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The a ssa y  o f  conjugable oxidation  p roducts app lied  to lip id  
deterioration  in  stored  foods

L. J . PARR a n d  P. A. T. S WOBODA

Summary
A new analytical procedure, determining oxidation products of polyenoic 
fatty acids, is applied to both fresh and stored foods and fats. The extent of 
deterioration of the extracted lipid is measured by changes in the ultra­
violet spectrum resulting from the chemical reaction steps of the assay—the 
results are compared with the traditional peroxide value. In the assay not only 
hydroperoxides of polyenoic fatty acids but also hydroxy and carbonyl com­
pounds derived from them, yield ‘conjugable oxidation products’ which are 
measured together and expressed as the ‘C.O.P. value’. At the same time an 
‘oxodiene value’ independently determines the unsaturated carbonyl com­
pounds. Another feature of the assay is that is distinguishes between the oxida­
tion products derived from dienoic fatty acids and those of more highly un­
saturated polyenoic fatty acids and this is measured by the ‘C.O.P. ratio’.

For possible greater convenience in quality control, a quicker procedure 
is also described in which only the final spectrum derived from the conjugable 
oxidation products is measured.

Introduction
The extent of lipid oxidation in a foodstuff is often the dominant factor in determining 
its palatability. The polyenoic fatty acids not only oxidize the fastest but also yield the 
volatile scission products which, as off-flavours, limit acceptability. We now report the 
application of a new analytical procedure (Fishwick & Swoboda, 1976) which specifi­
cally assays certain oxidation products of polyenoic fatty acids, to monitor the extent of 
lipid oxidation in stored foods. Chromophoric groups are assayed in the ultraviolet 
by the change in absorbance resulting from their formation or disappearance due to 
the chemical reaction steps of the analytical procedure. A simplified version of the 
method is also described which only measures gross absorbance and is much quicker 
to perform. For rapid quality control it may, indeed, prove more useful than the full 
procedure.

A uthors’ address: A R C  Food R esearch Institu te, Colney Lane, N orw ich N R 4 7UA.
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2 L. J .  Parr and P. T . A . Swoboda
In the assay, hydroperoxides of polyenoic fatty acids as well as hydroxy and carbonyl 

compounds derived from them, are converted by the two chemical reaction steps, first 
reduction and then dehydration, into more conjugated chromophores. The assay is, 
therefore, described as that of conjugable oxidation products (abbreviated to GOP 
assay). It distinguishes between the oxidation of dienoic fatty acids (e.g. linoleate) and 
that of the more highly polyunsaturated acids (e.g. linolenate, arachidonate, and the five 
and six double bond polyenoates). The former yield a conjugated triene chromophore 
whereas the latter form a conjugated tetraene chromaphore (viz. Fig. 2) as a result of 
the final dehydration step of the analytical procedure. The first step of the analytical 
procedure, reduction by sodium borohydride, results in the disappearance of the 
characteristic ultraviolet absorbance of the carbonyl compounds of oxidized polyenoic 
fatty acids, more correctly described as oxodienes. The decrease in absorbance at 
275 nm as a result of the reduction step is defined as the ‘oxodiene value’.

Changes in absorbance at 268 and 301 nm during the dehydration step measure the 
formation of conjugated triene and tetraene chromophores, respectively. The sum of 
the absorbance increase at these two wavelengths is defined as the conjugable oxidation 
product value (abbreviated to ‘COP value’). The relative proportion of tetraene to 
triene products is measured by the ratio of the absorbance change at the two wave­
lengths (termed the ‘COP ratio’). Whereas the ratio is dimensionless, all other numerical 
values resulting from the COP assay are expressed in units of absorbance for a 1% 
w/v lipid solution measured in a 1-cm cell.

Although the hydroperoxides of polyenoic fatty acids (and indeed the hydroxydienes) 
have an absorption maximum around 230 nm, measurement at such wavelength is not 
so definitive as the background spectrum required for correction is uncertain. Measure­
ment at this shorter wavelength, although often used in laboratory investigations of 
the oxidation of lipids, is not so applicable to oxidized foodstuffs. Measurements at the 
longer wavelengths used in the COP assay are less susceptible to error and yield more 
information.

The traditional peroxide value method (British Standard, 1958), the iodmetric 
assay of peroxides, does not distinguish between types of unsaturated fatty acid under­
going oxidation, neither does it give any information about secondary products which 
are derived from further reaction of the first formed hydroperoxides. Hydroxydiene 
and oxodiene groups do not liberate iodine in the assay, whereas hydroperoxides and 
peroxides do so whether derived from monoenoic or polyunsaturated fatty acids.

In this paper we report the results of the application of these assay methods to lipids 
from a variety of foodstuffs before and after further storage and to some commercial 
vegetable oils and food grade lecithins before and after oxidation at elevated tempera­
tures.

Whereas oils and fats can be assayed directly, the lipids of foods have first to be 
extracted. The soxhlet extraction procedure with petroleum or diethyl ether although 
a recommended method for triglyceride content (Statutory Instruments, 1968;
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A.O.A.C., 1970), does not efficiently extract polar lipids. This selectivity could be even 
more adversely affected by the polarity of oxidized unsaturated fatty acids. In the 
present investigation, therefore, it was deemed necessary to use an extraction procedure 
which had been well characterized for the efficient extraction of polar and oxidized 
lipids. A suitable modification of the rapid, cold extraction method of Bligh & Dyer 
(1959) using polar solvents was chosen since it provides a quantitative, representative 
and unchanged lipid sample. The efficiency of such procedures has been evaluated by 
Ambrose & Knobl (1966); Atkinson et al. (1972), whilst Smith (1969) and Winter 
(1963) have reviewed rapid methods for estimation of total fat.

Experimental
Materials

The foodstuffs listed in Table 1 were purchased from commercial outlets. The 
lecithins (from egg and soya-bean) were samples of food grade materials used in the 
confectionary trade. In some cases the foods were subjected to further storage (under 
conditions which allowed access of air whilst preventing loss or gain of water) at the 
storage temperature indicated in Table 1. Vegetable oils and mixtures with lecithin 
were oxidized at 100°C, the temperature often employed for accelerated stability tests. 
All chemical reagents and solvents used were of A.R. quality.
Extraction of lipid from the foods

The method of Bligh & Dyer (1959) was modified so that the disintegration, mixing 
and phasing could be carried out quickly and routinely at room or lower temperature 
in one vessel, using a high speed top drive homogenizer (M.S.E., Crawley, Sussex). 
Mixtures of chloroform, methanol and water, including that present in the material, 
are used to produce, initially, monophasic extracting conditions and, finally, a biphasic 
system with the lipid in the chloroform phase. The solvent composition, by volume, 
which initially is 1 : 2 : 0-8 chloroform, methanol and water becomes 2 : 2 : T8 in the 
final biphasic system.

The procedure for a given foodstuff of known approximate water content was as 
follows.

Sufficient weight was taken (into a 500-ml centrifuge cup) with one volume of 
chloroform plus two volumes of methanol and, if necessary, distilled water was added to 
achieve the stated solvent composition. The mixture was homogenized at room tempera­
ture for 2 min after which a further one volume of chloroform was added and homo­
genized for a further 30 sec ; one volume of distilled water was then added and blending 
continued for another 30 sec. The mixture was next centrifuged to assist separation 
into three layers : the upper being mainly water and methanol, the middle being that of 
the tissue or sample residue plus some occluded chloroform and the lower layer being a 
clear chloroform solution containing a representative fraction of the extracted lipid.
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T a b l e  1 . T h e  analytical results obtained for the range of com m odities investigated

L. J .  Parr and P . A . T . Swoboda

C O P  assay
Item Com m odity Storage Peroxide

value O xcdiene
value

C O P
value

GO P
ratioT im e T em p.

1 M argarine as purchased Nil Nil 0-5 0-10
2 Pastry mix as purchased Nil C-3 0-5 0-06
3 Salad cream as purchased 1-2 0-2 2-3 0-01
4 Peanuts (roasted) as purchased Nil C-2 4-5 0-02
5 Soup pow der as purchased 2-4 C-2 1-0 0-40
6 M argarine 120 d 25°G 31-4 C-3 11-9 0-14
7 Pastry mix 147 d 25°C 2-0 C-5 1-9 0-18
8 Salad cream 110 d 25=G 51-0 C-8 23-0 0-05
9 Peanuts (roasted) 112 d 25°G 17-3 C-3 10-3 0-02

