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Short communication

Reduced greasiness of 'Granny Smith' apples
washed in Tween 20 solution
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Abstract 'Granny Smith' apples (Malus
domestica Borkh.) tend to develop greasy skins
after extended storage which makes them slippery
to touch and reduces their aesthetic appeal. Washing
fruit in 0.15% (w/w) Tween 20 surfactant solution
reduced greasiness, loss of greenness, and firmness
after 22 days at 20°C. These effects were associated
with decreased skin permeance to gases, depressed
internal oxygen (O2) partial pressure and respiration,
and increased internal partial pressure of ethylene,
in washed compared to control fruit. Washing
depressed the sum of O2 and carbon dioxide partial
pressures, suggesting that this treatment enhanced
differential permeability characteristics of the fruit
skin. Pre-treatment by wiping without using Tween
20 solution had none of these effects but stimulated
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weight loss. The potential for using a surface coating
to delay the development of greasiness in stored
apples should be re-examined.
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INTRODUCTION

During long-term storage, 'Granny Smith' apples
(Malus domestica Borkh.) can become greasy to
touch, which diminishes their aesthetic value and
consumer appeal (Knuth & Stosser 1987; Leake et
al. 1989a). Greasiness develops rapidly at ambient
temperatures after removal of fruit from storage in
air or controlled atmospheres (C A) at 0°C as a result
of continued deposition of waxes and fatty acids on
the fruit surface (Leake et al. 1989a). It reduces skin
permeance to gases by blocking lenticels, thereby
impeding gas exchange and modifying the internal
atmosphere of the fruit (Trout et al. 1953; Dadzie
1992), with the consequent potential for triggering
development of physiological disorders such as
internal browning or core flush (Little & Minnis
1978; Dadzie 1992). This study was conducted to
investigate whether reducing greasiness of CA-
stored 'Granny Smith' apples could enhance gas
exchange and consequently reduce development of
internal browning.

MATERIALS AND METHODS

'Granny Smith' apples (count 125; av. weight 148 g)
stored in CA (2 kPa O2 and 2 kPa CO2) at 0°C for
c. 4 months were obtained in 1989 from the New
Zealand Apple and Pear Marketing Board, Hastings,
New Zealand. Fruit were further stored at 0°C in air
for 14 days and subsequently transferred to 20 +
1°C for 14 days by which time fruit had become
noticeably greasy. Fruit were weighed individually
and 15 were allocated to each of three treatments:
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(1) control (fruit were handled only by the stem); (2)
wiped with soft tissue paper until shiny; or (3)
washed by rubbing gently in 0.15% w/w Tween 20
(polyoxyethylene (20)—sorbitan monolaurate)
solution and then rinsed under running water for 30
s. Fruit were re weighed 1 and 22 days after treatment
application. Fruit remained at 20 ± 1°C for 22 days
to allow greasiness to redevelop before the follow-
ing assessments were made.

Greasiness was assessed quantitatively, as the
difference in fruit weight (to nearest 0.001 g) before
and after wiping thoroughly with soft tissue paper,
and subjectively (Leake et al. 1989b), by rubbing
fruit against the hand and scoring the degree of
greasiness as none (0), slight (1), moderate (2), or
severe (3).

Fruit carbon dioxide (CO2) and ethy lene (C2H4)
production were estimated from changes in CO2
and C2H4 partial pressures in 580 ml glass jars fitted
with septa in which fruit were sealed for 1 h at 20°C
in the dark. Gas concentrations in 1 ml samples
were quantified by gas chromatography. Core cavity
(internal) atmospheres were sampled by syringe
and O2, CO2, and C2H4 partial pressures were
determined by injecting 100 u.1 aliquot samples into
a stream of nitrogen flowing past an oxygen electrode
(City Technology Ltd. London; Banks 1986) in
series with an infra-red CO2 analyser (Binos-1-2,
Leybold-Heraeus, G.m.b.H., Hanau, Germany) or,
in the instance of C2H4, by gas chromatography.
Skin permeance to CO2 and C2H4 were calculated
from the following equation (Burg & Burg 1965):

(1)p ' =
' A x Apj

where: A = fruit surface area (m2); Pf = skin
permeance to gas) (mol/m2 per s per Pa); Apj =
difference in partial pressure of gas) between internal
atmosphere of the fruit and its environment (Pa);
and rf = rate of transfer of j between fruit and its
environment (mol/s).

Units for expressing gas exchange variables
were calculated using conversion factors presented
by Banks et al. (1995).

Fruit firmness (N) was measured on pared
surfaces on opposite sides of each fruit using a
hand-held Effegi penetrometer fitted with an 11.1
mm diameter probe. Total soluble solids
concentration (TSS, %) of juice expressed from two
opposite sides of each fruit's equatorial surface was
estimated by refractometer (Atago N-20) at 20°C.
Fruit background colour was measured twice on the
equator of each fruit using a chromameter (Minolta

CR-100; McGuire 1992). Fruit were cut transversely
at the equator and internal browning assessed
subjectively by rating severity of browning as none
(0), slight (1), moderate (2), or severe (3).

Data were analysed as a completely randomised
design using SAS (Littell et al. 1991).

RESULTS

All data from this study are presented in Table 1. No
internal or external browning occurred in any fruit.
Greasiness was not significantly different between
control and wiped fruit, regardless of whether it was
measured subjectively or quantitatively. However,
washing of 'Granny Smith' apples in Tween 20
solution markedly decreased greasiness at the time
of assessment compared to control and wiped fruit.

Washing of fruit in Tween 20 solution decreased
both P'co2 and P'c2nt- Both ^'co2 and f'c2H4of
washed fruit were c. two-thirds that of control and
wiped fruit. Wiping fruit did not significantly affect
^"co2 or P'C2H4 .CO2 production of fruit washed in
Tween 20 was c. one-third less than that of either
controls or wiped fruit and at a similar rate to
controls. C2H4 evolution was not affected by
treatment. Compared to the control and wiping
treatments, washing decreased p'o by c. two-thirds
but did not affect P'co2 • The washing treatment
increased P'C2H4 by 43% compared to control and
wiped fruit. Wiping had no effect on internal gas
partial pressures.

Weight loss was similar in control and washed
fruit but was increased by almost a third by wiping.
Control and wiped fruit lost more green colour
(lower hue values) than washed fruit. Washed fruit
were c. 9% firmer than wiped fruit. There were no
treatment effects on soluble solids content of fruit.

DISCUSSION

Wiping with a tissue at the beginning of the
experiment did not significantly reduce greasiness
measured 22 days after treatment application. This
suggests that the rate of grease development on
wiped fruit replenished any differences that were
achieved with the initial wiping. In contrast, washed
fruit had much less grease on the fruit surface 22
days after treatment than control or wiped fruit,
perhaps because washing removed wax from the
fruit surface. However, given that wiping was a
much more vigorous treatment than washing, it is
likely that the difference between these treatments


