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Not long after Roentgen discovered X-rays ul 1895, their capacity to destroy nnicroorganisins 
was realized, and possibly their use to sterilize food was also considered. However, only recently 
have there been suitably large sources of radiation for food processing, and there is now a great 
upsurge of interest in rlre project. This article gives a brief summary of the problems and 

possibilities in applying ionizing radiations to the food industry. 

NATURE AND PRODUCTION OF 
IONiZENG WADIATIONS 

Ioilizing radiations, as their llaine suggests, 
differ from other radiations, such as infiared 
and visible light, by their ability to ionize 
atolns or molecules, giving rise to positive 
and negative ions. Soine well-known io~lizi~lg 
radiations are listed in the table opposite. 
Kowever, inally of these are not suitable for 
food irradiation, and those that have received 
1110st attention for this purpose are X-rays, 
gailul~a rays, cathode rays, and beta rays. 

The energy unit for all these radiations is 
the electron-volt, which is equivaleilt to the 
ltiiietic energy acquired by an electroll in 
falling through a potential difierence of 
1 volt. Radiatioiis of use for food preser- 
vation often have energies in excess of 
1 inillioil electroil-volts, and for colive~lieilce 
the energy of these radiations is often 
expressed in nlillioll electron volts (MeV). 

Cathode rays and gainilia rays will 
probably be the inost widely used should 
food processi~ig by ionizing radiations become 
coln~liercially established. Typical machines 
for geilerati~ig cathode rays are resonant 
transformers, linear accelerators, van de 
Graaf accelerators, and iilsulated core tratis- 
formers. A linear accelerator, forining part 
of a plant for sterilization of sutures by 
irradiation, is illustrated in Figure 1. A closer 
view of a ~111it through \vhicli an electron beam 
emerges call be seen in Figure 2. 

are transported by a coilveyor systeiil from 
l 

the storage racks, malte several passes by the 
radiation source, and are returned to the 
output storage rack. Wheii ~t is desired to 
enter the radiation cell, the cobalt-60 call be 
lowered into a safe positio~l in a well of water. 

Caesium-137 Inay be at1 important future 
source of galnliia rays. It  is produced as 
a by-product of the fission reaction in ato~nic 
energy plants and, with large-scale operations, 
extraction from the fuel elements could prove 
to be ecoao~nic. Its use inay be preferred to 
the fuel elements theii~selves, the activity 
from which varies widely and decays rapidly. 

Three coillino~lly used units, all about the 
same value, used to express radiation dose 
are the roentgen, the rep, and the rad. The 
rad, defined as the absorpt~o~l  of 100 ergs of 
energy per grain of irradiated material, is 
widely used in food i r rad~at~on studies. In  
the table on p. 45 the approximate radiation 
sensitivity of various organisins is expressed 
in terms of the sad. 01ie million rads nrould I 

cause a te~nperature rise of o~lly about 2'C 
in a foodstuff, heilce the term cold sterilizatiort 
is often appl~ed to the radiation processing. 

GENERAL EFFECTS 01: RADIATiONS 
Ionizi~lg radiations of the types be~ng 
considered are absorbed by all a to~ns or 
~i~olecules : there is no selective absorption, 
as ~vhen less energetic rad~ations such as 
visible or ultraviolet light pass through atoms 
or molecules. The absor~t ion of ionizin~ 

L 

Cobalt-60 and speiit fuel rods fi-0111 atoinic radiation usually leads to the forlnatio~l of 
reactors are c o i ~ i ~ i i o ~ ~  sources of gainiila active iilterlnediates which react to forin ilew 
rad~ation. An irradiation plant \vliich products. In  systeins as coiiiplex as foods 
operates on gainii1a rays from cobalt-60 is there are iiii~lle~lse possibilities for a wide 
showii diagraminatically in Figure 3. Packages variety of complex reactions. It  is virtually 



Some Well-ICnomn Ionizing Racliations 
From "Scientific and Technological Problems Involved in Using Ionizing Radiation for the Preservation of 

Food" by R. S. I-Iannan 
I I 

Radiation 

Electromagnetic waves 
X-rays 
Gamma rays 

Particulate radiations 
Cathode rays 
Beta rays 
Fast protons 
Fast neutrons 
Fast deuterons 
Alpha rays 

Nuclear fission 
fragments 

/ ( ~ l e c t ~ i ~ a l  generators ikave iength  approx. ioA to 1 0 - 4  
Radioactive elements 

Description -l- 
Fast electrons 
Fast electrons 
Mass 1, t charge l  
Mass 1, no charge l  
Mass 2, $- charge 
Mass 4, two+charges 

(helium nucleus) 

Main Source 

Heavy atomic particles 

Electrical generators 
Radioactive elements 
Electrical generators and 

nuclear reactions 
Electrical generators 
Radioactive elements 

Nuclear reactions 

i~llpossible to predict the effect of radiation on 
such heterogeneous systems. 

Concern is sometimes expressed that 
irradiation Inay give rise to induced radio- 
activity in a food. In fact, radiation of very 
high energy can cause iluclear changes and 
thus induced radioactivity. The energy of 
the radiation has to exceed a threshold value 
which is characteristic of the eleille~lt being 
irradiated. Up to about 9 MeV, which is 
considerably greater than the energy usually 
used for food irradiation, there should be no 
danger from induced radioactivities in foods. 

APPbkiCATlON TO FOODSTUFFS 
Three mail1 types of treat~lle~lt Inay be 
distinguished, correspoilding to three dose 
levels, although there is collsiderable overlap : 
e Sterilizatioil treatnlents : dose range 1-5 

millioil rads. 
o Pasteurizatioil treatments : dose range 

50,000 to 1 lnillioil rads. 
m Insect disi~lfestatioil and ailtisproutiilg 

treatments : dose range 5000 to 100,000 
rads. 