10 Soup pow der 113 d 25CC 2-3 C-3 1-0 0-20
11 H erring  slices + as purchased 9-9 0-2 3-6 2-0
12 K ipper fillets + as purchased 4-2 Nil 2-0 1-9
13 H erring  slices + 130 d -  18°C, 42-6 C-8 14-0 2 -5
14 K ip per fillets + 130 d — 18CC 21-3 C-2 8-9 2 -9
15 Pota to  crisps (1) 84 d room 1-3 C-8 2-6 0-14
16 Potato  crisps (2) 84 d room 1-0 C-8 2-9 0-09
17 Flour * _ room 0-2 2-2 21-5 0-10
18 Potato pow der * _ room 3-5 e-3 29-5 0-35
19 Pota to  pow der * _ room 8-0 2-0 5-2 0-70
20 Pork m ince + * _ — 18°C 5-0 Nil 1-5 0-28
21 L ecithin * _ room 15-0 1-2 17-2 0-17
22 Sunflower oil as purchased 4 -9 0-6 5-1 0-05
23 G rou ndnu t oil as purchased 2-2 0-3 1-9 0-07
24 W heat germ  oil as purchased 4-8 0-5 3-3 0-05
25 Sunflower oil 8 h r 100°C 212-6 1-2 77-5 0-05
26 G rou ndnu t oil 47 hr 100’G 149-2 0-9 24-3 0-12
27 W heat germ  oil 8 h r 100JC 130-0 1-8 50-7 0-06
28 W heat germ  oil 9 hr io o t : 207-0 1-8 77-6 0-05
29 L ecithin (egg) t as purchased 1 0-3 2-2 0-60
30 L ecithin (soya) as purchased Nil 0 -4 8-8 0-19
31 L ecithin (soya) t as purchased 1 0-1 8-8 0-24
32 Lecith in (egg) t 16 h r 100°C 4 8-0 12-3 0-55
33 Lecith in (soya) 145 hr 100=G Nil 2-6 13-7 0-31
34 Lecith in (soya) + 94 hr 100°C 3 9 -4 19-1 0-47
35 Sunflower +  lecithin (1:1) 62 hr 100°C 2-8 3-2 13-3 0-22
36 G rou ndnu t +  lecithin (1:1)l 94 h r 100°C 1-5 3-3 8-8 0-12

+  , A frozen sample.
*, A p roduct o f poor quality.
j ,  Sam ples m ixed w ith inert m ethyl lau ra te  to reduce viscosity, results calculated on lecithin basis.
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For the present study, no attempt was made to effect a quantitative yield of lipid, 
although providing care is taken to avoid evaporation or spillage we found that accurate 
measurement of the volume of chloroform used sufficed to allow a calculation for lipid 
content. Most of the lower phase was easily aspirated into a stoppered flask from which 
aliquots were taken for (a) determination of lipid content (dried to constant weight 
under vacuum <10 mmHg at 50°G) and (b) experimental examination. Alterna­
tively, aliquots can be removed directly, through the upper layers, using an hypodermic 
syringe fitted with a long needle. Butylated hydroxytoluene (BHT), at the level of
0-02% of the lipid, was safely added to the chloroform solution after extraction, to 
ensure that no further oxidation took place when samples were freezer stored before 
analysis.

The extraction procedure can be applied to most materials, by adjusting the size of 
‘wet’ samples or by adding extra water to ‘dry ’materials, providing that the proportions 
given for chloroform, methanol and water are not altered. In this survey the lipid 
concentration in the final chloroform layer was never allowed to exceed 5% (w/v).

The assay of peroxides
The peroxide value (British Standard, 1958), which measures all substances liberating 

iodine from potassium iodide under the conditions of the test, was determined on all 
lipid samples. The deaeration procedure (method 2) was used with, however, a solvent 
composition of acetic acid: chloroform, 3: 2 by volume. Results, calculated as millilitres 
of 0-002 n  thiosulphate per gram of lipid, are therefore in units of ¡i moles of peroxide 
per gram.

The assay of conjugable oxidation products {COP assay)
(i) The procedure, based on that of Fishwick & Swoboda (1976), was as follows. A 

stock solution of the extracted lipid is prepared, and three equal aliquots of this solution 
are then used for measurement of absorbance in the ultraviolet after appropriate 
treatment. Thus, a known weight of lipid (about 0-25 g) was dissolved in a 5-0-ml 
volume of iso-octane: ethanol (1:1 by volume). One millilitre aliquots of this stock 
solution were transferred to each of three 25-0-ml stoppered volumetric flasks which 
were designated ‘O’, ‘R’ and ‘D’.

To Flask code ‘O’ (=  original), TO ml iso-propanol was added and the volume made 
up to 25-0 ml with ethanol.

To Flask code ‘R’ ( = reduced), TO ml of a filtered, saturated solution of sodium 
borohydride in iso-propanol* was added and held at 60°C for 30 min, then cooled and 
made up to 25-0 ml with ethanol.

* 1 g of solid sodium  borohydride was dispersed in 100 m l o f iso-propanol an d  freshly filtered before 
use to yield a  0-4% solution. T he suspension was stable for a t  least a  week in a  refrigerator.
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Flask code ‘D’ ( = dehydrated) was first treated as for flask ‘R’, and then before final 

dilution, 5-0 ml of a 20% (w/v) sulphuric acid solution in ethanol was added and the 
flask again held at 60° for 30 min. Finally, it was cooled and made up to 25-0 ml with 
ethanol.

The ultraviolet spectrum between 200 and 450 nm was recorded for solutions ‘O’, 
‘R’ and ‘D’ using a 1-0-cm cell against a reference cell containing ethanol (Fig 1). 
Before making measurements, the absorbance zero of the spectrophotometer was set 
with either air or ethanol in both cells. A Unicam S.P. 800 recording spectrophoto­
meter was used. However, a non-recording instrument would suffice for measurements 
of absorbance at the three specified wavelengths of 268, 275 and 301 nm.

F ig . 1. T h e  ultravio let spectra for the  solutions ‘O ’, ‘R ’ an d  ‘D ’, obtained using lipid 
from pota to  pow der, showing absorption differences for the ‘C O P  assay’.

If the absorbance of any solution was too great to measure, further quantitative 
dilutions, with ethanol, were prepared and the appropriate dilution factor included 
in the calculations. On a few occasions, particularly with lecithins, cloudiness was 
observed on making up to volume and was effectively cleared by centrifugation rather 
than filtration. Both dilution and centrifugation were shown to be sound procedures.

(it) The calculation of results from the measurement of absorbance at three wavelengths 
is based on the change of spectra resulting from the three treatments (Fig. 1).

The measurements required are the absorbance of solution ‘O’ at 275 nm (A 275°), 
the absorbance for solution ‘R’ at 268, 275 and 301 nm (A 268R, A 275R and Ag,,!11) and 
the absorbance for solution ‘D’ at 268 and 301 nm (A 268D and T 301D). The weight of 
lipid in grams (zv) taken for preparation of the 5-ml stock solution yields a final solu­
tion in the 25-ml volumetric coded flask of strength 0-8 x (w) per 100 ml, as the stock 
has been diluted twenty-five-fold. The results obtained from the COP assay are then 
calculated as follows.
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Oxodiene value = (T276°  — A 275R) -i-0-8w
COP value = { (^ 26 8D- ^ 2 6 811) + (^3oiD- ^ 3 oiR)}-0 -8 w.
COP ratio = {A 301D -  A 30 iR) (A 268D -  A 268R).

Both the oxodiene and COP values are thereby expressed in units of absorbance 
measured in a 1-cm cell for a 1% w/v lipid solution. The COP ratio, is, however 
dimensionless.

R esults and discussion
The ultraviolet spectra of the COP assay

Figure 1 shows the spectra of solutions ‘O’, ‘R’ and ‘D’ obtained on analysis of 
oxidized lipid extracted from old potato powder (item 18 of Table 1). This typical 
example illustrates the changes in absorbance at the three wavelengths. The decrease 
at 275 nm from the original (‘O’) to the reduced (‘R’) spectrum resulting from treat­
ment with sodium borohydride gives the ‘oxodiene value’. The product of the reduc­
tion results in an increase at 230 nm which is not used for purposes of the calculation. 
However, the fact that the ‘O’ and ‘R’ curves cross over is consistent with the chemical 
reactions taking place and confirms that absorbance differences are not due to cloudy 
solutions. The next step of the COP assay results in the reduced (‘R’) spectrum changing 
to the dehydrated (‘D’) spectrum because of the formation of conjugated chromophoric 
groups with absorption maxima at 268 and 301 nm, whilst that at 230 nm decreases. 
The sum of these absorbance changes at 268 and 301 nm yield the ‘COP value’ whilst 
their relative proportions define the ‘COP ratio’. For the calculation of results the 
concentration of the final lipid solution has to be taken into account for the oxodiene 
and COP values. The ‘COP ratio’ is, however, without dimension and ranges from a 
value of zero for pure conjugated triene to 2-8 for conjugated tetraene products 
(Fishwick & Swoboda, 1976).

Figure 2 illustrates more clearly the dissimilar spectra that are obtained for the ‘D’ 
solution depending on whether the oxidized lipid being analysed is mainly dienoic 
fatty acid (e.g. sunflower oil (item 25)), or more highly polyunsaturated (e.g. herring 
oil (item 13)). Whereas, in the COP assay of these two types of oil the same COP value 
could occur, indicating the extent of oxidation, a quite different COP ratio must exist. 
Since the spectrum of the ‘D’ solution is so characteristic of oxidation, a simplified 
and quicker assay was developed and will be described later in this paper.
Survey of the extent of lipid oxidation in foods

The choice of samples for this investigation was intended to provide examples in 
which autoxidation of the polyunsaturated lipids present, might be influenced by other 
food constituents. These constituents include both pro- and antioxidants, which can be 
present naturally or as additives or contaminants, and could influence the relative 
rates of formation and degradation of any oxidation product. Table 1 shows the analy­
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tical results obtained using the methods described on oils and on lipids extracted from 
the various foodstuffs, as purchased and after further storage.

Items 1 to 5 were examined immediately after purchase. The results on the extracted 
lipid show little correlation between peroxide value and COP assay at these low levels 
of oxidation, though the assay is more sensitive. Indeed, a measurable COP value was 
obtained for samples with a zero peroxide value (items 1, 2 and 4).

