The potential for introducing technological innova-
tions cxists, as long as the requircments for appropriate
technologics are met. In the IDRC project, we attempted
to apply the modified atmosphere (MA) technology
which is known to effectively delay ripening in bananas
in cartons or crates. This consists of enclosing the fruits
in a plastic bag such that there is limited exchange of atr,
leading to a reduction in oxygen levels. Our initial
attempts involved closing the doors of the vans during
shipment and providing sachets of adsorbents to lower
the cthylene levels in the load. This trcatment led to a
high incidence of the ‘green-soft” disorder, although one
wholesaler had the impression that the incidence was
low relative to their usual experience with closed vans.
This highlighted the difficulty of utilising the usual MA
system, since some fruits in the load had actually begun
to ripen and produce ethylene. Ethylene in combination
with low oxygen is known to induce the ‘green-soft’
disorder. This led us to evaluate the effect of ethylene
adsorbents in vans shipped with the doors open. A scries
of trials demonstrated a significant reduction in ripe
fruits upon arrival in Manila. Shippers have cxpressed
interest in using the adsorbents.

The participation of shippers and traders in our trials
proved invaluable. These practitioners provided us with
insights gathered over years in the business. Moreover,
they themselves were able to innovate by simply
watching us set up the trials, then modifying some of
the ideas we shared with them. This is illustrated by our
attempt to reduce compression damage by providing a
horizontal rack. In a number of trials we provided a
horizontal rack running the entire length of the van, but
covering only half its width (Fig. 6). This was done so
that the unracked portion could serve as the control.

Figure 6. Setting up a trial to evaluate the use of horizontal
racks. A horizontal rack running the length of the
right-hand half of the van was used.
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This sct-up also required a vertical divider. A spinoff
from these trials was unexpected. Although the hori-
zontal racks reduced compression damage, the shippers
thought they were too expensive to construct. However,
they picked up the idea of providing vertical dividers
(Fig. 7), which were cheaper to construct and actually
reduced the proportion of ripe fruits. The vertical
dividers reduced the bulk and allowed for the dissipa-
tion of heat. Most banana shippers now usc thesc verti-
cal dividers.

Conclusion

Although numerous problems are encountered in the
marketing of horticultural perishables in developing
countrics, there are opportunitics for interventions
which reduce losses and can enhance the income derived
from horticultural enterprises. While well-managed
systems exist, these are geared primarily tor export, and
might not be appropriate for the domestic market.

Research and development efforts aimed at improv-
ing domestic marketing systems for horticultural pro-
duce in developing countries require an approach that
allows participation by the potential users of the tech-
nology. In turn, this requires an approach where the
postharvest specialist is both a researcher and an exten-
sion agent. Alternatively, the extension worker might be
involved from conceptualisation, through implementa-
tion, and in information dissemination and technology
transfer. In contrast to the usually lincar flow of infor-
mation or interaction among the researcher, cxtension
worker, and target clicntele, such an approach requires
an interaction among these players from conceptualisa-
tion to technology transfer (Fig. 8).
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Figure 7. Typical vertical divider now routinely used in bulk
shipments of bananas
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Figure 8. Scheme for participatory R&D in postharvest
horticulture
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Impact and Vibration Damage to Fruit
during Handling and Transportation

D.J. Hilton*

Abstract

Export markets and, to a lesser extent, home markets are increasingly demanding fruit of consistent high quality.
To achieve the required standards, quality management at all stages of production and distribution is becoming
very important. Mechanical damage, which can occur during harvesting, packinghouse operations, handling, and
transport, represents a serious hazard to quality and has the potential to reduce significantly the value of the
product. It is therefore important to be aware of the mechanical impact and vibration environment to which fruit
is exposed at every stage. It is also necessary to determine quantitatively the damage susceptibility of fruit at
various stages of ripeness, and under the time/temperature regimes encountered between harvest and when the
fruit appears on the retail counter. Designing a total quality management (TQM) system for optimum results
requires knowledge of all these factors, while implementation ideally requires an integrated approach involving
all parties in the production—distribution chain. The paper reviews research relating to impact and vibration
damage, and outlines how this knowledge can assist with optimum design and selection of packaging, stacking
patterns, handling procedures, etc. and make other contributions to a TQM system. Suggestions are made

regarding priority areas for future study and research.

