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An assessment of the problems related to improvement upon commercial practice for processing apples is given.
Investigation of the minimum loss that can be expected if only unwanted material is removed has shown that a mean
weight loss of only 5.30% is theoretically possible. No practical technique is presently available to achieve this minimal
loss. Measurement of apple parameters of importance in processing machine design indicated that apple weight or
maximum height were the most valuable to predict the value of other less easily measured features. It is also shown that for
best machine performance, each variety would require special machine settings and all varieties should be sized before
processing as in current commercial practice.

INTRODUCTION

Mechanical peeling and coring of
apples has been practiced for many years,
but is still, along with orientation and
trimming, an area where improvements in
efficiency could be made. Recent devel
opments in the industry have produced
fully and partially automatic orientation,
peel and core systems. Lye peeling for
apples has been introduced. In order to
advance the development of apple pro
cessing equipment, more detailed infor
mation is required by equipment
designers on the dimensional character
istics of the fruit. This more detailed

information should permit design for
adequate processing with a minimum of
product loss.

The object of this investigation was to
relate current commercial practice to
published literature on apple processing,
techniques, procedures and properties
and extend the knowledge in areas of
special interest to the problems of orient
ation and peeling of processing apples.

REVIEW OF LITERATURE

Frechett and Azhradrik (1965),
Moustafa and Stout (1967), Vis (1968)
and Wolf (1967) discuss mathematical
models, or record and analyze the
physical dimensions of the apple for
various approaches to the problems of
processing and marketing apples.

Investigations into systems of apple
orientation described by Stout et al.
(1968), Timbers and Reid (1971) and
Vis et al. (1968) included inclined
tables and water orientation. Rehkugler
(1969) describes an optical bruise detec
tion technique important in reduction of
trimming labor requirements. Timbers
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and Reid (1971) draw attention to a
number of patents related to mechanical
orientation which have been incorporated
in some of the later machines, notably
the Atlas Pacific unit.

From product appearance and subse
quent ease of core material removal,
apple orientation is a critical operation.
Orientation can be accomplished
manually and mechanically for all apple
varieties with good results. Water orienta
tion is effective for some varieties but is
poor for others and is of limited value to
most processors. Optical or ultrasonic
methods for orientation detection have
not been utilized, but they do offer a
possibility for improving orientation
accuracy and thereby possibly offer some
reduction of product loss.

In all existing machinery, coring is
performed mechanically, with the coring
operation occurring after the apple is
oriented along the coring axis. An alterna
tive technique, which has not been used,
was proposed by Dean (1968). This in
volves halving the apple prior to coring.
While some theoretical improvement in
product loss was predicted, the increased

machine complexity would seem to
preclude this approach.

An aspect of machine design, directly
related to machine complexity and the
apple specifically, is the biological nature
of the fruit and the resultant variability
both in size, shape and internal conforma
tion. The possibility of designing a
machine that copes adequately with all
processing sizes and varieties of apples
must be considered. Elimination of classi

fying machines and set-up time of the
system would be a significant advantage.

Product handling into and out of the
processing machine is important, as it
affects product quality, and may be
either by flume or a mechanical belt.
Water flumes are most common for pro
cessing machine input with inspection
belts or flumes for the processed product.

The apple is basically an irregular
sphere with two principle depressions at
the stem and calyx ends. While Mcintosh
conforms reasonably well to this form,
others such as the Delicious depart radi
cally from the spherical model.

A mathematical model for the apple
fruit (Fig. 1) was proposed by Moustafa

Figure 1. Diagram of model of apple using the envelope of an offset and rotated ellipse (from
Moustafa and Stout 1967).

CANADIAN AGRICULTURAL ENGINEERING, VOL. 18 NO. 2, DECEMBER 1976



CORE AXIS

PLANE OF CONTACT ,
STEM END

PLANE OF CONTACT-1 #
CALYX END

Figure 2. Apple section normally through plane including core axis and center of gravity. A.
intersection of core axis and including circle stem end; B. intersection core axis and
plane of rest stem end; C. end of stem end depression; D. end of core space stem end;
E-Ej maximum diameter from core axis; F-Fj maximum core diameter from core axis;
Fj-Fij minimum core diameter from core axis; Fj-Fjji core eccentricity; G. core center
on core axis; H. end of core space calyx end; J. top of blossom; K. intersection core axis
and plane of rest calyx end; L. intersection core axis and including circle; M-Mj
maximum distance from including circle to apple surface; N. end of calyx depression; O.
center of gravity of apple; O-Oj eccentricity of apple; P-Pj minimum apple diameter and
angle of plane of rest stem end to core axis; d angle of plane of rest stem end to core
axis; /Jangle of plane of rest calyx end to core axis.

and Stout (1967) which is essentially the
volume of the envelope obtained by
rotating the axis of an ellipse about the
nominal core axis of the apple. Agree
ment with experimental results is quite
good. This is useful for predicting volume
and surface area, size of calyx and stem
end cavities, and perhaps core length.
Other aspects of interest for apple pro
cessing equipment are core size, its loca
tion and variability (Fig. 2).

