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Introduction

A well-designed packingline should allow the packer to maintain ar
enhance the guality of incoming praduct while oroviding the flexibility
for marketing needs. The packingline can he visualized as a varinus
unit operation which should b2 matched toyelher (Figura 1). Some of the
pperabiong may he Lime dependent such as washing while others may ne
labor dependent such as yrading. Uther operations may he eguipment
limited, ane example typically cited is separation of freeze-damaged

fruit.  An overall listing of the packingline unit operations waould

inglude:
. Dumping VITI. Waxing
IT. Trash Eliminatiun IX. Orying
1T, Presizing . Marking (label, stamp)
IV, HWashirg X1, Final Grading
V. RNewatering A1, Final Sizing
Vi. Pregrading X111, Packing [+ bagging)
VIT. Fungicide Application LIV Pallsetization

fhe type of fruft injury that may eccur at the packinghouse
includes mechanical, chemical, and thermal damage. Also, the damage is
nat limited to the packingline as mechanical or chemical damayge may
Jecur-at the grove level and post-packing damage such 2s deformed fruit
rrom overfilled cartons is common.  The main thrust of this discussion
will center an the packinghouse and procedures to minimize mechanical
damayge Lthat may occur, Schematics far many of the suggested design
“eatures to prevent damage can he found in “ackirgline Macninery for
“lorida Citrus Fackinghouses (89,
Types of Mechanical Damage

Any ddmage that disrupts the cuticle or "protective skin" of 4
citrus fruiz may lead to subsequent decay. This damays may be quite

minar, such as anrasive sand or brush tnjuries, or quite severe such as

i deep cul or puncture from a stem. Internal damage may also occur



through rupturing juice vesicles by dropping fruit from excessive
heights or by deformation from cxcessive static loads,
Injury Points in the Packingline
Dumping

Ory dumping is firmly recomnended, 1f the machinery is
well-designed with unimpeded fruit flow, the fruit will suffer no
appreciable damage, Dumping into water inevitably subjects the fruit to
an inoculum of fupgus diseases, some of which may be resistant to
Fungicides.

Today most dumping is from pallet boxes that empty approximalely
450 to 900 pounds of fruit at once. 1t js important, particularly with
dry dumping, to level this mass of fruit as soen as possible so as to
avoid squeezing and scraping of the fruib and to facilitate Lrash
removal. Some form of "anti-surge” device, such as a vari-speed belt or
contralled specd slevator {when taking fruit out of a wel dump), is
advisable, Tnis will help to regulate the subseguent flow of fruit
through the packinghouse line.

Trash Elimination

Few packinghouses have adequate provisions for the trash that is
commonly included in delivaries ot fruit from hand picking. The same
problem may exist in the future with mechanically narvested fruit. A
metdal rod spaced section or a sloping belt trash eliminator will remove
most loose trash and deliver iL Lo a conyeyor or container. Raller
convayors should always be self-cleaning. Several pregraders with
clippers are requirsd to remove adnering stems, and provision nesds to
be made for removing any robts and splits. Rots should he minimal if the

yrove has been chopped or disked immediately prior Lo picking. The

packingline should be checked daily to make sure there are no



contaminated fruit remaining on the line and that no equipment has
malfunctioned which could lead to fruit injury.
Brusning

Abrasive damage occurs to fruit due to excessive brush speesds and
excessive brushing time, especizlly with washer brushes having very
stiff hristles, When stiff bristles are nesded for thorcugh cleaning,
the hrushing time should be minimal. To control brushing time, a
continuous wipeout or one activatsd by lack of fruit flow should he
installed. Brushing time can be signifticantly altered by dump rate,
presizing, and pregrading in some cases. Since thess factors vary, some
wipeoul mechanism is critical to prohibit excessive brushing action.
Another helpful practice is to condition new brushes at the heginning of
Lhe sesson when the fruit peel is tender and especially when sensitive
fruit such as tangerines are packed. A plywood sheet 1ightly touching
the rotating brushes for 1 to 2 hours s effective to condition new
hirushes, Also, bhe installatinn of a2w brushes may be delaved until a
midseason hreak when the fruit peel is moare mature,

Lamage fram drushes can be minimized by prewetting the fruit so
Lhat dry fruil is never on dry brushes. With this in mind, it is not
advisable to use polisher dryers {soft brushes in dryers). Any brush
sprads oyer 120 rpm for washers and 100 ppim for fungicide and wax
applicators should be carefully reviewed for benefit vs. damaye Lo the
fruit peel. Fruit with brush damage (tiny scratches in the cuticle and
passibly the outer layer of cells) is more subject to damage fram
contact with caustic chamicals ur excess heat and will dehydrate during
marketing. Fruit with damage from brushes will normally show an injury

spyeral hours or days aftzr btha damage ooours,



Deliveries From Roller and $1at Conveyors

Al deliveries from reller conveyors should be equipped with
ejector slats on Lhe drive shafts. The deliveries from slat conveyors
should he equipped with spinner rolls, Chutes (transfer plates) from
roller and slab conveyors should be aligned as an extension of a radius
from the head shatt, The sTight drop from the roller to the chute will
not. damage Lhe fruit, but a chute with too little slope on which flal or
irreqular shaped fruit can back up can be very damaging.

