a cause. However, the total carbohydrate values reported are
low and the soluble fiber proportion of the total fiber is a lot
higher than in the other studies. For orange, the soluble fiber portion is reported at 70-78% in the PMA study (Hagenauer and Tucker, 1990b) compared to the 40-45%
reported by Braddock and Graumlich (1981), the 60% reported by Anderson and Bridges (1988), and the 40-50%
found by Ross and English (1985). The same trend can be
seen with the reported soluble fiber portion for grapefruit
when the PMA study (Hagenauer and Tucker, 1990a) values
are compared to the work done by Braddock and Graumlich
(1981), Anderson and Bridges (1988), and this author (unpublished data). It appears the high dietary fiber values published by the PMA for oranges and grapefruit likely result
from incomplete removal of sugars during sample preparation giving a low value for total carbohydrate content and
high dietary fiber value.
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Abstract. ‘Valencia’ oranges and ‘Marsh’ grapefruit with three
different coating treatments (high-gloss shellac, wax, or noncoated) were kept in cold storage for 1 - 5 months, oranges at
1 °C and the grapefruit at 3 or 7 °C. Oxygen permeabilities of
the coatings were measured. Stored fruit were analyzed for flavor, ethanol content, Brix-acid ratio, chilling injury and electronic nose response. The ethanol content of oranges and
grapefruit with high-gloss shellac coating both increased substantially during cold storage. Fruit with wax coatings had little
increase in ethanol. Chilling injury of grapefruit was the most
extensive for non-coated fruit and lowest with the high-gloss
shellac coating. Electronic nose response was significantly
different for grapefruit with different coatings, but did not separate the treatment with best sensory panel flavor, which was
that stored at 3 °C with the wax coating.

Citrus fruit tends to develop off-flavor when stored at
about 20 °C after application of coating with low O2 permeability that overly restrict the exchange of O2 and CO2 between atmosphere and fruit to the extent that internal O2
concentration becomes too low to support aerobic respiration (Baldwin et al., 1995; Hagenmaier, 2000, 2002; Hagenmaier and Baker, 1994; Shaw et al., 1991). Others have found
flavor changes during cold storage of citrus.
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Under refrigerated conditions, flavor also deteriorates.
‘Valencia’ oranges stored at 3 °C developed high ethanol and
off flavor after 10 weeks if coated, but not if wrapped in polyvinyl chloride or left non-coated (Jiminez-Cuesta et al., 1983).
The flavor of ‘Clementine’ decreased after 25 d at 4 °C (Cuquerella-Cayuela et al., 1983). Ethanol content of ‘Murcott’
tangerines increased and flavor decreased after 4 weeks at 5
°C for fruit with two coatings of wax (Cohen et al., 1990a).
Ethanol content of lemons, taken as an indicator of quality,
increased markedly at 2 °C storage (Cohen et al., 1990b).
However, little information is available to show how coating permeability affects flavor quality during refrigerated storage of citrus fruit, which is what the present study aims to do.
Materials and Methods

‘Valencia’ oranges [Citrus sinensis (L.) Osbeck cv. Valencia] and ‘Marsh’ grapefruit [Citrus paradisi Macf.] were harvested at various times near Winter Haven, Fla. (Table 1). On
the day after harvest, the fruit were washed on rotary brushes
with Decco Fruit and Vegetable Keen 241 (Elf Atochem, Monrovia, Calif.), sprayed with 1000 mg·kg-1 imazalil, (Fungaflor
500EC, Janssen Pharmaceutical, Titusville, N.J.), passed
through a hot-air drier (residence time 5 min at 50. °C), divided into four subsamples: fruit sampled on day one, fruit
not coated and fruit for each of the two coatings. Coatings
were applied manually, using rubber gloves and the fruit
again passed though the drier, same temperature and holding time. The amount of liquid coating applied to oranges
was 0.3 g per orange and 0.4 g per grapefruit. Within three
hours of application of the coatings, the fruit were put into
cold storage (1 °C, 97% R.H for Valencia oranges; and 3 °C,
70%RH or 7 °C, 75% RH for the ‘Marsh’ grapefruit.
Coating treatment A consisted of Brogdex 555 with 1000
mg·kg-1 TBZ. This is a commercially available, high-gloss coating not unlike other shellac-resin based coatings used in the
citrus industry. Coating treatment B was an experimental
coating made in our laboratory, consisting of 12.0% polyethylene (AC673 or AC 316, Allied Signal), 4.0% candelilla wax,
3.2% oleic acid, 0.8% myristic acid, and 0.9% NH3, with 500
mg·kg-1 TBZ.
Coating permeability was measured with coatings of approximately 20 µm thickness prepared by uniformly spreading the liquid formulations on low-density polyethylene film,
drying and storing for about 1 month at 50% RH. The O2 fluxes through coated and non-coated films were measured at 30