Sterilization Treatments 
The destruction of microorgallisills by 

radiation geilerally follows a logarithmic 
relationship, so theoretically there is no 
radiation dose that guarailtees absolute 
sterility. This situatioil is similar to that 

encou~ltered in heat processing, and so far i t  
has been assunled that the ~llicrobiological 
requiremellts for com~llercial sterility will be 
si~llilar for both heat and irradiation pro- 
cessing. The spores of the dailgerous food- 
poisoning orgallism Clostricli~mnz Ootulinunz are 
among the most radiation-resistant of the 
pathogeilic orgallisms encountered in foods, 
and where this orgallisill call occur, the 
sterilizatioil dose appears to be near 5 lnillion 
rads. However, practical experieilce with 
irradiated foods is not yet wide enough to 
give co~lfide~lce in this figure. The radiation 
resistailce of inicroorgailisms varies with the 
type of food and the coilditions before, 
during, and after irradiation; therefore the 
effect of changes in all or any of these 
variables needs thorough investigatioa. How- 
ever, early hopes that radiation would 
elirniilate all spoilage orga~lisms without 
adverse effects on the food have not been 
achieved. Simultaneously with illicrobial 
destructioa, there occurs damage to the food 
which is roughly proportiollal to the dose. 
Foods vary co~lsiderably in their susceptibility 
to radiation damage; for example pork 
withstands radiation much better than beef. 
Little is known about the reasoils for this 
variation. 

There are two obvious approacl~es to the 
reduction of radiation damage : 



Fig. 1.-~Morlel of 7MeV lii~ear rrccelerafor rrt Etl~icotl Fig. 2.-Coili~e~ot. belt pnssiilg !u~&r electron berriil. 
Itlc., Suri~eri~ille, U.S.A., fur sterilizntioi~ of srrtrrres. (Figrrrrs co~rrtesv High Voltnge Ei~girleerii~g Corp.) 

Increase the sensitivity of microorganisms 
so that a slnaller radiation dose will suffice. 

e Protect the coiistitue~lts of the foods. 
Little success has been achieved with the 

first method. For the method to be successful, 
it is essential that the se~isitivity of the food 
coilstitue~its be not increased proportionally. 
Conversely, the second inethod IIILIS~ not lead 
to a si~ililar protectioil of the microorganisms. 

Protection of Food Constituents.-The 
followiilg tliree ways of protecting the con- 
stituents of foods have received much 
attention : 
e Reillove oxygen. This geilerally decreases 

tlie yield of a radiation reaction and also 
reduces the variety of products fonned. 
The developiiie~lt of oxidative rancidity in 
fats is accelerated by radiation, so that it 
is necessary to exclude oxygen when fat is 
present ill quantity. 

e Freeze the product during irradiatioii. This 

The possible developme~lt of inasking 
ageiits should also be mentioned. These sub- 
stances coiiibitle \?lit11 radiation-susceptible 
groups in a food, protecting them against 
iri-adiatio~~. 

All fresh foods colitail1 eilzyiiles which 
cause quality deterioratioil during storage. 
Therefore it 1s necessary to ~nactivate these 
enzymes, particularly when proloilged storage 
is contemplated. To do this with radiation 
alone would result in gross damage to tlie 
food. To date, a short heat treatinent appears I 

to be the oiily practicable way of co~ltrolliiig 
eiizyme activity, but uiifortuilately it results 
ill  a partly cooked product. 

The nutritive value of radiation-sterilized 
products is cotllparable to that of heat- 
sterilized products. Extensive studies on 
\vholesoineness carried out 111 recent years 
have not revealed the presence of i~ijurious 
coinpouiids such as toxiils or carcinogens. 

probably reduces the daTiiage by reduciiig Pasteurization Treatments 
the inability of the free radicals for~ned The guidillg prillciple here is to filld the 
during irradiation. maximurn dose of radiatioii that a product 

e Add a "free radical acceptor" such as can be given witl~out observable or at least 
vita~llin C. These substances coinbi~ie with objectionable effects. The product is then 
and render inactive inany of the active examiiied to see if ~nicrobiological improve- 
chemical species formed during irradiation. ment has resulted. This treat~neilt has beell 



Approximate Doses of Ionizing Radiations Needed for 
Effective Inactivation of Various h"iicroorganisms 

Organism 

Man and higher animals 
Sprouting tissues of plants 
Insects and their eggs etc. 
Vegetative bacteria 
Yeasts and moulds 
Bacterial spores 
Viruses 
Enzymes 

Upper Limit of 
Dose Range 

(rads) 

1000 
10,000 
50,000 

500,000 
1,000,000 
2,000,000 
5,000,000 

10,000,000 

coillbi~led with refrigeration, antibiotics, etc. 
to give further microbiological control. The 
apparent shelf life of fresh beef, irradiated to 
50,000 rads and subsequeiltly kept in chilled 
storage, has been illcreased by a factor of 
three to five. In  this case it is to be noted 
that refrigeration, besides retarding bacterial 
growth during storage, is necessary to prevent 
the growth of food-poisoning organis~ns not 
destroyed by radiation. The reason for the 
term "apparent" shelf life is that it has been 
observed recently that at  least sollle radiation- 
pasteurized foods decrease in acceptability 
before being considered spoiled micro- 
biologically. 

Irradiation of Meilt and Meat Products.- 
Figure 4 shows the result of an experiinent 
conducted at the Low Te~llperature Research 
Station to investigate this effect. Whole 

Right: 
Fig. 4.-Effect of stornge nt 13C 011~7avour of clricke~zs 
irradiated to 800,000 rarls. (Co~trtesy Dr. B. Coleby, 

Low Ten~peratltre Resenrch Stntion, Cnlzibridge.) 

Below: 
Fig. 3.-Dingrnnz of n spetlt firel-rod irrarlintio~z lulit. 

I 
A (Colo.tesy Aton~ic E n e r ~ y  Alrtliority, Hnrbvell, U.IC.) 
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/ 

INPUT Fnon NOI 
;TORAGE RACK 

chickens were irradiated to 800,000 rads, then 
stored at 1°C until removed for flavour 
assessment. Members of the taste panel had 
been educated to detect irradiatioil flavour. 
Acceptability decreased during storage and 
after about 10 days the froze11 coiltrols were 
preferred to the irradiated sa~nples. The 
radiation pasteurization of other meat pro- 
ducts, notably sausages ailcl fish, has received 
much attention. 

