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Hot Dip Treatments Reduce Chilling Injury
During Storage of Citrus Fruit at 1°C

By B.L. Wild

NSW Department of Agriculture & Fisheries,
Gosford Horticultural Postharvest Laboratory, Gosford, NSW 2250

introduction

The export of Australian citrus
fruit to Japan, New Zealand,
U.S.A. and many other count-
ries is often dependent on our
exporters being able to satisfy
guarantine restrictions that
require a guarantee that the
exported fruit are free of
Queensland and Mediterran-
ean fruit fly.

This,inthepasthasbeen
obtained by the use of the
fumigant ethylene dibromide
(EDB), but a recent ban by
Japan and the U.S.A . of EDB
fumigation has necessitated
the development of safe
alternative disinfestation
treatments.

One of the most suitable
that has been developed for
oranges by the Gosford Horti-
cultural Postharvest Labor-
atoryiscold storage for16 days
at1°C.Thistreatmenthasbeen
established as providing
excellent security against
Queensiand and Med-
iterranean fruit fly (Hill et al.
1988) and has been accepted
by Japanese quarantine auth-
orities as a suitable disinfest-
ation process for oranges. It is
also being considered for

lemons. The only problem with
this treatment is that ocecas-
ionally fruit incur chilling in-
jury when stored at these low
temperatures and the rind
damage resulting is threaten-
ing the commercial adoption of
treatment for the export of
¢itrus to Japan.

Additionally, if fruit
could be successfully stored at
these low temperatures with-
out rind damage, logses due to
decay and aging would be re-
duced ( Hall 1938).

Chilling injury

Chilling injury can occur with
all citrus fruit species oncethey
are stored for extended periods
below theirrecommended stor-
age temperatures. This temp-
erature varies:for oranges, eg.,
itis 7°C, grapefruit and lemons
13°C and limes 10°C (Wills et
of.1989). Rind injurynormally
takes the form of dark brown
rind pitting which can coalesce
as it becomes more severe so
that whole sections of the rind
can be affected (Fig. 1).

Fig. 1. Chilling injury symptoms on Valencia oranges after 15

weeks storage at 1°C.
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Reducing chilling

injury susceptibility

Many factors have been inves-
tigated for their potential to
reduce the risk of chilling in-
jury in citrus fruit. Fruit age
(Morris 1982), fruit position in
the tree canopy (Purvis 1980),
growth regulator treatments
(Ismail and Grierson 1977),
ethephon treatment (Gilfillan
and du T. Pelsar 1985), rind
damage (Patterson, personal
communication), plastic wrap-
ping (Wardowski et al. 1973;
McCormack 1976) and pre-
storage ‘curing’ (Huelin 1962;
Hatton ef al. 1981 ; Hatton and
Cubbedge 1982) have all been
shown to influence the extent
of chillinginjury in cifrus fruit.
Additionally, postharvest
thiabendazole (T'BZ) and ben-
omyl treatment of grapefruit
(Schiffmann-Nadel et al. 1972;
Kokkalos 1974; Wardowski et
al. 1975; Chalutz et al. 1985)
has been shown to reduce
chilling injury incidence.

To examine further the
effects of fungicide treatments
on chilling injury and as a
possible way of enhancing
fungicide response, as in an-
thracnose control in citrus
(Wild 1983), trials were con-
ducted where Valencia and
Washington navel oranges and
grapefruit were treated with
hot dips before storage. In
addition, with Valencia oran-
ges, the rind of some fruit were
damaged in an attempt to de-
termine if fruit injury induced
more chilling injury.

Materials and methods
Valencia oranges

Valencia oranges were ob-
tainedin early November, 1987
from two orchards in the Gos-
ford region of New South Wales.
On delivery of fruit to the lab-

oratory they were washed, but
not waxed, and fruit from each
orchard then randomised into
10 treatment units of approx-
imately 130 fruit each.

Five treatment units
were subjected to rough hand-
ling, where damaged rind was
induced by rolling the fruit
several times in a barrel con-
taining approximately 2 kg of
coarse dry sands, while the
other five treatments were
carefully handled. One of the
following dip treatments was
then applied to each unit of
fruit from both groups: (a)
control, water dip at ambient
temperature (approx. 18°C for
twominutes). (b) hot water dip,
53°C for two minutes, (c¢) hot
benomyl dip, (500 mg/l) 53°C
for two minutes; (d) hot
thiabendazole dip, (1000 mg/1)
53°C for two minutes; (e) con-
trol (10°C storage, water dip
only) same as treatment (a).
Treatments (a) to (d) were
stored for 15 weeks in a cold
room with fan- forced air cire-
ulation eperating at 1°C 1 0.
Bdeg. C, whereas treatment (e)
was stored under similar
conditions but at 10°C. Fruit
were held in covered, but
vented plastic boxes and
stacked in the cold room in the
two replicate groups, with
treatment positions allocated
at random within each stack.

After 15 weeks, fruit in
the control treatments had
developed extensive chilling
injury. All oranges were re-
moved from the cold room,
allowed to warm to ambient
temperatures and examined for
chilling injury. Fruit was
classified into one of four
chilling injury categories sim-
ilar to those used by Hatton
and Cubbedge (1982): nil,
slight, moderate and severe.

Each category was assigned a
numerical value; 0,1, 2 and 3,
respectively, and a chilling
injury index defermined for
each treatment. The index was
determined by summing the
products of the number of fruit
in each category by the value of
each category and then divid-
ing this sum by the total num-
ber of fruit assessed. Chilling
injury index values were then
square root transformed for
analysis as a 5 x 2 factorial
experiment and means com-
pared by using the Waller-
Duncankratioc LSD rule(Chew
1977) at k = 100, This level is
approximately equivalent to
the 5% level of significance.
The experiment wasreplicated
twice.

Washington navel oranges
This experiment was designed
to compare the best hot dip
treatment with ‘curing’ and the
effects of waxing on chilling
injury development.

Fruit were obtained from
the Sunraysia inland area of
New South Wales where chill-
inginjury had been reported to
beaproblemin1989. On arrival
at the laboratory all fruit were
washed, then randomly divid-
ed into six treatment units,
each containing 50 fruits. Each
of the following treatments
were then applied to two of the
treatment units prepared: (a)
control, water dip only; (b) thi-
abendazole 1000 mg/1, two min-
utes dip at 50°C and (¢) fruit
‘eured’ for one week at 20°C.
Half of these treatment units
were then dipped in wax
{Britseal, 16% solid, Milestone
Chemical, Melbourne, Aust-
ralia) and the remainder un-
waxed.

Fruit were then stored
for 20 days at 1°C, held for one
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week at 20°C and then exam-
ined for chilling injury. Fruit
were assessed for chilling in-
jury ag previously described for
grapefruit and a chilling in-
juryindex caleulated asbefore.

Data were analysed as a
2 x 3 factorial, replicated three
times and chilling injury index
means compared using the
same technique as previously
described.

Grapefruit

Marsh grapefruit were ob-
tained from four locations with-
in New South Wales in July
1989. One source was from the
central coast region and the
other three from the dryer in-
land areas. Fruit from each
location were used as replic-
ates and postharvest dips
applied to treatment units
which each contained approx-
imately 40 randomly allocated
fruit. Thefollowingtreatments
were either applied at ambient
diptemperature (14°C)or 50°C
for two minutes; (a) control -
water only; (b) thiabendazole,

1000 mg/l, and (c)benomyl, 500
mg/l

Within each replicate,
fruit receiving these treat-
ments were divided into two
groups, one stored at 1°C the
other at10°C. After four weeks
storage, fruit were held for one
week at 20°C and then exam-
ined for chilling injury.

A chilling injury index
value was obtained by using
the same method of assessment
asforthe Valencia oranges with
the chilling injury standards
shown in Fig. 2. The chilling
injury index values obtained
were then analysed statistic-
ally as a 2 x 2 x 3 factorial,
replicated four times. Means
were compared using the Wall-
er-Duncan kraticruleatk=100
(approximately equivalent to
the 5/°0 level of significance).

Results

Valencia oranges
Statistical analysis showed a
significant{(P<0.05) effect of the
method of handling on chilling
injury, for all dip treatments

Fig. 2. Chilling infury classification standards used for assessing
grapefruit chilling injury after eight weeks storage at 1°C.

stored at 1°C. Chilling injury
was highest in the control fruit
dipped in ambient water, and
then stored at 1°C, with an
average chilling injury index
of 2.3 and with 98.4% of fruit
showing the disorder to some
extent.

The dip treatment eff-
ects on chilling injury were
highly significant (P<0.001).
Mean separationrevealedthat
the hot water dip treatment
and hot benomyl significantly
reduced chillinginjury (P<0.05)
to the level of the ambient
temperature dip controls stor-
ed at 10°C. The hot thiabend-
azole treatment was signific-
antly better than either the
hot water orhotbenomyl treat-
ments (P<0.05) (Fig. 3). There
was no significant interaction
between the method of hand-
ling and the dip treatments.

Washington navel oranges
Analysis of variance of the 2 x
3 factorial experiment showed
a highly significant effect of
wax treatments in reducing
chillinginjury (P<0.000). There
was also a significant inter-
action between wax application
and treatments (P=0.02) which
was reflected in the improve-
ment of the ‘curing step in
reducing chilling injury once
wax was applied. The most
effective prestorage treatment,
both with and without wax
application was the hot thia-
bendazole dip (Fig. 4).

Grapefruit
Storage of fruit at 10°C result-
ed in no chilling injury for any
of the treatments tested and
consequently no data were
available for inclusion in the
analysis.

Analysis of variance of
data at 1°C, however, showed
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a highly significant effect of
heating all solutions in reduc-
ing chilling injury (P<0.001).
Data also show that thiabend-
azole at 50°C was significantly
better than water at 50°C
(P<0.05;Fig. 5).

CHILLING IMNJURY INDEX

Discussion

Reasons for some of the dram-
atic reduction in chilling in-
jury with the hot dip treat-
ments could be either the re-
sult of physiological changesin
the rind, equivalent to that
obtained in the‘curing’ storage
process (Hatton and Cubbedge
1982) or an inactivation of Tat-
ent fungal infections (Wild
1983), such as Colletotrichum
gloeosporioides which are oft-
en present in the rind of citrus
{Brown 1975), Similar infect-

MATER]AL (WATER

HATER
53°C

STORAGE TEMP . 1°C 1°¢ 19 1%¢

BENDHYL TBZ

530¢ 539¢C

VATER
189
10°¢c

WATER TEMp: 18%C

Fig. 3. Effect of method of handling and dip treatment on chilling
injury incidence in Valencia oranges stored at 1°C for 15 weeks.
Columns covered by the same letter do not differ at the 5% level
using k LSD on square root transformed data.