Table 1. ‘Valencia’ harvest dates.
‘Valencia‘
experiments and harvest dates
V1
V2
V3
V4
V5
V6
V7
V8
V9
V10
a

April 28, 2000
April 28, 2000
May 4, 2000
May 4, 2000
May 16, 2000
May 19, 2000
May 19, 2000
May 26, 2000a
May 26, 2000a
May 26, 2000a

‘Marsh’
experiments and harvest dates
M1
M2
M3
M4
M5
M6

Jan. 25. 2001
Jan 30, 2001
Feb. 8, 2001
Feb. 21, 2001
Mar 21, 2001a
Mar 21, 2001a

Fruit harvested on the same day was from different groves.
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Table 2. Oxygen permeability of the coatings, measured at 30 °C.
Permeability
Coating
High-gloss shellac
Wax

mol/m-1s-1Pa-1

mol/m-1s-1Pa-1

(1.4 ± 0.2) • 10 -16
(17 ± 5) • 10 -16

1,100 ±160
21,000 ± 3700

°C in a 100 cm2 permeability cell (Mocon, Minneapolis, MN)
by passing air on one side and N2 on the other, at flow rates
of 10 and 3 mL·min-1, respectively, until the O2 content of the
N2 stream reached steady-state O2 concentration. Coating
thickness was determined from weights and also by measurement of thickness to 1 µm accuracy (n = 6) with a micrometer
(model µMaxµm, Federal Products Co. Providence, R.I.).
Coating permeance was calculated as 1/((permeance of coated film)-1 - (permeance non-coated film)-1).
Respiration rates of non-coated fruit at 21 °C were measured from the increase in CO2 concentration (measured in
the same manner as internal CO2) of air flowing at 15
mL·min-1
Ethanol content of juice was determined on pooled juice
from 4 pieces of fruit extracted with the FMC Multi-juicer.
The samples were spiked with 1000 mg·kg-1 n-propanol as internal standard, centrifuged and injected into a gas chromatograph fitted with a FFAP column (Hewlett Packard) and
flame ionization detector. Column flow was 4 mL·min-1. Column temperature was 55 °C for injection, increased 3 °C·min-1
to 70 °C and held at that temperature 1 min.
Samples for internal O2 and CO2 were withdrawn with a syringe (previously flushed with N2 to remove traces of oxygen)
from fruit that were submerged in water. The O2 and CO2
concentrations were measured with a Hewlett Packard 5890
gas chromatograph fitted with a CTR-1 column (6 ft long, 1/
inch and 1/8 inch diameter, outer and inner columns, respectively, Alltech, Deerfield, Ill.). Samples were applied with
a 250 µl loop injector. Column flow rate was 140 mL·min-1.
Temperatures were 40 °C and 120 °C, respectively, for the column and thermal conductivity detector. Peak areas obtained
from standard gas mixtures were determined before and after
analysis of the samples. Oxygen concentration was calculated
from the O2-Ar peak area after correction for 0.93% Ar in the
atmosphere.
The Nordic electronic nose (Applied Sensor Inc., Parsippany, NJ) was used for comparison of volatile gases from the
‘Marsh’ grapefruit juiced on June 14. Samples were held at 8
°C until 15 min before sampling, then heated to 30 °C for 5
min and 40 °C for 5 min before a 30 s sample flush and measurement of signal with 22 sensors. Samples were run in random order, 2 samples of 4 fruit each per treatment, each
sample run four times. Every fifth sample was air at 15 °C.
Brix was determined with a Leica Abbe Mark II plus Refractometer. Acidity was determined by titration to a phenolthalein endpoint.
Hedonic flavor of ‘Valencia’ was the mean score of 15 experienced panelist using a 1-15 scale, dislike-like. Flavor quality and off flavor of ‘Marsh’ were the mean readings of 7
experienced panelist using 1-5 scales, with descriptors of poor
- excellent and weak - strong, respectively.
Chilling injury was rated 0 for none, 1 for collapsed area
of peel < 5% of surface area, 2 for 5%<area<25% and 3 for
area >25% for 20 fruit/treatment after storage for 50-140
days.
Proc. Fla. State Hort. Soc. 115: 2002.

