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Summary 

Chilled, vacuum-packed New Zealand lamb loins have been irradiated 
at doses between 1-8 kGy. The report outlines the methods used and 
provides dosimetry details. An appendix summarises the results of a 
taste trial conducted on the irradiated meat by the Meat Industry Research 
Institute of New Zealand. This showed that even at 1 kGy, detectable 
flavours were induced by the radiation treatment. 
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1. 
INTRODUCTION 

Tha commercial applications of food irradiation are under increasing 
scrutiny overseas. One particular aspect mentioned frequently in the 
literature is the potential for an increase in the shelf-life of chilled 
(as opposed to frozen) meats, though commercial use appears negligible at 
present. Radiation in the range 1-4 kGy (100-400 krads) reduces viable 
spoilage organisms to a level at which a useful extension of shelf-life 
would be predicted. The extension achieved depends upon several factors, 
including storage conditions and the initial load of spoilage organisms. 
Critical to the usefulness of the irradiation process is the lowest 
radiation dose at which detectable flavour,, colour or odour changes are 
induced in the meat. 

In a major review of irradiated, vacuum packed beef in the US, 
Urbain Inferred that the threshold dose for the detection of irradiation 
flavours was roughly 2.5 kGy on fie basis of a taste panel evaluation. 
Doses in the range 1-2 kGy allowed 4°C storage for up to three weeks 
(versus one week unirradiated). Storage at 10°C required higher doses, 
while it was doubtful if irradiation was necessary at -2°C. Noting that 
other matters such as weepage of blood and flesh discolouration must also 
be considered, Urbain concluded that a dose below that giving significant 
flavour changes could provide a useful extension to the storage life of 
beef at refridgeration temperatures. 

The meat trade in New Zealand is aw<.re that premium prices can be 
obtained for meat kept chilled rather than frozen. Meat freezes at -2°C. 

Because New Zealand and its markets are separated by voyages of several 
weeks by container ship, the Meat Industry Research Institute of New 
Zealand (MIRINZ) has studied spoilage 1n chilled meat and how to minimise 
1t. The best present technology Involves barrier-wrapped, vacuum-packed 
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meat which has a storage life, chilled, of many weeks. For beef, storage 
life is adequate for sea transport to Europe. Storage life is marginal 
for lamb, at present, but further improvements are hoped for. 

Spoilage of meat occurs as a response to: 
1) initial contamination level; 
2) eventual dominant microbial population; 
3) physical storage conditions (temperature, oxygen, moisture, weepage); 
4) enzyme activity, pH. 

Irradiation will certainly be beneficial for 1) and influence 2), 
probably beneficially. If long term spoilage is due to enzyme 
activity or oxidation following gradual air permeation, then radiation 
will be of no benefit. 

As a preliminary stage in the assessment of the possible value of 
irradiation in the processing of chilled, New Zealand lamb, we have 
treated fresh, chilled, vacuum-packed lamb loins with doses in the range 
1-8 kGy. The meat was then evaluated at MIRINZ by a specially trained 
taste panel for detectable radiation-induced flavour changes. This report 
is concerned mainly with the radiation treatment; however, a summary of 
the taste panel findings are given as an appendix. 

METHODS 
Meat 

Seven lambs were slaughtered at Longburn, Palmerston North, under 
the supervision of MIRINZ staff and chilled for 20 hours. The carcasses 
were butchered and two racks and two short loins (i.e. four half-loins) 
were cut, vacuum-packaged and labelled. The intended treatment for the 
cuts from each animal is given in Table 1. Unirradiated control half-
loins were retained on ice a id the remainder brought by car (a two-hour 



Table 1: Experimental design for irradiation* 

Dose (kGy) 
Loins Racks 

Animal 1 2 1 2 

1 0 8 0 8 
2 0 8 0 8 
3 3 6 0 6 
4 1 4 0 2 
5 3 8 0 6 
6 1 6 0 3 
7 2 8 0 4 

* The original intention was for a highest dose of 10 kGy, but 
time constraints meant that 8 kGy was the highest practical 
dose. 
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journey) to Upper Hutt for irradiation. The irruuiated cuts were kept in 
contact with ice-water for the duration of the irradiation (a total of 26 
hours). At the completion of the irradiation, both control and irrad
iated cuts, still on ice, were flown to Hamilton and deep frozen prior 
to the taste trial at MIRINZ. 
Irradiation containers 

The half-loins were irradiated in one of two containers, designated 
large or small. Last minute problems with the containers as designed 
meant a somewhat ad hoc arrangement had to be devised. 

