Netherlands Journal of Agricultural Science 45 (1997) 407-421

Effect of impact body shape on subcutaneous tissue
discolouration in potato tubers

G.J. MOLEMA*, 1.J. KLOOSTER, B.R. VERWIIS, M.M.W.B. HENDRIKS
AND H. BRETELER

DLO-Institute of Agricultural and Environmental Engineering (IMAG-DLO), P.O. Box 43,
NL-6700 AA Wageningen, The Netherlands
* Corresponding author (fax: +31-317-425670; e-mail: g.j.molema@imag.dlo.nl)

Received 17 June 1997; accepted 16 September 1997

Abstract

In the modern potato industry the economies of scale demand that all production and handling
processes must be highly mechanized. Mechanization is usually associated with increased
damage. The shape of impacting surfaces is an important factor that affects damage in pota-
toes.

We investigated the relation between the radius of curvature of the impact body at a given
level of energy and the resulting volume and depth of discoloured tissue as measure of damage.
Tubers were impacted at a desired rate and by a desired impact body shape with a computer-
controlled pendulum. The tubers were from plants grown at two different levels of potassium
fertilizer (i.e. susceptibilities to tissue discolouration) and stored for 3, 5 or 7 months.

A spherical impact body doubled the volume and depth of discoloured tissue, relative to a
non-spherical impact body. The differences in volume and depth of discoloured tissue after im-
pact with spherical impact bodies (radii of curvature 30 or 15 mm) was minimal. Reducing the
impact energy from 0.600 to 0.067 J yielded an average reduction of the volume of discoloured
tissue of ca 95% and an average reduction of the depth of discoloured tissue of ca 80%.

Future potato handling lines may take these findings into account, by lowering the use of
spherical impact bodies and the level of impact energy.

Keywords: Solanum tuberosum L., table potato, impact, impact body, internal damage, bruis-
ing, blackspot, discolouration, handling, pendulum

Introduction

The economies of scale in the modern potato industry demand that all the production
and handling processes must be highly mechanized. Mechanization, however, is usu-
ally associated with increased damage. From the field to the shop, table potatoes are
exposed to many impacts (mechanical forces). Goldsmith (1960) defined impact as
‘a collision between bodies where the resulting forces are exerted and removed in a
very short period of time and initiate stress waves which travel away from the region
of contact’.
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Potato tuber damage has been categorized into external and internal damage. An
important type of damage caused by impact is subcutaneous tissue discolouration,
which mostly occurs at relatively low impact energies (Parke, 1963). Tissue dis-
colouration, bruising, blackspot, tissue damage and other terms, though usually
poorly defined, are often used to describe approximately the same phenomenon (see
definition in Materials and methods). In general the phenomenon comprises damage
to plant tissue by external forces causing a change in texture and/or alteration of
colour, flavour and texture (Mohsenin, 1986). This phenomenon occurs in every step
of harvesting and handling operations (Nelson & Mohsenin, 1968).

Impact is caused by drops and changes in speed and direction of tubers and by
tuber to tuber contacts. In the average handling chain in the Netherlands a single
potato is impacted 340 times (Molema & Bouman, 1996). The effect of repetitive
impacts on subcutaneous tissue discolouration was described by Molema et al.
(1997). Splitting of the impact energy (0.6 J) over various doses considerably re-
duced the volume and depth of discoloured tissue. The volume and depth of dis-
coloured tissue increased with the number of 0.3 J impacts. A decreasing and an
increasing order of magnitude of impact energy caused the same level of tissue
discolouration.

Impacts can be caused by impact bodies of different shape. For instance the potato
harvester is equipped with sieving webs containing rod bars (small radius of curva-
ture (r.o.c.)), while tubers can also be impacted by the steel plate wall of bunkers
(r.0.c.e0). Also, the r.o.c. of tubers varies considerably. Mathew & Hyde (1992)
found that the shape of the impacting surface is an important factor that affects
bruising in potatoes.