Irradiation of Fruit.-Microbial attack on 
fruit is inainly by moulds and yeasts, and 
radiation doses of from 100,000 to 500,000 
rads show promise for controlli~lg these 
agents. An application of the technique to 
coiltrol mould growtll in strawberries is 
illustrated in Figure 5. There is no obvious 
growtl~ of mould in the salnple which has 
been subjected to 400,000 rads, although the 
fruit after 6 days' storage at 20°C is declining 
in quality througl~ the continuation of the 
ripening process. Cellerally 100,000 rads does 
not give a very useful control of mould, while 
500,000 rads, although generally effective, 
usually results in some deterioration of the 
fruit, particularly on storage. 

It also appears that some coiltrol over 
certain physiological disorders Inay be 
obtained by irradiation. For example, it has 
been recently reported that a dose of 85,000 
rads results in a considerable decrease in the 
iilcideilce of core flush (a browning of the 
core) in stored apples, without significa~lt 
changes in texture, flavour, brealtdown, or 
fungal wastage. 

CONSUMER PANEL 
--- TASTE PANEL 

CJ 
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Z 
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STORAGE TIME I N  DAYS 



Fig. 5.-Effect of ~wt.ious doses of rnrlintioti or1 rnorrld 
coritrol orz sftnn~berries. 0 :  Cotitrul, 2: 200,000 t,nds; 
3: 300,000 rcrrls; 4:  400,000 rods. (Corrrtes~) Dr. I. 
Clnrlr, A.E.R. E., Hnt~~oeil.) 

Irraclia'iiol: oi" Food-Poisoning Organisins.- 
An application considered to show much 
promise in the United IC~ngdoin 1s the 
elinliilation of the So l~ i~o i~e l lo  group of food- 
poisoning orgallisms froi11 iinported rrozen 
whole-egg pulp. A dose of 500,000 rads 
appears to be adequate for this purpose, and 
has little or no detectable eflect 011 the baking 
qualities of the product. An added advantage 
In this case is that the egg pulp can be treated 
while still Crozen in its original contaii:cr, 
whereas treatments such as heat pasteur~z- 
atlon require the pulp to be thawed and 
renloved fro111 I ~ S  co~ltainer. 

There is I ~ U C ~ I  scope for exploratory as weil 
as fundainental \vork in the field of radiation 
pasteurization: (1) to find new applications, 
and (2) to deterinine the linlitations of the 
treatments, particularly as regards deterior- 
ation on storage. The possible development 
of -radiation-resistant strains of micro- 
organisms inust also be considered. 

!NSE,CT DSS!NFESTATfBN\1 A N 3  
ANTI-SPWOUTI NG TREAYKENTS 

Doses of 100,000 rads or greater kill most 
insects relatively quickly. They also induce 

radiation lethargy, so reducing damage 
caused by the insects feeding after irradiation. 
Doses of 5000 rads Inay not appreciably 
shorten the,life of insects, but will generally 
render thein sterile, and therefore result in 
their ultimate elimination. On the other hand 
no damage to the conmlonly infested food- 
stuffs, for example grains and cereals, has 
been observed, with dosages up to 100,000 
rads. 

In the C.S.I.R.O. Division of Food Pre- 
servation, the feasibility of using radiation to 
destroy Queensland fruit-fly eggs in oranges 
is being investigated. Iilvestigations are only 
in their initial stages, but it appears that there 
is a margin between the dose required to 
prevent eggs or larvae developiilg into flies 
and that which causes observable damage to 
the fruit. 

Radiation is generally effective in prevent- 
ing sprouting of stored vegetables such as 
carrots, onions, and potatoes. The optilllum 
dose depends on many factors including 
variety, time of harvesting, and period elapsing 
bet\veen harvesting and irradiation. For 
potatoes the o p t i m ~ ~ m  dose is about 10,000 
rads. The storage life of irradiated potatoes 
is not illdefinite; conlplete breakdown has 
been reported after 15 months. 

In spite of the fact that radiation can be 
used for insect disinfestation and to control 
sprouting, and although it causes little 
damage to the product, two nlain <actors have 
delayed its adoption for these purposes in 
industry : (1) the illclustrial reorganization 
which I V O L I I ~  be required for its introd~~c:ion, 
and (2) the cost of the process. 

Our knowledge of the effects of radiation 
on foodstuffs is still very meagre, and much 
renlains to be done before the influe~~ce of 
irrr,diation techniques on the food industry 
can be coilfidently assessed. The first 
application is nlost likely to be in insect 
disinfestation in \vhich the low dosage 
requirements malce health hazards unliltely, 
and lessen the problenl of controlling 
undesirable changes in the treated foods. 
As confide~lce in the irradiation process 
grows, its applications inay extend to the 
pasteurizing dose range. 



L A B O R A T O R Y  E M A M B N A T f O N  O F  C A N N E D  FOODS-XViBB" 

Sensor11 wJ Tests or CO 
Ey 3. F. ICeBord and E. M. Chrislie 

Division of Food Preservation and Transport, C.S.I.R.O., I-Iomebush, N.S.W. 

T I - I E  arrangement of this series of articles 
1 on the exalnination of canned foods has 
been based on a specinzen report forin whicll 
was set out in Part I (ICeEord 1953). The 
section of that report headed "Chemical 
Examination" has now been covered, and 
the next section headed "Quality Exam- 
ination" relates to the assessillent of the 
colour and appearance, flavour and aroma, 
and texture or consistency or canned foods. 
These are properties of foods that are less 
amenable to quantitative objective measure- 
ment than those that have been previously 
discussed. I t  is true that objective methods 
are available for the ineasureinent of colour, 
texture, and consistency and these wili be 
described in later parts of this series; but 
sensory tests are still widely used to evaluate 
these properties and they are the only 
methods available for the assessment of 
flavour. Generally spealiing, when canned 
foods are subjected to sensory tests, the three 
attributes colour, Davour, and texture are 
assessed simultaneously. 

Since World War 11, sensory testing of 
foods has been widely investigated and inany 
food research establishments and food maim- 
facturers throughout the world have set up 
tasting laboratories. This is a field where 
food technology enters the donlain of 
applied psychology. Food technologists, 
however, are seldoill trained in the funda- 
nlentals of the science of psychon~etrics and 
therefore they must generally be contected to 

Based on lectures given to a Winter School on 
"The Taste Evaluation of Foods", University of New 
South Wales, May 1960. 

