruit and the
four non-shellac coating treatments. Ethanol increased for all
treatments the last 2 weeks at low humidity. This response af
ter long-term storage could be important to fruit flavor qual
ity as retail handling may be under similar conditions.
Internal O2 and CO2 levels obtained at 20 weeks post-stor
age (Table 2) give some indication why different ethanol con
centrations were observed between treatments. Non-coated
fruit had the highest O2 and lowest CO2 levels. Internal O2 was
significantly higher in the non-coated than in the Cl and PI
coating treatments, whose levels were in turn significantly
higher than the SI coating treatments. The SI coating treat
ment without added imazalil had a higher internal O2 level
than the same coating formulation with added imazalil. Con
versely, CO2 levels were significantly lower in the non-coated
than in Cl- and Pl-coated treatments, whose levels were in
turn significantly lower than the Sl-coated treatments.
These results suggest that polyethylene- and carnaubabased coatings may allow sufficient gas exchange to prevent the
build-up of excessive levels of anaerobic respiratory products
such as ethanol. Shellac-based coatings may not allow sufficient
gas exchange to prevent significant anaerobic respiration,
causing ethanol to accumulate to levels related to off-flavors in
earlier studies (Cohen et al., 1990; Cuquerella et al., 1981).
Further evaluation with flavor (taste) analysis was warranted
from these results and are presented in Experiment 2.
Low internal O2 and high internal CO2 have been reported
for storage of waxed citrus fruit at high temperatures (Hagenmaier and Baker, 1994b; Petracek et al., 1995, 1998a) with the
associated high respiration rate, but these results at low tem
perature suggest there is potential to develop off-flavors during

Weight loss (Table 3) was very consistent throughout the en
tire study, with fruit losing 0.017 (washed fruit in lined carton
treatment) to 0.044% (washed only treatment) per day. For
the entire 20 week storage period, the lined carton treatment
provided the best weight loss control (0.017% per day), fol
lowed by the P2 coating treatment (0.029% per day). The C2
coating provided weight loss control (0.037% per day) signif
icantly better than washed fruit (0.044% per day), but not sig
nificantly different than S2-coated (0.040% per day) or
drenched (0.042% per day) treatments. Weight loss control
was not significantly different between the S2-coated,
drenched, and washed treatments.
Overall, there was less weight loss per day (about Vi as
much) in Experiment 2 than in Experiment 1. This could
have been due to differences in the crops of Valencias used or
in storage conditions such as air movement since different
storage facilities were used.
There was a difference in the relative weight loss control
provided by the coating treatments in the two experiments.
The PI coating treatment without added imazalil provided
relatively poor weight loss control in Experiment 1, while P2
provided the best control among coating treatments in Ex
periment 2. This may be because all three coating formula
tions (polyethylene, carnauba, and shellac) were modified in
the time period between the two experiments (Frank Kelsey1,
personal communication). Details are not available since
these are proprietary mixtures.
Internal gas samples were analyzed 3 days after coating ap
plication and then at 5-week intervals during the storage peri
od. As in Experiment 1, coating application in Experiment 2
had a significant effect on internal O2 and CO2 levels (Tables
4 and 5). Throughout the storage period, non-coated fruit
maintained the highest O2 levels and the lowest CO2 levels.
Among coating treatments, the P2 coating provided signifi
cantly higher internal O2 levels than the C2 coating for the
first 5 weeks of storage, but there were no significant differ
ences during the remainder of the study. At all sampling
dates, fruit coated with the S2 coating had the lowest internal
O2 levels and highest internal CO2 levels (except at week 20,
when there was not a significant difference between the S2
and P2 treatments). With few exceptions, internal O2 and

long-term storage of citrus at low temperatures. Experiment 2
emphasizes this potential for off-flavor development.
Experiment 2. As in Experiment 1, fruit weight was mea
sured initially and every five weeks for 20 weeks of storage.

'D. Frank Kelsey, Florida Technical Service Manager, Fresh Fruit Preser
vation; FMC FoodTech, Citrus.

Table 2. Experiment 1: Treatment effects on ethanol concentration of extracted juice and on fruit internal O9 and CO2 during postharvest storage of Valen
cia oranges.
Juice ethanol (mg/L)

Internal O2 (%)

Internal CO, (%)

Week 22

Week 20

Week 20

1265 a

20.62 a

1.29 a

555 a

1412 a

20.61 a

1.30 a

1149 a

1860 a

18.18 b

2.96 b

Treatment

WeekO

Field Run

814

555 a

499 a

433 a

648 a

Drenched (imazalil)

—

668 a

584 a

Polyethylene 1

—

896 b

765 a

387 a
790 a

Carnaubal

—

Shellac 1

—

Polyethylene 1/imazalil
Carnaubal/imazalil
Shellac 1/imazalil

—

—

—

Week 5

Week 10

Week 15

Week 20

974 b

805 a

786 a
5788 b

1791a
7006 b

4.03 b

3110b

767 a
4517 b

17.56 b

2192 d

11.99 c

993 b

898 a

854 a

663 a

1562 a

16.34 b

7.28 c
3.57 b

1280 c
2157 d

800 a

941 a

1070 a

1664 a

16.86 b

3.84 b

338 b

4024 b

5509 b

6752 b

9.10 d

7.90 c

Note: Juice ethanol values represent means of three replicate samples, each a composite of 60 fruit stored at 4°C and 92% relative humidity. Internal gas lev

els (n = 10 fruit per treatment) were determined during storage. Mean separation within each column is by Fischer's Protected Least Significant Difference
(PLSD) at a 5% significance level.