F ig . 2. T he  ultravio let spectra for the ‘D ’ solutions showing the  dissimilar A max absorp­
tion a t  the two wavelengths for oxidized lipids o f different fatty  acid composition.

Items 6 to 10 were results obtained for the above foods after further storage at 25°C 
and, except for item 10, show considerable increases in both the peroxide and COP 
values. The COP assay, however, also indicates both (a) a small increase in the oxo- 
diene value and (b) a low COP ratio since the oxidation is essentially of dienoic rather 
than more highly unsaturated fatty acids.

Items 11 to 14 were packaged frozen fish samples which were extracted for examina- 
tian of the lipids before and after further freezer storage ( — 18°C) to provide evidence 
of oxidation in a system containing highly unsaturated lipids. Again, both the peroxide 
value and COP value adequately demonstrate oxidative changes. However, the COP 
ratios are high, indicating the predominant oxidation of the polyunsaturated fish lipids 
which contain fatty acids with more than two double bonds.

Items 15 to 21 were foods or food materials which were known to have been held in 
prolonged storage and might not have been of acceptable quality. For some of these, in 
contrast to stored items 6 to 10, the COP value numerically exceeds the peroxide value. 
Moreover, in the potato powder and flour, which contain low levels of lipid, there was 
a significant contribution from the oxodiene value. Under conditions of prolonged 
storage, therefore, there can be a considerable breakdown of the first formed hydro­
peroxides into secondary oxidation products which are also measured in the COP assay.
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Items 22 to 28 were samples of vegetable oils which were analysed fresh and after 
accelerated storage at 100°C to give very high levels of oxidation. Nevertheless, the 
conditions of oxidation are such that peroxides accumulate and there is no excessive 
decomposition to, for example, oxodienes. In the case of oxidized groundnut oil the 
peroxide value is numerically six times the COP value, whereas, for wheat germ and 
sunflower oils the comparative figure is just less than three-fold. These results emphasize 
the much greater contribution of monoenoic fatty acid oxidation to the peroxide value 
of groundnut oil; whereas, only oxidation products of polyenoic fatty acids are deter­
mined in the COP assay. The analytical results, therefore, reflect the difference in the 
fatty acid composition of the oils. However, for all three oils the fresh samples exhibit 
peroxide and COP values which are of comparable magnitude. Thus, there must be, 
as in the case of fresh food samples (cf. items 1 to 5), a contribution to the COP value 
from non-peroxidic oxidation products.

Items 29 to 34 were samples of lecithins and were, like the oils, analysed fresh and 
after accelerated storage at 100°C. Although a significant increase in the COP value and 
a dramatic increase in the oxodiene value results from the prolonged exposure of the 
lecithins to elevated temperature, the peroxide value changes only slightly. The 
relationship between the increases in peroxide and COP values for the lecithins is thus 
in contrast to that observed for the vegetable oils. Dilution of soyabean lecithin with 
inert methyl laurate produces a less viscous sample which oxidized more, in a shorter 
time, but does not appreciably alter the proportions of products.

Items 35 and 36 were mixtures of lecithin and vegetable oils and when oxidized at 
100°C showed again a negligible increase of peroxide though exposed to the elevated 
temperature eight times as long as were the oils alone (items 25 and 26). Thus, the 
lecithin exhibits considerable antioxidant properties in preventing peroxide accumula­
tion in this system. However, the COP assay does show changes similar to that observed 
of lecithin alone, particularly in the accumulation of oxodiene.

The relationship between peroxide value and COP value for most of the items 
analysed are illustrated in Fig. 3. Both axes are plotted on a logarithmic scale showing 
all experimental values which were greater than one. Both the peroxide value and the 
COP value, in our experience, have the same level of numerical significance. Values 
greater than unity can be determined precisely, those below unity are less reproducible.

A yield line has also been drawn in Fig. 3 defining the arbitrary relationship: peroxide 
value equivalent to twice the COP value. This empirical conversion factor is based on 
the results of Fish wick & Swoboda (1976) for pure peroxides of polyenoic fatty acid 
esters. Samples containing appreciable amounts of monoene peroxides would of course 
yield a lower COP value, whereas the presence of secondary oxidation products would 
increase the COP value..

The items plotted in Fig. 3 lie scattered above or just below the yield line. All the 
other results (items 1, 2, 4, 17, 29, 30, 31, 33) with values less than one for either assay, 
and which are not plotted, also lie above the line. The considerable scatter of results
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above the yield indicate that for foodstuffs appreciable secondary oxidation products of 
polyenoic fatty acids contribute to the determined GOP value, which are not measured 
by the peroxide value. Only a considerable contribution of monoenoic fatty acid 
oxidation would greatly depress the experimental result below the line, and this is 
probably the case with oxidized groundnut oil (item 26).

A sim plified assay (Quick COP)
The absorbance of the ‘D’ solution measured at 268 and 301 nm (.d268r) and -d301D), 
or just one of these wavelenghs where appropriate, is by itself an indication of the 
extent of oxidation of the lipid sample being assayed. For quality control the advantage 
of simplicity possibly outweighs the lack of background correction arising through 
not subtracting the absorbance of the reduced (‘R’) spectrum. To achieve this more 
simple measurement a quick procedure was devised for performing the two reaction 
steps of reduction and dehydration of the COP assay. The procedure was as follows. 
Approximately 50 mg of lipid was weighed accurately into a small reaction vessel 
fitted with a reflux condenser. Five millilitres of iso-octane : ethanol (1:1 by volume) 
was added to effect solution. One millilitre of a filtered, saturated solution of sodium 
borohydride in iso-propanol* was then added and the mixture allowed to reflux for

* 1 g o f solid sodium  borohydride was dispersed in  100 m l of isopropanol an d  freshly filtered before 
use to yield a  0-4% solution. T h e  suspension was stable for a t  least a  week in  a  refrigerator.
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5 min; 5-0 ml of a 20% sulphuric acid solution in ethanol (w:v) was carefully added 
through the condenser and reflux was continued for a further 5 min. Finally, the 
reaction mixture was cooled and made to 25-0 ml with ethanol. The absorbance of 
this solution was measured at the chosen wavelengths of 268 and/or 301 nm against a 
reference cell containing ethanol. The results were then calculated, using the weight of 
sample taken and the final volume of the solution in terms of the specific absorbance 
(i.e. absorbance for a 1% lipid solution in 1-cm cell).

T able 2. C om parison o f the specific absorbance (1%  1 cm) o f ‘D ’ 
solutions p repa red  by th e  two procedures

L ipid
Full C O P Q uick C O P

268 nm 301 nm 268 nm 301 nm

G ro u n dnu t oil 8 -9 1-0 8 -9 0-7
M argarine 11-5 1-8 13-0 2 -5
Salad cream 30-3 2-1 31-9 2 -4
H erring  oil 
G ro u n dnu t oil and

2-1 3-2 2-0 2 -9

lecithin (1:1) 
Sunflower oil and

11-7 5-2 10-7 4 -6

lecithin (1:1) 13-6 3-8 13-1 3-6
L ecithin 13-2 4-5 13-1 4-9

Results obtained on lipids from seven samples of diverse degrees of oxidation, com­
paring the absorbance measured for ‘D’ solutions prepared by both the full and quicker 
versions of the COP assay, are shown in Table 2. It can be seen from the table that the 
results are comparable whether the reaction steps are carried out in two periods of 
30 min at 60° C or for 5 min each under reflux. However, shorter periods of reflux for 
only 2 min resulted in considerably lower figures. The choice between the full or the 
quicker procedure is a matter of convenience. The results are in terms of absorbance 
and measure not only the contribution of oxidation products yielding conjugated 
chromophoric groups under conditions of the assay, but also include the contribution 
of pre-existing chromophores in the lipid sample. The latter, however, are corrected 
for in the determination of the COP value by the full procedure since in this the absor­
bance of the ‘R’ solution is subtracted. Again, depending on the fatty acid composition 
of the sample that is being routinely monitored, sufficient information may be obtained 
by measurement at either 268 or 301 nm rather than both. Thus specifications for 
quality control can result from the measurement of the absorbance of only one solution 
at one wavelength after a relatively quick reaction procedure.
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A  p o rk  s lu rry  syste m  fo r stu d y in g in h ib ition  o f C l o s t r i d i u m
b o t u l i n u m  by  cu rin g  sa lts

A N N E T T E  C. R H O D E S  a n d  B. JA R V IS

Sum m ary
A meat slurry system is described for studying the effects of curing agents on 
growth and toxin production by Clostridium botulinum. In developing the system 
a prime objective was good reproducibility for pre-selected levels of salt 
(NaCl), sodium nitrite, fat and pH value. This objective was achieved and 
large numbers of replicate samples were prepared and dispensed with a 
minimum of technological equipment. Results obtained in the system are com­
pared with those obtained using pork mince packed into bottles (Ashworth, 
Hargreaves & Jarvis, 1973). Results of preliminary studies show little effect of 
varying the severity of thermal processes on the inhibitory action of sodium 
nitrite in the presence of sodium chloride, but some variation in inhibition 
was observed with different batches of meat used to prepare the slurries.

Introduction
Pasteurized canned cured meat products have an excellent record of microbiological 
safety and stability. The reasons for this stability are not fully understood but it is 
believed to depend on many complex interactions in the product (Spencer, 1966; 
Roberts & Ingram, 1973). The levels of salt (sodium chloride), sodium nitrite and 
spores in the meat, the degree of thermal processing and the temperature of post­
process storage are all believed to play a major role in ensuring stability.