Table 3. Internal CO2 and O2 of ‘Valencia’ Oranges and ‘Marsh’ Grapefruit after Storage. Oranges were stored 47-163 d at 1 °C and grapefruit for 47-103 d at
3 or 7 °C.
Internal CO2 (kPa)

‘Valencia’
‘Marsh’ at 3 °C
‘Marsh’ at 7 °C

Internal O2 (kPa)

High-gloss

Wax

No coating

High-gloss

Wax

No coating

8.4 a
8.9 a
7.3 b

3.3 b
2.5 c
2.2 c

2.3 b
1.7 c
1.6 c

9.8 a
7.9 a
11.8 b

15.7 b
17.2 c
16.6 c

17.5 c
16.0 c
16.2 c

Mean values for internal CO2 or O2 not with the same letter are significantly different (p < 0.05, Tukey).

Statistical treatment of data used Statistix for Windows
(Analytical Software, Tallahassee, Fla.) or Statistica (Hallogram Pub. Co., Aurora, Colo.). Separation of means used
Tukey statistic at p < 0.05.

(Fig. 3). The mean ethanol content of juice from freshly harvested ‘Valencia’ oranges (not stored, harvested April 28-May
26) was 536 ± 110 mg·kg-1.

Results

Internal gases. The high-gloss coating had only about 5%
the permeability of the wax coating (Table 2), and is use resulted lower internal O2 and higher CO2 than fruit with the
wax coating, which in turn was about the same as non-coated
fruit (Table 3). Internal gases did not change with storage
time. In previous studies with ‘Valencia’ oranges and ‘Marsh’
grapefruit stored at 20-25 °C with shellac coatings the internal
O2 was 1-2% and ethanol accumulated rapidly; the internal
O2 with wax coatings was roughly 10% and ethanol accumulated much more slowly (Hagenmaier, 2000; Hagenmaier
and Baker, 1994). In the present study the internal O2 with
the shellac coating was 8- 12% (Table 3), roughly the same as
that found previously with wax coating at 20-25 °C storage.
Ethanol. For the present study the ethanol contents of ‘Valencia’ oranges with the lower permeability high-gloss shellac
coating increased markedly during storage (Fig.1, Table 4).
The same data plotted against juicing date shows less scatter,
suggests that date of making the juice may be more important
than storage time, especially for fruit kept in storage after
about Sept. 1 (Fig. 2). In contrast, the ethanol content with
wax coating or no coating did not increase during storage

Fig. 1. Ethanol content of ‘Valencia’ oranges with high-gloss shellac coating as a function of time in storage at 1 °C.
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Fig. 2. Ethanol content of ‘Valencia’ oranges with high-gloss shellac coating stored at 1 °C as a function of date of squeezing for juice.

Fig. 3. Ethanol content of ‘Valencia’ oranges with wax coating or no coating as a function of time in storage at 1 °C.
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Table 4. Rates of increase in ethanol content during cold storage.
‘Valencia’ oranges
Coating
None
Wax
High-gloss shellac
a

Rate (mg_kg-1/week)
5±6
6±5
108 ±18

‘Marsh’ grapefruit

R2 (adjusted)a
-0.01 NS
0.01 NS
0.59 ***

Rate (mg_kg-1/week)

R2 (adjusted)a

36 ± 5
30 ± 4
79 ± 13

0.61 ***
0.61 ***
0.47 ***

NS not significant, *** p < 0.001.

‘Marsh’ grapefruit ethanol contents followed a similar
pattern during storage, but with smaller increases for the
high-gloss shellac coating (Figs. 4-6, Tables 4-6). There was a
low but discernible increase in ethanol of the grapefruit with
wax and no coatings, with the wax coating had slightly lower

ethanol than fruit with no coating [Ethanol (no coating wax) = (7 ± 1) mg·kg-1/week]. The difference in rate of ethanol increase (high-gloss - no coating) was 48 ± 5 mg·kg-1/
week. Ethanol contents of grapefruit stored at 3 °C were not
significantly different from those stored at 5 °C. The mean
ethanol content of juice from freshly harvested ‘Marsh’
grapefruit (not stored, harvested April 28-May 26) was 90 ± 11
mg·kg-1 (Table 5).
It is generally well known that the flavor of fresh fruit decreases as ethanol content increases, and the same applies to
citrus juices (Ahmad and Khan, 1987; Cohen 1990a,b; Hagenmaier, 2002; Ke and Kader, 1990). For the high-gloss shellac

Fig. 4. Ethanol content of ‘Marsh’ grapefruit with high-gloss shellac coating as a function of time in storage at 3 ° or 7 °C.