Half-loins were banded in pairs to provide meat packages of roughly 
180 x 100 x 120 mm (h x w x d). There was considerable variation in 
these dimensions. Loin pair packages were placed for irradiation in the 
middle of wire baskets so that the radiation path was through the approxi
mately 120 mm depth of the package. A large wire basket (150 x 910 x 
160 mm, h x w x d) held five well-spaced loin pairs and the smaller 
basket (150 x 400 x 160 mm) held two. 

The large wire basket was a snug fit in the centre of a vinyl-lined 
polystyrene box as shown in Figure 1. This polystyrene box was made at 

3 INS out of 17 kg/m polystyrene pieces of 50 mm thickness and joined 
with 401W Bostik adhesive. Aluminium bracing ( 1.6 vm thickness) 
strengthened the top, bottom and sides of the box. At the top and 
bottom, this bracing was at least 30 mm clear of the wire basket con
taining the meat. However, it shielded about 60 mm at the end of the 
basket, and may have contributed slightly to the lower doses found at 
the end of this basket. 

The smaller wire basket was placed inside a polystyrene chilli-bin. 
It was not a snug fit, but held close to one wall (thickness 20 mm) by 
spacers as shown in Figure 2. 
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During the whole irradiation procedure the meat was kept entirely 

surrounded by an ice-water slurry. 

Irradiation fac i l i t y 

The irradiation was carried out at the gamma plant at Cooper's 

Animal Health Ltd, Upper Hutt. When used (27-28 February 1985) the 

source loading was about 238.5 kCi of Co, arranged in eight source 

plaques as shown in Figure 3. Each cycle in the commercial operation (a 

complete sequence of commercial package movements) was 6.85 m. The time 

to transport the source plaques from the safe to the irradiation position 

and back contributed the equivalent of 0.2 m exposure. 

During the irradiations the plant continued i ts normal operation. 

Therefore, the radiation was attenuated through an array of commercial 

packages before striking the meat containers. Commercial packages were 

in pairs, two-thirds of which weighed 8-10 kg. Roughly one-third had a 

heavier package as one of the pair, which then weighed 15 kg. The 

commercial loading was similar throughout the whole procedure and was 

such that the meat was always in line with lightly-lo^ued packages. 

Separate experiments indicated that dose variations induced by the 

variable weights of the commercial packages were less, and probably much 

less, than 2%. 

Irradiation configuration 

The meat containers were mounted on shelves on either side of the 

source plaques as shown in Figure 4. Approximate heights to the base of 

the large container and i t s half-loins were 590 and 680 mm respectively, 

and 630 and 670 mm respectively for the small container and the meat. 

Dose variations within the meat packages (two half-loins banded together) 

were minimised by rotating them through 180° after half of the scheduled 

irradiation cycles had been completed. The meat only was turned in the small 

container, but the entire large container, in which the meat in i ts basket 
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was more symmetrically placed, was turned. 
The 19 half-loins to be irradiated were treated in five batches, two 

in the large and three in the small container. 
Dosimetry 

Chemical dosemeter solutions were contained in clean, completely 
filled glass vials (10 mL capacity). Vials were closed with a plastic 
screw cap and protected against leakage by placing them in a plastic bag 
which was closed off with a length of wire. The wire could also be used 
to attach the bag and vial to a desired point on the wire baskets con
taining the half-loins. 

Fricke chemical dosemeter solutions (1 mM ammonium ferous sulphate, 
1 mM NaCl in 0.8N HoSO.) were irradiated for two cycles and used to assess 
the dose distribution over the baskets containing the meat. The results 
were also used to evaluate the mean total dose to which each batch was 
exposed. Optical density differences (AOD) between irradiated and un
irradiated Fricke solutions measured at 304 nm in a 1 cm path length cell 
at 25°C were converted to absorbed dose by the relation 

Absorbed dose (Gy) = AOD x 275 

The total dose given to each batch of meat was checked by measuring 
optical density changes in the secondary chemical dosemeter, eerie 
sulphate. Vials containing this dosemeter (7.2 mM eerie sulphate, 7.2 mM 
cerous sulphate in 0.8N f^SO.) were hung from the wire baskets in a 
similar fashion to the Fricke dosemeter vials. They remained in position 
durir.g the complete irradiation of a particular batch. The total dose 
received in the eerie sulphate vials was given by 

t r u _ AOD x D x 9650 
k G y " 2.40 x 5610 

where AOD is the optical density difference between irradiated and un-
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irradiated solutions measured at 320 nm in a 1 cm path length cell at room 
temperature. D is a dilution factor (D = 50 in this work), 9650 is a 
conversion factor to obtain absorbed dose in kGy and 5610 is the molar 
extinction coefficient of eerie ion. The yield of the radiation induced 
reduction of eerie ion (G = 2.40) was found by calibration of the 
solution against the Fricke dosemeter by standard methods at INS. 