Although based on traditional practices, the use of curing salts, such as sodium 
nitrite and sodium nitrate, is limited by legislation in many countries. At the present 
time, the permitted level for use of nitrite is under review because of its implication as 
a precursor of nitrosamines in cured meat and fish products. Furthermore, there is a 
trend towards the use of lower levels of salt to satisfy changes in consumer preferences.

I t should not be assumed that any equipment, materials or chemicals specifically named in this report 
are the only items available, or necessarily the most suitable items on the market, for the purpose 
described.

Authors’ address: Microbiology Dept, Leatherhead Food R.A., Randalls Road, Leatherhead, Surrey 
K T 22 7RY.
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For these reasons it is essential to evaluate the various complex interactions which 
occur in cured meat products so that a potential hazard from nitrosamines is not 
replaced by a very real hazard from botulism.

During the past few years many studies of the role of sodium nitrite have been made 
with in vitro laboratory media systems (Perigo, Whiting & Bashford, 1967; Johnston, 
Pivnick & Samson, 1969; Johnston & Loynes, 1971; Roberts & Ingram, 1973; Ash­
worth et al., 1974b). Although these studies have given some guidance to the inter­
actions which may occur in cured meats, direct comparison of results in meat and 
media systems do not always give comparable results (Ashworth, Hargreaves & Jarvis, 
1973; Ashworth et al., 1974a).

Because of the inherent variability of cured meat products, multifactorial experiments 
with inoculated packs can become difficult to control in the laboratory. Extensive 
chemical analysis must be undertaken, because of the inter- and intra-sample variation, 
and even small variations may have a significant effect on the results obtained in 
microbiological studies. Inoculation studies on commercial packs of cured meat, such 
as those made by Christiansen et al. (1973), are limited also by the general availability 
of processing facilities suitable for use with Cl. botulinum. In our earlier studies using 
pork mince (Ashworth et al., 1973) constraints on the number of parameters and 
replicates which could be tested in any one experiment included the difficulty of packing 
the mince into bottles, and problems of nonhomogeneous distribution of the various 
additives in the mince.

For these reasons we considered it desirable to develop a meat-based system which 
could be used for multifactorial laboratory studies and in which various parameters 
could be closely controlled. It was considered essential that the system should resemble 
as closely as possible a typical commercial heat-processed cured meat. This paper 
describes such a system and gives examples of comparability with the pork mince system 
used previously (Ashworth et al., 1973).

E xperim ental
Meat slurry system

The meat slurry consisted of a blend of equal parts by weight of minced pork and a 
brine containing appropriate quantities of the required additives, at an appropriate 
pH value.

Preparation of the meat. Commercial prime pork shoulder was trimmed of skin, fat 
and connective tissue and cut into small pieces. It was twice minced through the
4-mm plate of a Hobart Mixer/Mincer (KP 470). The minced meat was stored at 
— 32°C as pre-weighed 500 g-2 kg aliquots. The trimmed fat was minced and stored 
similarly in 100-g aliquots. Samples of the meat were analysed for fat and water content.

Preparation of the additives. From the original analysis of the meat the quantity of salt 
necessary to give a prerequisite salt-on-water level in the final slurry was calculated.
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Similar calculations were made for other additives (e.g. nitrite, polyphosphate, ascor­
bate, etc.). After dissolving the additives in filter-sterilized distilled water, the pH value 
of the solution was adjusted as required (see Results).

Preparation of the slurry. The minced pork was allowed to thaw for 18 hr at 15°G and 
additional minced pork fat was mixed in by hand, if required. The solution of curing 
salts was added to the minced meat, or meat plus fat, in a bottom-drive Hobart homo- 
genizer and blended for 30 sec. Small quantities of slurry were prepared using the blender 
attachment to the Kenwood Chef Food Mixer.

Preparation of the spore inocula. Spores of proteolytic strains of Cl. botulinum Type 
A (NCTC 7272, NCTC 62A, NCTC 3806) and Type B (NCTC 7273, NCTC 3807, 
NCTC 13982) were prepared in the Trypticase Peptone Thioglycollate medium 
of Schmidt & Nank (1960). Spores of Cl. sporogenes were prepared by the National 
Canners Association Research Laboratories (1968) method. Spores were harvested by 
centrifugation, washed in sterile distilled water at pH 7 and stored at 4°C as concen­
trated suspensions. The spore suspensions were diluted in sterile distilled water to the 
level required for inoculation. Aliquots of the working suspensions were heat shocked 
for 10 min at 70°C and were enumerated using Miles & Misra (1938) counts on Blood 
Agar Base (Oxoid) containing 5% v/v defibrinated horse blood (Wellcome Labora­
tories, Beckenham). Plates were incubated for three days at 30°C in BTL anaerobe 
jars in an atmosphere of 95% hydrogen: 5% carbon dioxide (British Oxygen Ltd), 
using Gas-Pak room temperature catalysts (BBL Ltd).

Filling and inoculation of the slurries. The slurries were filled into 1-oz Universal bottles 
and sealed with metal screw caps having a central hole of 4 mm diameter and fitted 
with new, thoroughly cleaned, rubber liners. Bottles were filled using an Albro single 
head vacuum-operated filler. The bottle caps were coded using a water-insoluble 
marking ink.

Spore suspensions (0-5 ml/bottle) were inoculated into the centre of the meat using a 
sterile 1-ml repeating syringe. Before inoculation the rubber septum was swabbed with 
70% v/v alcohol and, after inoculation, with 4% Chloros solution (ICI Ltd).

Heat treatment. Bottles of slurry were processed by total immersion in a specially 
constructed waterbath (Plate 1) consisting of a lagged hot water reservoir (R), a 
circulating pump and a heating bath (B) which had two chambers fitted with a weir 
overflow (W) for return of water to the reservoir. Water was heated by two 2 kW 
immersion heaters controlled through an ILPC thermoregulator (Leatherhead Food
R.A.) to give temperature control within +0T°C of the required temperature. 
Water entered the bath through a series of jets along the bottom of each heating cham­
ber and returned to the reservoir under gravity.

Total immersion of bottles of slurry in the bath at 80°C raised the centre temperature 
from ambient to 70°C in 7 min. To obtain a longer process, bottles were transferred to 
a bath at 70°C and held for an appropriate time period. On removal from the bath, 
bottles were allowed to cool for 1 hr at room temperature and then at 4°C for up to

„‘o m in i  m u t i s m '



6 hr to reduce the temperature of the cooked slurry to below the intended incubation 
temperature.

Incubation of slurry and assessment of spoilage. Bottles were incubated in sealed metal 
trays at temperatures within the range 15 to 37°G. The frequency of examination of 
samples for overt spoilage varied according to incubation temperature: every two days 
at 30°C and above; every fourteen days at 15°C. In some experiments bottles were 
removed and tested for botulinal toxin only when evidence was obtained for overt 
spoilage; in other experiments a number of replicate bottles was removed at predeter­
mined intervals. Overt spoilage was detected by a colour change and by granulation of 
the meat plug, which was accompanied by breakdown and cloudiness of the ‘jelly’ 
(Plate 2). Formation of gas within the bottles sometimes produced obvious distension 
of the rubber septum. At the lower temperatures of incubation spoilage was sometimes 
difficult to detect since little colour change occurred and only minor ‘cracking’ could be 
observed in the meat plug. In all experiments non-inoculated control samples were 
incubated concurrently. On termination of incubation, all remaining samples were 
tested for toxin even in the absence of overt spoilage.
Pork mince system

The pork mince system described previously by Ashworth et al. (1973) was used in 
limited comparative studies with Cl. botulinum and Cl. sporogenes. Full comparisons 
were not possible because of the handling problems associated with packing large 
numbers of bottles of minced meat.
Analytical methods

Chemical analyses. Raw meat samples and bottles of non-inoculated pork slurry and 
of pork mince, were analysed for salt, moisture and fat by the British Standards Institu­
tion (1970) methods. Nitrite was determined by the Ashworth & Spencer (1972) 
modification of the method of Schall & Hatcher (1968). The pH values of the pork, 
the salts solutions used in preparation of the slurries and the heated and unheated 
slurries were determined electrometrically using a Radiometer pH meter (Model 29) 
fitted with a glass spear electrode (GK231 lc), or a Pye pH meter (Model 290) with a 
combined glass electrode (401 E07).

Bacteriological analysis. Colony counts on Horse Blood agar were made before and 
after heating the pork slurry by the method of Miles & Misra (1938). Dilutions were 
prepared in a quarter strength Ringer solution containing 0T% w/v Peptone (Oxoid). 
Plates were incubated aerobically, or in an atmosphere of 95% hydrogen: 5% carbon 
dioxide with a Gas-Pak catalyst (BBL Ltd), for three days at 30°C.