Fig. 4. The effect of TBZ dips at 50°C for two minutes, fruit
‘curing’ and waxing on chilling injury in Washington navel
oranges stored at 1°C for five weeks. *Different letlers denote

ions in mangoes have been
controlled by hot dip treat-
ments (Spalding and Reeder
1972; Muirhead 1976).

The effect of waxing on
chilling injury with Washing-
ton navel oranges hasnot heen
shown before, although a re-
duection in chilling injury with
grapefruit was achieved by
vegetable oil application (Al-
juburi and Huff 1984) and the
use of plastic films (Wardowski
etal. 1973). In this latter work,
also, citrus wax application was
tested with grapefruit but no
positive response was obtain-
ed. However, the wax used in
that experiment was a synth-
etic coumarone-indene resin,
whereas the wax used in these
experiments was a polyeth-
ylene based formulation.

The effect of adding thia-
bendazele to the dip also fur-
ther reduced chilling injury
with Valencia oranges and
grapefruit. This confirms the
response reported earlier by
Wardowski et al. (1975} and
Chalutz et al. (1985), who show-

significant differences between treatments (P<0.05).

20

7 b
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5
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3
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CURING
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CONTROL

T8z S0PC+ wax
CURING + WAX

CONTROL + WAX

ed thatthiabendazoleincluded
in wax coatings on grapefruit
reduced chillinginjury. The use
of the fungicide benomyl how-
ever did not improve the hot
dipping response or reduce
chilling injury by itself, even
though it is a benzimidazole
fungicide whose mode of action
againstfungiisidentical tothat
of thiabendazole (Davidse
1877).

Recommendations from
this research for the reduction
of chilling injury susceptibility
with grapefruit and oranges
could therefere involve the use
of hot thiabendazole dipping of
fruit prior to, or in conjunction
with, packing line treatments.
This treatment would have the
advantage of being applied
immediately before cold disin-
festation and with grapefruit
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it maybe more convenient.than
the present ‘curing’ step of one
weelk’s storageat temperatures
between 10 and 21°C (Hatton
and Cubbedge 1982).

Thiabendazole has the
additional advantage that it
has a low mammalian toxicity
and is accepted by Japanese
health authorities as a perm-
itted postharvesttreatment on
citrus fruit.

Further trials are plan-
ned to investigate the hypo-
thesis that, in association with
the many other factors that
govern chillinginjuryincidence
(Morris1982), latentinfections
could be weakening cell walls
and predisposing fruit to chill-
ing injury damage when plac-
ed under chilling stress.

References

Aljuburi,J.,and Huff, A, (1984),
Reduction in chilling injury
to stored grapefruit (Citrus
paradisi Macf.)byvegetable
oils Scientie Horticulturae,
24, 53-8,

Brown, G.E. (1975}, Factors
affecting postharvest
development of Colleto-
trichum gloeosporioides in
citrus fruits. Phyfopa-
thology 65, 404-9.

Chalutz, E,, Waks, J., and
Schiffmann-Nadel, M.
(1985). Reducing suscept-
ibility of grapefruit to chill-
ing injury during cold
treatment. HortScience, 10,
226-8.

Chew, V. (1977). Comparisons
among treatment meansin
an analysis of variance.
U.S.D.A, Publication ARS/
H/68.

20

&
o
H

CHILLING TNJURY INDEX

0o

8z 14°C
agnowrL 14°C |

.

sz SO°C § a
senomyL 50°C § 8.

water 50°C

Fig. 5. Reduction in grapefruit chilling injury as a result of
dipping fruit for two minutes in various solutions before eight
weeks storage at 1°C. *Different letters denote significant
differences between treatments (P<0.05).

Davidse, L.C. {1977). Mode of
action, selectivity and muta-
geniaty of benzimidazole
compounds. Netherlands
Journal Plant Pathology,
83, 135-56

Gilfillan, I.M. and du Pelser, T
{1985). Reduction of rind
pitting development in
‘Marsh’ grapefruit (Citrus
paradisi MacF.) with
ethephon. Citrus Journal,
95, 15-7.

Hall, E.G. (1938). Australian
eitrus fruit - Handling and
storage in relation to wast-
age. Journal Australian
Institute Agricultural
Science 4, 85-95.

Hatton, T.T. and Cubbedge,
R.H. (1982). Conditioning
Florida grapefruit to reduce
chilling injury during low-
temperature storage.
Journal American Society

Horticultural Science
1077, 57-60.

Hatton, T.T., Davis, P.L.,
Cubbedge, R.H., and
Munroe, K.A.(1981). Temp-
erature management and
carbon dioxide treatments
that reduce chilling injury
in grapefruit stored at low
temperatures. Proceedings
International Society
Citrieulture 2, 728-31.

Hill, A.R., Rigney, C.J., and
Sproul, A.N. (1988). Cold
storage of oranges as a
diginfestation treatment
againstthefruitflies Dacus
tryoni (Frogeatt) and
Ceratitis capitata (Wiede-
mann) {Diptera: Tephriti-
dae). Journal Economic
Entomology 81, 257-60.

Huelin, F.E. (1962). Chilling
injury in stored fruits and
vegetables. C.S.I.R.O.Food

Food Research Quarterly Volume 50 No. 2, 1990

40



Preserrvation Quarterly
22, 63-4.

Ismail, M.A. and Grierson, W.
(1977). Seasonal suscept-
ibility of grapefrult to
chilling injury as modified
by certain growth regul-
ators. HortScience 12, 118-
20,

Kokkalos, T.1. (1974). Thia
bendazole reduces chilling
injury (pitting) of a Cyprus-
grown grapefruit, Hort-
Science 96, 456.

McCormack, A A, (1976). Chill-
ing injury of ‘Marsh’
grapefruit as influenced by
diphenyl pads. Proceedings
of Florida State Hortic-
ultural Society 89, 200-2.

Morris, L.1. (1982). Chilling
injury of horticultural crops:
an overview. HortScience
17, 161-5.

Muirhead, I.F. (1978). Post-
harvestcontrol of mango an-
thraenose with benomyl
and hot water. Australian
Journal of Experimental
Agriculture & Animal
Husbandry 16 ,600-3.

Purvis, A.G. (1980). Influence
of canopy depth on suscept-
ibility of Marsh grapefruit
to chilling injury. Hort-
Science 15, 731-733.

Schiffmann-Nadel, M., Chal-
utz, G., Waks, J., and F.8,
Hattar, (1972). Reduction
of pitting of grapefruit by
thiabendazole during long-
term cold storage. Hort-
Science 7, 394-5.

Spalding, D.H. and W.F. Reed-
er. (1972). Postharvest dis-
orders of mangoes as affect-
ed by fungicides and heat
treatments. Plant Disease
Reporter 56, T51-76.

Wardowski, W.F., Grierson,
W., and Edwards, G.J.
(1973). Chilling injury of
gtored limes and grapefruit
as affected by differentially
permeable packagingfilms.
HortScience 8,173-5.

Wardowski, W.F., Albrego,
L.G., Grierson, W., Bar-
more, C.R., and Wheaton,
T.A. (1975). Chilling injury
and decay of grapefruit as
affected by thiabendazole,
benomyl and CO,. Hort-
Science, 10, 381-3.

Wild, B.L. (1983). Ethylene gas
burn - not only due to ethy-
lene. Rural Newsletter,

86, 30-1.

Wills, R.B.H., McGlasson,
W.B., Graham, D., Lee,
T.H., and Hall, E.G. (1989),
Effects of temperature. In
‘Postharvest’ 3rd ed. N.S.W.
University Press, Kensing-
ton, Sydney, pp 39-52,

Food Research Quarterly Volume 50 No. 2, 1990

41



The Hen's Egg as a Model
for Food Technology

R.W. Burley

CSIRO Division of Food Processing, North Ryde, NSW 2113

Introduction

Although they are not immed-
iately obvious, there are simil-
arities between a laying hen
and the food industry. Consid-
er, for example, that, like the
layinghen, the food industryis
concerned with the packaging
of nutrients (i.e., food}in a con-
venient and compactform such
fhat they resist oxidation and
spoilage by mieroorganisms. It
must be admitted that when it
comes to short-term food
preservation, the hen is more
successful than the industry;
especiallyasithastoface some
problems not known to the
industry, such as a limit to the
size and shape of the contain-
er. As partial compensation,
there are some problems of the
industry that the hen does not
have to worry about, such as
flavours and consumer accept-
ability.

Birds have been thriv-
ing for more than fifty million
years, so the egg, which at first
sight is such a fragile and in-
significant thing, must have
important properties that
enableit to resist microbes and
oxidation. Thisresistancelasts
for days, weeks, or even, for
some gpecies, for months.

Furthermore, during
this time the egg is exposed to
temperatures that often exceed
40°C and also to atmospheric
oxygen. Of course, in the wild,
egegs eventually succumb to
microbial attack, but for a
congiderable period, the cons-
tituents of the egg are so little
changed chemiecally that they
can be used directly as food for
the embryo. This feat is the
equivalent of leaving a lamb
chop or a baby's bottle full of
milk ¢utside for a week or two
and then finding it to be still
edible. The eggachieves sucha

result without refrigeration,
sterilisation by heat or irrad-
iation, vacaum packing, or any
of the other operations of
modern food technology. 1
summarise here whatisknown
about the egg as a successful
food package. Some of this
information may be of use for
food technology in general.

The Egg as an Anti-

microbial Package

As far as iis anti-microbial
properties are concerned, the
egg has four parts: shell plus
membranes, white (ie, album-

Fig. 1, Drawing of a hen’s egg showing main parts.
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en), vitelline membrane, and
yolk (Fig. 1).

Surprisingly, the hard
shell of an egg is not the main
barrier to microbes, because it
ispierced by innumerable pores
that are large enough to per-
mit easy entry to many bact-
eria. Why more bacteria donot
enter eggs through these pores
is not quite clear. Possibly it is
because on the outside of the
shell there is a proteinaceous
layer, the cuticle, that mayhelp
resist bacteria. Furthermore
the pores are often partially
plugged with protein. An alter-
native explanation is that the
walls of the pores are hydro-
phobic and thus repel water,
which might carry microbes.
The relative importance of
these possible explanations is
a matter for argument,.

Ontheinside of the shell
there are two membranes.
These are the first undisputed
barriers to bacteria (Parsons,
1982). They each consist of
microscopic fibres and they
resemble anti-bacterial micro-
pore filters when greatly mag-
nified (Fig. 2); nevertheless,
they are not a perfect barrier.
Occasionally pores have been
observed through them. The
best evidence for the fallibility
of the shell membranes is that
the hen devotes much metab-
olic energy to the largest part
of the egg, the egg white or
albumen, which is essentially
an anti-microbial gel. It is
doubtful if such a large alb-
umen would be necessary if
the membranes kept out all
microbes.