Earl~er articles in this series appeared in C.S.I.R.O. 
Foorl Pieser~lfltiol~ Qlrflrferljl, Vol. 13 (1953), pp. 3-8, 
21-31 ; Vol. 14 (19541, pp. 8-18,26-31,46-52, 74-6; 
Vol. 15 (1 9.59, pp. 28-32, 52-7, 72-7 ; Vol. 16 (1956), 
pp. 7-10; Vol. 17 (1957), pp. 11-14, 30-5, 42-7; 
Vol. 18 (1958), pp. 15-19, 25-9 ; and Vol. 19 (1959), 
pp. 22-7, 55-8. 

apply an empirical n~etl~odology. Sonle 
general references wl~ich inay be useful are: 
I-Iicks (1 94 g), Boggs ancl I-ianson (1 950), 
Foster (1954), Little (1958), Peryain (1958), 
Pilgriill and Peryanl (!958), ICenna (1959), 
and Ferris (1960). 

In the examination 01 canned foods, 
sensory tests may be required for a nun1ber 
01 purposes, for example : 
s In quality control, to check the confornlity 

of production sanlples with quality 
standards. 

e, In "trouble-shooting", when problems of 
tainting or discoloration or texture defects 
are encountered. 

@ In research and developnlent on new 
products and containers, to determine 
acceptability and lieeping qualities. 
The sensory tests required in these various 

applications may be classified in two general 
types : analytical tests and consumer reaction 
tests. 

ANALYTICAL TESTS 
Analytical tests are sensory tests in which the 
human palate is used as an instrument to 
assess the properties of roods. 111 some 
branches of the food industry it is traditional 
to rely on individual observers for sensory 
testing, e.g. tea tasters, wine tasters, and 
cheese and butter graders. Such observers, 
however, even after long training and experi- 
ence are not free from the possibility of bias. 
Recent practice therefore favours t l ~ e  use or  
panels of observers for sensory testing. 

For asalytical tests a sillall panel of 6 to 12 
nleinbers is usually adequate. The nlenlbers 
of the panel, called judges, should exhibit 
intelligence, concentration, and good moti- 
vation towards sensory testing. Therefore 
analytical panels are usually best selected 
from tecl~nical staff. I t  is desirable for the 
judges to be sensitive, i.e. to be able to 
discriminate between fine differences in 
specific attributes of foods, and to be. con- 



ACOUSTIC METAL TILE CEILING "'F'" E 
U BENCH 

BRIEFING AREA 
PAPER TOWEL 
DISPENSER 

AIR CONDITIONED 

Plnn o f  tnste test roor71 nt the riew laboratories of the Divisior~ nt Nortl~ Ryde, rlenr Sjlrll~ej~. Approsir7mte 
r(ir?~eruior~s, 38 b.11 18 feet. 

sistent, i.e. to give reasonably reproducible colour testing must be tested for normal 
judgilleilts when testing the same saillples at colour vision. 
different times. Judges for ailalvtical ~ a n e l s  
should therefore be ;elected on dtl~e basis of 
sensitivity and consistency. 

There are different scl~ools of thought 011 

methods of panel selection. Some believe in 
tests for sensitivity to the prinlary taste 
factors : sweetness, sourness, bitterness, and 
saltiiless : while others coilsider that selectioil 
need be'based only on tests with sanlples 
silnilar to those to be examined. Girardot, 
Peryam, and Shapiro (1952) have described 
a scheme for panel selection iilvolving both 
ltinds of test. 

I11 this Division, tests for sensitivity to 
priinary taste factors have rarely been used. 
When a panel of 12 judges is to be selected, 
about 18 persons are invited to take part in 
preliinillary replicated trials oil the test 
products. A statistical ailalysis is then made 
for discriminatioll and consistency and a 
graphical colnparison of each judge's scores 
with the panel means. The poorer performers 
are then eliminated but borderline ~erforiners 
are left in for further experience. The 
sensitivity and particularly the coilsistency of 
judges call be improved by training, i.e. by 
conducting frequent training tests and dis- 
cussing with the panel the results of such tests 
(cf. Benaett, Spahr, and Dodds 1956). 

The procedure followed in selecting a panel 
for the testing of bitterness in canned orange 
juice has been outlined by Coote (1956). 

It is i~nportailt to mentio~l that panels for 

CONSUMER REAGTilON TESTS 

Collsu~ner reactioil tests are designed to 
reveal whether specific foods are liked or 
disliked by consumers. Thus, in contrast to 
analytical tests, they are intended to define the 
attributes of collsuiners rather than foods. 

The orgailizatioil of panels truly repre- 
sentative of the consuming public and large 
enough to give reliable results may be beyond 
the resources of iildividual food manu- 
facturers. If they wish to explore consuiller 
reactiolls they are usually obliged to use panels 
that can be coilveluelltly asseillbled from their 
own staffs. For consunler reaction tests, the 
panel should be as large as possible, prefer- I 

ably more than 30 judges, but the judges 
should be unselected, and they are com~llonly 
recruited from 11011-technical as well as 
technical staff. Special training and experi- 
ence are not necessary and Inay in fact be 
disadvailtageous. 

It is importailt to recognize the limitations 
of such panels since they are small and rather 
special samples of the consuming public, but 
they can provide worthwhile guidance in the 
development of new products and processes. 
Some workers (Miller, Nair, and Hasrimail 
1955) have found satisfactory agreement 
between large household panels and labor- 
atory panels, while others have not (Pangborn 
et 01. (1959). 



STANDARD ENViRONrqEMT 
It is an accepted principle of psycho~netric 
testing that the panel of judges must work in 
a standard environment if reliable results are 
to be obtained. The standard enviroil~nent 
desirable for sensory testing of foods may 
best be illustrated by describiilg the facilities 
provided in this Division (Christie 1957) 
which are generally referred to as the Tasting 
Laboratory. A plan of the Division's Tasting 
Laboratory at North Ryde is shown opposite. 
The prinlary purpose ofthe Tasting Laboratory 
is to permit tests to be conducted under con- 
trolled co~lditions where irrelevant variables 
which might distract judges are minimized. In 
addition, the provision of special facilities has 
been found to have an important influence 
on motivation, by impressing judges with the 
need to take sensory testing seriously. 