128

Proc. Fla. State Hort. Soc. 112: 1999.

Table 3. Experiment 2: Treatment effects on weight loss of Valencia oranges.

Weight loss (total %)

Weight loss (%/day)
Treatment

Week 0 to 5

Week 5 to 10

Week 10 to 15

Week 15 to 20

Week 0 to 20

Week 0 to 20

Drenched (imazalil)

0.039 b

0.043 cd

0.043 cd

0.046 d

0.042 cd

5.88 cd

Washed only

0.052 c

0.048 d

0.049 d

0.031 be

0.044 d

6.16 d

Washed & lined

0.027 a

0.011 a

0.011 a

0.018 a

0.017 a

2.38 a

Polyethylene2

0.022 a

0.033 b

0.033 b

0.028 b

0.029 b

4.06 b

Carnauba2

0.038 b

0.038 be

0.039 be

0.036 c

0.037 c

5.18 c

Shellac2

0.040 b

0.040 be

0.041 be

0.045 d

0.040 cd

5.60 cd

Note: Weight loss, obtained from 3 cartons containing 7 fruit per treatment, was determined during storage at 3.3°C and 92% relative humidity. Mean sepa
ration (n = 3) within each column is by Fischer's Protected Least Significant Difference (PLSD) at a 5% significance level.

Table 4. Experiment 2: Treatment effects on internal O2 of Valencia oranges.

Internal O (%)
Treatment

Day 3

Week 5

Week 10

Week 15

Week 20

Drenched (imazalil)

20.07 d

19.54 d

18.60 c

19.46 c

17.82 c

Washed only

19.86 d

19.35 d

18.49 c

19.28 c

18.35 c

Washed 8c lined

20.45 d

18.59 cd

18.31 c

19.04 c

19.04 c

Polyethylene2

17.39 c

15.07 b

16.68 b

16.05 b

Carnauba2

15.05 b

17.77 c
16.00 b

16.95 be

16.65 b

15.36 b

9.54 a

5.30 a

3.34 a

5.60 a

10.81 a

Shellac2

Note: Internal gas levels (n = 12 fruit per treatment) were determined during storage at 3.3°C and 92% relative humidity. Mean separation within each col
umn is by Fischer's Protected Least Significant Difference (PLSD) at a 5% significance level.

CO2 levels for the P2 and C2 coating treatments fell between

As would be expected from Experiment 1 and the effects

those of the non-coated and S2-coated treatments through

of the coating treatments on internal O2 and CO2 levels in Ex

out the study.

periment 2, there was a treatment effect on fruit internal eth-

Internal O2 and CO2 levels remained relatively constant
for all treatments throughout the study with the notable ex

anol (Table 6). These ethanol values were from fruit internal
airspace and are not directly comparable to ethanol levels de

ception of the S2 coating treatment. Internal O2 for this treat

termined from extracted juice in Experiment 1. At day 4 of

ment declined through week 10 and then increased to week

storage, the C2 and S2 coating treatments had significantly

20, while the internal CO2 levels were highest at weeks 5 and

higher internal ethanol levels than all other treatments, but

10, and then decreased. This was possibly due to the coating

the levels were still low (6 to 8 mg/L). During the remainder

losing its structural integrity, due to fruit shrinkage.

of the study, the S2 coating treatment had significantly higher
levels than all other treatments, which were at no point signif

Many fruit coated with S2 showed a disorder well into the
storage period. A similar, if not the same, disorder has been

icantly different from each other. At 5 weeks, the internal eth

described on Marsh grapefruit coated with shellac-based wax

anol level remained low in the S2 coating treatment (5 mg/

and stored for 14 weeks at 2-3°C (Brown et al., 1998). This

L), but the level steadily rose throughout the remainder of

physiological breakdown in Experiment 2 appeared internal

storage (Table 6). Internal ethanol never exceeded 9 mg/L

ly as a juice-soaked, disintegrating albedo and externally as a

in any other treatment during storage.

dark, discolored peel, predominantly at the blossom end of

After 10 and 20 weeks of storage, flavor comparisons were

the fruit. Fruit softness was difficult to discern due to a brittle-

made on the extracted juice from fruit of all treatments ex

ness imparted to the coating or fruit peel or perhaps both in

cept the imazalil drenched only treatment (Table 6). At both

association with this physiological breakdown. By week 20 of

times, juice extracted from S2-coated fruit was judged the

storage, this disorder had visibly affected over 40% of the fruit

least fresh in comparison to all other treatments, while juice

in the S2 coating treatment, while no other treatments were

from P2-coated fruit was judged at least as preferred as that

affected.

from non-coated fruit. Juice from the C2 coating treatment,

Table 5. Experiment 2: Treatment effects on internal CO2 of Valencia oranges.

Internal CO2 (%)
Treatment

Day 3

Week 5

Week 10

Week 15

Week 20

Drenched (imazalil)

0.60 a

0.68 a

0.63 a

0.43 a

0.54 a

Washed only

0.52 a

0.51a

0.36 a

0.28 a

0.52 a

Washed 8c lined

0.65 a

0.49 a

0.47 a

0.29 a

0.41 a

Polyethylene2
Carnauba2
Shellac2

3.05 b

3.32 c

2.14 b

1.50 b

2.63 c

2.92 b

2.71b
7.69 d

1.73 b

1.04 b

7.69 c

3.53 c

1.66 b
2.77 c

5.54 c

Note: Internal gas levels (n = 12 fruit per treatment) were determined during storage at 3.3°C and 92% relative humidity. Mean separation within each col
umn is by Fischer's Protected Least Significant Difference (PLSD) at a 5% significance level.
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