The albumen is an imp-
ortant anti-microbial barrier
in the egg, although by itself it
would probably not be effect-
ive, The anti-microbial prop-
erties of the albumen are of

Fig. 2 Scanning electron micrograph of the shell membrane of o
hen’s egg. Magnification x300. Photograph by M.L. Landrigan.

Fig. 3 Photograph of a broken out egg of good quality showing the

albumen gel.

biological and medical interest
because albumen is an exam-
ple of passive resistance, by
contrast with the immune sys-
tems of higher animals that
resist microbes by actively
synthesising appropriate sub-
stances (antibodies, etc.) when
needed. Synthesisdoesnottake
place in the albumen, as far as

isknown. Therefore all the anti-
microbial substances must be
in place by the time the egg is
laid. Albumen probably funct-
ions in four ways; (i) by immob-
ilising bacteria, (i) by killing
certain bacteria, (Gii) by deny-
ing nutrients to bacteria, and
(iv) by inhibiting enzymes.
These arediscussed separately.
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(i) The Albumen Gel

Itis well known that the white
of a fresh egg of good quality
has ajelly-likeappearance (Fig.
3). For the consumer, the firm-
er the white the better the egg.
A glycoprotein, ovomucin, is
largely responsible for the
structure of this gel. How ovo-
muecin functions and how eggs
of better quality can be prod-
uced, are part of the Division’s
research on eggs, to be des-
cribed later in Food Research
Quarterly. The natural funct-
jons of the gel are obviously not
concerned with the food ind-
ustry or consumers. They are
probably to cushion the yolk
and also to prevent the move-
ment of micrs-organisms.
Immobilised micro-organisms
are more easily susceptible to
other agents in the albumen.
In addition, ovomucinitselfhas
antiviral properties {(Gotts-
chalk and Lind, 1949).

(ii) Antibacterial Enzymes
In the albumen, bacteria can
be killed by antibacterial enz-
ymes, especially if they have
been immobilised on the ovo-
mucin gel. Two such enzymes
havebeenidentified. Thebetter
known is lysozyme, which acts
by lysing the walls of Gram-
positive bacteria. Most of the
lysozyme is in solution in the
white, but some is apparently
attached to ovomucin, The
other enzymeis N-acetylgluco-
saminidase, which is active in
fresh eggs (Winn and Ball,
1975). It inhibits the growth of
Gram-negative bacteria. It is
presentin small amount and it
has not been thoroughly in-
vestigated.

(iii) Nutrient-binding
Proteins

Egg albumen contains several
proteins that bind to essential

nutrients, particularly to cer-
tainmetals and vitamins. What
these proteins are doing in the
egg has not been firmly estab-
lished, but it would not be
surprising if one of their func-
tions is to prevent microorg-
anisms from growing by low-
ering the concentrations of
metabolites to less than that
required to maintain growth.
Perhaps the best known pro-
tein of this group is avidin
which binds tenaciously to the
B vitamin, biotin, Thisbinding
is among the strongest known
in biology. The most plentiful
binding protein in albumen is
eonalbumen, now more logic-
ally referred to as ovotrans-
ferrin fromits analogy to other
iron-binding proteins, known
as transferrins (Komatsu and
Feeney, 1967). Ovotransferrin
ig about 12% of the protein in
hens’ egg albumen andithasa
high affinity for di-and trival-
ent iron, and for the multi-
valent ions of several other
metals, such as copper.

In thealbumen the bind-
ing proteins are not normally
saturated with the ligand.
Their function is therefore diff-
icult tounderstand unless they
act as specific scavengers for
essential metabolites. This is
certainly the case for the iron
and biotin needed by the hens’
embrye which are carried in
the yolk by other proteins. In
the albumen there are many
otherbinding proteins, besides
avidin and conablumin, Most
of the vitamins have their own
protein, For example, there is
a riboflavin-binding protein
and a thiamine-hinding pro-
tein. Itisless certain that these
actasscavengers,becausetheir
binding constants do not app-
roach that of avidin-biotin. It
should be noted that the bind-

ing proteins are not entirely
effectiveby themselvesbecause
some bacteria do not need the
metabolites they bind, and
others areable totake counter-
measures. Itis therefore likely
that their function is to en-
hance the effectiveness of other
antibacterial agents in alb-
umen.

(iv) Antiproteases
The largest class of protein in
albumen consists of the enz-
yme inhibitors. In particular,
it includes the antiproteases,
inhibitors of proteases, the
proteinsthathreak down other
proteins. A list, with the enz-
ymes they possibly inhibit is
given in the table. Between
them, these proteins could
effectively inhibit the action of
the main classes of protease.
Such an ability wouldbe useful
tothe eggbecause microorgan-
isms produce proteases. These
break down proteins which can
then be digested by the micro-
organism. Bacterial proteases
also disrupt the egg structure.
There is controversy
about whether or not resisting
microorganisms is the main
purpose of the egg antiprot-
eases. A possible alternative
function is to help control pro-
tein synthesis during early
embryonic development. Very
recently some evidence bear-
ing on this question has been
adduced. Laskowski and co-
workers {(1987) have studied
one enzyme inhibitor, ovomue-
oid, from the eggs of more than
100 avian species. They found
large differences in the amino-
acid sequences in the region of
the active site of the inhibitor;
thatis, the region thatactually
binds to the enzyme and in-
hibits it. This sequence shows
hypervariability a wvariation
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Protease Inhibitors in the
Albumen of Hens’ Eggs

Inhibitor

Ovomucoid 0.8
Ovoinhibitor low
Ovomacroglobulin  low
Cystatin low
Cvalbumin 414

% inegg Enzyme inhibited

Trypsin, chymotrypsin

Trypsin, chymotrypsin,
elastin, and others

Most proteases
Sulphydryl proteases

Not known

greater than would be expect-
ed from the usual rate of mut-
ation. Such variations suggest
that there has been selection
pressure for variability (Brown,
1987). A speculative explan-
ation of how this eould cecur is
that the amino-acid sequence
of the inhibitor has evolved as
a result of attacks by specific
bacteria which wiped out the
entire species apart from a few
individuals whose inhibitor
was capable of resisting the
bacterial protease. These ind-
ividuals would then survive
and continue the species. The
amino-acid sequence of their
inhibitor proteins would then
become dominant and differ-
ent from that of other species
that did not encounter the same
micro-organism. Birds that
breed in large colonies would
be especially susceptible to
bacterial infection and thus
would be expected to contrib-

ute to the proposed hypervari-
ability. Such acourse of events,
operating over millions of
years, would be difficult to
prove. It does, however, explain
the variability among species.
It is possible that the
most plentiful protein in egg
ovalbumin, whichis about 60%
of the albumen proteins is also
an enzyme inhibitor. This foll-
ows from a comparison of its
amino-acid sequence with
those of known inhibitors. Ov-
albumin is evidently similar to
several non-avian antipro-teas-
esin part of its amino-acid seq-
uence {(Hunt & Dayhoff, 1980).
Unfortunately, the enzyme
that ovalbumininhibits has not
been found. It could be from an
organism that is now extinct.

The Vitelline Membrane

Thisis the lastbarriertomicro-
organisms trying to get to the
yolk, which is the main store of

nutrients. It consists of two fib-
rous layers with amuch thinner
continuous layer in between.
As with the shell membranes,
the vitelline membrane is a
physicalbarrier. Theinnerand
outer fibrous layers could keep
bacteria out because they are
compact and relatively strong.
Therole ofthe continuous layer
is not clear. It has not been iso-
lated or analysed because of its
thinness. It has been found at
the Food Research Laboratory
that, in addition to providing a
physicalbarrier,the outerlayer
of the vitelline membrane con-
tains an insoluble form of the
bacteriocide, lysozyme (Back
et al, 1982). This protein is not
chemically distinguishable
from the lysozyme present in
ege white. Furthermore this
insoluble lysozyme in the mem-
braneis active againstbacterial
cell walls.

The Yolk

Microorganisms that have
penetrated the egg shell and
have surmounted the hurdles
provided by the albumen and
the vitelline membrane find
themselves surrounded hy
excellent nutrients. Whether
the egg has any further defen-
ses is not known. It would be
surprising if it did not take
some precautions although we
are not certain what they are.
Hen's antibodies (the gamma
liveting) are presentineggyolk,
but it is doubtful if they are
active there: their purpose is
evidently to provide protection
to the embryonic blood stream.
As with the albumen, the yolk
has powerful metal binding
abilities. The phosphoprotein,
phosvitin, binds most of the
yolkiron, for example. Whether
or not it has an antimicrobial
function is not known,
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Any discussion of the antimic-
robial behaviour of the egg
should emphasise that there
hasbeen controversy aboutthe
relative importance of the var-
ious physical barriers and
chemical constituents of the
albumen (eg, Tranter and
Board, 1982). Itis clear though
that the physical barriers are
important, as are the antibac-
terial proteins, the antiprot-
eases, and the chelating prot-
eing,

The Anti-oxidative
Mechanisms of the Egg

As soon as the egg is laid, and
possibly a little before, oxygen
and other gases can pass
through the pores of the shell
and through the shell mem-
branes and dissolve in the
albumen. The vitelline mem-
brane does not appear to be a
barrier to gases, so oxygen can
diffuse into the yolk. As with
other biological materials, the
eggcontains chemicalsthatare
susceptible to oxidation. In
particular, there are polyun-
saturated lipids that readily
oxidise to peroxides that are
capable of damaging proteins.
In addition, several proteinsin
the yolk and white contain
sulphydryl groups that are
liable to oxidation and sub-
sequent formation of insoluble
protein aggregates. The egghas
obviously evolved counter-
measures to oxidation, which
are different for the albumen
and the yolk.

The Albumen

Oxygen has to pass through
the albumen to reach the
embryo in the initial stages of
incubation. The albumen
avoidsoxidative damagebynot
having many susceptible chem-

ical groups. The main changes
to albumen during storage,
such as loss of viscosity, incip-
ient aggregation, and loss of
solubility, do not involve oxid-
ation as far as is known. Alb-
umen contains sulphydryl
groups, but most of them are
well hidden and do not appear
to be available to oxygen.