Fig. 6. Ethanol content of ‘Marsh’ grapefruit with wax coating or no coating as a function of time in storage at 1 °C.

Table 5. ‘Valencia’ Flavor panel results: A = high gloss coating, B = wax coating and U = uncoated.
Hedonic scorea
Harvest I.D.
V1
V2
V3
V4
V5
V9

Fruit storage time (days)

A

B

U

47
54
54
117
107
102
mean scores:

11.1
10.8
11.0
9.8
10.3
8.0
10.2b

11.9
11.7
9.7
10.6
8.4
9.6
10.3b

8.9
8.2
8.8
9.1
10.6
8.0
8.9b

a

Fig. 5. Ethanol content of ‘Marsh’ grapefruit with high-gloss shellac coating stored at 3 ° or 7 °C as a function of date of squeezing for juice.
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0-15 range, dislike and like extremely, respectively.
Mean values in the same column not with the same letter are significantly
different (Tukey, p < 0.05).
b
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Table 6. Flavor attributes of ‘Marsh’ grapefruit juiced on June 14 after 85 140 d storage at 3 ° or 7 °C.
Flavor qualitya

High-gloss shellac
Wax
No coating

Off flavorb

3 °C

7 °C

3 °C

7 °C

2.5 bc
2.9 a
2.3 b

2.3 b
2.2 b
2.3 b

3.0 b
2.5 a
3.0 b

3.0 b
3.1 b
3.0 b

a

Rated on 1-5 scale, 1 = poor, 5 = excellent.
Rated on 1-5 scale, 1 = weak, 5 = strong.
cMean values for flavor quality or off-flavor not with the same letter are significantly different (Tukey, p < 0.05).
b

coating about half the ‘Marsh’ and ‘Valencia’ samples had
ethanol >1000 mg/kg-1, with 14% of the ‘Marsh’ and 45% of
the ‘Valencia’ samples having >2000 mg·kg-1 ethanol (Figs.
1,2,4,5). Only one sample of wax-coated fruit had ethanol
>1000 ppm, suggesting these fruit have superior internal
quality.
Electronic Nose measurements. The Nordic electronic nose
responses for the juice of ‘Marsh’ grapefruit stored 85-140 d
and juiced on June 14 showed that the fruit with the highgloss shellac coatings (treatment A) had somewhat different
response from the fruit with wax coating or no coating
(Fig. 7). This difference in response was most likely caused by
elevated levels of ethanol and other flavor volatiles. Unfortunately, the grapefruit with wax coating stored at 3 °C, which
was the treatment with best flavor (Table 6), was not separated from the other samples by multivariate analysis (Fig. 7).
These results suggest somewhat limited usefulness for the
electronic nose to distinguish between fruit of differing internal quality. The ethanol data seem about as useful as the electronic nose signal, and these are much easier to measure and
can be directly related to a chemical property.
Flavor panel results. The panel was unable to detect a significant difference in flavor of stored ‘Valencia’ oranges
(Table 4). This is difficult to understand in light of the large
differences in ethanol content. The ‘Marsh’ grapefruit with
the wax coating stored at 3 °C (Table 6) had better flavor
quality and less off-flavor than all other treatments.

Fig. 8. Chilling injury of ‘Marsh’ grapefruit.

Chilling injury. Chilling injury was very severe for non-coated fruit stored at 3 °C, moderate to quite low for fruit with the
high-gloss shellac coating and intermediate for other treatments (Fig. 8). This indicates that for grapefruit the best coating might have a coating permeance between that of the
shellac and the wax (Table 2). This could be a mixture of wax
and shellac or wax and resin. Schirra (1992) found more
chilling injury and ethanol at 4 °C than at 8 °C for Stare Ruby’
grapefruit. Chilling injury was quite severe for non-coated
fruit at both temperatures but especially at 3 °C.
Mean brix-acid ratios for the grapefruit with shellac, wax
or no coating, when juiced June 14 were 8.9, 8.9, and 8.6 at 3
°C and 8.8, 9.4 and 9.0 at 7 °C, respectively (mean SD was
1.50). The brix- acid ratios were not significantly different for
any of these treatments and showed no correlation with storage time, storage temperature, flavor, chilling injury or ethanol content.
Conclusion