RESULTS AND DISCUSSION 
Dose distribution 

The absorbed doses received over two cycles by Fricke dosemeters 
placed at the front (nearest source) and rear faces of the wire baskets 
are shown in Figure 5. Significantly lower doses are received in the 
corners than in more central positions. This effect is due mainly to the size 
and loading of the source plaque in relation to the basket widths. Vertical 
variations are relatively small and result from the different extent of 
shielding by the commercial packages at different heights. Table 2 
presents the results of averaging the doses across each face in three 
ways (i.e. averaging the doses from all the vials, from only the corner 
positions and from all except the corner positions). 
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Table 2: Average doses over front and rear faces 
of wire baskets after two cycles 

Dose (Gy) 
Large Small 

Front Rear Front Rear 
Av of all vials 222 113 226 131 
Av of four corners* 210(-5.5) 108(-4.5) 216(-4.5) 127(-3.0) 
Av of all except corners* 229(-3.2) 116(+2.7) 238(+5.3) 134(+2.3) 

* Figures in brackets are the percentage variation 
from the average of all vials 

Mean total dose calculation 
For our present purpose the doses averaged over all the vials on 

each face are used to calculate the mean total dose given to each batch 
of meat. The mean total dose for any batch is given by -

Mean total dose = n.P.Q.S. (^-) Equation 1 

In this relation n = total number of cycles given to a batch 
13 7 1 P = T T ^ Q - x T» w n i c n converts a dose measured over two 
cycles (13.7 m) to a dose per cycles, allowing 0.2 m 
for exposure during rise and fall of the source 
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S = average dose from two cycles at the front face (see 
Table 2) 

r = ratio of the average dose on *he rear face to that on 
the front face (see below) 

Q - a factor that corrects for the lower true dose 
experienced by the meat in the centre of the basket 
than estimated from the mean of the front and rear 

1 +r 

averages ( i . e . , from S ( -* - ) ) . 

r_ 

From Table 2 r is calculated to be 0.51 and 0.57 for the large and 

small baskets respectively. The difference can be part ial ly explained by 

problems experienced in accurately locating vials hung on wires in an 

ice-Wftter slurry. Back scatter to the rear face vials from the ice-

water behind them, which is greater for the small basket, wi l l also con

tribute to the difference found. 

The density (p) of the contents of the basket (half-loinsand ice-

water) was close to 1. A lower bound for r can therefore be obtained 

from the relation 

Here the factor (rgrV) expresses attenuation in air between the front 

and rear dosemeter vials, which have centres at 131,5 and 146.5 cm from 

the source plaque. The exponential term accounts for attentuation through 

a medium of p = 1 , depth 15 cm (between vial centres) and where u is an 

attenuation coefficient equal to 0,063 for water-like material, r is then 

calculated to be 0.31, but this is a lower l imi t because scattered 

radiation adds significantly to the radiation dose within the baskets. 

The difference between the calculated and measured values of r are in 
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reasonable accord with values found during apple box irradiations with 

the same source. 

ft 
The meat was rotated 180 after half the total exposure to overcome 

most of the dose variations caused by attentuation within the 
half-loin packages. However, calculations show that the average dose to 
the meat will be less than calculated from a simple mean of the front and 
rear face averages (i.e., from S [^r-)). 

If r is taken to be 0.54 (the mean of large end small baskets) then 
a modified attenuation factor u f f (= 0.027) can be calculated using the 
formula employed above. This accounts roughly for a contribution from 
scatter in the configuration we are considering. 