The Yolk

The oxygen-sensitive chemie-
als of the egg are concentrated
in the yolk. Two methods are
used in the yolk to prevent
oxidation. The first, which is
familiar to food technologists,
igthe presence ofantioxidants.
The egg contains small
amounts of tocopherol, which
is probably the main antiox-
idant. In addition, carotenoids,
the yellow yolk pigments, are
antioxidants and this may be
one of their functions inyolk. It
has recently been suggested
that the yolk protein, phosvitin,
acts as an antioxidant in egg
{(Lu and Baker, 1986). This
property may depend on the

Fig. 4. Electron micrograph of lou-density lipoprotein pariicles of
the yolk of a hen’s egg.

ability of phosvitin to bind
metal ions, which help cata-
lyse oxidation, so that they do
not come in contact with lipid
and oxygen. As oxygen isneed-
ad for the growth of the em-
bryo, the anti-oxidants must
not preventoxygen from reach-
ing the embryo, which is init-
ially situated on the vitelline
membrane,justinsidethe yolk.
It is probable that the embryo
gets its oxygen in the earliest
stages only from the white.
Later the embryo grows an
‘artificial lung’ on the inside of
the shell,

The presence of anti-
oxidants in yolk does not ent-
irely account for its resistance
to oxygen. For example, the
isolated yolk lipids oxidise more
rapidly than the lipids in egg.
A possible explanation for the
enhanced oxygen resistance of
the intact yolk involves the
location of the yolk lipid. Inegg
there is no free lipid. It is all
combined non-covalently with
special proteins in the yolk in
the form of lipoproteins. These
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are submicroscopic particles
containing neutral lipid, phos-
pholipid, and protein (Fig. 4).
It has been proposed that the
compact surface layer of the
yolk low-density lipoprotein
prevents oxygen from getting
to the sensitive lipids, which
are on the inside of the lipo-
protein particles. A detailed
deseription of this concept has
been given previously (Burley
et al, 1985).

Conclusion

Evidently an approximateidea
of how the egg remains stable
before incubation is known.
Bacteria arekept out ofeggsby
means of micropore filters and
if they do get in they may be
killed or prevented from mov-
ing or growing. Eggs also have
proteins that prevent bacteria
from digesting the albumen.
Oxidation is avoided by the
presence of anti-oxidants and
by excluding oxygen from sen-
sitive regions.

Is any of thisinformation
of interest to the food indus-
try? Information about the bae-
tericidal and bacteriostatic pro-
teins in egg white is of immed-
iate interest. In fact, lysozyme
has been used as an industrial
enzyme on a limited scale for
many years. For example, in
Australia it is used in cheese
making to decrease growth of
unwanted bacteria. A great ex-
pansioninitsuseisinprospect.
Dilute lysozyme solutions
sprayed on vegetables and fruit
hasbeen proposed as a method
for delaying bacterial growth.
Present and proposed commer-
cial uses of lysozyme have
recently been well reviewed
(Hughey and Johnson, 1987;
Proctor and Cunningham,
1988). The other proteins in
egg have received less atten-
tion. A research project at the

Food Research Laboratory in-
volvesa study ofthe large-scale
isolation and use of albumen
proteins from hens’ eggs.

It is possible to predict
that other properties used by
the egg to enhance preservation
will be used by the industry,
but at a much later date. Thus
in the long termitis possible to
jmagine the foed industry us-
ing lipid particles coated with
specific proteins that form a
surface film impermeable to
oxygen. The coating of food with
an ‘artificial albumen’ that
excludes bacteria but not gas-
es, is another possibility.
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Further Developments in
Adsorption Freeze-Drying'

G.A. Bell and J.D. Mellor

CSIRO Division of Food Processing, North Ryde, NSW 2113

The development of a novel
adsorption freeze-drying pro-
cess (Mellor and Bell, 1985)
arose from a fundamental re-
search project in which it was
required to remove water from
brain tissues with mimmal
disruption to their structure
and chemistry, Very rapid
cooling was used to freeze the
water content of small samples
into an amorphous ice state,
without damage caused by ice
crystals (Bell and Mellor,1984).
Freeze-drying offered a means
of removing the amorphousice,
with very little change fo the
material, provided that ice
crystals were not allowed to
‘recrystallise’ during the pro-
cess. However, since amor-
phous ice recrystalises at
around -70°C, a method of
freeze-drying was called for
that was both gentle and effic-
ient at ultra-low temperature.
Results of experiments with
cold desiceants at -20°C result-
ed in the development of a
process which can be applied
on a large scale to food process-
ing.

Freeze-drying is a pro-
cess in which unstable aque-

ous material is frozen and
subsequently dried by sublim-
ation from the frozen state. By
this process one can prepare
stable, dehydrated products
which can be stored at room
temperature over extended
periods. Thus, the structures
and qualities of their biologic-
al, nutritional and organoclep-
tic properties can bhe preserv-
ed, provided the dry samples
are protected from oxygen,
moisture and light.
Inconventional methods
of freeze-drying, materials are
dried in a vacuum chamber at
temperatures above -40°C, this
being the lowest temperature
to whichitis practicable to cool
refrigeration coils and ensure
an adequate vapour pressure
driving force. Water as vapour
transfers from the subliming
ice front in the material, and
condenses on the coils. Effic-
ient removal of the water vap-
our increases the tendency of
the water molecules to leave
theice front, and ereate a vap-
our pressure driving force
which enhances the vapour
transfer. The driving force is
the difference between the

vapour pressures of ice in the
material and of ice in the con-
denser. As ice builds up on the
refrigeration coils, they lose
their ability to capture water
vapour because ice is an effec-
tiveinsulator. Periodic de-icing
is necessary to maintain an
effective temperature at the
surface of the coils, and so
sublimation of ice from the
product is minimal during
defrosting. The product is sus-
ceptible to spoilage from thaw-
ing during defrosting if the
vacuum fails to sustain evap-
oration ofice from product. This
is also a risk which may occur
early in the process during
pump-down. In addition, if
materials do not initially con-
tain sufficient water to allow
self-cooling under vacuum,
usuallydown to-15°C orlower,
thefreeze-drying process must
be supplemented by an addit-
ional cooling system. This is
necessary for many products
and further complicates the
conventional freeze-dryer.

1Based on a Paper presented at
the AIFST Convention, Perth,
May 19889.
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The Adsorption Process
The adsorption process dep-
endsupon the removal of water
vapour by a desiccant, rather
thanbyrefrigeration coils. The
desiccant creates a high and
well sustained vapour pressure
driving force, particularly at
moderately low temperatures,
since the equilibrium water
vapour pressure of desiccant
decreases as the temperature
is lowered. The water vapour
does not condense asice, but is
adsorbed into the porous
structure of the adsorbent.

Therefore, as water is
taken up, the adsorbent's cap-
turing ability diminishes far
more gradually than in con-
ventional freeze-drying, since
itsvapour pressureisnotraised
by ice build-up. In short, the
adsorption {reeze-drying pro-
cess exploits a continuously
high vapour pressure -driving
force produced by cold desice-
ant. At -20°C the driving force
is 0.76 Torr in the adsorption
process, compared with 0.68
Torr for ice-free coils at -40°C.
By maintaining the desiccant
and the product at a prescribed
low temperature, many of the
engineering complexities (in-
volving balance between vac-
uum pressure and the heatin-
put to the product which are
required to sustain freeze-
drying by conventional meth-
ods) are avoided. However heat
input to the product will be
usefil in industrial applicat-
ions requiring faster drying
rates.

The adsorption process
consists of a chamber in which
the air pressureisreduced and
contains a product rack to hold
the samples and a perforated
container of desiccant, as
shown in Fig. 1. The chamber
can be fitted with a heater if
required.
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Fig. 1: Schematic diagram of original version of the adsorption
freezedryer.

Annotations: 1. Vacuum chamber; 2. Cover plate; 3. Product
holder; 4. Product rack; 5. Vacuum gauge; 6. Vacuum pump; 7.
Shut-offvalve; 8. Air admittancevalve; 9. Container and desiccant;
10. Perforated end of desiccant container; 11. Baffle plate; 12.
Heater and insulation.

Fig. 2: The new 20 kg capuacity prototype of the adsorption freeze-
dryer, and J.D. Mellor working on the equipment.,

Food Research Quarterly Volume 50 No. 2, 1990

49



The low temperature in the
chamber is achieved by cocling
the walls of the chamber, A
convenient way of doing thisis
to place the chamber in a
freezer store, maintained at a
low temperature.

Prototypes

Several small prototypes
ranging in capacity from 100 g
(Bell and Mellor, 19886) to 3.5
kg have been constructed. A
larger prototype with its own
refrigeration system operating
at a temperature between -10
and -20°C, shown in Figure 2,
with a product capacity of 20
kg is located at the Food
Research Laboratory, Delhi
Road, North Ryde, New South
Wales. It is a low energy
consuming machine operating
on 41 kWh. A convection oven,
operating intermittently on 8
kWh, would be required for
regenerating the desiccant. A
conventional freeze-dryer with
the same capacity would
require 102 kWh since the
refrigeration coil with
comparable ability to capture
water vapour would require
between two and three times
the energy input to maintain
itstemperature at-40°C, There
is also a saving in vacuum-
pumping requirements.

In a large conventional
freeze-dryer the systemusually
requires two vacuum pumps: a
large capacity unit for fast
pump-down to avoid surface
thawing of frozen samples and
asmall capacity holding pump.
Since the chamber and product
are held at -20°C, only the
holdingpump willbenecessary
for the adsorption freeze-dryer,
and savings will result from
reduced costs of purchase and
maintenance of the vacuum
equipment.

The rate of drying of a
typical sliced food product 10
mm) in the 3.5 kg and 20 kg
prototypes,operatingat afixed
chamber temperature of -20°C
and pressure of 27 Pa (0.2 Torr),
has been found to be 48 h to 60
h.Improvementsin drying time
can also be obtained by pre-
paring products te maximise
surface area, such as by gran-
ulating. Furtherimprovements
are possible by agitation of the
granulated products,

However, in a heated
tray system the drying times
were reduced to 24 h which is
comparable with conventional
freezedrying operations. It is
therefore feasible to conduct at
least five runs per week. In
practice,industrial commercial
freezedryers seldom run more
than 250 days per annum or
five days per week, owing to
maintenance and operating
requirements (Mellor, 1978, p.
253). The turn-around time for
loading and unloading products
from the adsorption freeze-
dryer is less than 30 min. per
load. Defrosting, drying the
chamber and vacuum pre-test-
ing is not required for the ad-
sorption freeze-dryer because
the inside of the chamber
remains dry. This reduces the
turn-around time as shown in
the following comparison:

Operations  Conventional  Adsomption
times (h} lreezedrying  freezedrying
Defrosting 0.50 0
Drying the

chamber 0.25 0
Loading &

unloading 0.50 0.50
Vacuum

pre-testing 025 0
Totals 1.50 0.50

Thedesiceantusedin the
adsorption freeze-dryer re-
guiresregeneration, which can
be achieved in aforced-air oven
at 120°C for one hour, outside
the chamber, using a second
batch of desiccant. An auto-
matic loading and unloading
system for replacing the de-
siccant during the drying run
has been designed. -

As eryogenic fluids be-
come cheaper it could become
practical to use these for ad-
gorption freeze-drying at ult-
ra-low temperatures, e.g. -40°
to -140°C.