The Tasting Laboratory is divided into 
three sections : a kitchen with preparation, 
coolciag, and dishwashing facilities ; an 
office and briefing room ; and a series of 
tasting booths. The six booths with chairs 
are separated by screens to provide privacy 
for each judge and to ensure as far as possible 
independent judgments. The walls are pale 
neutral grey. A glass of water, a paper cup 
for rejected material, and a pencil for record- 
ing are provided in each booth. Samples are 
passed through a hatch in front of the judge. 
Illul~linatioil is provided by fluorescent lights 
overhead and these lights may be fitted with 
perspex filters of red, amber, or green when 
it is desired to mask the colours of samples. 
Air-conditioning of the tasting booths is 
desirable to elitninate kitchen and other 
external odours and to maintain uniforln 
conditions of teinperature and humidity. 

Colour judglnents are generally made 
separately from flavour and texture judg~nents 
and for this purpose samples are set out on 
white saucers on a white table in the briefing 
room under three colour-matching fluorescent 
lights together with one tullgstell light. 

The Tasting Laboratory is supervised by 
an officer who is a qualified dietitian and who 
has responsibility for all the sensory testing 
conducted in the Division. 

PLANNING OF TESTS 
The principal object in planning sensory 
tests is to secure independent judgments, 
i.e. to ensure that judgments are determined 
only by real properties of the samples and are 

not influenced by extraneous factors. The 
guidance of a statistician experienced in 
sensory testing problems should be sought in 
planning any programme of sensory tests. 

There are a llulnber of influences u~h ic l~  
Inay prejudice the independence of judglnents 
in sensory tests : 

Other Judges.-It is well known that judges 
may illfluence each other by gestures, facial 
expressions, and comnlents, leading to "round- 
table bias". The provision of tasting booths 
ensures that each judge worlcs out of sight of 
other judges and disc~lssion is forbidden 
during tests. 

Order Effects.-A panel's judgment of 
a particular sample may be influenced by 
other samples tasted at the sanle session and 
by the order in which the samples are tasted. 
"First-sample bias" leading to a high rating 
of the first sample tasted is commonly 
observed and may be nlinimized by presenting 
'L warm-up" or dummy samples. Then there 
may be "carry-over" effects of early samples 
on the palate which influe~lce the ratings of 
subsequent salnples and restrict the ~lunlber 

I 

B 

l 

of samples that can be appraised at the one 
time. Various techniques of palate clearing 
are used to minimize these effects. Further, 
it is often observed that adaptation occurs so 
that the rating of a particular sample is 
influenced by the general level of quality in 
the series under test. In  order to ellsure that 
these influences contribute only random 
errors, the ~lunlber of sa~nples in each test of 
a series should be constant, and the samples 
should be presented to judges in different 
orders, preferably so that each sample appears 
in each position an equal number of times. 

I 

There are a number of balanced statistical 
designs, such as Latin squares, which meet 
these requirements. When a balanced design 
is not practicable, the samples should be 
presented to judges in r a ~ ~ d o m  orders. 

Other Properties of the Sample.-Judg- 
~nents of flavour may be influenced by the 
appearance or colour of the sample. Differ- 
ences in appearance may sometimes be 
eliminated by homogenizing the samples. 
Differences in colour may be masked by 
coloured lights or coloured containers. 

Prior Knowledge.-Sensory judgments 
should not be influenced by prior knowledge 
about the samples, and the identity of the 
samples should be hidden by the use of codes. 



I11 general, persons concerned with preparing 
the sanlples or vitally interested in the results 
should not be used as judges, but in small 
laboratory groups it is often dificu~lt to make 
up a panel without them. In i ~ ~ s t r u c t i ~ ~ g  
judges a balance nl~tst be observed between 
giving enough information to lnaintaill their 
interest and giving so much information as 
to infl~~ence their judgments. Except during 
training periods, discussion between judges 
about their results should be forbidden until 
a series of tests is concluded. 

Fatigue.-The nunlber of sa~nples tasted 
at a single session sl~ould be restricted to  
avoid fatigue-both fatigue of the palate and 
mental fatigue associated with the process of 
malting judgments. 

TEST PROCEDURES 
At the beginni~lg of a series of sensory tests 
instructions are given to judges verbally, or 
they are written on the blacltboard, or 
printed on the score sheet. When a test is in 
progress, judges file into the Tasting Labor- 
atory, collect a score sheet and take their 
places in the booths. The hatcl1 is opened to 
indicate that a judge is ready for a sainple 
and when the judge is finished the used dishes 
are passed out though the hatch. 
Sampie Presentation 

Containers and utensils must be clean and 
free fro111 taste or odour. In this Divisio~l 
3-oz pyrex dishes have proved to be suitable 
for all solid foods, either hot or cold, and for 
soups, and 5-oz plain glass tumblers for 
beverages. Grange-coloured glass tunlblers 
are used to mas!t colour differences whell 
tasting orange juice. Silver or staillless steel 
spoons are used, or plastic spoons if a metallic 
taint is being investigated. Small plastic 
trays are used to hold tbe sample dishes for 
each judge in each test. 
Sample Temperature 

Generally spealting, sainples for sensory 
testing should be served hot or cold according 
to the norinal pattern of consunlption of the 
foods concerned. It is difficult, however, to 
ensure that heated or chilled sanlples are 
served at the saine temperature and in this 
Division ~nos t  iteins are tested at room 
tenlperature. The effect of sanlple tempera- 
ture in the tasting of canned peas was 
investigated by testing sets of identical 
sa~nples served hot on one occasion and at 
roo~ll telnperature on another. The ratings 

on both occasions were the saine and there- 
fore, although the judges preferred the hot 
salnples, canned peas in subsequent tests 
have been served at room telnperature. 
Tonlpltills and Pratt (1959) investigated the 
eEect of tasting orange juice cllilled and at 
rooin telnperature and found differences in 
absolute scores but no differences in relative 
scores. 

Since canned foods are already adequately 
coolted the problenl of standard cooking 
proceciures, e~lcouiltered u7ith nlany other 
foods, arises oilly when they are to be tested 
in prepared dishes. 
SarnpEe Size 

The san~ples subillitted to the judges sho~tld 
be suficient to perinit thein to taste with 
confidence. In  this Division typical sanlples 
are 1 dessert-spoon of solids and 14 oz of 
liquids. Judges are us~~al ly told that they inay 
have nlore of a sainple but this is seldoln 
requested. The sainples in any one sessioil 
should be uniforn in size to avoid bias. 
Judges generally swallow samples tasted but 
they are free to reject any sainple found to be 
unpalatable. Unless differe~lces in appearance 
between samples are likely to cause bias, 
judges prefer foods in their natural for111 
rather than as a boinogenized purie. Large 
units such as peach and pear halves should 
be cut illto bite-size pieces. 