Toxicity tests. Gas pressure was released from the bottles of meat slurry in a pathologi­
cal cabinet; the meat plug and/or liquor was decanted, macerated with gelatin phos­
phate buffer (GPB), pH 6-5 (Lewis & Angelotti, 1964), centrifuged for 25 min at 1200 g 
and stored at — 20°C until tested. Botulinal toxin was detected by injection of 0-4 ml

1 6  A n n e tte  C . R h o d es  a n d  B .  J a r v i s
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P l a t e  1. Specially constructed waterbath for processing bottles of meat slurry. W ater is 
heated in the reservoir (R) and is pumped to the heating bath (B) where water enters 
through a series of jets along the bottom of each chamber. Water returns to the reservoir 
over a weir (W) which runs along the centre of the bath.
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of a suitable dilution of the supernatant in GPB into each of a pair of 18-20 g female 
Swiss white mice. The mice were observed for typical symptons of botulism over a 
period of three days. Toxin titres were determined by serial dilution of the sample in 
GPB. Confirmation of toxin was made by mouse protection tests using either polyvalent 
antitoxin (State Serum Institute, Copenhagen) or monovalent antitoxins types A to E 
(Institute Pasteur, Paris).

R esu lts and d iscu ssion
Chemical analyses on the slurries

The relationships between calculated and analysed values for salt-on-water and 
sodium nitrite in slurry are illustrated in Fig. 1. These analyses were made immediately 
after mixing the slurries, so that reaction between sodium nitrite and the meat consti­
tuents was minimal. Results of chemical analyses obtained in a number of experiments,

NaN02 (mg kg-1) input
i_____i_____ i_____ i_____ i_____i

1 2  3 4 5% w/v NaCt. input
F i g . 1 . Chemical analysis of meat slurries immediately after preparation. Meat slurries 
were prepared (see Methods) to contain various levels of sodium chloride (O ; % w/v) 
and sodium nitrite ( ¿\ ; mg kg-1) and were analysed immediately after filling into 1-oz 
bottles. In each case, the values are the means of three replicate analyses ; the regression 
coefficients for the lines are both greater than 0-98.

summarized in Table 1, show good reproducibility between experiments. As expected, 
the analysable quantities of sodium nitrite are somewhat reduced after processing, 
although probably to a lesser extent than that which wculd be achieved in a large 
(i.e. 6 lb) canned pasteurized ham.
2
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T a b l e  1. Analytical data on several batches of meat slurry

Parameter Target level No. of experiments Mean (and range) determined

Salt-on-water ( % ) 1 - 8 2 1 -6 5  ( 1 - 5 6 - 1 - 7 3 )

3 - 5 4 3 -4 4  ( 3 - 4 0 - 3 - 4 8 )

Sodium nitrite
(mg k g -1) 40 4 2 8 -7  ( 2 0 - 4 5 ) *

f 6 6 0 -7  ( 3 1 - 8 4 ) *

\ 2 7 2 -0  ( 7 1 - 7 3 ) * *

1 2 5 4 7 5 -0  ( 6 3 - 9 2 ) *

1 7^ / 6 1 3 2 - 7  ( 7 5 - 1 7 0 ) *

l 2 14 9  ( 1 4 6 - 1 5 1 ) * *

2 2 5 4 1 2 9 - 5  ( 8 8 - 1 6 1 ) *

*300 / 6 2 0 1 - 1  ( 1 1 8 - 2 9 0 ) *

l 2 2 4 0 -0  ( 2 3 4 -2 4 6 ) * *

pH  value 6 -0 6 5 -9 0  ( 5 -8 5  —5 - 9 5 ) t

6 -2 0  ( 6 -1 3  —6 - 2 7 ) f t

* Processed for P 8o°c =  0-65; analysed immediately.
** Processed for P 80°c =  12-65; analysed after 48 hr hold at 4°C iRoberts. Jarvis & Rhodes, 

1976).
f  Pre-process value, 
f f  Post-process value.

It was not possible to preset the pH value of the slurry without undertaking pre­
liminary experiments with each batch of meat, portions of which were slurried with 
brine solutions adjusted to various pH values. Recorded pH levels in a number of 
experimental batches of slurry are presented in Table 1; in most cases the observed 
value was within 0-1 pH unit of the required level. It is noteworthy that the post­
process pH value of most batches of slurry tested was some 0-2-0-3 pH units higher 
than the pre-process value. Monitoring of the pH value during storage of non-inocula- 
ted slurry showed a further initial increase of about 0-3 pH units, with subsequent 
stabilization of pH. The difficulty in presetting the pH value of the slurry is considered 
to be due to the complex buffering capacity of the meat, which varies markedly from 
batch to batch.
Microbiological changes during processing

Experience has shown that preparation, dispensing, inoculation and heat treatment 
of the slurries in large experiments (1000-2000 bottles) can conveniently be divided 
between two days. Growth of contaminating micro-organisms occurs to a limited 
extent during thawing of the deep frozen minced meat and during subsequent handling 
procedures. In one typical experiment, storage of the bottles of slurry for 36 hr at 4°G,
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before inoculation and heating, resulted in aerobic and anaerobic bacterial counts of 
about 2 x 108 colony forming units (c.f.u.) g_1; after heating, these counts were reduced 
to 9 x 103 and < 10 c.f.u. g_1, respectively. Samples which had been stored for a similar 
time period at — 32°G had aerobic and anaerobic counts, before heating, of 9 x 104 and 
2 x 104 c.f.u. g-1 respectively and< 10 c.f.u. g_1 after heating. Although the pre-heat 
counts were high in refrigerated non-inoculated samples, there was no evidence of 
overt spoilage at the time of processing. Even in experiments with very low inocula of 
Cl. botulinum spores (1-5 per bottle), spoilage in the heated inoculated slurries always 
occurred before spoilage in heated non-inoculated controls.

The spore inocula were injected as suspensions in a minimal volume of water; pro­
vided that it was adequately mixed into the slurry no significant localized effects on the 
salt-on-water level would occur, but compensation for the inoculum volume could be 
made when formulating the slurry. Recovery of Cl. botulinum spores from jelly and sec­
tioned meat plugs (obtained by carefully breaking and removing the bottles) showed 
good distribution of spores. Localized pockets of high spore numbers or of low salt or 
nitrite are therefore unlikely to occur in the bottles of heated slurry.
Inhibition of Cl. botulinum by sodium nitrite

Comparability of pork slurry and pork mince systems. Previous studies on production of a 
Perigo-type inhibitor in pasteurized minced pork (Ashworth et al., 1973) showed that 
Cl. sporogenes was more readily inhibited by heated nitrite than by unheated nitrite, but 
that the inhibitory level varied considerably from one experiment to another. Similar 
observations have been made with Cl. sporogenes inoculated into a meat slurry system 
(J. Ashworth & B. Jarvis, unpublished). Retrospective comparison of results from a 
number of experiments with both Cl. botulinum and Cl. sporogenes (Table 2) in pork mince 
and in the pork slurry system shows a slight difference, which is not statistically signifi-

T a b l e  2. Comparison of inhibitory levels of sodium nitrite in pork mince and in pork slurry

ED 100* sodium nitrite (mg kg-1) after incubation for fifteen days in

Organism Temp. (°C) Pork mince Pork slurry

No. expts Mean (and range) No. expts Mean (and range)

Cl. sporogenes 
Cl. botulinum

37 10 325 (150-600) 7 436 (300-600)

Types A and B 25/30 4 200 (150-250) 10 223 (175-300)

* ED 100 is defined as the lowest concentration of sodium nitrite which inhibits growth and/or toxin 
production in all replicates tested (Ashworth et at., 1973).
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cant (P>0-05), in the levels of nitrite which prevented growth. In one series of direct 
comparisons, no differences were seen between the two meat systems; it is possible, 
therefore, that the overall differences shown in Table 2 may reflect variation associated 
with the use of different batches of meat.

That such variation can occur in the slurry system is demonstrated in Table 3. Over 
a six-month storage period, the overall occurrence of toxin (at all nitrite levels) was

T able 3. Effect of inter-batch variation in the meat on nitrite inhibition of toxin production 
by Clostridium botulinum in meat slurry at pH 6 • 0 and 3 • 5% sait on water

Sodium nitrite
(mg kg” 1)

No. samples toxic/no. tested

At 15°C At 25 °C
TotalA* B* C* A* B* G*

75 7/15 13/15 12/15 15/15 15/15 15/15 77/90
125 4/15 8/15 6/15 14/15 13/15 11/15 56/90
175 5/15 9/15 4/15 7/15 12/15 11/15 48/90
225 2/15 5/15 2/15 9/15 11/15 4/15 33/90
300 0/15 1/15 2/15 4/15 5/15 2/15 14/90

Total 18/75 36/75 26/75 49/75 56/75 43/75 228/450
80/225 148/225

*A, B, G refer to three separate batches of pork tested simultaneously.
Total toxic replicates for meat batch A = 67/150 (44-7% ); total toxic replicates for meat 

batch B = 92/150 (61 -3% ); total toxic replicates for meat batch 0  =  69/150 (46-0%).

45, 61 and 46% for three different batches of meat, all of which had been treated 
identically. Since the three meat systems had all been prepared and processed con­
currently it is more likely that the differences reflect inherent properties of the meats 
used than variations in the specific levels of nitrite, salt, or process parameters (cf. 
Ashworth & Spencer, 1972). However, such variations could confound the effects of 
differences between meat samples. The results show also the overall reduction in 
occurrence of toxic samples with increasing initial nitrite levels (86% contained toxin 
at 75 mg kg-1 sodium nitrite cf. 16% at 300 mg k g '1 sodium nitrite), and an increase 
in toxic samples with increasing storage temperatures (35.6% contained toxin at 15°C 
cf. 65-8% at 25CC). A more detailed investigation of interaction of storage temperature 
with initial nitrite levels in the slurry system have been reported elsewhere (Roberts, 
Jarvis & Rhodes 1976).