Practice
A total of nine food products
havebeen tested inthe various
prototypes. These are shown
in Table 1.

Most food products were
dried in the more practical
temper-ature range of -12° to -
20°C, and gave very acceptable
products. Final moisture con-
sistency in cheese starter cult-
ures wasaproblem asthe dried
product was too hygroscopice
and required careful dry hand-
ling after processing.

The quality of each
freeze-dried product is a fune-
tion of its physico-chemical
nature, its method of prepar-
ation and the rate of initial
freezing of the product. For
example, peas have to be pun-
ctured and blanched, straw-
berries have to be sliced or
pulped. Product quality alse
depends on moisture content
as well as oxygen uptake dur-
ing storage.

After freezedrying, a
uniform moisture content
throughout a batch can be
obtained by storingitin alarge
sealed drum for 24 hours, prior
topackaging. Gas packing with
dry nitrogen at atmospheric
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TABLE1

Food Drying Trials [n 3 Prototypes of Adsorption Freeze-Dryer

Prototype - Wet Moisture Product
Sysiem Product mass loss Time Temp quality
{max. kg (ka) (%} (h) (°C)
capac.)
20 Parsley 0.2* - 36 -12 good
B. 35  Abaslone 1.0 67 18 -19 good
max 44 -18
3.5 Cheese starterculture 0.5 - 48 -20 variable
35  Squid (bait) 2.0 max 47 -18 good
35 Fish: Ling filets' 0.9 max 24 -15 good
{ray=0)
3.5 Strawberry 05 39 24 -15 fair
61 48
max 72
c. 03  Liver 03 max? 72 -40 excellent
0.3 Blood (whole) 0.3 max? 96 -40 excellent
03  Brain 0.001 - 120 -40to excellent
0.003 - 140
1 deep finned tray, 16 kg/m? leading
2 final dry weight moistures = 2.1 10 3.7%
3 final dry weight moistures = 6.3 t09.7%
4 run with a full load of inedible plant material
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_ TABLE 2
Cost* Comparison: Equipment (20 kg unit)
Cost Component Conventional Dryar Adsorption Dryer
($) ($)
Labour 45,000 21,750
Refrigeralion system 75002 750
Vacuum pump 8,250° 3,450
Frame 150 150
Cabinet 450 450
Vacuum chamber 7,500 6,000
Heater 1,500° 1508
Insulation 150 3007
Instrumentation 9,0008 3,000
25% manufacturer's profit 19,500 9,000
Desiccant and containers 0 1,000
Total cost 99,000 46,000
*Index 1989
1. Greater structural complexity 5. Heated shelf system
2. Multiple compression system 6. Control heater. This item rises
3. Two pumps needed with inclusion of a heated tray system
4. Larger, to take refrigeration coil and 7. Completely insulated chamber
ice bulld-up(notwithstanding space 8, Additional instrumentation to operate
needed for desiccant) refrigeration and pumping systems
TABLE 3
Cost* Variations : Processing
Conventional Adsorption
Freeze-Drysr! Freeze-Dryer?
Pilot® Industriatt Pilot indusirial
Capacity kg/yr 4000 480000 5000 600000
Total cost,
ice removed, $kg  17.03 1.61 9.34 0.
*Index 1989
1. Four runs per week
2, Five runs per week
3. Pilot scale = 20 kg unit
4. industrial scale = 2.4 tonne unit
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pressure is preferable to vac-
uum packing which tends to
cause crushing and to enhance
migration of water and oxygen
into the package.

Costing

Some aspects of costing have
been dealt with in the digeuss-
ion of the prototypes. The major
considerations are capital out-
lay and ongoing processing
costs.

Capital cost eomparisons
between conventional and
adsorption freeze-dryers have
been calculated for the 20 kg
capacity units at current (1989-
90) prices. The calculations are
based on the analysis of cost-
ing (Mellor, 1978). These are
shown in Table 2,

Processing costs are
summarisedin Table 3 for pilot
and industrial units. The
conventional freeze-dryer
would be run for four days a
week, because of maintenance
and extra loading time
required. Much of the cost
savinginthe adsorption system
is due to reduced energy use
and labour savings on main-
tenanceand loading, as demon-
strated above. Further inform-
ation will be obtained from
future research and develop-
ment using the 20 kg pilot
plant, and this will assist in
projecting the costs for large
industrialplants, including the
cost of the desiccant consider-
ed as a running cost.

The initial cost of the
desiccant (e.g. silica gel) is
unavoidable, but when consid-
ered over the life of the mater-
ial involving a very large
number of regenerations, poss-
ibly around 1000, the cost per
run is negligible. The cost of
regeneration of the desiccant

could bereducedbyusing waste
heat from an industrial plant.

Conclusions
The adsorption freeze-drying
process achieves the following:

¢ Sublimation of ice in the
product to vapour and its
removal, both at the same
temperature, which can be
controlled at any desired
level.

* Removal of water vapour
by a cooled adsorbent, whose
equilibrium vapour press-
ureislower than that atthe
surface of a conventional
refrigeration coil.

¢ An enhanced vapour-
pressure driving force.

* Low temperatures which
are maintained throughout
the drying process and until
the product is almost com-
pletely dry.

* Equipment costs for the
freeze-drying plant will be
about halfthat of a conven-
tional system,

¢ Adsorption freeze-drying
will require less general
maintenance and ‘down
time’ than conventional
systems.

* The energy required to
maintain the cold environ-
ment in which the vacuum
chamber is contained will
be less than that required
todrivetherefrigeration coil
in a conventional freeze-
dryer.

* Cost savings will also be
obtained in production of
the vacuum.

* There will be less danger of
the material thawing dur-
ingthe vacuum pumpdown.

Adsorption freeze-drying aims
tobeafailsafe, dry and constant
low temperature process. It
presents an opportunity to the
Australian food industry to
replace its imports of freeze-
dried foods and fo enter the
export market with value-
added products with a
competitive edge in price and
quality. '
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Sensory and Other Methods
for Assessing Salami Quality

S.L. Beilken, L.M. Eadie, P.N. Jones & P.V. Harris
CSIRO Division of Food Processing, Cannon Hill, Ql. 4170

Introduction

Many sensory and objective
methods have been developed
and used for the assessment of
meat quality (Szczesniak and
Torgeson, 1965; Harris et al.,
1972; Bouton et al., 1975;
Harris and Shorthose, 1988).
Manufactured or restructured
meat products are much more
complex and have many diff-
erent sensory characteristics
or attributes which require
multicomponent sensory prof-
iles to describe and quantify
them (Berry, 1987). Sensory
profileshavebeen produced for
products such as catfood (Jones
et al.,, 1989a), sausages {Jones
et al, 1989b), beefburgers
(Dransfield et al., 1984) and
ham (Nute et al., 1987).

Anincreasinginterestin
manufactured meat products
has,inturn,increased the need
to develop suitable sensory and
objective methods to evaluate
and define the quality attrib-
utes of several products, ine-
luding restructured (and com-
minuted) meats, and savsage
type products, e.g. frankfurt-
ers and salamis,

There has been little of

work published on the object-
ive assessment of salamis. In
one study (Ziegler et al., 1987)
two methods were used. Sal-
ami samples 2.6 cm outside
diameter by 1 ¢m high salami
samples were subjected to i)
two compression-decompress-
ion cycles to 25% of original
height and ii) five compress-
ion-decompression cycles to
80% of original height. How-
ever, the type and size of the
plunger/compression plate was
not specified (Ziegler et al.,
1987) making it difficult to
repeat these methods. Other
workers (Berry ef al., 1973)
used the Slice Tenderness Eval-
uator (previously used on
cooked pork meat samples by
Rulwichet al.,1963) and single
blade shear (used on ground
beef patties by Gross ef al.,
1978) to evaluate salami.
Skjelkvale et al., (1974) meas-
ured the force required to push
a 30 mm O.D. plunger 90% of
the way into a 20 mm thick
salami slice.

Inthispresent paperthe
development of a sensory prof-
ile for salamis is described and
compared with some objective

methods. The technique used
to produce the multi-attribute
sensory profile is based on the
new technique of Free Choice
sensory profiling (Jones et al.
1989a).

Materials & Methods
Materials
A survey of the Brisbane area
showed that there were a large
number of different salamis
readily available from large
manufacturers and from rel-
atively small specialised eth-
nic butchers and smallgoods
manufacturers. Initially, as
many different salamis and
salami types as possible were
acquired and tested with the
aim of obtaining a wide range
of textural and other propert-
ies. Of these, 12 were selected,
based on textural differences
and on general availability.
The 12 selected salamm
types were analysed for per-
cent moisture, fat and protein
contents using the standard
AOQAC (1975) methods.

Sensory panel
Twelve panelists (all with
experiencein meattexture and
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flavour work) wholiked salami
were asked to attend a tasting
of the 12 salami type (present-
ed as 3 mm thick slices and
coded). At this meeting, they
were asked to produce a list of
descriptors that they felt fully
described the characteristics of
the salamis. They were not
restricted to texture alone and
could, if they felt it approp-
riate, include appearance,
aroma and flavour factors. As
wellas deciding on appropriate
attributes they were also ask-
ed to provide words defining
the upper and lower limits of
the range of these attributes.
This technique is called Free
Choice profiling {(Jones et al.,
1989a).

A second session was
held where the panelists were
asked to assess six of the sal-
amis (in individual sensory
booths under daylight condit-
iong) to finalise their individ-
ual descriptive profiles. In this
session they were allowed to
add extra attributes and omit
existing attributeg if approp-
riate.

After these two prelim-
inary sessions, the panelists
were asked to use their indiv-
idual profiles and score all 12
samples (six per session) pres-
ented in random order at four
taste panel sessions. In this
way they gained experience in
the use of their individual
profiles.

Aftercompletion of these
six preliminary sesgions, where
they used their individual
profiles, the panelists met asa
group. At this meeting, each
panelist went through his/her
profile explaining what he/she
considered each of the attrib-
utes or descriptors in their
profile meant. After each of the
panelists had explained their

individual profile there was
general discussion within the
group regarding the relevance
or applicability of the various
attributes. From this general
discussion a consensus or Fix-
ed Choice profile was estab-
lished.