The relations between the r.o.c. of the impact body at a given level of energy and
the resulting volume and depth of discoloured tissue are not known and were there-
fore investigated using a pendulum (Grant & Hughes, 1985; Molema et al., 1997,
Noble, 1985; Skrobacki et al., 1989).

This work addresses two questions:

— What is the effect of the radius of curvature of the impact body on the volume and
depth of discoloured tissue at a given level of impact energy?

— Is there interaction between impact energy level and impact body shape in relation
to the volume and depth of discoloured tissue?

Materials and methods
Growing and storage of the tubers

The potato tubers (Solanum tuberosum L., cv. Bintje, grade 50-60 mm) were pro-
duced, harvested and stored as described by Molema et al. (1997). The grade 50-60
mm was selected by means of templates. To induce differences in susceptibility to
tissue discolouration the plants were given a low (K;) or a high (K,) level of potas-
sium fertilizer. The tubers were harvested manually and stored indtvidually on soft
ventilating pads to minimize mechanical damage.
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Three, five or seven months after harvest the potatoes were removed from the cold
store for pendulum experiments.

The pendulum

A computer-controlled pendulum (Molema et al., 1997) was used (Figure 1) to im-
pact tubers at a desired energy level. The impact energy is determined by the initial
angle (o) of the pendulum, the weight of the pendulum arm and of the impact body,
the shape of the pendulum arm and of the impact body, the mainframe-pendulum
friction and the air resistance. The angle o could be varied to simulate different
drops that average tubers of grade 50-60 mm (ca 120 g FW) undergo in practice. In
the current experiment a non-spherical (r.0.c. = o, encoded Beo) and two spherical
impact bodies (r.0.c. 30 (B30) and 15 mm (B15)) were used. The impact body diam-
eter was 30 mm.

Preparation of the tubers
Potatoes were cut longitudinally into pieces with a maximum thickness of 30 % 1

mm. Cutting into pieces allowed a stable positioning of the flat back of the pieces to
the backplate of the pendulum by means of two pins (extending 12 mm, diameter
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Figure 1. Schematic representation of the pendulum device and fimensions in mm
the impact bodies.
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1 mm). Finney (1963) found no difference in the effect of impacts between whole
and halved tubers. Before impact treatments, the tubers were brushed carefully to
remove adhering soil. For each individual impact experiment, the weight, length,
maximum width and width perpendicular to maximum width of the whole potato and
of the impacted piece were recorded. The tuber pieces were impacted on a site per-
pendicular to the middle of the distance between rose and heel end (s.d. = 10 mm). A
defined impact location was chosen to avoid the interference of differences in tissue
properties, such as those reported by Corsini et al. (1992). The impact site was
marked and its radius of curvature was measured lengthwise and broadwise as re-
ported by Molema et al. (1997).

Experiment

An impact energy of 0.6 J, which frequently occurs in practice (Molema e? al., 1995,
1997), was taken as a standard. This energy level did not cause external damage.
Parke (1963) reported that a minimum energy level of 0.136 J was required to pro-
duce internally-bruised tissue.

Per treatment (combination of impact type, potassium level and storage duration)
45 tubers were impacted. The experiment was done at 10°C and the tubers were
transferred to 10°C and 93% RH ca 2 weeks prior to the impact experiment. After
impact the tuber pieces were stored at 20°C for 4 days according to the protocol de-
scribed by Molema et al. (1995). The experiment comprised nine treatments.

Treatment 1-3: impact energy of 0.6 J, impact body shape with r.o.c. = %0, 30

and 15 mm, respectively.

Treatment 4-5: impact energy of 0.2 J, impact body shape with r.o.c. = e, 30

and 15 mm, respectively.

Treatment 6-9: impact energy of 0.067 J, impact body shape with r.o.c. = e, 30

and 15 mm, respectively.
All doses were given as one impact.

