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CITRUS FRUIT WITH SINGLE OR LAYERED COATINGS COMPARED
WITH PACKINGHOUSE-COATED FRUIT
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Abstract. Oranges, grapefruit and tangerines that were coated
with hydrocarbon-containing wax microemulsions had weight
loss and internal CO2 values less than half those coated com
mercially in Florida packinghouses. Valencia oranges coated
in layers with two wax microemulsions had weight loss only
20-30% of washed control. High levels of gloss were not
imparted by the microemulsions, but could be attained by
application of a high-gloss coating as second coating. The
high-gloss coatings, whether applied alone or as second coating,
tended to inhibit gas exchange and elevate ethanol content.

Fresh citrus fruit is coated primarily to give gloss to the
surface, thus improving market appeal, with weight loss
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reduction a secondary goal (Kaplan, 1986; Hall, 1981).
Our work has shown that weight loss and gloss are related:
low weight loss helps to preserve gloss, and both can be
achieved with layered coatings, the first of which is a wax
microemulsion (Hagenmaier and Baker, 1993b; 1993c).
The second coating can either be a wax selected for gloss
(rather than shrinkage control) or a high-gloss shellac or
resin coating. The present work shows how commercially

coated Florida citrus fruit compares with fruit having
single or layered coatings.
Materials and Methods

Fruit. The fruit coated in our laboratory were from
groves near Winter Haven, Fla., maintained by the Florida
Department of Agriculture. The Hamlin and Navel oranges,
the Ruby Red grapefruit and the Murcott tangerines were
harvested Jan 25, 1993. The Valencia oranges were har
vested May 11-June 1, 1993. The commercially coated fruit
were from packinghouses located within 25 miles of Winter
Haven, Florida. For comparisons of laboratory-coated fruit
with packinghouse-coated fruit, the fruit was all harvested
and coated within a two-day period. Fruit coated in our
laboratory were washed with rotating polyethylene brushes
(type PSE, made by Industrial Brush Corp., Lakeland, Fla.)
with a citrus cleaner containing sodium o-phenylphenate
(Freshgard 5, FMC Corp., Lakeland, Fla.).
Coatings. Wax microemulsions AC3 and PE4 were sup
plied by Allied Signal (Morristown, N.J.). Formulation
Proc. Fla. State Hort. Soc. 106:

1993.

It is noteworthy that the wax-coated grapefruit stored
at 20°C, 55% R.H., had shrinkage and internal CO2 similar
to packinghouse fruit in cold storage (14°C, 90% RH). This
suggests that grapefruit with wax-based coatings has less
need of refrigeration than the same fruit with shellac or
resin coatings.

Valencia oranges from packinghouses had rate of weight
loss about four times that of fruit coated with wax microemulsion K123B, and three times that of fruit with one
layer of K123B and a second layer of high-gloss shellacresin coating (Table 3). The wax microemulsion used in
this case contained petroleum wax as the hydrocarbon wax,
whereas microcrystalline wax was the hydrocarbon source
in the water-vapor barrier used for the data of Table 1.
Application of coatings did increase light reflectance of
the fruit surface (Table 2). Highest values of reflectance
were obtained when the second coating contained shellac
and resin. However, such coatings elevated internal interior
CO2 and reduced O2 values - whether the shellac and resin
coatings were the only coating applied (see values for pack-

Table 2. Properties of Valencia oranges with wax or layered coatings
compared with packinghouse fruit coated with resin waxes. Fruit was
stored one week at 20°C, 75% Relative Humidity.
Treatment

Shrinkage

Internal Gas

O2(%)

CO2(%)
2.1
3.1
6.3
13.3

Coating

P.H.

(%/day)

None (unwashed)
None (washed)

ARS
ARS

0.56

19.3

0.73

17.7

K123B

ARS
ARS

0.18

12.3

0.22
0.57
0.55
0.74
0.70
0.88
0.51
0.59
0.59
0.04

4.4

K123B-RSy
Rlw

A

Rl

B

Rl
R4
SOL
SOL

C

R2
R5

G
H

D

E
F

LSDo.os

6.1
2.8
2.4

13.4

5.8
4.6
7.9
5.6

11.3
11.0
6.6
11.0
9.9
2.7

6.7
5.2

11.5
10.5

Ethanol

Glossz

(ppm)

(G.U.)

573
656

—

910
1990
2975

4.6
5.8
7.9
5.0

1556

5.7

1757
2127

5.0

1610
2512
2093
1556
250

5.5
5.7
4.2
5.7
0.9

5.1

zMeasured within 2 days after acquisition or coating of the fruit.
yFirst coating was microemulsion K123B; second was high-gloss coating
RS; application rate for each was 0.5 ml/fruit.
wSee Table 1.

inghouse fruit in Tables 1 and 2) or applied as second
layer (Table 2). In both cases, the ratio of CO2 to O2 is
markedly higher than for fruit not coated or coated only
with wax microemulsion.

The ethanol content of juice from fruit with the highgloss coating was virtually the same (2,000 ppm) as packing
house fruit, which was much higher than fruit not coated
or coated only with wax microemulsion (Table 2). Ethanol
content as high as 2000 ppm should indicate that some
flavor deterioration may have occurred, although flavor
analysis was not included in this study. Ke and Kader (1990)
found a significant decrease in flavor of Valencia oranges
when ethanol had risen to 2000 ppm; Ahmad and Khan
(1987), working with mandarin, found the same result.
Thus, layered coatings with a shellac outer coating did
solve one of the problems associated with high-gloss coat
ings, that is, relatively high weight loss of the coated fruit.
Such a coating did not, however, solve the flavor problems
associated with inhibition of gas exchange by these coatings,
because gas exchange was inhibited about the same whether
the high-gloss coating was applied as only coating (as in the
packinghouses) or as second coating in our laboratory. By
contrast, coatings consisting of two wax layers kept weight
loss low with much less inhibition of gas exchange.
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Abstract. The availability and need for quarantine treatments
for agricultural commodities produced in Florida were exam

ined. The most important quarantine pest in Florida is the
Caribbean fruit fly, Anastrepha suspense (Loew), and quaran
tine treatments exist for grapefruit, orange, tangerine, mango,
carambola, and guava infested with this fly. Other treat

ments could potentially be used for other fruits. Some fruits
presently have no potential quarantine treatments for Carib
bean fruit fly. Quarantine treatments are also available for
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