As growers, distributors, and exporters of tropical fruit
seek to expand their activities, they encounter markets
which increasingly demand quality and consistency.
While it is fairly common to find markets over-supplied
with low quality fruit, it is the fruit of consistent, high
quality which will tend to be sought and which fre-
quently (though not always) attracts the price premium.
Achieving high quality on a consistent basis is therefore
an important goal. To do this, it is necessary, as far as
possible, to maintain control of all processes involved in
production, handling, and distribution. Total quality
management (TQM), a concept well-recognised in
engineering production, is now fast becoming the
catch-phrase in horticultural production, as a means of
guaranteeing the required quality and product consis-
tency. It involves monitoring and product sampling at all
stages of production, harvest and postharvest opera-
tions, handling, and transport.

Poor handling, inadequate packaging, bad stacking,
poor road surfaces, and bad driving practice on the part
of truck and forklift operators are responsible for most
of the mechanical damage which we see in fruit at the
market. Handling damage can occur during the follow-
ing stages.

* National Centre for Engineering in Agriculture, Faculty of
Engineering and Surveying, University of Southern Queens-
land, Toowoomba, Queensland 4350, Australia.
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1. Picking
2. Placing into collection bags, baskets, boxes, or
bins
3. Transport to the packinghouse
4. Unloading at the packinghouse
5. Cleaning, grading, sorting, ripening, and packing
6. Movement into coldstore
7. Loading onto transport
8. Transport to wholesale market or port
9. Off-loading
10. Handling at wholesale market or port
11. Loading onto secondary transport
12. Secondary transport
13.  Off-loading at the retail outlet
14. Handling of packages by retailer
15. Handling of individual fruits at the counter dis-
play
16. Customer handling.

The consequences of poor handling practices obvi-
ously vary greatly from fruit to fruit. The fruit’s suscep-
tibility to damage when exposed to impact and vibration
usually varies with time, increasing as the fruit becomes
riper and softer. Some types of fruit (e.g. bananas) are
susceptible to damage when unripe, but may not show
the full evidence of that damage until ripe. With some
fruits, the damage has the effect of spoiling the appear-
ance, while not affecting the texture or taste, while with



others textural damage occurs without obviously affect-
ing the fruit’s cosmetic appearance.

Not only do the consequences of poor handling prac-
tices vary from fruit to fruit, but it seems also that on
some markets the purchaser’s tolerance of external
damage (where this damage does not affect internal
quality) also varies from fruit to fruit. On export markets
generally, however, cosmetic appearance is of vital
importance right across the spectrum of products.

Engineering Aspects of the Damage
Problem

In order to understand the causes and mechanisms of
impact and vibration damage, it is necessary to study the
following aspects (Fig. 1):
A. The source, magnitude, and nature of the impact or
vibration input, for example:
single fruit impacting against single fruit, yielding
surface, or unyielding surface.
single fruit subjected to compression with vibra-
tion, rubbing, etc.
fruit container subjected to drop impact or side
impact, tipping, etc.
fruit container subjected to transport vibration.
vibration response of transport vehicle to road sur-
face, and dynamics of payload.
. The influence of the packaging material and the con-
tainer itself, for example:
« cushioning and damping properties of packaging

material
Individual fruit

<>

y

Cushioning
material

»
>

i

Adjacent fruit

Box/carton bin

Truck or fork lift

Road profile

o

Figure 1. Diagram showing fruit-packaging—vehicle interac-
tions.
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« dynamic response of the box or carton itself (espe-
cially the base)

« dynamics of a stack of boxes or cartons

« friction between the fruit and the container

» friction between wrapping material and the con-
tainer.

C. The influence of individual fruit and neighbouring
fruit in modifying the impact or vibration input, for
example:

« cushioning effect of neighbouring fruit.
« interaction between dynamics of fruit and packag-
ing material.

D. The susceptibility of the fruit to damage, as a func-
tion of maturity, ambient temperature, previous cold
storage time, storage temperature and atmosphere,
etc.

To gain from such an understanding, it is then neces-
sary to determine what the commercial cost of such
damage is, and the cost and feasibility of putting into
place measures to reduce damage to a certain target
level.