Four days after the impacts the volume and depth of the discoloured tissue were
determined. The experiment was done with tubers stored for 3, 5 or 7 months (re-
ferred to as 3M, 5M and 7M, respectively) and grown at 2 potassium levels (K, and
Ky)

Impact characteristics

Impact characteristics (acceleration vs duration) were recorded of the nine treat-
ments of K, tubers after 5 months storage.

Assays

The dry matter content (calculated from under-water weight as reported by
Rastovski et al., 1987) and the susceptibility to tissue discolouration, at harvest and
at the start of the experiment, were determined as described by Molema et al. (1995).

To assess subcutaneous tissue discolouration the pieces were sliced (average thick-
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ness 1.5 mm) with a calibrated peeler. The volume and depth of the discoloured tis-
sue were calculated as described by Molema et al. (1997).

Note: in this article tissue discolouration encompasses all blue and blue-grey devi-
ation in tissue colour relative to the surrounding tissue.

Statistical analysis

The way the data of volume and depth of discoloured tissue were statistically
analysed is described in detail by Molema et al. (1997).

Volume of discoloured tissue

The tubers were categorized into ordered classes according to their volume of dis-
coloured tissue. For the analysis the following threshold model was used:

log (Ify‘)=ze,. +Xb + Zu

in which v, is the cumulative probability to be in class i or a lower class; 8 ; is the
upper limit of each class (at the transformed scale) and b is the vector with fixed
effects belonging to the design matrix X; u is the vector with random effects and Z
the design matrix belonging to u as explained by Molema et al. (1997).

The data were analysed with the procedure CLASS (Keen, 1994) belonging to the
statistical package Genstat (Payne et al., 1993).

Depth of discoloured tissue
The model used for the depth of discoloured tissue was:

log(y)=Xb
in which y is the depth of discoloured tissue. These depth data were analysed with
the statistical package Genstat (Payne et al., 1993).

In the tables the means of experimental data are presented, while the statistical
analyses refers to values predicted by the described models.
Results
General observations
At the onset of the experiments the tubers were free of tissue discolouration. The ab-
solute dry matter content of K| tubers was ca 2% higher than that of K tubers
(Table 1). The susceptibility index for discolouration was positively correlated with
the dry matter content. Susceptibility increased during storage up to 5 months, but

fell after seven months (Table 1).
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Table 1. Dry matter content and susceptibility to discolouration (Molema et al., 1995) in tubers grown at
a low and high potassium level (K, Ky) and stored for 0, 3, 5 or 7 months (0, 3, 5, 7M).

Storage duration Dry matter content (%) Susceptibility to discolouration (index)
K, K, K, K,

oM 235 21.6 27 12

M 24.1 22.0 30 15

5M 24.4 22.1 34 25

™ 24.1 21.9 21 14

The average fresh weight (127 = 29 g) and dimensions (length 83 £ 10 mm, width
55 + 4 mm) of the tubers and r.0.c. at the impact site (r.o.c. 55 £ 18 mm lengthwise
and 19 £ 3 mm broadwise) were neither affected by storage duration, nor by the
potassium treatment during tuber production (data not shown). The potato pieces
had an average weight of 68 + 12 g (FW), a length of 82 £ 10 mm, a width (perpen-
dicular to the maximum width of the whole tuber) of 45 £ 4 mm and the impact site
30 £ 1 mm from the backplate of the pendulum device. Over all treatments, the tu-
bers absorbed 75 to 85% of the energy delivered by the pendulum device, indepen-
dent of storage duration and impact body shape (Table 2). The energy absorbance
was positively correlated with the impact energy. Potassium level (K /Ky) did not af-
fect the energy absorbance.

In general, the volume and depth of discoloured tissue due to impact treatment in-
creased during storage up to 5 months, but fell after seven months (Tables 3, 4 and
5). K tubers were more damaged by impact than K tubers (Tables 3, 4, 5 and 6).
The radius of curvature at the impact site of the tuber also affected tissue discoloura-
tion. The effect of the lengthwise curvature of the tuber on volume and depth of dis-

Table 2. Impact energy (E,,,) and absorbed energy (E,,) in tubers of nine treatments averaged over 2
potassium levels (K., Ky). The impact energy treatments were carried out with three impact body shapes
(Bes, B30, B15). All energies in J. Tubers were stored for 3, 5 or 7 months (3, 5, 7M). (standard devia-
tion).