The discussion will now be confined to

apple conformation related to orienta
tion. Peel removal, bruise detection and
removal will be considered in a later

report. For apple orientation, it is
essential to detect the stem and blossom

end depressions, which means it is neces
sary to scan the surface of the apple and
to have a criterion for orientation selec

tion and mechanical means of orienta

tion.

MATERIALS AND METHODS

Investigations were carried out on five
varieties of apples to determine the loca
tion of apple features and to define
machine design parameters. The work was
carried out on the 1970 and 1971 crops

to establish the following: (a) internal
and external dimensions, (b) weights, (c)
center of gravity, (d) volume, (e) density,
(f) height, (g) maximum and minimum
diameter, (h) core diameter, (i) diameter
of circumscribing circle, (j) core location,
(k) skin thickness (five varieties, 1970;
four varieties, 1971), (1) weights of skin,
(m) stem, (n) core material, (o) seed (two
apple varieties), (p) stabilization time in
water (one variety, 1970); and (q) peeling
head response (four varieties, 1971). Vari
ous techniques were used to record the
internal dimensions of apples. The
simplest and cheapest is to section the
apple in the plane desired and make a
print on paper after putting the sectioned
apple on an ink pad. This section plane
through the core axis and the center of
gravity was determined by pushing a steel
pin through the core axis, and then
placing the pin on and between two
horizontal knife edges. The apple was
then sectioned in the vertical plane
through the axis of the pin and core. An
X-ray technique (Fig. 3) was also used as
a non-destructive technique of recording
internal dimensions. A General Electric

model F-3 portable X-ray instrument was
employed at an exposure time of 20 sec

Figure 3. X-ray photographs of an apple in
longitudinal and lateral planes show
ing location of core in relation to
stem and calyx depressions.

and a mean object distance of 75 cm. The
Kodak Industrial M X-ray film was placed
immediately behind the apple giving a 1:1
scale.

To determine peeling head response
requirements, radial displacement was
measured at the maximum diameter of

the apple as it was rotated about the core
axis, using a linear transducer attached to
a lightly spring-loaded roller in contact
with the apple surface, and a rotary
transducer coupled to the core axis. The
results were plotted on an X-Y recorder.
The X axis represented core axis rotation
and the Y axis represented roller displace
ment from the core axis (Fig. 4 and Table
1), which gives a measure of hypothetical
peeling head or blade radial travel.

Other tests were carried out to deter

mine the minimum possible wastage on a
selected number of apples by dissecting
out the unwanted components such as
skin, core and seeds.

RESULTS AND DISCUSSION

By physical dissection of 10 Mcintosh
apples (mean weight 97.2 g range 90 -
113 g), the mean loss in weight recorded
as a result of removing (carefully) the
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TABLE I PEELING HEAD RESPONSE

No. of

Samples

Radius of apples
(cm)

Range
(cm)

Transducer

lift any
one apple
(max cm)

Estimated

maximum

velocity of
lift

(cm/°)

Radius of

maximum

Variety Max Min

velocity
(cm)

Courtland

Wagener
Delicious

Spy

5

5

5

5

3.94

3.83

4.04

4.20

2.83

2.83

2.45

2.63

1.09

1.00

1.59

1.57

0.74

0.76

1.60

1.55

-0.013

-0.017

-0.018

-0.02

3.75

3.60

3.50

3.85

skin, stem, seeds and calyx from the
whole apple material was 13.9%. How
ever, the actual mean weight removed was
4.4% skin, 0.5% stem and core material
and 0.4% seed, a total of 5.3%. This is
significantly different from the recorded
mean loss in weight of the whole apple,
and is presumed to be due to the physical
damage of separating these items and the
rapid loss of moisture due to cell fracture.
In fact, the processing losses are inevit
ably going to be greater than this because
the techniques for coring remove signifi
cant amounts of apple around the seed
cell and through the core axis. Since the
peeled apples are often transported by
water flume, loss due to dehydration
would be minimal. The minimum

theoretical loss by volume was predicted
to be 12.3% for aiarge apple and 15.5%
for a small apple, assuming a minimum
core radius and seed cell radius.