The nunlber of samples tested at one 
session is usually three to eight, clepending on 
the intensity of flavour in the i'ooci and the 
judge's capacity and interest. In practice, 
most sessions include four samples. Con- 
sumer reaction tests should preferably be 
restricted to two samples. In colour tests 
depending on visual judgments alone many 
Inore samples call be satisfactorily examined 
at one session. 

The statistical design of a sensory test 
sllould lay dowil the manner in which the 
canned foods uilder test are to be sampled, 
includi~lg the nu~nber of cans to be opened 
and the way in which the judges' saillples are 
to be taken from the can. 
Coding 

The need to disguise the identity of samples 
by the use of codes has already been mentioned. 
Codes consisti~lg or randoin letters nlarked on 
the sample containers with grease pencil have 
been gene~ally used in this Divisioa. The 
use of letters in alphabetical order, e.g. A, 



B, C, should be avoided since this has been 
found to cause bias. One procedure is to 
take a code word or sentence and use the 
letters in order, eliminating duplicates. Other 
lnethods of coding are by the use of dis- 
tinguishing marks of different colour or 
different geometrical shape. 
Palate Clearing 

To minimize palate fatigue and "carry-over" 
effects judges should be provided with means 
for clearing the palate between samples. 
A glass of water is always placed in each 
tasting booth for tlGs purpose and is adequate 
for most tasting tests. Cubes of dry bread are 
effective for palate clearing with many foods 
of more liilgeriiig flavour, while pieces of 
apple are useful when tasting fats or fatty 
foods. If a judge uses a palate-clearing 
procedure he should use it before every 
sample tasted. 
Times for Testing 

It is generally accepted that judges perforill 
best when sensory tests are conducted not 
too soon after meals. I11 this Division the 
1nost conveiljellt tiines have been found to be 
10.15 and 11.45 a.m., and 3 p.ni. Tasters are 
requested not to  smoke during the period 
30 rnin before a test. 

RECORDING OF JUDGMENTS 
The results of sensory tests are obtained from 
judges in the fornl of written records on score 
sheets. The score sheet inust be carefully 
designed to secure the precise inforillation 
that is required from the test. It must be 
readily understood by the judges; it should 
encourage clear-cut decisions ; allcl it should 
permit the results of the whole panel to be 
tabulated readily. 

A good score sheet for a particular seilsory 
test is seldom designed a t  the first attempt, 
but evolves during training periods and actual 
use. 

A  lumber of established psychometric 
methods have been used as bases for score 
sheets in the seilsory testing of foods, notably 
ranlting and rating scales. 
Ranking 

The sinlplest system, perhaps, is ranltii-ig, in 
which judges place samples in order, from 
greatest to least, with respect to some specific 
dimension. Thus railking involves relative 
judgments between sanlples rather than 
absolute judgments against real or inlplied 

TABLE 1: Score Sheet for Paired Comparison Test 

Booth No ................................... Date .............................. Time .................. 

Name ........................................................................................... 
Product ......................................................................................... 

In each pair of samples mark 1 for your first preference 
and 2 for your second preference. If possible state 
the reason for your preference. Taste samples in the 
order shown. 

l 

l 
E i Is Sample 

, Sample / Rank / Remarks Acceptable ? ' Code l 1 (Yes or No) 

Pair -I-' 

: I / i 

I 
8 i 

! 
Pair I-- ! 

standards. Statistical procedures are available 
for the treatment of ranked judgments in 
tests conforllling to certain classes of design. 

Whe~l  only two samples are ranked the 
test is known as a paired comparison and 
a score sheet of this type is shown in Table 1. 
In  addition to ranluag'the samples in order of 
preference the judge is asked to give reasons 
and also to state whether the samples are 
acceptable or not. Such a test for preference 
and acceptability would be a consunler 
reaction test but the paired compariso~l 
procedure is also applicable to analytical tests 
for specific attributes, such as colour, 
bitterness, and teaderness. The paired com- 
parison test is useful for assessing differences 
in preference which may exist between 
sainples which receive the same scores on 
a rating scale (see below). 

Sonle examples of paired comparison tests 
of caililed foocSs conducted in the Division of 
Food Preservation are : salmon, for tender- 
ness ; pineapple, for texture ; baked beans, 
for colour, flavour, and texture ; baby foods, 
for preference and acceptability; peas, for 
flavour and texture preference; and orange 
juice, for flavour preference with different 
levels of peel oil. Ranking tests with three 
or four sanlples have been carried out with 
tropical fruit salad, for acceptability ; tomato 
soup, tomato sauce, tomato juice, and 
inushroo~n soup, for colour, flavour, and 



acceptability ; and apricots, for colour and 
flavour preference between different picking 
rnaturities. 

TABLE 2: Rating Scales with General Adjectives. 

C.S.Z.R.O. Scale Qz/alify Gradi~ig Scale (Pilgrim and Peryam 1958) 

I t  is difficult to rank inore than three or 
four sanlples for flavour at the one session 
but inally inore sa~nples can be ranked 
successfully for colour. In  colour ranking 
the samples inay be actually moved around 
by the judge until the order on the table 
represents the rank order. Ranlung tests for 
colom have been made with tomato juices 
and fish pastes in the Division. 

Excellellt 

Good 

Satisfactory 

Not quite satisfactory 

Poor 

Completely unacceptable 

Rating Scales 

The system most frequently used for record- 
ing sensory judg~nents is the rating or scoring 
scale, often a scale from 0 to 10 points. The 
rating scale inay be used in consumer reaction 
tests but it is specially suitable for analytical 
tests where the panel is trained so that the 
points on the scale have a coinmon meaning 
for all judges. To assist judges to maintain 
conforinity, soine or all of the points on the 
scale are usually defined in descriptive terms. 
These terms Inay be general adjectives repre- 
senting successive levels of "goodi~ess" or 
"badness" (Table 2), or the general adjectives 

Excellent 9 
l 

Very good 8 :  

Good 1 
--, 

Below Good above Fair 6 ,  

Fair 4 

Below Fair above Poor 4 1 , 
Poor 3 / 

! 