Treatment E,p(D)

Epd) Impact body 3M M ™

0.600 (0.001) Beo 0.501 (0.007) 0.498 (0.007) 0.508 (0.008)
0.600 (0.001) B30 0.502 (0.006) 0.498 (0.005) 0.509 (0.004)
0.600 (0.001) B15 0.503 (0.005) 0.500 (0.004) 0.510 (0.005)
0.200 (0.001) Beo 0.160 (0.004) 0.156 (0.003) 0.159 (0.003)
0.200 (0.001) B30 0.161 (0.003) 0.157 (0.002) 0.159 (0.002)
0.200 (0.001) BI1S 0.161 (0.003) 0.158 (0.002) 0.160 (0.002)
0.067 (0.001) Beo 0.053 (0.003) 0.050 (0.001) 0.050 (0.001)
0.067 (0.001) B30 0.052 (0.002) 0.050 (0.002) 0.050 (0.001)
0.067 (0.000) BI1S 0.052 (0.002) 0.050 (0.001) 0.051 (0.001)
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coloured tissue was significant (data not shown). Tissue discolouration decreased
with the lengthwise radius of curvature. There was no significant effect of the broad-
wise curvature of the tuber.

Impact characteristics

Impact characteristics of K tubers after 5 months storage showed that the spherical
impact bodies gave a lower peak acceleration and a longer impact duration, relative
to the flat impact body (Figure 2). Variation between impact curves of identical
treatments was minimal. Lower impact energies gave lower peak accelerations.
Impact duration was hardly affected by impact energy. The difference between the
impact characteristics of the two spherical impact bodies (B30 and B15) was mini-
mal.

Subcutaneous tissue discolouration

The numbers presented in the tables 3 to 6 are experimental means instead of pre-
dicted values which were used for the statistical analysis.

Volume of discoloured tissue, The interaction terms impact energy X potassium level
and impact energy X storage duration had a significant effect on the volume of dis-
coloured tissue. Decreasing the impact energy from 0.600 to 0.200 or 0.067 J re-
duced the volume of discoloured tissue by ca 75 and 95% on average, respectively.
Although in K, tubers, damage was on average ca 30% less than in K tubers, the
relative effect of lowering the impact energy was the same in both types of tubers
{Table 3).

The interaction terms impact body shape x potassium level and impact body shape

Table 3. Volume of discoloured tissue (n = 45) after 3 impact energy treatments (E,,, in J) in tubers
from plants grown at a low and high potassium level (K, K,) averaged over 3 storage durations and 3
impact body shapes (upper part of the table) and stored for 3, 5 or 7 months (3, 5, 7M) averaged over 2
potassium levels and 3 impact body shapes (lower part).

Treatment Volume of discoloured tissue (mm?)

Eimp (J)

0.600 0.200 0.067
K, 681 % 167 8 28 ¢
K, 499 bA 1198 19 0c
3M 622 ™M 102 oN §no
M 697 ™M 196 ™N 37 mo
™ 452 M 131 =N 27 mo

Values within columns followed by the same lower case letter and values within rows followed by the
same capital letter do not differ significantly at the 5% level. Results of the treatments ‘potassium’ and
‘duration’ are not to be compared.
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x storage duration also had a significant effect on the volume of discoloured tissue.
The spherical impact bodies (B30 and B15) doubled to tripled the volume of dis-
coloured tissue relative to the non-spherical impact body. The difference in radii of
curvature of the two spherical impact bodies had a little or no effect on the volume
of discoloured tissue (Table 4).

In Ky tubers the volume of discoloured tissue was ca 17 to 46% less, compared to
K; tubers. The reduction increased with the radius of curvature. The largest relative
differences between tissue damage after storage were caused by the flat impact body.
There was no significant interaction between impact energy and impact body shape
in relation to the volume of discoloured tissue.