Stablizing times in water after specific
disturbances were obtained on two

varieties of apple, Mcintosh and Spy. For
Mcintosh when dropped from a position
where it touched the water surface, stabi
lization took 4-8 sec. Stabilization took 2

- 5 sec after releasing the apple from 2.9
mm below the stable position. An angular
rotation of 0.26 rad from the stable
position resulted in a stabilization time of
3-6 sec. The times for Spys were, in
general, even longer. The times are so
long that they present a serious problem
if water orientation is to be used, or if
water feed to a processing station is
considered except in bulk handling.

Skin thickness of fresh apples lies in
the range 0.02 - 0.04 cm. The need for
good peeling head response (Fig. 4 and
Table 1) is emphasized by the radial
travel necessary during peeling.

Limited data on peeling head response
are given in Table 1, but really need
extension to obtain fully validated data
which could be used in modern peeling
head design. However, some data may be
extracted for initial design analysis. To
peel Spys, the peeling head and possibly
the bruise detection head should have a
travel capability to handle apples of
2.63-cm radius up to 4.20-cm radius, a
range of 1.57 cm. To peel all apples
tested, the minimum contact radius
should be 2.45 cm. In practical terms,

this should probably be 2.0 cm with a
maxium of 5.0 cm to cover all sizes of

apples. The maximum travel rate re
corded was -0.02 cm/degree of rotation.
Velocity of the peel head would, of
course, be a function of speed of rotation
of the apple, which would in turn be
determined by the time allowed for peel
ing. The negative sign represents the
return of the head towards the apple
axis. This maximum velocity usually
occurred at a radius between 5-15%

below the maximum equatorial radius of
the apple. The test installation was not
good enough to give aything other than
preliminary data, and a mock-up should
be constructed which simulates in detail

the projected apple rotation speed to
gether with the dynamic response of the
head, including component inertia, damp
ing and contact load control features. A
preliminary computer analysis would
reveal some of the problems not already
identified from the limited data already
obtained in Table 1, especially with re
gard to overshoot, resulting in under-
peeling as peeling radius increases. It
would, however, be preferable to work
with more precise data on more apples.

Work was carried out using ultrasonics
to determine the surface reflectance of an

apple for detection of stem and calyx
depression, with the general conclusion
that the detector configuration required
would be too large for practical reasons,
and work was discontinued.

Selective interrelation analysis of the
measurements taken on the sectioned

apples was undertaken. Emphasis was
given to those parameters considered
essential in improving product processing
efficiency and their measurement. In
dependent variables were considered to
be those dimensions or properties of an
apple which could be measured easily and
accurately without damaging the apple,
such as weight and maximum diamater
prior to orientation, with maxium height
and external core length after orientation.
Dependent variables such as core diam
eter, internal core length and location
were then analyzed statistically against
the independent variables to give correla
tion coefficients and linear regression
equations for one independent variable
only. Regression analyses were only per-
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Figure 4. Peeling head displacement against
angular rotation of the core axis
taken at the maximum apple dia
meter.

formed on those variables with a cor

relation coefficient of greater than 0.75.
Some of the independent and dependent
variables and their regression equations
are given in Table 2. The mean, maxi
mum, minimum, variance and correlation
coefficients were calculated for each of

the 22 variables measured and analyzed.
Some variables were measured or ob

served but not analyzed. In some
instances the data are inadequate to be
fully representative for all varieties of
apples, and specific parameters, but are
presented as a technique to handle the
problems of apple variability related to
machine design. Considering the results of
Table 2, several conclusions can be drawn
with regard to the requirements of a
machine. It should be noted that

designers have already met some of these
requirements in their latest machines,
which means that the potential for
improvement is therefore reduced. For the
regression equation of maximum apple
diameter on weight (Table 2), the regres
sion equation for all apples would be
suitable for all varieties except Courtland,
where the constant is significantly higher
and the independent variable coefficient
is lower than the other varieties. This
variability in the regression equations is, in
general, true for all varieties and most
parameters within the data taken, which
implies that separate settings for each
variety would be required to optimize
equipment performance.

The data sampled give an indication
that variability due to size or weight is
sifficient to affect the regression equa
tions and that size or weight grading
would improve processing performance as
is usual in current commercial practice.