Effects of thermal process. The extent of the heat treatment received by the bottles of 
slurry was evaluated by recording the temperature profile at the centre of the slurry
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during the heating, holding and cooling periods using thermocouples. Process values 
were calculated by the method of Shapton, Lovelock & Laurito-Longo (1971) at a 
reference temperature of 80°C (Pgo°c values). Raising the centre temperature of the 
slurry to 70°C by immersion of the bottles for 7 min in an 80°C water bath and then 
allowing the bottles to cool to ambient temperature gave a total process equivalent to 
Pao- c = 0-65. By transferring the heated bottles to a water bath at 70°C for various time 
periods process values of up to P 80»c = 12-65 were achieved. Calculated on the same 
basis, the centres of large packs of commercial pasteurized hams receive processes 
varying from P 80oc = 3 to 7-5 (G. G. Evans, personal communication).

An experiment to assess the effect of thermal process was set up at three nitrite levels 
(75, 175 and 300 mg kg-1), one salt level (3-5% salt on water) and using one batch of 
meat (7-5% fat); the replicate bottles were processed at either P 8O°c = 0-65 or P 80°c =
12-65 and were subsequently incubated at either 15 or 25°C. Five replicate bottles 
from each treatment were withdrawn at fixed time intervals up to three months (ninety 
days) and were examined for evidence of overt spoilage and for botulinal toxin. The 
results, expressed as time in days to toxin production at either temperature (Table 4),

T able 4. Effects of thermal process and nitrite level on time for Cl. botulinum toxin production in meat
slurry stored at 15 and 25°C

Inidal nitrite 
level (mg kg"1)

Thermal process 
value PQ0°c (min)

Time (days) to detection of toxin in replicates stored at

25°C 15°C

One or more All 
replicates

replicates One or more 
replicates

All replicates

75 0-65 8 8 32 >90
12-65 8 8 62 >90

175 0-65 8 15 62 >90
12-65 15 15 62 >90

300 0-65 81 >90 >90 >90
12-65 81 >90 >90 >90

demonstrate little difference with the two thermal processes. Similar results were 
obtained with respect to spoilage although the replicates given the higher heat process 
(P8Qoc = 12-65) tended to spoil slightly more slowly than did those given the lower 
process. Since the higher process would have been expected to reduce significantly the 
incidence of toxicity more detailed investigations of the effects of thermal processes are 
now being undertaken.
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C onclusions

The meat slurry system provides a simple and convenient method of assessing the 
interactions which occur in heated cured meat systems. The results of inhibition studies 
described are used merely to illustrate the applications of the slurry system. Many more 
detailed investigations have been undertaken, some of which have been reported already 
(Roberts, Jarvis & Rhodes, 1976).

A potential disadvantage of the slurry system is that the water content is somewhat 
higher than would be observed in a normal commercial cooked cured meat. Compari­
son of results in the slurry system with those in pork mince confirms our belief that the 
high water content does not invalidate the use of the system. Recent experiments using 
a slurry prepared from four or five parts of minced meat to one part of brine solution 
have shown that it is possible to prepare such a slurry system which very closely simu­
lates the physical and chemical characteristics of a pumped or ‘tumbled’ ham. How­
ever, the many problems of handling so thick a slurry reduces its appeal for large-scale 
laboratory experiments.

The studies undertaken to date have been restricted to those using spores of Cl. 
botulinum and Cl. sporogenes as inoculum. There is no obvious reason why the slurry system 
could not be used in studies with other organisms (e.g. faecal streptococci; Bacillus spp.) 
which are known to survive the pasteurization process commonly given to cured meats 
(Ingram, 1969).
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In h ib itio n  o f  C l o s t r i d i u m  b o t u l i n u m  by  cu rin g  sa lts  in  
pasteurized  p o rk  s lu rry

T . A. R O B E R T S ,*  B. J A R V IS f  a n d  A N N E T T E  C. R H O D E S !

Sum m ary
The interaction of sodium chloride (salt), sodium nitrite and storage tempera­
ture on toxin production and spoilage by Clostridium botulinum was studied in 
meat slurry at pH 6-0. Over six months storage greatest inhibition at 1-8% 
or 3-5% salt (on water phase) was observed at 15°C with less at 17,5°C. 
Little inhibition occurred at these salt concentrations even in the presence of 
300 mg kg-1 sodium nitrite at 20, 22-5 and 25°C. A pronounced salt-nitrite­
time interaction was observed at the lower incubation temperatures. The level 
of the spore inoculum ( 101, IO3 or 105) only affected the extent of spoilage or 
toxicity at 15°C. Toxin formation without overt spoilage was obtained 
occasionally, especially at 15°C.

Introduction
Pasteurized cured meats contain viable bacterial spores which normally fail to grow in 
the product. This inability to grow is the result of the interaction of several factors, 
including pH value and the concentrations of sodium chloride and sodium nitrite 
(Riemann, 1963). Bacterial cells are more readily inhibited by salt and nitrite at 
temperatures near the minimum for growth, and storage temperature would be 
expected to play an important part in the stability of pasteurized cured meats. In 
reviewing the relevant literature, Spencer (1966) showed that heating, within the 
range F o = 0T to 1-0, has a supplementary effect, and that systems inhibitory when 
inoculated with 1-10 spores per gram fail when challenged with numbers 100 to 1000 
times larger.

Some of the nitrite in cured meats is converted into nitrosomyoglobin, which gives 
the characteristic pink colour, and nitrite is essential for the characteristic flavour 
which distinguishes ham and bacon from salt pork, but both these functions require 
less nitrite than is required to guarantee bacterial stability and safety from botulism 
(Ingram, 1974, 1975).

Authors’ addessses: *M eat Research Institute, Langford, Bristol BS18 7DY, and tLcatherhead Food 
Research Association, Randalls Road, Leatherhead, Surrey KT22 7RY.
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With the commoner use of highly sensitive gas-liquid chromatographic and mass 
spectrometric analytical methods, low molecular weight nitrosamines have occasionally 
been detected in cured meats at the //g kg-1 (ppb) level. These substances are carcino­
genic for laboratory animals when administered in relatively large (mg kg-1 or ppm) 
doses and at such levels must be regarded as potentially carcinogenic for man. The 
dose-effect relationship for man is unknown and it is not clear whether repeated low 
doses might have a cumulative effect (see Krol & Tinbergen, 1974). Nitrosamines are 
formed by the reaction of nitrite with secondary and tertiary amines, and it would seem 
logical to examine first whether a reduction in the levels of nitrite would lead to a 
corresponding reduction in the levels of nitrosamines. However, reducing the levels of 
nitrite would also reduce the stability of the product with respect to bacterial growth, 
and might also increase the likelihood of supporting the growth of Clostridium botulinum. 
Cl botulinum appears to be more common in pork than in lamb or beef, and must be 
expected to occur from time to time in pork products, although normally the number 
of spores per gram will be very low.

Such considerations emphasize the need for a fuller understanding of the factors 
interacting to inhibit the growth of bacteria, particularly Cl. botulinum, in pasteurized 
cured meats. The logical extension of the early work on the inhibitory effects of curing 
salts reviewed by Spencer (1966) and a relatively small statistically-based factorial 
experiment described by Riemann (1963) was an attempt to devise a model system to 
portray the interaction of three factors, which could be expressed in mathematical 
terms. This has been largely achieved in a laboratory medium by varying the pH value 
and the concentrations of sodium chloride and sodium nitrite (unheated) against vegeta­
tive forms ofC7. botulinum types A, B, E and F (Roberts & Ingram, 1973), and the philo­
sophy has been discussed (Roberts, 1974). When heated in certain laboratory media, 
nitrite becomes more inhibitory to Clostridium spp. (Perigo, Whiting & Bashford, 1967; 
Perigo & Roberts, 1968), but the relevance of these observations to meat is in doubt, 
since the addition of as little as 1 % meat to culture medium in which the nitrite inhibitor 
had been formed neutralized its activity (Johnson, Pivnick & Samson, 1969). However, 
Ashworth & Spencer (1972) showed that if the nitrite was added to minced whole pork 
before, rather than after, heating through a sterilization process, half as much residual 
nitrite (at the time of inoculation) sufficed to inhibit Cl. sporogenes. Although this was 
taken to indicate a ‘Perigo’ nitrite inhibitor, higher input levels were required when 
nitrite was heated in the pork than when it was unheated. Subsquently, Ashworth, 
Hargreaves & Jarvis (1973) demonstrated the production of a Perigo-tvpe effect in 
pasteurized whole minced meat; this effect was evident in terms of both input nitrite 
and residual nitrite levels. Pivnick & Chang (1974) detected anti-bacterial activity in 
commercially formulated luncheon meat when no free nitrite remained, and inter­
preted this as indicating the presence of an inhibitor derived from the original nitrite.

Investigators are faced with the problem of trying to determine the minimum 
effective concentration of nitrite knowing that its effects are modified by pH value,
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sodium chloride and incubation temperature. The precise relationship of results 
obtained in laboratory media to those obtained in pork is not known, and it seems 
desirable to attempt to define further these interactions in a meat medium. At the same 
time the range of pork products to which these observations apply is wide and their 
formulations vary. It is clear from completed studies (Greenberg, 1972) that the pro­
perties of pasteurized cured meats which are inhibitory to bacterial spores are heavily 
dependent upon nitrite concentration, and that nitrite cannot be totally omitted, or 
substantially reduced, without compensation, e.g. by increasing the salt content thereby 
reducing the water activity of the product.