Depth of discoloured tissue. The interaction terms impact energy X potassium level,
impact energy x storage duration, impact energy x impact body shape and impact
body shape X potassium level had a significant effect on the depth of discoloured tis-
sue.
Lowering the impact energy from 0.600 to 0.200 or 0.067 J had less effect on the
depth of discoloured tissue (ca 50 and 80% reduction on average, respectively, Table
5) than on the volume of discoloured tissue (ca 75 and 95% reduction on average, re-
spectively, Table 3). In Ky tubers the damage (depth of discoloured tissue) was ca
15% less at 0.600 J and 50% less at 0.067 J, compared to K; tubers.

A non-spherical impact body (Beo) halved the depth of discoloured tissue on aver-
age as compared to the spherical impact bodies (B30 and B15). Relatively the differ-
ence between the effect of the two types of impact bodies (non-spherical and spheri-
cal) on the depth of discoloured tissue was the smallest at the highest impact energy.
A reduction of the impact energy from 0.600 to 0.067 J was most effective with Beo
(ca 90% reduction). There was a small difference in depth of discoloured tissue after
treatment with B30 or B15.

Table 4. Volume of discoloured tissue (n = 45) after 3 impact body treatments (Bee, B30, B15) in tubers
from plants grown at a low and high potassium level (K, Ky) averaged over 3 storage durations and 3
impact energy treatments (upper part of the table) and stored for 3, 5 or 7 months (3, 5, 7M) averaged
over 3 impact energy treatments and 2 potassium levels (lower part of the table).

Treatment Volume of discoloured tissue (mm?*)

Impact body

Boo B30 Bi1s
K, 183 ¢ 348 24 346 B
Ky 98 bB 253 286 b4
3M 97 °© 304 "N 328 miM
5M 212 mN 365 ™M 353 mM
™ 11170 232N 267 "M

Values within columns followed by the same lower case letter and values within rows followed by the
same capital letter do not differ significantly at the 5% level. Results of the treatments ‘potassium’ and
‘duration’ are not to be compared.
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Table 5. Depth of discoloured tissue (n = 45) after 3 impact energy treatments (E,,,, in J) in tubers from
plants grown at a low and high potassium level (K., K} averaged over 3 storage durations and 3 impact
body shapes (upper part of the table), stored for 3, 5 or 7 months (3, 5, 7M) averaged over 2 potassium
levels and 3 impact body shapes (middle part) and with 3 impact body shapes (Beo, B30, B15) averaged
over 2 potassium levels and 3 storage durations (lower part).

Treatment Depth of discoloured tissue (mm)

Eimp (J)

0.600 0.200 0.067
K, 742 38¢ 2.0¢
Ky 63" 3.24 Lof
M 7.0% 2.8° 1.5¢
M 7.3 42m 1.6
™ 6.2! 34r 14r
Beo 5.1~ 1.5% 0.4°2
B30 7.6 3.8 2.3¢%
B15 7.8+ 5.0v 1.7¥

Values followed by the same letter do not differ significantly at the 5% level. Results of the treatments
‘potassium’, ‘duration’ and ‘shape’ are not to be compared.

As observed before (Table 5) the depth of discoloured tissue doubled when tubers
were impacted with the spherical impact bodies, relative to the non-spherical impact
body (Table 6). There was no significant difference in the effect on the depth of dis-
coloured tissue between the two spherical impact bodies. As observed before (Table
4) K, tubers were more damaged than K tubers. The damage reduction in Ky tubers,
relative to K; tubers, increased more with the r.o.c. of the impact body.

The lengthwise radius of curvature of the tubers had a significant effect on depth
and volume of discoloured tissue. A larger radius of curvature lengthwise was corre-
lated with a smaller volume and depth of discoloured tissue (data not shown).

Table 6. Depth of discoloured tissue (n = 45) after 3 impact body treatments (Beo, B30, B15) in tubers
from plants grown at a low and high potassium level (K, K;) averaged over 3 storage durations and 3
impact energy treatments.