This consensus profile
wasused to quantify the attrib-
utes of the 12 salamis at eight
sessions (four per week) at
which each of six different sal-
amis were assessed. Each
panelist was located in an ind-
ividual booth under daylight
conditions. Each salami (pres-
enfed as two 3 mm thick slices)
was given a three-digit code
and presented singly accord-
ing to a balanced incomplete
block design (Plan SR22, Bose
et al., 1954) so that over the
eight sessions each salami was
compared with every other
salami once.

_ The attributes were
grouped in an agreed logical
order of assessment, viz,
appearance, aroma, texture
and flavour. They were rated
by working on an unstructured
line or scale with end points
defined by consensus. The
assessors’ ratings for each
attribute were coded for ana-
lysis by measuring the posit-
ion of the mark on the line (0-
100). Most of these assessments
were carried ouf on a computer
system which registered each
panelists rating directly as a
number,

Objective methods

The four methods evaluated
were:-

a) Method I: a 10 em thick slice
of salami, generally with a
diameter of 5-6 cm, was subjec-
ted to a double 80% compress-
ion cycle using a 6.3 mm O.D.
plunger. This method was id-

entical to that used at this
laboratory for meat (Bouton
and Harris, 1972),

b) Method IT: 28 mm Q.D. cores
were cut from 20 mm thick
salami slices and compressed
80% under a 65 mm O.D. flat
plunger.

¢) Methods III and IV: These
were both punch tests requir-
ing 20 mm thick slices of sal-
ami, Method 1IT used a 24 am
0.D. plunger with a 28 mm
1.D. plate, while Method IV
used a 6.3 mm O.D. plunger
and a 6.5 mm plate. In essence
these methods measured the
force required to force a plug of
material through the hole
slightly larger than the plung-
er.

Three parameters were meas-
ured from the force-deformat-
ion curves obfained using
Method I viz. Hardness or the
height of the first peak in kg,
Cohesiveness which was the
ratio of the work done on the
second penetration to the work
done on the first penetration
and Chewiness which was the
product of hardness and coh-
esiveness. For Method IT only
the bioyield point {or initial
vield) and peak force were
measured. Peak forces were
measured for both punch tests
ie. Methods I1I and IV. All
measurements were carried
out at room temperature (23 +
2°C).

Measurements of

pH and colour

The pH of each salami was
measured at room temperature
(23 £ 2°C) using a Phillips C64/
1 combined electrode with a
Townson expanded scale
metre. The colour of each sal-
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ami was measured using a
Minolta Chromometer CR-200,
Colour measurements were
carried out on a fresh cut sur-
face allowed to bloom, i.e. ex-
posed to airfoxygen for onehour
without dehydration. Nine
measurements were carried
out on each salami - three per
slice.

Statistical methods
Analyses of variance were
carried out, using the
GENSTAT statistical program-
ming system {GENSTAT 5,
Copyright 1987, Lawes Agric-
ultural Trust, Rothamsted
Experimental Station), to est-
ablish standard errors and,
hence, least significant differ-
ence(LSD)valuesatthe P<0.05
level, Principal component
analyses were used to reduce
the dimensionality of the sen-
sory attribute gpace,

Results & Discussion
Composition of Salamis
Table 1 shows the percent
moisture, fat and protein con-
tents of the 12 salamis. Moist-
ure contents range from 34.7
to 47.5, fat from 23.9 to 36.6
and protein from 15.0 to 25.2.
The pH values (Table 1) range
from 4.80 to 5.88. There were
three different Veneto (nos. b,
8 and 12) and two different
Hungarian (nos. 3 and 7) sal-
amis in the list. Of the Venetos
only nos. 5 and 8 were similar
in ¢omposition while the Hun-
garian salamis were quite diff-
erent from each other in com-
position, i.e. fat content for no.
3 was 32.4% compared with
23.9% for the other.

The percent moisture of
any salami will depend on how
long it has been aged or cond-
itioned. All these salamis were

acquired fresh, i.e. ready for
sale and had not, therefore,
dried out by prolonged hang-
ing.

Sensory profile
The attributes agreed upon by
the panelists have been shown
in Table 2 listed in the agreed
order of assessment. The prof-
jle started with the appearance
and aroma attributes, which
were assessed before mastic-
ation. The attributes for text-
ure and flavour were assessed
during mastication. Each
attribute was scored(0-100) by
either making a mark on a 10
c¢m long line or directly enter-
ing the score onto a computer,
The ends or anchor points of
each line were labelled as
shown in Table 2. Colour was
primarily decided by how light
or dark and red each sample
was. Particle size reflected the
apparent coarseness of the
structure while fat content
covered the obvious fat part-
icles or areas on the surface of
each salami. An gverall assess-
ment of the acceptability of the
appearance was included.
The panelists consider-
ed that there were three basic
odour attributes, viz. acid/sour,
off and smoky. Texture was
eonsideredtohavethree attrib-
utes - the first being an assess-
ment of the initial bite or ad-
hesion properties, the second
measured how easily the sam-
ple could be reduced or mast-
icated to a state ready for
swallowing. Greasiness/oili-
ness was the third textural
attribute and was regarded as
a measure of the influence of
fat or texture, as it was releas-
ed during mastication. Flav-
our was possibly the most diff-
icult to both define and assess,
butthepanel decided that there

were four predominant attrib-
utes, viz. acidic, spicy, ‘off and
smoky. Acceptability ratings
for appearance, aroma, text-
ure and flavour were included
as geparate entities and an
overall rating for acceptability
was also included.

Results obtained using

the Sensory Profile:

The mean values obtained for
each of the sensory atiributes
and for each of the 12 salamis
after analysis of variance have
been listed in Table 3, together
with the appropriate L3D val-
ues. There were significant
differences (P<0.05) between
most salamis for all attributes
s0 that the panel was able to
discriminate between the ind-
ividual salamis. Salami nos. i
and 7 had less obvious visual
fat content than most of the
others (N.B. only 7 and 11 had
comparable ‘fat content’ val-
ues in Table 3), but salami ng.
1 also appeared to have finer
fat particles than any of the
others. However, the chemical
analysis of no. 1 showed that it
had the highest fat content
(Table 1). The fat was, there-
fore, evenly distributed
throughout the finer particul-
ate structure of this salami,
leading to salami no. 1 being
considered the palest of the
salamis, The aceeptability in
appearance of salami no.l was
rated as significantly lower
than the other salamis (Table
3). The correlations between
the various attributes and the
acceptability ratings of the
salamis have been listed in
Table 4. Apparent fat content
and particle size were highly
related (r=0.83, P<0.001) and
acceptability of appearance
was significantly related to
odour (r=0.66, P<0.05).
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The aroma atiributes
covered a small range for both
acid and ‘off aromas (i.e. 38.0
to 56.0 for the former and 14.4
to 33.2 for the latter), Accord-
ingto the correlation resultsin
Table 4 ‘acid and off aroma’
were correlated (r=0.63,
P<0.05) but ‘off aroma’ was
highly correlated with accept-
ability ratings for aroma (r=-
0.89, P<0.001), flavour (r=-
.82, P<0.001) and overall
acceptability (r=-0.78, P<(.01),
This meant that an unusual
aroma, which could be consid-
ered ‘off’, drastically reduced
acceptability.

The main textural attrib-
utes, while nominally quite
different (i.e. initial bite or
adhesion rated the ease with
which a slice of salami breaks
up, but chewiness measured/
assessed the toughness of the
material when broken up dur-
ing mastication), were highly
correlated (r=0.96, P<0.001).
Neither was significantly rel-
ated to‘greasiness’, Greasiness
was, however, highly correlat-
ed with ‘off aroma’ (r=0.84,
P<0.05)and with all the accept-
ability ratings except for
appearance.

The flavour attributes
hadno significantrelationships
with appearance, but off flav-
our was related to off aroma
(r=0.97, P<0.001) and greasi-
ness (r=0.76, P<0.01). Smoki-
ness was inversely related to
‘off aroma’ (r=-0.87, P<0.001),
greasiness {r=-0.80, P<0.001)
and ‘off flavour’ (r=-0.88,
P<0.001). Aroma and flavour
acceptability was inversely
related to off aroma and off
flavour and directly related to
smokiness and ‘spiciness’.
Textural acceptability was
inversely related to off flavour,
off aroma and greasiness.

Overall acceptability was clear-
ly more strongly influenced by
offflavour, off aroma and spici-
ness than by any other attrib-
utes.

The relationships bet-
ween the acceptability ratings
(Table 5}indicated that appear-
ance was a minor factor when
compared with flavour. How-
ever, since appearance was an
attribute likely to influence
purchase, it should not be ig-

Principal
Analysis

Principal components analys-
es were carried out on the
sensory attributes and on the
hedonic (acceptability) assess-
ments. The resulis have heen
shown in Fig. 1 (sensory attrib-
utes) and Fig. 2 (acceptability
ratings). The vector loadings
for the first three principal
components have been shown
in Table 6 for the attributes.

Components
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for 51.6% of the total variance
and appeared to be associated
with appearance attributes
{colour and particle size), and
textural attributes (initial bite)
adhesion and chewiness. The
second component accounted
for 19.9% and was mainly ass-
ociated with flavour attributes
(spice, off flavour and, espec-
ially, smokiness) as well as with
the textural attributes, but
contrasting with greasiness.
Smokiness contrasted with all
other attributes. Off flavour
contrasted with spice and,
particularly, smokiness. The
third component accounted for
9.6% and was predominantly
associated with appearance
{(colour, partficle size and fat
content). The total variance
accounted for, with just three
components, was 81.1%.

The loadings of the
attribute on the first two prin-
cipal axes (71.5% of total var-
iation) have been listed in Fig.
1. The coordinates for each
attribute were determined
from the magnitude of the
correlationsrelative tothefirst
and second axis. The positions
of both the attributes and the
samples relative to the first
two axes have been plotted in
Fig. 1. This allowed a direct
comparison in terms of sample
attributes and complemented
the data presented in Table 3.
As an example salami no. 2
was lower than salami no. 12
in off aroma and flavour but
higher in epice and smokiness.
Salami no. 12 was also greas-
ierthanno. 2. Salamino. 1 was
quite different from the other
galamis in all the appearance
factors. ‘

The result of the princ-
ipal components analysis of the
acceptability ratings has been
shown in Table 7 and Fig. 2.