Very poor 2 
- 

Extremely Poor 1 ! 

inay be suppleinented by additional des- 
cription appropriate to the attribute under 
test, as in Table 3. Table 3 also shows that 
inore than one attribute of a set of samples 
inay be assessed sinlultaneously by the use of 
rating scales. In some cases the rating scale 
can be defined in terins of a prinlary taste 
factor as in Table 4. 

During training in the use of a rating scale 
judges should be encouraged to inake sug- 
gestions for inlproveinents in the descriptive 
terlns used. Standard salnples selected to 
reoresent certain ~ o i n t s  on the scale are 
valuable for train& purposes but it is seldom 
feasible to include standard samples through- 
out a particular series of sensory tests. The 
panel therefore nlust be trained to retain 
a reliable mental concept of the meaning of 
the scale. 

The rating scale method is described as 
a "single stinzulus" psychometric technique 
because, in contrast to ranking, each sainple 
is supposed to be rated on the scale without 
reference to any other sample tested at the 
same time. I t  is very doubtful whether this 
independence is realized in practice. There is 
a strong tendency for judges to rate samples 



TABLE 3: Rating Scales for Sensory Tests on Canned 
Peas 

Flavo~ir 
Excellent 10 Full normal pea 

9 flavour 
Good 8 Typical pea 

7 flavour 
Satisfactory 6 Slight lack of flavour or 

5 slight off-flavour 
Not quite 4 Weak flavour or distinct 

satisfactory 3 off-flavour 

Poor 2 Flavour flat or 
1 unpleasant 

Inedible 0 Complete lack of flavour or 
objectionable 

Excelle~lt 10 Highly acceptable uniform 
9 texture 

Good 8 Very slightly hard or very 
7 slightly soft 

Satisfactory 6 Slightly starchy or slightly 
5 soft 

Not quite 4 Starchy or soft or 
satisfactory 3 watery 

,or 2 Very hard or very soft or 
1 very watery 

Completely 0 Too hard and starchy or 
unacceptable completely mashed 

TABLE 4: Rating Scale for Bitterness in Orange Juice 

Not bitter 0 
Bitterness doubtful 1 

Slightly bitter 2 
3 

Moderately bitter 4 
5 

Bitter 6 
7 

Strongly bitter 8 
9 

Extremely bitter 10 

TABLE 5: Flavour Rating Scales with Central Zero 

C.S.I.R.O. Scale 
Good flavour, entirely free from off-flavour 
Acceptable, probably free from off-flavour 
Questionable off-flavour 
Slight off-flavour 
Definite off-flavour 

Norf11-east Regioizal Scrtle 
(Wiley et al. 1957) 

Better than standard in flavour 
Equal to standard in flavour 
Below standard in flavom, no detectable 

off-flavour 
Slightly off-flavour 
Definitely off-flavour, not acceptable 

relatively as well as absolutely in relatioil to 
the scale. A n~imber of workers have 
established good correlations between raak- 
ing and rating scale assessments of the saine 
sainples (e.g. Toinpltins and Pratt 1959). 
The rating scale however has the advantage 
that it measures degrees of difference between 
sainples as well as the relative order. 

The 0-10 rating scale has been used in this 
Division in sensory tests on a variety of 
canned foods for the assessment of a wide 

6 
range of properties, such as colour, flavour, 
bitterness, lacquer taints, texture, consistency, 
and retentioil of shape, 

Central Zero Scale 
Another form of rating scale is a scale with 

zero as the central value and $ and - values 
indicating qualities above or below a standard 
or norrnal level. A 5-point scale of this type 
(Table 5) has been used with success in this 
Division for investigating taints in canned 

foods, e.g. taints due to can lacquers, to 
excessive chlorination of cannery water, and 
to contalllination with pesticides, weedicides, 
or lubricating oil. In such studies it is 
usually possible to provide standard samples 
of nornlal flavour. 

Investigators of pesticide taints in U.S.A. 
have reported encouragiilg progress in the 
developillent of standardized tasting pro- 
cedures. One group of cooperating labor- 
atories used a central zero scale (Table 5) 
with selected panels of 10-12 judges nlaking 
at least 40 judgineilts and reported excellent 
agreement between five panels in different 
areas (Wiley et al. 1957). Similar good agree- 
ment was secured between 11 panels using 
a 9-point rating scale (Mahoney, Sties, and 
Crosby 1957). In  both these series of tests 
untreated coiltrol sainples were used as 
reference standards and the dimension 
measured was the difference in flavour from 



TABLE 6: Score Sheet based on the I-Iedonic Scale 113 a coinparative test using seven orange 
juice conceatrates, To~nplciils ailcl Pratt (1958) 

Booth No ......................... Date ............................. Time ........................ showed satisfactory agree~lleilt between 
Nam assessments by ra~lkiag, rating scale, a i ~ d  

Product .......................................................................... hedoiiic scale. 
Please check the appropriate remark to show your 
opinion of each of these samples. Comments showing 
reasons for judgments are very helpful. 

Sample Codes in 
Order of Tasting 

9. Like extremely 
8. Like very much 
7. Like moderately 
6. Like slightly 
5. Neither like nor dislike 
4. Dislike slightly 
3. Dislike moderately 
2. Dislike very much 
1. Dislike extremely 

the standard. Tiall, Tarver, and McDonald 
(1959) also used a rating scale to measure 
flavour differences from a standard for the 
purpose of evaluating materials for beer cans. 

In  Britain the tria~lgular test is favoured 
for testing for taints by crop protectio~~ 
che~nicals (Adam 1955). 

Wedonis Scale 
A rating scale that has been used ~ilost 

successfully for consuiner reactio~l tests is the 
hedonic scale (Table 6), a 9-point scale 
representiilg a psychological continuu1i-1 from 
the pleasant to the unpleasant. The philo- 
sophy and practical applicatioils of this scale 
have been discussed very fully by Peryaill 
and Pilgriin (1957). In  this Division the 
hedo~lic scale has give11 useful results even 
with inexperienced judges and has been used 
in many tests 011 caniled foods, including 
green beans, for general acceptability in 
a maturity trial; berries, for colour and 
shape with different syrup stre~lgths; pears, 
for preference with different sugarlacid 
ratios ; orange juice concentrate, for colour 
and flavour; and baked beans, for colour, 
texture, flavour, bean/sauce ratio, and general 
acceptability. 