Treatment Depth of discoloured tissue (mm)

Impact body

Beo B30 B15
K. 2.7¢ 5.1° 540
Ky 2.0¢ 4.0° 44°

Values followed by the same letter do not differ significantly at the 5% level.
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Discussion
Experimental conditions

Pendulum device. The pendulum device proved to be an adequate tool to study the
effect of impact body shape and impact energy on subcutaneous tissue discoloura-
tion. The deliverance and absorption of energy proved to be highly reproducible.
Over the chosen energy range and radii of curvature clear effects of impact energy
and impact body shape on the depth and volume of tissue discolouration, as a mea-
sure of subcutaneous damage, were observed. The volume and depth of discoloured
tissue ranged from 0 (controls without impacts) to 2363 mm?, and from 0 to 13 mm,
respectively. Variation in tissue discolouration within treatments was considerable.
No minimum threshold energy level has been reported that will surely cause tissue
damage in potatoes. Parke (1963) reported that potato structure plays an important
role in the incidence of damage; e.g. one sample was damaged at 0.09 J while anoth-
er absorbed 0.6 J and exhibited no damage. Also Ghadge (1988) reported that varia-
tion in tissue discolouration was high; some tubers were damaged at an energy level
of 0.4 J and some required at least 0.7 J to be damaged. In contrast to other reports
on pendulum experiments external damage was observed in none of the tubers tested
in our experiment.

Independent of the impact body shape the tubers absorbed 75 to 85% of the energy
delivered by the pendulum device. Parke (1963) also reported that the effect of bar
diameter upon energy absorption was extremely small.

Storage, potassium level and susceptibility. As observed before (Molema et al.,
1997) the susceptibility to tissue discolouration, measured prior to the impact exper-
iments after the tubers were kept 3 days at 15°C, increased up to S months of storage
but fell after 7 months (Table 1). The same tendency was found for tissue discoloura-
tion after the impact treatments. The decrease after 7 months is ascribed to the
sprouting that had started at that moment (Molema et al., 1997). In general K tubers
were more damaged by impact than K;; tubers. The former had a higher dry matter
content (Table 1) and dry matter content is positively related to susceptibility to tis-
sue discolouration (Burton, 1969; Hughes, 1974, 1980a, see also Table 1). Van Es
(1975) reported a negative relation between tuber potassium content and blackspot
susceptibility.

Impact characteristics

The impact characteristics (Figure 2) illustrate the effect of impact energy and im-
pact body shape on the duration and magnitude of impact stress. The pattern of ac-
celeration after impact was only recorded for K tubers, stored for 5 months.
Differences in the characteristics of the two spherical impact bodies were negligible.
Similarly, the depth and volume of discoloured tissue were not differentially affected
by B30 and B15.

The non-spherical impact body gave higher peak accelerations, relative to the
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spherical ones. This phenomenon is caused by the larger contact area during impact.
The inprint of the flat impact body was less than that of the spherical ones. The
quick deceleration of the flat impact body results in a high peak acceleration and a
short impact duration.

Variation in impact characteristics within treatments was small and is probably
caused by tuber firmness and radius of curvature of the impact site of the tuber
(Noble, 1985). Noble also reported that impact duration has a critical effect on the
type and extent of resultant tissue damage. For the same amount of absorbed energy,
impacts of relatively long duration resulted in more blackspot and internal crushing
whereas impacts of relatively short duration resulted in more internal shattering. In
our experiment internal shattering was not observed.

Impact body shape

The volume and depth of discoloured tissue (Tables 4, 5 and 6) was doubled by the
spherical impact bodies, relative to the non-spherical impact body. On average dam-
age reduction (volume and depth) increased with the r.o.c. of the impact body. The
same tendency was found for the lengthwise radius of curvature of the tuber. The
differences in volume and depth of discoloured tissue after impacts with the spheri-
cal impact bodies B30 and B15 were small.