The vector loadings in Table 7
indicate that the first principal
axis accounted for 76.5% of the
total variance and was strong-
ly associated with aroma, text-
ure and flavour acceptability
and with overall acceptability
rather than appearance. The
second axis accounted for16.0%
and was primarily associated
with appearance, with aroma
and flavour contrasting with
the other three. The third axis
(4.2%) was associated with
aroma and texture, with
appearance and aroma cont-
rasting with texture, flavour
and overall acceptability. The
results in Fig. 2 showed that
the most acceptable salamis
were nos, 2, 6 and 11. Liking
was apparently unidimension-
al and was related principally
to the texture, aroma and flav-
our of the salamis. Salamino. 1
was the exception largely be-
cause of its different appear-
ance.

Objective measurements
The relationships between
results obtained using the
sensory attributes, and the
various mechanical, chemiecal
composition, pH and colour
measurements carried out,
have been shown in Table 8,
None of the mechanical meth-
ods showed particularly high
relationships with any of the
textural attributes, although
peak force values from Method
II significantly (P<0.01) correl-
ated with initial bite/adhesion
and chewiness. These poor
relationships were probably
due to several reasons includ-
ing that the salamis were all
fresh (preliminary work show-
ed that quite large physical
chatiges occurred as the sal-
amis dried out during hang-
ing).

The percent moisture,
fat and protein also showed
few high correlations. High
protein contentrelated (r=0.73,
P«0.01) with appearance fac-
tors such as colour and particle
size and to textural attributes.
Percent fat was inversely rel-
ated to acid aroma.

Colour measurements
had few significant correlat-
ions - most were with flavour
attributes, The pH values were
inversely related to smokiness.

The relationships bet-
ween the acceptability ratings
for appearance, aroma, text-
ure, flavour and overall accept-
ability havebeen listed in Table
9. Percent fat content was in-
versely related to acceptability
of appearance, i.e. the higher
the fat content the less appeal-
ing in appearance. The colour
measurements seemed to re-
flect the acceptability ratings.
An increase in the amount of
reflected red and yellow light
{viz. higher ‘a’ and ‘D’ values
respectively) related to what-
ever was Increasing aroma,
texture and flavour acceptab-
ility. An increase in L (greater
L values equated with lighter
or paler colour) led to a dec-
rease in the acceptability of
appearance. The chroma or
colour saturation of the samp-
les (a2 + b2) related well
(P<0.01) with all the accept-
ability ratings except for
appearance.

The pH values were
poorly related to appearance,
texture and overall acceptab-
ility but increasing pH tended
to decrease aroma (r = 0.56,
close to significance at P<0.05)
and flavour (r=-0.61 P<0.05).

Using the sensory profile to
assess different products
As an illustration of the prac-
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tical application of the sensory
profile developed for salamis, a
direet comparison of Danish
salamis from four different
manufacturers or manufact-
uring methods was carried out.
They were tasted in the same
way as the other salamis (i.e. 3
mm thick slices) and under the
same test conditions. Each
salami was tasted four times
at four separate sessions with
the order of tasting randomis-
ed. The profile was modified by
substituting ‘saltiness’ for
‘smokiness’ because the level
of smoking was similar over
the four salamis. The results
have been listed in Table 10.
Salami no. 1 was the leading
brand and salamino. 2 was the
next highest seller.

Inappearancethere was
a) little difference in colour
although no. 3 was significant-
ly darker than no. 4 (P<0.05);
b) salami no. 2 had finer part-
icles than any of the others;
and (c) no. 4 had the highest
obvious fat content. Overall,
no. 4 wasrated the least accep-
table in appearance.

In aroma, no. 2 had a
significantly higher acid aroma
than nos. 1 or 3 (P<0.05) but
was not different from no. 4. In
terms of ‘off aroma’, no. 4 had
significantly higher values
than no. 1 (P<0.05). Acceptab-
ility was significantly (P<0.05)
higher for no. 1 than for nos. 3
and 4.

In texture, no. 4 was
significantly lower in initial
bite/adhesion and chewiness
but significantly higher in
greasiness. Salamisnos. 1 and
2 had significantly (P<0.05)
more acceptable textures than
nos. 3 or 4 and no. 3 was better
than no. 4.

Acid flavour was lowest
for no. 3, while spice flavour

was lowest forno. 4, which also
had the highest off flavour
rating. Salami no. 1 was cons-
idered saltier than nos, 3 or 4.
Flavour acceptability was sig-
nificantly higher for salamino.
1 than for the others.

Overall acceptability
followed the acceptability rat-
ings for aroma, texture and
flavour with no. 1 being rank-
ed as significantly better than
no. 2, which was, in turn, rated
as significantly better (P<0.05)
than nos. 3 or 4.

The results in Table 10
show how the salami profile
can be used to compare a new
product such as no. 3 with
competitors in say nos. 1, 2 or
4. It was possible to say (from
the comparisons in Table 10)
that the aroma and flavour of
no. 3 would need to be improv-
ed if it was to compete with the
market leader, Salami no. 1.

Conclusions
A sensory profile for salamis
has been developed using the
technique of Free Choice prof-
iling. However, rather than
using Free Choice profiling per
se, thepanelists converted their
individual sensory profilesinto
a consensus or Fixed Choice
profile. This was achieved by
each individual going through
his/her profile and explaining
what they meant by each des-
criptive term they used. After
discussion, the entire panel
then agreed on a profile which
they believed reflected their
individual profiles. This meth-
od for arriving at a complex
profile has been used for sal-
amis, but can be used for other
meatproducts of varyingkinds.
The mechanical meas-
urements tried did not appear
overly successful in diserimin-
ating between samples prob-

ably due to other factors being
perceived as more important.
Colour and chemical measure-
ments such as pH, % protein, %
fat and % moisture were useful
for product specification. The
mechanical measurements
would be more suitable for
looking at the effects of cond-
itioning or other treatments
where loss of moisture etc.,
would lead to an increase in
hardness or toughness.
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TABLE 1
Percent moisture, fat, protein and pH in the 12 samples
of salami used in sensory panels.

Sample No, type Moisture Fat Protein pH
and manufacturer®

1 Copenhagen A 41.8 36.6 15.0 4.80
2 Danish B 445 31.2 18.0 4.84
3 Hungarian B 39.8 324 20.4 5.23
4 Milano B 41.8 26.9 22.0 5.23
5 Veneto B 46.5 29.6 175 5.28
6 Csabai B 36.6 35.8 21.4 5.01
7 Hungarian C 47.5 23.9 21.0 534
8 Veneto C 452 32.7 17.2 5.69
g Cacciatori C 34.9 335 25.2 5.88
10 Sopressa C 45.2 28.7 22.0 5.23
11 Pizza D 43.5 29.2 20.8 .24
12 Veneto E 34.7 33.9 23.7 5.21

a Manufacturers represented by A, B, C, D or E.

TABLE 2
Sensory Profile derived for salamis

Colour; Light - Dark

Paricle Size; Fine - Coarse

Fat content (%); Low - High

Acceptability of Appearance; Very Poor - Very Good

Appearance

S

Acid/Sour; Very Weak - Very Strong
Off-Aroma; Very Weak - Very Strong

Smoke; Very Weak - Very Strong
Acceptability of Aroma; Very Poor - Very Good

Aroma

Ealk i e

Initial Bite/Adhesion; Mush - Very Firm
Chewiness; Very Tender - Very Tough
Greasinegss/Qiliness; Low - High

Acceptability of Texture; Very Poor - Very Good

Taxture

W

Acidic/Sour/Tang; Low - High

Hot/Spice; Low - High

Off-Flavour; Low - High

Smoke; Low - High

Acceptability of Flavour; Very Poor - Very Good

Flavour

k=

Overall Acceptability Very Poor - Very Good
of Product

Food Research Quarterly Volume 50 No, 2, 1930

61




TABLE 3

Values obtained for the appearance, aroma, texture and flavour attributes

and ratings for all 12 salamis

Attribube Salami identification number

Appearance 1 2 3 4 5 & 7 8 ] 10

Colour 185 565 401 730 476 677 86 619 714 580
Particle size i2z0 364 377 581 6802 815 342 551 779 824
Fat content 432 596 B8O 522 524 682 385 616 672 681
Acceptability 301 K66 504 649 630 542 506 525 517 488
Aroma

Acid/sour 407 423 468 560 430 380 507 414 448 540
Off 62 144 218 257 262 152 261 252 280 332
Accaptability 525 658 560 530 bhi6 695 485 485 422 40
Texturae Initial

bitefadhesion 398 600 446 661 386 T80 405 295 678 640
Chewiness 314 530 368 567 388 743 331 258 6830 B7H
Greasiness/

oiliness 347 422 404 442 514 388 458 568 527 569
Acceptability 466 647 606 599 510 643 525 483 506 483
Flavour

Acidfsour 442 K40 622 607 474 B4T 494 482 422 8651
Hot/spice 482 620 583 611 588 636 368 478 393 549
Off 172 123 218 226 259 135 269 248 270 326
Smoke 519 527 400 344 262 628 241 256 285 414
Acceptability 508 714 5841 K86 491 663 395 400 3868 373
Qverall

Acceptability 449 691 568 588 506 640 401 405 407 372

11
52.1
36.8
49.5
61.0

455
16.1
63.3

51.6
431

436
67.0

49.5
7.4
15.0
24.3
68.7

68.0

12
715
82.3
67.4
47.7

48.4
33.0
44.%

58.2
62.2

64.7
419

473
46,7
287
24.3
427

37.2

LSD=
11.3
73
125
10.3

7.1
6.8
10.0

13.1
131

76
9.2

8.1
74
18
101
&A1

9.1

2 gast significant different at P<0.05 level
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TABLE 4

Correlatiohs between the various sensory profile atiribltes and acceptability ratings for
appearance, aroma, texture, flavour and overall Sensory attribute number

Sensory i 2 3 4 5 ) 7 8 9 10 11
aftributes

Colour i 1.00

Part 2 060 1.00

Fat 3 031 083 1.00

Acid 4 040 048 -041 100

Off 5 0.47 060 031 063 1.00

[n.bite 6 041 06i 058 06 -0.01 1.00

Chewiness 7 045 078 072 017 01% 086 1.00
Greasiness 8 052 0.66 D51 030 084 004 019 100

Acid g o003 0147 020 053 008 032 03 -014 100

Hot 10 029 -006 008 -011 -052 027 020 -038 046 1.00

Cff i1 036 048 019 -058 0087 -015 004 076 006 060 100
Smoke i2 -041 -031 -0.04 -052 -087 035 020 08 016 054 -088
Appearance 066 013 012 044 009 045 007 011 026 023 002
Aroma 021 -031 011 -051 -089 020 004 -047 013 073 -093
Texlure 004 021 -013 006 -067 043 024 066 038 073 -07
Flavour 025 -0.31 008 032 -082 031 014 -067 024 082 090
Overall 018 -028 011 -025 078 030 0142 -064 027 084 -085