Points of Impact

A common point of impact is when fruit drop onto a belt, Drops of
several inches can be allowed onto a helt if there is no support under
the belt at the point of ifmpact. Where the Lkelf is carried on rollers,
the rollers are removed at the point of impact; where the belt is
carried on a pan, the pan should be cut away under the Tmpact area,
Howewer, support is reguired under shears to aveid pinching fruit,
Aollers, rather than pans, for supporting the belts are recommendad, as
dragging the halts over a metal pan can increase the necessary
horsepower by as much 45 30%,

Another typical paint of impact is where Truit 15 delivered at
right angles to Lhe belt Lravel, as from 4 dumper. A second point of
impact is then on the side of the machinery, not on the belt itself.
Masl Torms of padding wear away rapidly or build up with wax, which
catenes debris and becomes abrasive. An excellent form of bumper is

£

made from plastic hose attached with tee-bolts such as are used for
attaching slats in a slat cenveyor. The bumper hose should be continued
alonyg Lhe conveyor until the point al which the Fruil are no longer

roiling.  The bumper can then be discontinued and the fruit will



continue on the belt without scraping against the sides, materially
reducing the wear and tear on hoth the fruit and the equipment .

With regard to internal damage, one study quantified the damage hy
assessing the ameunt of free-flowing juice from breakage af juice sacs
(Figure 2), Yamashita and Kitano (7) reported the following for
Mandarin fruit:

Breakage of juice sacs occurred primarily in the processes of

dumpiny, mixing and packing the fruit, and sealing and

stacking the cartons, Two main factors causing brearage of

Juice sacs were dropping impact and compressian. The maximum

allowable dropping height of medium-sized Satsuma mandarins to

prevent juice sac breakage was about 30 cm (172 in),

Suggestions to improve the packinghouse processes are:

1) Should not drop fruit more than 30 em (12 in) and should

not drop mare than seven Limes cven at 20 cm (8 in) height.

s0ft buffering mats would be helpful to reduce the dropping

impact. 2) Static load should not exceed 0,5 kg (1.1 1b) par

friit and should not pile fruit more than 3% cm (14 in).

3] The standard fiherboard cartons packed with 15 ky (33 1h)

of the mandarins per bex should nol be stacked mare than five

nigh. 1t is desirahle to improve cartons to decrease overhead

Fressure to the fruit and humidity in the cartons.

For specification of shipping containers, Peleg (4) presented the
information of Table 1. Note that these values are for design of
conlainers and shauld, therefore, be considerad the maximum allowable

limits as opposed to acceptahle drop heijghts.



fakle 1., Typical Drop Heights for Design of Shipping Containers (4).

Gross weight Container drop height
range kg (1b) Type aof handling cm {in)

0-10 (0-22) One man Lhrowing 1110 (42,5)
L}-2h (22-55) One man carrying B0 (30.0)
25-70 (55-1535) Iwo men carrying 0 (27.8)

J0-250 (155-550) anual lighl handling equipment 60 (25,0)
2h0-500 (LH50-1100) Motoriczed 1ight handling equipment 45 (17.5)
200-2000 (1100-4400)  Medium duty handling eguioment 30 {12.5{
2000 + (4400 +) Heavy duty handling equipment i3 SR 7 398 -

Points of Friction

More damage is done to fruit at turns of various kinds than
anywhere else in a normal packinghouse, Most turns are at right angles
and many invelve delivery from one type of conveyor onto another, In
general, over-the-end delivery from one conveyor te the other is
preferabla to the use of a shear. When two belts intercept at right
angles, thne bell pulling the fruit out of the corner should be on the
top.

Most places, where the fruit is te turn at right angles, a shear is
commanty used. [t s at such turns that mast fruit damage occurs due to
not cutting back Lhe inside corrner of the turn, thereby restricting the
fruit flow and forcing it againsl a sharp edge at the inside corner. It
is preferable to zeep the angle of a shear no more than 30°. However,
thers are many cases where this is not possible, particularly when
shearing from & narrow belt onte a wider conveyor, In such cases. rods
should be used parallel to the shear and riding on the delivery belt.