Thornton et al. (1974) and Hughes (1980b) reported that tubers with small radii of
curvature (e.g. with oblong tubers) are particularly prone to damage. Hesen &
Kroesbergen (1960) reported a negligible difference in percentage of damaged tu-
bers when impacted by rods with a diameter of 4 and 7 mm respectively (77 vs 74%).
Volbracht & Kuhnke (1956), using a drop test, reported that tuber damage was re-
duced by the use of bars with a larger diameter. Parke (1963) reported a general re-
duction in the volume of damaged tissue by using larger diameter bars. The effect of
the bar diameter in his experiments was not large.

In our experiments no impact doses were used that cause external damage. In oth-
er reports on the dose-effect relationship the resulting damage is usually a mixture of
external damage and subcutaneous tissue discolouration.

Impact energy

Reducing the impact energy from 0.600 to 0.067 J yielded an average reduction of
the depth of damaged tissue of ca 80% (Table 5) and an average reduction of the vol-
ume of discoloured tissue of ca 95% (Table 3). In our previous work (Molema et al.,
1997) the same phenomenon was found. Parke (1963) also reported a positive corre-
lation between impact energy and volume of discoloured tissue.

Contradictory to the results of Parke (1963) where a minimum energy level of
0.136 ] was required to produce tissue damage, we found that 0.067 J already yields
tissue discolouration (bruising). In our experiment, however, another cultivar was
used and the way of tuber preparation also differed of that of Parke (1963).

418 Netherlands Journal of Agricultural Science 45 (1997)



SUBCUTANEOUS TISSUE DISCOLOURATION IN POTATO TUBERS

Practical implications

The conditions in commercial potato handling lines differ from the conditions cho-
sen in our experiment. Tubers were not stored in bulk, but individually on soft venti-
lating pads, and at 4.5°C. Moreover, no other source of tissue discolouration than the
experimental impacts existed. Also each tuber piece was impacted at one well-de-
fined site. These differences in tuber treatment may modulate the effect of the shape
of the impact body and of the energy dose.

By lowering the impact energy the volume of discoloured tissue decreased more
than proportionally. The depth of discoloured tissue also decreased but less than
volume did. In this relationship the r.0.c. of the impact body was of great impor-
tance. A oo r.o.c. gave the least tissue discolouration. The rate of curvature of spheri-
cal impact bodies, at least between 30 and 15 mm, seems to be less important.
Radius of curvature at the impact site of the tuber also affects tissue discolouration.
The same tendency observed for impact body curvature was found for the effect of
lengthwise tuber curvature on depth and volume of discoloured tissue.

A significant effect of broadwise tuber curvature was not established, probably
due to the small range of broadwise radii of curvature (19 + 3 mm). To obtain a link
to practice we measured the minimum and maximum radii of curvature of 150 ran-
domly-selected ungraded potatoes (cv. Bintje) and found that r.o.c. ranged from 13
mm to o= (hollow sites were not taken into account). This means that, in practice (un-
graded potatoes), the radii of curvature of impacted tuber sites are of great influence
on the resulting amount of tissue damage.

It is of great importance to know whether ‘round’ or more flat ‘rectangular’ tubers
are preferred in relation to the susceptibility to tissue discolouration. This because
more flat like tubers have both small as well as large radii of curvature. The total
amount of tissue discolouration may be the same as in spherical ones but in the tu-
bers with large flat areas at their sites of high curvature (small r.0.c.) a larger volume
and depth of tissue discolouration, and due to this more peel losses, may occur. It is
important to gather information about the chance of impacting a defined tuber site
(small/large radius of curvature) in a handling chain to get information about the de-
sired tuber shape. The disadvantage of nearly perfectly spherical tubers (a small
range in radii of curvature) is the high chance of rolling during handling resulting in
more kinetic energy which gives a higher chance on tissue discolouration.

Future potato handling lines may take the findings of this research into account,
by lowering the use of spherical impact bodies and the level of impact energy.
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