Sometillles in coiisuiller reactioil tests, pat- 
ticularly of uilfamiliar foods, the information 
required Inay be best obtained by aslcing the 
panel to complete a questio~l~laire which 
seelts illai~lly qualitative judgments. A 
questioililaire designed for a coilsurller reaction 
test 011 a canned rice pack is showll ie Table 7. 
This questioil~laire iacludes provision for 
ralllciilg two samples for preference. The 
questio~ls aslted in tests of this kind will vary 
widely accordiilg to the nature of the product 
and the informatio~l desired. 

Analysis of Results 
It is essential that the results of sensory 

tests should be subjected to statistical analysis 
to deter~lli~le whether differences fo~lild in 
qualities or preferences are likely to be real 
or whether they could have appeared by 
chance. Details of statistical proced~lres are, 
however, beyond the scope of this series, and 
the food tecbilologist is advised to enlist the 
help of an experienced statistician to 
supervise both the plaili~iilg and the analysis 
of sensory tests. 

QUALITY CONTROL TESTS 
Seilsory tests in the routine quality coi~trol of 
calliled foods from the production line are 
esse~itially special cases of analytical tests 
(Ferris 1960). The quality of production 
saillples is assessed by a trained panel in 
relation to a standard of quality. I11 the first 
place the standard of quality i~lust be 
established; it should be illore thail a coilcept 
in the illilld of the head processor or the 
inailagiilg director. The fundamental way to 
determiile standards of quality for a particular 
product is by coilsulller reactioil tests to find 
out what the public desires and what tolera~lce 
in quality is acceptable. It is difficult and 
expensive to do this properly on a large scale, 

TABLE 7: Rating Scales for Quality Control Tests 

4 Superior comn~ercial quality or Fancy 
3 Good co~nmercial quality or Choice 
2 Fair commercial quality or Standard 
1 Substandard 



but useful inforillatioil call be gleaned from 
consumer reaction tests with small pai~els. 
The panels, however, should be heterogeileous 
in preferences and untrained since expert 
~ a n e l s  have been show11 to be unreliable in 

Once established, the standard of quality 
must be defined. Menlory standards are 
notoriously unreliable. The use of standard 
sainples is sound in priilciple but difficult ill 
practice because of quality deterioration with 
time. Coinparison of productioil sa~llples 
with the previous day's pack can be useful 

l 
I practice provided adequate safeguards are 

i. 
take11 to avoid a gradual drift in quality away 
from the origiilal stai~dard. Many organi- 
zatioils maintain ~nailuals of written staildards 
in which they eildeavour to define the quality 
factors colour, flavour, and texture as 
adequately as possible in descriptive terms. 
There are a nunlber of published staildards 
which Inay provide the basis for setting out 
lnailuals of quality for canned foods, e.g. 
Department of Primary Industry (1952), 
Coillmoilwealth of Australia (1954), and the 
U.S. Standards for Grades of Caililed Foods 
isstied by the Agricdtural Marketing Service 
of the United States Departineilt of Agricul- 
ture. 

The function of the expert panel in quality 
coiltrol testing is then to judge productio~l 
sa~llples for conformity to the defined quality 
standard. A siinple rating scale of 4 points 
(Table 8) is usually adequate. To obtain 
reliable results in sensory tests for quality 
control it is desirable to provide the standard 
e~lviroil~nellt and to take the precautiosls in 
panel selectioil and training, and in the 
design and operatioil of the tests that have 
beell outlined. Because of the restricted 
numbers in cailnery laboratories, it may be 
ilecessary to use the saine sinall panel over 
a period of years. I t  is then desirable to 
iilstitute a regular systein of checl<ing panel 
performallce by the use of special sainples 
such as doctored saillples and competitive 
products. 
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TABLE 8: Questionnaire for Consumer Reaction Test 

Booth No ......................... Date .............................. Time ........................ 

Name .................... .. .................................................................. 
Prorllrct: Cnillled Snvoqj Rice 

Please indicate your opinion of each of these samples 
by checking the appropriate remarks and by making 
conlnlents where possible. Also indicate your pre- 
ference by marking 1 for first preference, and 2 for 
second preference. 

Colour Good 
Acceptable 
Not acceptable 
Other remark 

~ 

Texture Good 
Acceptable 
Not acceptable 
Other remark 

Flnvour Good 
Acceptable 
Too highly seasoned 
Not seasoned enough 
Other remark 

Overall order of preference 
-~ 

Is the sample acceptable? 
Yes or No 

Would you buy the sample at 
2s. 2d. per 16 oz-can? Yes or No 

How would you use the product : 
As a meat accompaniment? 
As a luncheon dish? 
As a party savory? 

Other suggestions 

Sample Codes 
in Order of 

Tasting 

pp 

-pp-p- 

I 
-p 

p- 
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P U  BLI;CATII O N S  BY STAFF 

Nature of the Olefirles Produced by Apples. 
F.  E. Huelin and B. H. Icennett. N n t ~ ~ r e  
184: 996 (1959). 

Froill the results of experime~lts reported 
in this paper it seeills reasonably established 
that norillal olefines from propylene to 
hexene cannot be present in proportions 
which exceed one part of higher olefiile to 
1000 parts of ethylene. All unsaturated 
hydrocarbons canilot be excluded, as those 
with branched chains or Illore than one 
double bond may be inore labile and hence 
not regenerated with the ethylene. Gas 
chrolnatography of a low-temperature con- 
densate gave no evidence of saturated 
hydrocarbons. 

A Mannilol Disulphonic Acid. D. L. Ingles. 
Cl~em. & Ind. P959 : 121 7. 

Earlier workers suggested that sugar 
sulphonic acids were formed during the 
storage of foods treated with sulphur dioxide 
although such derivatives were not detected 
in model systems. This is the first description 
of a stable sugar sulphouic acid. 
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Copies of papers meiltioiled above 
inay be obtained from the Librariau, 
Division of Food Preservation and 
Transport, Private Bag, P.O., Home- 
bush, N.S.W. (Telephone : 76-8431, 
76-0274). 
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