The purpose of this study was to attempt to define the inter-relationships between 
salt, nitrite and incubation temperature against growth and toxin production by 
Cl. botulinum spores in a meat system at a single pH value. A major problem in investiga­
tions involving many variables is the difficulty in handling sufficient replicates in any 
one laboratory. Hence this investigation was planned as a joint exercise between two 
laboratories: the Meat Research Institute (MRI) and the Leatherhead Food R.A. 
(LFRA). Preliminary experiments demonstrated the desirability of preparing the meat 
slurries in one laboratory and of using a common mixed spore preparation.

M aterials and m eth od s
Organisms

Three strains each of Cl. botulinum type A and B were used: type A, NCTC 3806, 
NCTC 7272 and 62A and type B, NCTC 3807, NCTC 7273 and NCTC 13982 (all 
proteolytic strains).
Sporulation media

Spores were prepared in Trypticase-peptone-thioglycollate medium (Schmidt & 
Nank, 1960) or a similar medium comprising (% w/v) Trypticase (BBL), 5; Bacto- 
peptone, 0-5; yeast extract (‘Oxoid’), 0-2; glucose, 0 4  and cysteine hydrochloride, 
0-05, harvested by centrifugation and stored at 1-4°C for at least a month.
Preparation of spore inoculum

Numbers of spores in each crop were determined by colony counts on Blood Agar 
Base (‘Oxoid’) containing 5% (w/v) defibrinated horse blood (Wellcome Reagents Ltd, 
Beckenham) (HBA) and incubated in 95% H 2 + 5% C 0 2 or in Reinforced Clostridial 
Agar (‘Oxoid’) containing 0-1% (w/v) sodium hydrogen carbonate added to the 
molten agar at 45°C as a filter sterilized 10% (w/v) solution, incubated in 100% H 2 
in BTL anaerobic jars containing a room temperature catalyst (‘Deoxo’ pellets; 
Engelhard Industries Ltd, Cinderford, Glos.; or Gas Pak Catalyst, BBL).

Equal numbers of spores of each of the six strains of Cl. botulinum were mixed in 
sterile water, and the stock mixture was retained for both experiments described. In
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experiment A, the spore inoculum was not heated but in experiment B spores were 
heated at 60°C for 90 min before inoculating the slurries.
Preparation of slurry

The preparation of the pork slurry is described by Rhodes & Jarvis (1976). Aerobic 
and anaerobic bacterial counts (30°G/three days) were made on KBA on both unheated 
and heated slurry by the method of Miles & Misra (1938). Decimal dilutions were 
made in quarter strength Ringer’s solution containing 0-1% (w/v) peptone (‘Oxoid’), 
and anaerobic counts were made after incubation in 95% H s + 5% C 0 2.
Chemical analyses

Uninoculated bottles of meat slurry were analysed chemically in both laboratories 
both before and after the heat process. Salt, moisture and fat concentrations were 
determined by the British Standards Institution (1970) methods fcr analysis of meat 
products. Nitrite was determined by a modification of the Schall & Hatcher (1968) 
method as described by Ashworth & Spencer (1972) (LFRA) or by the official method 
of the Society of Analytical Chemistry (1974) (MRI).

The pH values of the meat, the salts solution used to prepare the slurry, and the 
heated and unheated slurry were determined electrometrically using a Radiometer pH 
meter (model 29; Radiometer, Copenhagen, Denmark) with a glass spear electrode 
(NK 2311C).
Toxin tests

The clarified supernatant from each sample was diluted 1 : 5 in gelatin-phosphate 
buffer (pH 6-5; Lewis & Angelotti, 1964) and was tested for botulinal toxin by intra- 
peritoneal (i.p.) injection of 0-4 ml(LFRA) or 0-5 ml (MRI) into each of a pair of 18- 
20 g female Swiss white mice. The mice were observed for typical symptoms of botulism 
for three days. Toxin was confirmed by neutralization tests in mice using either 
polyvalent antitoxin (State Serum Institute, Copenhagen, Denmark) or monovalent 
antitoxin types A and B (Institut Pasteur, Paris, France).
Experimental plan

The factors investigated were NaCI, NaN O a, incubation temperature and inoculum 
level. Details, including replication, are shown in Table 1.

The meat slurry system of Rhodes & Jarvis (1976) was used throughout employing 
pork shoulder carefully de-fatted by hand before chopping and mincing. For each 
combination of salt and nitrite a 7 kg batch of slurry was prepared at pH 6-0. This was 
dispensed into 1 fl. oz Universal bottles, a total of 240 bottles each containing 25 g 
being prepared from each batch of slurry. After filling, the bottles were divided into two 
groups for inoculation, heating and incubation. One group was tested at the LFRA 
anc the other was transported and tested at the MRI. To restrict microbial growth



S a l t  a n d  n itr ite  in h ib itio n  o f  C l. bo tu lin u m . I I 2 9

T a b l e  1. Concentrations of sodium chloride, sodium nitrite, spore inoculum levels, incubation tempera­
tures and replication

NaCl (% w/v) 
(on water)

N aN O , 
(mg kg“1) Expt Inoculum

(spores/bottle) Incubation temperature (°C)

o © o en 15 17-5 20 22-5 25
A + * + + + +

40 20M | 20M
1-8 75 20F 20F

125
3-5 175

225 B + + - j - + + +  +
20F 1 OF 10F
10M 10M 1DM 10M

* All combinations of the concentrations of sodium chloride and sodium nitrite listed were tested at 
the inoculum levels and incubation temperatures shown as + . 

f  Replicates per lab.: M, M R I; F, LFRA.

during transportation, bottles of slurry were chilled to 4°C in the first experiment (A) 
or frozen at — 32°C in the second experiment (B). Inoculation and heat processing 
was carried out concurrently in the two laboratories. The bottles of slurry were equili­
brated to ambient temperature, inoculated with 101, 103 or 103 spores per bottle (see 
Table 1) and were then heated in a water bath at 80°C for 7 min which permitted 
the centre temperature of the meat slurry to rise to 70°C (see Rhodes & Jarvis 1976) 
and gave a calculated process value T8o°c of 0-65 (Shapton, Lovelock & Laurita-Longo, 
1971). After heating, the bottles were cooled for 30-60 min at room temperature and 
then for 2-6 h at 4°C. Ten or twenty replicate bottles per salt and nitrite combination 
per laboratory were incubated at 15, 17-5, 20, 22-5 or 25°G (see Table 1). Uninoculated 
bottles were incubated concurrently as spoilage controls. Bottles were examined at 
weekly intervals for four weeks and then every second week for a total period of six 
months. Bottles showing evidence of spoilage were removed; the liqucr was decanted, 
centrifuged for 25 min at 1200 x g and stored at -  20°C until tested for toxin. After six 
months incubation all apparently unspoiled samples were tested for toxin.

R esu lts
The analytical data for both experiments are given in Table 2 from which it can be 
seen that there was good agreement between the two laboratories for the analyses of 
fat, moisture and NaCl. There were larger differences in the analyses of N aN 0 2, but 
this is known to be a less reproducible assay, and the differences were acceptable in 
almost every case. Table 3 and 4 give in full the toxicity results for both experiments.
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At a given temperature of incubation the most inhibitory combination of NaCl and 
NaNOz was tested first for the presence of toxin. If all, or a high proportion, of the 
replicates tested were toxic, it was assumed that a high proportion of replicates con­
taining less inhibitory combinations of NaCl and NaNOa would also be toxic and 
therefore fewer were tested. Hence, for example, in Table 3 at 1-8% NaCl, 300 mg kg-1 
NaNOa and an inoculation level of 103 spores per bottle, eighteen replicates spoiled 
during incubation at 25°C; all twenty replicates were tested for toxin and fourteen of 
these contained toxin. This explains why a lower number of replicates were tested at 
lower concentrations of NaNOa. Considering further Table 3, T8% NaCl, even with 
300 mg kg-1 N aN 02, failed to prevent toxin formation at 25 or 20°C. At 15°C only one 
replicate was toxic and there was some inhibition of toxin production by 225 mg kg-1 
NaNOa. Most replicates were toxic at 175 mg kg-1 NaNOa. Considering next 3-5% 
NaCl in Table 3, most replicates tested at the highest concentration of NaNOa used 
were toxic at 25°C. At 20°, 225 mg kg-1 NaNOa failed to prevent toxin formation but 
at 15°C no toxin was produced with 103 spores per bottle if 125 mg kg-1 NaNOa or 
more was present. There was little difference in the number of replicates which became 
toxic after inoculation with 103 or 105 spores.

F ig . 1. The effect of sodium nitrite and storage temperature on toxin production by 
Clostridium botulinum in a meat slurry at pH  6-0, containing T8% w/v salt (on water phase) 
over a six-month storage period (data from Expt B, both inoculum levels summated). The 
presence of a block indicates the production of botulinal toxin at the concentrations of 
sodium chloride and sodium nitrite indicated after incubation at the stated temperature to 
spoilage, or up to six months in its absence. The height of the column of blocks shows the 
percentage of bottles toxic, which number is shown on the top of each column. The total 
number at each nitrite concentration and incubation temperature was twenty or forty (see 
Table 4).