Fig. 6 is a schematic diagram of the positions of the front and rear 
faces of the basket, the outer sides of the half-loin packages and their 
centre plane. The associated table indicates calculated values of the 
dose expected at various positions relative to the front face dose. 
This data can be used to show that the mean dose to outer edges of the 
half-loin packages (allowing for rotation) and the mean dose at the centre 
vertical plane of the packages will be about 1.5% and 5.5% lower than 

1 +r the mtan dose calculated from the formula S i^*-). Q was therefore taken 
as 0.97 (i.e., the true average dose within the meat was 3% less than 
given by S ( ^ ) ) . 
Mean total batch doses 

Five batches of meat were processed, batches A and B in the large 
container and batches C, D and E in the small container. The mean total 
dose to each batch calculated according to Equation 1 1s given in 
Table 3. 
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Table 3: Mean total doses, Dj 
Batch Nominal dose 

(kGy) 
n S (Gy) r D T (kGy) 

A 6 70 222 0.51 5.61 
B 2 24 222 0.51 1.92 
C 4 46 226 0.57 3.90 
D 3 34 226 0.57 2.88 
E 1 12 226 0.57 i.02 

Ceric sulphate dosimetry 
The values of Dj received have been estimated from Fricke dosemeter 

exposures over two cycles. A check with the secondary dosemeter, ceric 
sulphate ensured that the scheduled number of cycles had been given and 
that the 180° rotation had been properly carried out. Pairs of ceric 
dosemeter vials were placed in each batch, one each on the front and rear 
faces of the basket on a line through a meat package. These dosemeters 
remained on the basket during the entire irradiation procedure. The mean 
total dose as measured by this dosemeter, [)„_. was 

ceric 
D~.,„ = B.Q.F. ceric ^ 

where B is the average of the doses in the pair of dosemeters and Q has 
been defined earlier (= 0.97). F accounts for any difference between 
the dose averaged over the whole front face and the dose at the position 
selected for the ceric vials, with both doses measured by Fricke dose
meters. In practice, the lack of precise positioning of the vials meant 
that F could not be evaluated. It was assigned a value of 1, which is 
expected to be in error by less than 5%. 

It should be noted that the average ceric dose was obtained rather 
differently in the small and large baskets. In the former only the meat 
was rotated half-way through the exposure. Thus one vial was always on 
the front face and the other on the rear. However, the large container 
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was rotated in toto and both vials spent equal amounts of time on the 

front and rear faces. A further consideration is the relatively small 

AOD values measured. The highest AOD value was about 0.28 (representing 

a drop to 70% of the unirradiated 0D value), and the lowest about 0.05 

(a drop to 94% of the unirradiated 00 value). Difficulties in accurately 

fixing the positions of dosemeter vials has already been mentioned. For 

all these reasons great accuracy cannot be expected from the eerie 

dosimetry. It is gratifying to see the quite reasonable agreement between 

By and \ e r i c (Table 4), which demonstrates that no gross errors occurred 

in the operating procedure. 

Table 4: Comparison of D~T and D~ „ . T cenc 
Batch ET(kGy) P ^ (kGy) y P ^ 

A 5.61 5.98 0.94 
B 1.92 1.87 1.03 

A + B* 7.53 8.00 0.94 
C 3.90 3.72 1.05 
D 2.88 2.72 1.06 

D + E* 3.90 4.25 0.92 

* Vials present and accumulate dose during both batches 

Maximum and minimum doses 

Consideration of the dose distribution and the placement of the 

half-loin packages leads us to conclude that the majority of the meat in 

each batch received a dose within 10% of IL. However, a small portion 

may have received far higher or lower doses. The highest dose would have 

been received by meat on the outar edges of a half-loin pack that was in 

line with the point on the basket front face that received the highest dose. 

Recalling that the outer edge receives a dose lh% less than the mean of front and 

rear basket doses, Fig. 5 allows us to conclude that the maximum dose possible to 
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any part of the meat is n.P. 190 Gy ( i . e . , equivalent to letting 

S = 250 Gy, r = 0.57 and Q = 0.985 in Eqn 1) . The minimum dose possible 

is at the centre of a half-loin package in line with a point on the basket 

front face receiving the lowest dose. This is estimated to be n.P. 138 Gy 

( i . e . , S = 190, r = 0.51 and Q = 0.945 in Eqn 1) . These considerations 

demonstrate a possible maximum to minimum dose ratio of about 1.4, which 

implies that i t is extremely unlikely that any small portion of the 19 

irradiated half-loins received a dose more than 20% greater or less than 

the By values given in Table 3. 

Doses to the half-loins 

The half-loins to be irradiated were distributed among the batches 

so as to provide doses corresponding to a schedule devised as in Table 1 . 