Correlation between apple height and
weight is good, although the regression
equations for each variety are sufficiently
different to suggest the necessity of
separate design and processing require
ments. The independent variable weight,
in fact gave correlations >0.75 for 7 of
the-22 variables considered of interest,
maximum height giving 12. These two
variables are by far the easiest to measure



TABLE II REGRESSION EQUATION ANALYSIS FOR SELECTED APPLE DIMENSIONS AND PHYSICAL PARAMETERS

Standard Standard error

Independent variable deviation Mult.

No. of Dependent variable dependent corr. Independent
samples description Description Variety Regression equation variable coeff. Constant variable

150 Max diam perpendicular
to core axis

Wt All .y =4.69+0.01824* 0.16648 0.951 0.06113 0.00485

30 Max diam perpendicular
to core axis

Wt Courtland ^ = 5.18 + 0.0157* 0.1368 0.953 0.152 0.00094

30 Max diam perpendicular
to core axis

Wt Delicious y =4.469 +0.0186* 0.1086 0.947 0.152 0.00119

30 Max diam perpendicular
to core axis

Wt Gravenstein y= 4.691 +0.0189* 0.1835 0.915 0.1807 0.00157

30 Max diam perpendicular
to core axis

Wt Mcintosh >> =4.476+0.0208* 0.1182 0.895 0.1954 0.00195

30 Max diam perpendicular
to core axis

wt Spy ^=4.712 + 0.01785* 0.1009 0.952 0.1256 0.00108

150 Maxht wt All .y =4.027+0.0156* 0.2722 0.850 0.1000 0.00079

30 Maxht wt Courtland .y= 3.792+0.1580* 0.1976 0.910 0.2195 0.00136

30 Maxht wt Delicious y = 3.880 +0.0183* 0.1985 0.857 0.2668 0.00209

30 Maxht wt Gravenstein y =3.204+0.0233* 0.2940 0.867 0.2897 0.00252

30 Max ht wt Mcintosh y =3.080 +0.0255* 0.2234 0.794 0.3693 0.00369

30 Maxht wt Spy ^ = 3.182 +0.0224* 0.1621 0.925 0.2018 0.00174

Note: Diameter andheight measured in cm, weight in g, diameter isdimension (E-Ej) X 2, Fig. 2;maximumheightis dimension B-Ka =90°.

quickly prior to or during processing, and
would suggest themselves for derivation
of as many other parameters as possible.
Size, as measured by the minimum diam
eter or diameter of the circumscribing
circle, provided significantly lower cor
relations giving only two and three para
meters, respectively, with correlations
>0.75. Similarly, measurement of maxi
mum height gave good correlation with
the distance between planes of rest at
blossom and stem ends. For coring, the
regression equations of distance of the
plane of rest of the blossom end to
maximum core diameter and maximum

height are again sufficiently different to
warrant different equipment settings for
different varieties for maximum

economy. The regression equations for
determining the distance of the maximum
core diameter from stem and blossom

ends are sufficiently different to indicate
that for best optimization of core loca
tion, it is necessary to know which end is
the blossom end and which the stem.

CONCLUSIONS

Floatation in water is not suitable for
apple orientation or for rapid feeding of
individual apples to processing stations.
Ultrasonic means of detecting apple
orientation do not seem practical at this
time. The current mechanical means of
apple orientation are quite effective;
therefore unless orientation detection
means can be coupled with bruise detec
tion to offer economies in equipment
operation, further progress in this area
will be limited.

Selected regression analyses and cor
relation coefficients have been carried out

on apple parameters which indicate that
due to apple variability, machine design
must be capable of dealing with sized
apples of each specific variety used for
processing, in line with current practice
for optimum efficiency. The method of
analysis is a useful technique in dealing
with biological product variability in rela
tion to processing machine design. In
processing machine design, if regression
equations are to be used as the basis for
actuator action, it is relatively simple to
compensate for changes in the constants
of the equation; but to compensate for
the coefficient of the dependent variable
is more difficult.

Identification of stem and core end is

desirable if optimum processing effi
ciency is required. Practically, the
minimum peeling and coring waste is not
less than 12-15% unless the waste

products alone can be removed, when
waste would not be less than 5.3%.

Further work on detectors for apple
orientation and bruising could give a
worthwhile overall improvement in
efficiency.

SUMMARY

Work has been completed on waste in
apple processing as well as water orienta
tion in conjunction with regression
analysis of the physical dimensions of
some processing apple samples.

To improve on current commercial
apple processing capability in speed and
reduction of waste is an extremely

difficult problem and will involve the
continuous efforts of research and design
personnel. This work has confirmed the
decisions of the industrial designers in
equipment design and indicates the
problems inherent in attempting further
improvement.
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