‘Valencia’ oranges and ‘Marsh’ grapefruit, coated with a
high-gloss shellac coating, developed rather high ethanol
content, suggesting reduced internal quality, during cold
storage despite the fact that internal O2 was roughly 10%. For
the same fruit with wax coatings or no coatings, the ethanol
content was considerably lower. Grapefruit appearance and
flavor was best with the wax coating and 3 °C storage, whereas
chilling injury was least with the high-gloss shellac coating.
The electronic nose signal was different for grapefruit with
the high-gloss coating, but did not separate out the fruit with
best flavor (wax coating, 3 °C).
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Abstract. The leafminer, Liriomyza trifolii (Burgess) is an important pest affecting vegetable crops in South Florida. It is highly
capable of developing resistance to insecticides. Studies were
conducted with various compounds in an effort to devise the
best control strategy of leafminer on vegetable crops. Abamectin and Spinosin provided excellent control of leafminers on
‘Pod Squad’ beans. Indoxacarb alone provided poor control of
this pest; however, in combination with Agri-Dex®, indoxacarb
provided significant control of leafminers larvae and pupae. Indoxacarb in combination with certain surfactants was equally
effective to the first, second and third instars of leafminer on
‘Pod Squad’ beans. An increase in the level of leafminer control was achieved when azadirachtin was applied in combination with Agri-Dex®, Silwet® and Jointventure®. Among
nonionic surfactants, Kinetic® and Cohere® significantly reduced leafminer larvae. Thiamethoxam applied at the rates of
4 and 8 oz/acre provided significant reduction of leafminers on
tomatoes during 4 weeks of sampling. Indoxacarb did not affect emergence of the leafminer parasite, Diglyphus sp.,
whereas indoxacarb in combination with various surfactants
significantly reduced leafminer parasites. This information has
important bearings to the vegetable growers of south Florida.
Based on this information, growers will be able to use environmentally benign insecticides in rotation with abamectin and
spinosin to achieve better control of leafminers, protect natural enemies and retard the development of insecticide resistance.
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The leafminer, Liriomyza trifolii (Burgess), is an important
pest affecting tomato and other vegetable crops in south Florida although it is considered secondary in nature (Johnson et
al., 1980; Oatman and Kennedy, 1976; Zoebisch et al., 1984;).
L. trifolii is the predominant pest species on commercial freshmarket tomatoes grown on the Gulf Coast of Florida
(Schuster, 1985). Up to 90% of tomato foliage may be lost if
populations increase uncontrolled (Schuster, 1978).
The leafminer infests various vegetable crops each year with
variable degrees of infection (Schuster, unpublished data). The
vegetable growers of south Florida cope with this problem by applying chemical insecticides, e.g. abamectin, cyromazine, and
azadirachtin (Seal, unpublished data). Frequent use of the same
insecticides causes the target pest to develop resistance, and by
the decimation of natural enemies causes the appearance of new
pests. In addition, the resurgence of the target insect and the
outbreak of secondary pest have been documented.
The beet armyworm Spodoptera exigua (Hubner) and the
tomato fruitworms Helicoverpa zea (Boddie), primary pests of
tomato, must be controlled to meet marketable standards
(Oatman and Platner, 1971). Growers may use broad spectrum insecticides, such as methomyl (Lannate®, E. I. Du Pont
De Nemours and Co., Wilmington, Del.) to achieve such standard (Oatman and Kennedy, 1976). Use of methomyl on tomatoes has resulted in increased numbers of leafminers due
to decreased numbers of natural enemies.
An important part of the biology of Liriomyza is the ability
to develop resistance to insecticides (Parrella, 1987), a capacity that has contribute to the failure in the control of leafminers (Genung, 1957; Parrella and Keil, 1984; Wolfenbarger,
1958). The strong capability of L. trifolii to develop resistance
to insecticides made it possible to displace L. sativae on several crops (Schuster and Everett 1982; Zehnder and Trumble,
1982). It was also demonstrated that L. trifolii is more tolerant
to insecticides than other Agromizid species (Lindquist et al.,
1984; Parrella and Keil, 1985).
Spinosin and abamectin are two novel insecticides that
provide satisfactory control of leafminers (Seal, 1998; Stansly
and Conner, 1998). To avoid development of resistance in
Proc. Fla. State Hort. Soc. 115: 2002.