For example, loins scheduled to receive 6 kGy were in batch A; those 

scheduled for 8 kGy were in batch A a.td in batch B; loins to receive 

1 kGy were in batch E. Table 5 shows the actual doses received by the 

meat cuts. 
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Table 5: Actual doses (kGy) received by meat cuts 

Dose (kGy) 
Loins Racks 

Animal 1 2 1 2 

1 0 7.5 0 7.5 
2 0 7.5 0 7.5 
3 2.9 5.6 0 5.6 
4 1.0 3.9 0 1.9 
5 2.9 7.5 0 5.6 
6 1.0 5.6 0 2.9 
7 1.9 7.5 0 3.9 

CONCLUSIONS 
1. The irradiation treatment was successfully carried out, and showed 

3 again (see earlier report ) that with adequate pre-planning the facility 
at Cooper's Animal Health can be used for research, in this case at dose 
levels close to the limit in the Codex General Standard for Irradiated 
Foods. 
2. The average doses received were within 7% of those intended at the 
outset, and the dose distribution was found to be such that an acceptable 
1.4 was achieved in the maximum to minimum dose ratio. 
3. Systems ofVjsimetry utilising solutions in 10 mL glass vials remain 
unsatisfactory. In this project special difficulties were encountered 
in accurate location of the vials in the ice-water slurry, and the deve
lopment of small, solid dosemeters suitable for dose distribution work 
would be a great advance. 
4. It is not easy to cover a range of doses with a single concentration 
of the eerie sulphate dosemeter. Given the small optical density changes 
recorded at the lower doses,and the difficulties in vial placement, the 
dosemeter performed creditably. However, greater percentage changes must 
be aimed at wherever possible. 
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5. Keeping the meat in ice during the lengthy irradiations (up to eight 

hours for the highest dose) proved less of a problem than originally 

thought. The fear of a spillage of ice-water in the irradiation cell 

was a constant worry, however. 

6. The appendix shows that a distinct flavour change ascribed to the 

radiation treatment was perceptible to a trained taste panel, even with 

a dose as low as 1 kGy. The panel was not asked to judge the accepta

bility of the meat. However, the taste pvin#l results are important in 

relation to findings overseas that vacuum-packed chilled beef did not 

have a distinct irradiation flavour at 1 kGy. Clearly, any proposal to 

incorporate an irradiation treatment as part of a process to extend the 

shelf-life of vacuum-packed lamb will have to consider the acceptability 

of the treatment even at the lowesx likely dose level. 
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APPENDIX 

The following is a summary of a short report from the Sensory Evaluation 
Group of the Meat Industry Research Institute of New Zealand, entitled 
"Effect of Irradiation on the Flavours of Chilled Lamb". 

The meat was minced with 25% w:w fatty tissue and cooked by a 
4 standard MIRINZ method. Meat given 6 and 8 kGy had a distinct off-odour 

when raw and extremely strong distinctive flavours induced by the 
radiation treatment when cooked. Cooked meat from animals 1, 2 and 3 
was used to selt-t and train a panel on irradiation flavours. The meat, 
either unirradiated or given 6 or 8 kGy (nominal dose) was given to the 
panel on several days until they were accustomed to their taste. 

In the'blind" taste trial each panel member tasted all samples from 
animals 4 to 7 inclusive, except for samples that had received the two 
highest doses. They scored for an intensity of irradiation flavour on a 
scale of 0-100, where "0" represented unirradiated meat and "100" 
represented meat given 8 kGy. The results are in the following table. 

Table: Mean taste panel scores for irradiated lamb 
Dose (kGy) Mean panel score 

0 8 
1.0 16 
1.9 35 
2.9 29 
3,9 28 

MIRINZ staff consider that the lack of a progressive increase in 
score with increasing dose reflects the short training period and lack of 
experience in the panel. However, distinct irradiation flavours were 
apparent at all dose levels including 1.0 kGy. The panelists found a 



clear flavour difference between the 0 and 1.0 kGy samples, and considered 
that the difference was a distinct irradiation flavour. 

MIRINZ staff conclude that it is unequivocably clear that a dose of 
1.0 kGy or greater causes a perceptible flavour change in vacuum-packaged, 
chilled lamb. 

It is important to note that this trial asked a trained panel 
whether it could detect an irradiation flavour in meat prepared in a 
particular manner. The panel were not asked to adjudicate on the accep
tability of the irradiated meat, nor was the trial designed to give 
information on what would happen if other preparation and cooking methods, 
perhaps more appropriate to the normal domestic situation, had been 
employed. 
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ABSORBED DOSES (kGy) TO FRICKE DOSEMETERS. 
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FIGURE 6 

A E = Positions of viols on front and rear face 
B D = Outer edges of meat package. 
C = Centre of meat package. 

Position. A B C D E 
Relative Dose* 1 0-94 0-72 0-57 0-53 

Calculated from /d, \ exp ( - 0- 027 [d, - d 2 ] ) ft) 