Research into Impact and Vibration
Damage

Most of the research into impact and vibration damage
has been done not with tropical fruits, but with temper-
ate fruits, principally pome fruits (mostly apples) and
stone fruits (mostly peaches). A number of rescarchers
have sought to quantify the damage problem in the
commercial context. O’Bricn et al. (1960, 1963, 1965,
1969) reported that in the case of loads of cling peaches,
a particular road journey of 260 km produced significant
damage in 40% of the fruit. They attributed between
one-half and two-thirds of the transportation damage to
the effects of vibration. Burton et al. (1989) studied
bruising of apples resulting from picking and hauling
operations. Schulte-Pason et al. (1990a) also examined
apple damage occurring during interstate transportation.
In this investigation, they used an instrumented sphere
to record the magnitude, duration, and time of dynamic
impacts. Armstrong et al. (1992) studied the damage
caused in the transport of apples in bulk bins. Damage to
fruit on apple packing lines has been studied by Brown
et al.(1989) and Sarig et al. (1992), while Sargent et al.
(1992) analysed impacts on tomato and bell pepper
(Capsicum annum L.) packing lines. In their investiga-
tions, these researchers again used an instrumented
sphere which passed through the packing line with the
fruit. Brown et al. (1990) then describe ways of reducing
impacts on apples in packing lines. Very little published
work of a quantitative naturc exists on damage incurred
in picking operations or at the retail stage, though refer-
ence is made to the problem by Bardaie and Hitam
(1979) and Suraphong (1983). Kunze et al. (1975)
investigated bruising characteristics of peaches related



to mechanical harvesting, but little appears to have been
done on damage arising from hand picking.

Laboratory studies into the susceptibility of fruit to
impact loads have been carried out by a number of
researchers in an attempt to determine an appropriate
model by which bruise size can be predicted for a given
impact (again mostly with apples). Set force conditions
were mechanically applied or the fruit given a free fall
onto selected surfaces (Garcia and Ruiz 1988; Brusewitz
and Bartsch 1989; Schulte-Pason et al. 1990b; Hilton,
unpublished data). The magnitude of impact loads is
illustrated in Figure 2, which shows a force/time plot
resulting from dropping an apple onto three different
surfaces from a height of only 200 mm (Hilton, unpub-
lished data). In the absence of packaging material, the
peak force reached in the impact is equivalent to 250
times the apple’s own weight. Schoorl and Holt (1974)
studied the bruising caused by dropping wooden cases
of apples and tray-packed cartons of apples from various
heights onto a hard surface. Holt and Schoorl (1977)
impacted the surface of an apple with a projectile and
determined the energy absorbed in the impact. From
these results they proposed a model in which bruise
volume is related to the absorbed energy. Later they
used this relationship in an attempt to predict the effects
of truck suspension and road profile on bruising (Holt
and Schoorl 1985). Holt et al. (1981) also studied the
impact behaviour of columns of apples. Nelson and
Mohsenin (1968) studied the effect of temperature on
bruise susceptibility and postulated maximum allowable
static and dynamic loads. Schulte et al. (1992) also
studied apple bruising thresholds. Schoorl and Holt
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(1978) and Brusewitz and Bartsch (1989) have studied
the effect of storage time and temperature on bruise
susceptibility, while Kline (1987) and Brusewitz et al.
(1992) looked also at the relationship between bruise
susceptibility and harvest date. Pang et al. (1992) exam-
ined bruising damage in apple-to-apple impact. In work
on papaya, Kumar and Wang (1971) investigated the
effect of sinusoidal loading in the 0.25-0.7 Hz fre-
quency range, while Hilton (unpublished data) investi-
gated papaya impact loading.

The techniques for analysing stress in engineering
materials when subjected to complex loading situations
is well developed, and engineers and material scientists
have attempted to apply the various rheological theories
of stress/strain behaviour and material failure to fruit
tissue, treating it as an elastic, elasto-plastic, or viscoe-
lastic material (Miles and Rehkugler 1973; Mohsenin
1977; Diehl and Hamann 1979; Holt and Schoorl 1982).
Hamann (1970) and Peleg (1984) produced mathemati-
cal models for deformation mechanisms using a relaxa-
tion modulus, the latter extending the Hertzian contact
problem to non-linear viscoelastic spheres. Gan-Mor
and Galili (1987) used upper and lower bound theorems
of plasticity, suitably modified to include dynamic
effects. In experiments on apple impacts, Siyami et al.
(1988) explored a number of models employing Hert-
zian theory, adjusted Hertzian theory, plastic theory, and
multiple linear regression analysis. In the experiments,
apples were dropped-tested from three different heights
onto surfaces representative of steel and wood (2 and 6
m sec impact duration, respectively). The results indi-
cated relatively poor correlation between measured

Time (m sec)

Figure 2. Impulsive force/time plot for apple dropped from 200 mm height onto hard and cushioned surfaces.
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