12

1.00

<0.26
0.83
.64
0.80

0.1

3R =0.58, P<0.05; R=0.88, P<0.01; R=0.89, P<0.001
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TABLE 5

Correlations between appearance, aroma, texture,
flavour and overall acceptability ratings

Acceptability

Factor identification®

rating facior A B C D E
Appearance A 1.0 - - - -
Aroma B 0.18 1.00 - - -
Texture C 0.47 0.81 1.00 - -
Flavour D 0.20 0.93 0.87 1.00 -
COverall E 0.36 0.91 0.92 0.98 1.00
4 P<0.05 r=058
P<0.0I r=0.68
P<0.001 r=0.80
o TABLE 6 -

The vector lpading values obtained for the first three principal
components for ail 12 sensory attributes

Principal component

Attribute 1 2 3
Colour -0.387 -(0.240 -0.757
Particle size -0.653 -0.101 -(.384
Fat content -0.221 -0.058 -0.410
Acid aroma -0.061 -0.119 -0.037
Off aroma -0.09% -0.253 0.094
Initial bite -0.350 0.412 -0.184
Chewiness -0.436 0.351 -0.066
Greasiness -0.167 -0.284 0.184
Acid flavour -0.061 0.057 0.077
Spice flavour -0.016 0.295 0.034
Off flavour -0.080 -0.275 0.126
Smoke flavour D.102 0.559 0.050
TABLE 7
The vector loading values obtained for the first three
principal components for the acceptability ratings.
-
Principal component

Acceptability 1 2 3

Appearance -0.181 -0.817 0.274

Aroma -0.406 0.235 0.781

Texture -0.408 -0.166 -0.523

Flavour -0.557 0.274 -0.086

Qverall -0.570 -0.025 -0.184
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TABLE 8

Relationships hetween the various objective measurements

and the attributes derived from the sensory profile

Seensory profile attributes 2

Measurement Appearance Aroma Texture Flavour
used 1 2 3 4 5 6 7 8 9 10 11 12
Method | H 016 058 057 010 035 035 053 051 018 021 018 002
Ch 024 051 042 052 064 026 046 063 035 002 051 032
Method IIIY 056 -0.31 -0.21 037 -043 -006 -0.08 -033 -D22 043 048 045
wo 011 -058 070 009 016 040 -048 D20 -033 -0.05 -0.16 -0.11
PF -0.13 0.46 050 0143 018 0688 072 -013 034 064 030 053
Method 111 002 056 058 004 035 025 045 050 021 024 021 004
Methbd WY 007 055 053 004 026 034 0h2 03 022 027 027 013
PF 017 068 0.66 006 041 033 055 057 022 018 029 -008
% H,0 018 047 057 047 HO7 057 -058 0411 016 Q.10 005 -0.16
% Fat 043 010 045 072 031 031 048 011 -032 001 033 045
% Protein 073 062 0.42 043 083 063 037 004 004 -0.18 031 -0.29
L 028 025 001 025 012 -003 -0.03 006 040 -042 010 047
a g.22 0,07 -0.21 013 041 027 016 045 053 060 046 049
b 0.10 -004 Q02 027 -059 035 021 -08f 029 055 -082 070
Hue (a/b) 024 0.7 0.04 028 055 -0.22 -0.06 059 -010 037 056 059
Chroma
(a2+b%) 006 003 008 D0 055 036 022 -058 044 062 059 066
pH 046 Q.41 0.26 016 056 012 -007 057 -027 048 058 -0.74

% Sensory attributes are listed in Table 4

®R =0.58, P<0.05; R =0.68, P<0.0l; R =P<0.001
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TABLE 9

Relationships between the ratings for appearance, aroma, texture,
flavour and overall acceptability and percent moisture, fat and protein
conhtents as well as colour measurements and pH

Acceptability rating®

Measurement Appearance Aroma Texture Flavour Overall
% Water 0.30 0.02 0.01 -0.06 0.03
% Fat -0.78 0.18 -0.18 014 0.01
% Protein 0.41 -0.23 012 -0.14 -0.10
L -0.61 -0.22 -0.39 -0.18 -0.29
a 0.52 0.68 0.68 0.60 0.64
b 0.03 0.71 0.63 0.63 0.61
Hue {(a/b) 0.15 -0.53 -0.46 -0.51 -0.47
Chroma { a® + b?) 0.29 0.77 0.71 0.68 0.68
pH 0.30 -0.56 -0.38 -0.61 -0.48
2 Correlations >0.58 significant at P<0.05

>0.68
»0.80

significant at P<0.01
significant at P<0.001

TABLE 10

Comparison of salamis cbtained from either different manufacturers or manufacture

Product [dentification

Aftribute 1 2 3 4 LSD
Colour app 59.8 59.9 65.4 55.8 71
Particle size 53.8 429 57.0 60.6 8.5
Fat content 55.1 492 55.5 64.6 6.8
Appearance acceptability 60.9 63.2 65.1 48.9 6.4
Acid aroma 44.9 53.8 43.8 50.8 7.7
Off aroma 20.2 25.6 23.8 29.9 6.3
Aroma acceptability 65.8 60.4 54.0 53.6 8.3
Initial bite 48.7 62.9 50.0 348 6.3
Chewiness 46.4 571 48.9 334 4.1
Greasiness 43.0 45.8 54.7 60.9 6.0
Texiure acceptability 64.8 66.5 58.5 45.9 5.3
Acid flavour 54.0 55.6 436 49.4 6.0
Spice flavour 50.1 46.6 51.2 38.7 8.4
Off flavour 22.0 24.1 25.2 28.3 8.1
Salt flavour 57.7 51.2 44.7 48.6 8.3
Flavour acceptability 66.4 57.2 53.3 50.0 8.9
Overall acceptability 67.7 60.4 52.9 46.6 6.9
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News From The Division

Death of
Dr Alan David Warth

AlanDavidWarth died sudden-
ly on the 21st June 1990 aged
55, Alan suffered a stroke in
1989 and underwent success-
ful triple by-pass heart surg-
ery in January this year. Un-
fortunately a blood clot nec-
essitated another operation on
the 18th June and a further
one onthe 20th. He died shortly
after the latter.

Alan wasborn in Christ-
church, New Zealand, and
graduated from the University
of Auckland in 1958 with an
M.Sec (1960) in organic chem-
istry. He joined the CSIRO
Division of Food Preservation
in 1959 as an experimental
officer to work with Dr W.G.
Murrell on the chemistry of
bacterial spores particularly in
relation to their heat resist-
ance properties. Bacterial
spores are renowned for their
resistance to heat and to many
other drastic physical and
chemical treatments. They are
responsiblefor determining the
process requirements for many
foods and the sterilisation
treatments for surgical, phar-
maceutical and medical mat-
erials and equipment. Alan
devoted over twenty years of
his scientific life to bacterial

spores and the mechanism of
their heatresistance. The vital
germ cell of the bacterial spore,
containing all the heat lahile
DNA and enzymes, is packag-
ed within six to seven layers.
Very little was known about
their chemical composition and
structure when Alan started
his research, which involved
separation of these layers by
physical and enzymic methods
and analysing their chemical
composition and structure.
His mostimportant con-
tribution to science is probably
the elucidation of the struct-
ure of the cortex as a pepfido-
glycan polymer consisting of a
backbone of amino-sugar units
cross-linked by the tetrapep-
tide sidechains. One of the alt-
ernating amino-sugars was
shown to be muramic acid,
some moieties of which uni-
quely contained a muramic
lactam ring which reduced the
degree of crosslinking compar-
ed to the polymer in vegetative
cell walls, Part of this work
was done during the tenure of
a CSIRO studentship with
Professor Jack Strominger at
the University of Wisconsin
and during a post-doctorate
year at Harvard University.
Other aspects of Alan’s
spore research concerned stud-
ies on the enzymes involved in
the synthesis of spore peptido-
glycan and development of two
sensitive methods for assaying
dipicolinic acid, a unique cons-

tituent of bacterial spores. His
studies also showed that al-
though the level of heat resist-
ance of spores of the different
speciesvaried 100,000-fold the
sporulation process itself in
individual species increased
the resistance over that of
vepetative cell resistance by a
gimilar extentin all the species
tested.

He showed that the
enhancementinheat resistan-
ce by the sporulation process
could be explained by a reduc-
tion in internal a_ of the spore
to about 0.73, alevel needed to
stabilise labile spore enzymes
to the same degree as in the
intact spore. His theory, ‘the
anisotopic swollen cortex’, may
prove to be involved in the
reduction of the internala_and
part of the basic mechanism of
achieving heat resistance.

His work on bhacterial
spores led to his reclassificat-
ion to Senior Research Scient-
ist (1969) and eventually Prin-
cipal Research Secientist (1974),
to international recognition,
severalinvitations tothe Inter-
national Spores Conferencesin
the USA and to the European
Spore Conferences, and {o in-
vited reviews on spores in the
Advances in Microbial Physic-
logy Series. He was also an
invited participantin the spec-
ialist scientific workshops on
spores organised under the US-
Australia Co-operative Science
program.
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During the last several
years, as a result of changesin
the direction of CSIRO re-
search, Alan concentrated on
thephysiology of microbial cells
growingin acid conditions and
particularly the mechanism of
the action of CO, and the very
important erganic acid preser-
vatives (benzoie, sorbie, prop-
ionic). Alan carried out an in-
depth analysis of the chemis-
try of their preservative action
and the transport of such acids
and ions into cells.

This resulted in the
publication of ahout ten papers,
some written since his first
illness which largely forced him
to give up laboratory bench
work., The significance of his

contribution in this area has
received worldwide recog-
nition.

Altogether Alan publish-
ed some 40 papers, nearly all
on original research findings.

Alan, a member of the
Australian Society for Micro-
biology (MASM), served three
years (1973-75) on the NSW
Branch Committee as treasur-
er. He was also a committee
member of the CSIRO Officer’s
Association and served the FRL
asgrouprepresentativein 1974
and 1975. For recreation he
enjoyed bushwalking, skiing,
gardening and canoeing, and
was a member of the Wake-
hurst Touring Canoe Club,
serving as a committee memb-

er for several years and as
president on two occasions
(1984, 1985).

Alan will be remember-
ed for his keen, critical scient-
ific mind and his death will be
a loss to science and his many
friends here and overseas. ltis
most unfortunate that his re-
gsearch career should end pre-
maturely.

He is survived by Carol
and their three daughters
Francelle, Susan and Jeann-
ette.

W G Murrell
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