In most instances, a 0,64 cm (1/4") steel rod is adequate. Whers
several successive rods are used, they shauld increase in diameter,
“ug,, L/4Y, 378", and 1/2". When fruit has to change directions

rapidly, as in by-pass belts intn and cut of a celor-add tank, the fruit



Tlow can be aided and damage minimized by sloping helts 5° in the
direction of the fruit exit,

The surface of Lhe shear contacting the fruit should be slick and
of a material that does not tend to accumulale fruit wax. Inclining the
face of the shear away from the fruit ar tilting the lowar edge towards
the fruit is advisable, This will tend to "1ift" the fruit and guide it
mare easily to the side exit. This is particularly important with soft
citrus fruits which tend to be flat and do not roll easily. Metal
snears should net be painted and wooded shears are best covered with
laminated plastic, Taflon strips have proven ta be useful oan shears at
the point of fruit contact. At the 2arly part of the fruit line where
there may be twigs and leaves carrying over, shears should be made
"self-cleaning" by cutting back the downstream correr so that twigs
caught under the shear will come free instead of catching. Other
methods of turning fruit, i.e., transferring it from one belt tao
another, are by use of a righl-angle belt specifically dasigned to
aoperate through a right-angle turn ar the use of a short, vertically
mounted belt in place of a vertical shear and running in the direction
of and at an angle to the fruit flow on tha main belt, Such vertically
mounted belts have their own drive motor.

fAncther point of friction i3 betwesen fruit and the side guides of a
belt. In drying tunnels ar on drying elevators, particularly where
multiple-layer drying is practiced, it is important to keep the fruit
from rubbing against the sides of the tunnel or elevalor. This is most
effectively achieved by installing "wedges" at the start of the tunnel

or elevator.
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Grading in the Packinghouse

Grading is very important in establishing the gquality of citrus

cventually packed. To optimize grading efforts, the following points

should he considered:

L

Consider the ergonomic daspects for grading--proper lighting,
temperature controlled workspace, reduced noise levels (less
than 85 dBAY}, and efficient grading stations, The IES
recomnends 100 to 200 footcandles of lighting for difficult to
hignly difficult inspection. Cull chutes should be at the
height of the grading table and a second grade center belt
should not require more than a & Lo 3 inch Tifting motien.
Controlled rotation of the fruit wil assist the grading task.
A rotation rate of 1.6 rev/foot of linear travel is suggested
for round objects, Forward rotation is desirable to avoid
mation sickness.

Consider the marzgement aspects in grading. Grading table
arcas should be designed so graders carn be added or removed
dependent upon fruit variety, packingline throughput, etc. 1In
general , Lhe sunber of graders snould he determined by the
pnumber of individual fruit that are inspected, Graders should
be aligned so an inexperienced yrader is not checking fruit
that has passed an cxperienced grader. When graders are asked
Lo check for only one or two defects, their efficiency will be
improved. Extensive pregrading should be considered, This
arrangement reduces costs for packing materials |fungicides,

waxes, stc.) and can improve the throughput of the packingline.
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Mechanical Damage Evaluation

In a forthcoming paper af this shertoourse, detailed methoadologies
in assessing mechanical damage will be presented. The section that
follows provides an overview of potential options in techniques for
mechanical damage evaluation. Three procedurss have heen reported Lo
determine the degree of mechanical injury in fresh fruit handling,

These proceduras are cansidered specific to mechanical injury and would
complement standard decay level with time sterage tests, The Tirst is
respiration rate as reported by taks (2) and Brown (1) and used with
Florida citrus by Parker et al. (3).

A second procedure is based on weight less. This index was
reparted hy Peleg (4) who noted a good correlation between weight loss
per unil surface area and mechanical damage.

A third procedure specific to abrasive injury is the use aof
2,3,5-tripheny! tetrazalium chlaride (TTC) dye (7). This soclutian
contacts 1iving cells through surface injuries where enzymatic reacbions
convert the TTC Lo an insoluble red form creating a red nale appearance.

A new damage evalualion approach is to measdre dynamic forces via
an "instrumented" artificial fruit. USDA agricultural engineers
() have developed this instrumentation to investigate bruise damage Lo
produce in Lransit from grower Eo consumer using a portable, small-sized
stand-alone data acquisitien system. [Ihe use of this equipment may be

highly valuable in future packingline designs.
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Canclusions

Uverall, maintaining citrus quality from the grove, through the
packinghouse, dand to the consumer is essential, Froper design and
maintenance of machinery and processes in the packingline are key
elements in this guality pragram. Many design considerations and damage
cvaluatian techniques have been ciled in this paper. [t is hoped that
they will be useful in providing a high quality imaye of fresh Florida

citrus.
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