3
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F ig . 2. The effect of sodium nitrite and storage temperature on toxin production by 
Clostridium botulinum in a meat slurry at pH  6 0, containing 3-5% w/v salt (on water phase) 
over a six-month storage period (data from Expt B, both inoculum levels summated). 
The presence of a block indicates the production of botulinal toxin at the concentrations 
of sodium chloride and sodium nitrite indicated after incubation at the stated temperature 
to spoilage, or up to six months in its absence. The height of the column of blocks shows 
the percentage of bottles toxic, which number is shown on the top of each column. The 
total number a t each nitrite concentration and incubation temperature was twenty or 
forty (see Table 4).

In view of the common production of toxin at 20°C, and its frequent absence at 
15°C, 17-5°C was included as an intermediate incubation temperature in the second 
experiment. Data are presented in Table 4. In the presence of T8% NaCl and up to 
300 mg kg-1 NaN O 2 almost every replicate tested after spoilage at 25, 22-5, 20 or 17-5°C 
contained toxin. Even at 15°C toxin production was commonplace, though fewer 
replicates were toxic at the higher concentrations of NaN O a. Considering 3-5% NaCl, 
the percentage spoilage at 25, 22-5 and 20°C was high, and almost every replicate 
tested contained toxin. Incubation at 17-5°C reduced spoilage but most of those 
replicates which had spoiled contained toxin. Similarly at 15°C spoilage was reduced 
at the high concentrations of NaNOa, but was almost complete at 40 and 75 mg kg-1 
NaNOz. Most of those replicates which had spoiled were toxic, but occasionally an 
unspoiled replicate was found to contain toxin.

For the sake of completeness Table 5 lists the time to spoilage for the first bottle in 
any group of replicates for each of the combinations of NaCl and NaNOa used. At all 
temperatures increasing concentrations of NaNO 2 increased the time to spoilage, and 
this effect was greater at the lowest temperatures of incubation. The results obtained
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%  Spoi

F ig . 3. The effect of nitrite concentration and time to spoilage by Clostridium botulinum in 
a meat slurry, pH  6-0, containing 3-5% salt (on water phase) when stored at 20°C (data 
from Expt B, both inoculum levels summated). The presence of a block represents visible 
spoilage at the concentrations of sodium chloride and sodium nitrite shown after incuba­
tion at the temperature indicated for the number of days stated. The percentage of 
bottles showing spoilage is represented by the height of the column and is shown on the 
top of each column.

in the two laboratories were essentially similar for any one incubation temperature, 
although slight differences were occasionally noted, probably reflecting the subjective 
nature of spoilage assessment. It is possible that some ‘spoiled’ samples may have 
been removed from storage before significant levels of toxin had been produced. The 
pasteurization treatment reduced the number of viable bacteria in Experiment A 
from c. 10 8/g to c. 104/g. The same batch of pork was held frozen for Experiment B and 
tne count on the slurry was only c. 105/g, and was reduced by pasteurization to < 10/g. 
On no occasion was spoilage observed in an uninoculated bottle of meat slurry prior to 
spoilage of all samples under test.

The incidence of both spoilage and toxicity differed with the inoculum level only in 
replicates incubated at 15°C. In T8% w/v NaCl (in Experiment A) 45% oflowinoculum 
and 81% of high inoculum replicates tested contained toxin and in Experiment B 40% 
and 69% respectively. At 3-5% w/v NaCl toxin was formed in 13% and 12% samples 
(Experiment A) and in 20% and 35% (Experiment B) respectively.

The overall pattern of the interaction of nitrite and incubation temperature for 
Experiment B is illustrated in Fig. 1 (1-8% w/v NaCl) and Fig. 2 (3-5% w/v NaCl) for 
replicates incubated for six months. Since the inoculum level had little effect on the 
number of replicates becoming toxic results for both levels have been summed. The



S a l t  a n d  n itr ite  in h ib itio n  o f  C l. bo tu lin u m . I I 3 7

F i g . 4 .  The effect of nitrite concentration and time to spoilage by Clostridium botulinum in 
a meaty slurry, pH  6 0 containing 3-50,0 salt (on water phase) when stored at 15°C (data 
from Expt B, both inoculum levels summated). The presence cf a block represents visible 
spoilage at the concentrations of sodium chloride and sodium nitrite shown after incuba­
tion at the temperature indicated for the number of days stated. The percentage of bottles 
showing spoilage is represented by the height of the column and is shown on the top of 
each column.

reduction in toxin production with increasing nitrite concentration is clearly seen at 
15°C in both Figs 1 and 2 and at 17-5 and 20°C in Fig. 2.

Figures 3 and 4 are drawn similarly, summing the results of the two inoculum levels 
in Experiment B and show clearly the reduction in spoilage with increasing nitrite 
concentration, the increase in spoilage with increasing incubation time, and, comparing 
Figs 3 and 4, the reduction in spoilage by reducing the incubation temperature from 
20 to 15°C. Little or no spoilage occurred in meat slurry containing 125 mg kg-1 
nitrite, at 15°C, but at 20°C significant spoilage occurred even at 300 mg kg-1 nitrite.

D iscu ssion
Recent demonstrations of traces of carcinogenic nitrosamines in cured meats, pre­
sumably through reaction of the nitrite used in curing with secondary and tertiary 
amines present in the meat, have led to suggestions to restrict severely, or even to 
forbid, the use of nitrite and of nitrate which may serve as its precursor (Status Report, 
1972). Such evidence has recently been reviewed (Krol & Tinbergen, 1974).

Besides providing the characteristic colour and flavour of cured meats, nitrite is 
believed to have important microbiological effects on both safety and stability. Botulism



3 8 T .  A .  R o b e r ts , B .  J a r v i s  a n d  A n n e tte  C . R h o d es

has been relatively common in home-cured pork where nitrite and/or nitrate are not 
used, or are used without adequate control (Sebald, 1970; Gonzalez & Guttierez, 1972), 
whereas no botulism has occurred from the huge amount of commercially cured meat 
where these salts are used under good control, although the presence of Cl. botulinum has 
been demonstrated (Abrahamsson & Riemann, 1971; Jarvis, Rhodes & Williams in 
preparation; Roberts & Smart, in preparation).

Attempts have been made to understand the microbiological action of nitrite, and to 
find a means of calculating how much nitrite is necessary in particular circumstances. 
Much of this work has been done in bacteriological media where a triple interaction 
between pH, NaCl and NaNOa has been demonstrated (Roberts & Ingram, 1973). 
Furthermore, growth of Cl. botulinum is known to be inhibited more readily at reduced 
incubation temperatures (Segner, Schmidt & Boltz, 1966). While, in principle, such 
information is likely to be generally applicable, differences are to be expected between 
inhibitory combinations of curing salts in bacteriological media and in meat. Current 
pressures to reduce nitrite levels make it important to try to determine the extent of 
these relationships in a meat system. The inhibitory combinations of salt and nitrite 
reported here were similar to those inhibiting a vegetative inoculum of Cl. botulinum at 
pH 6 in laboratory medium (Roberts & Ingram, 1973) and to levels at which a salt 
nitrite interaction was observed for mildly heated spores of Cl. botulinum type B ( Tarvis 
et a l ,  1976).

It was anticipated that the inoculum size would be an important factor, but it was 
shown only to affect the number of replicates which became toxic at 15°C. The simil­
arity in occurrence of toxin production in the two experiments is difficult to explain, 
since the high inoculum in Experiment B was the same as the low inoculum in Experi­
ment A.

Toxin was occasionally detected in samples which were not obviously spoiled, 
especially at 25°C. Although toxin production by the proteolytic strains of Cl. botulinum 
types A and B is usually accompanied by marked proteolysis, there have been occasional 
reports of toxin production without overt spoilage in salted meats with a brine concen­
tration of 6-25-7T2% (Greenberg, Silliker & Fatta, 1959) and in ham containing 
3-6-4-5% salt and 93-106 mg kg-1 residual nitrite (Pivnick & Barnett, 1965). The 
latter workers observed that toxin formation at suboptimal incubation temperatures 
(20-25°C) was less frequently associated with putrefaction than was toxin formation 
at 30°C. Hence, it is unwise to attempt to define bacteriological safety of cured meats 
in terms of data obtained solely from studies of spoilage.

The levels of nitrite required to inhibit toxin production in this investigation were 
somewhat higher than those observed previously in whole minced meat containing
3-5% NaCl (Ashworth et al., 1973), and than those reported by Christiansen et al. (1973) 
in pasteurized comminuted meat. Small variations in experimental methods may cause 
such differences, and also make it difficult to compare results from different laboratories. 
In this study the heat process used was lower than that which would be achieved at the
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centre of a large (over 16 lb) can of ham pasteurized to a centre temperature of 70°C, 
but nevertheless reflects the mildest heat treatment which spores might receive in a 
commercial pack. The heat treatment is not believed to be a highly significant factor 
since comparison of this low treatment (/W c = 0-65) with one more severe (P80°c = 12-6) 
than that commonly applied to large cans (P80°c = 3-7) had little effect on the level of 
nitrite required to inhibit toxin formation (Rhodes & Jarvis, 1976), although the 
more severe thermal process delayed the onset of spoilage and toxicity.

Further work remains to be done to determine the importance of pH value on the 
inhibitory levels of salt and nitrite, and whether other commonly used additives such 
as polyphosphate and ascorbate have any effect on toxin production by Cl. botulinum. 
This study, together with others already published, shows that nitrite plays an important 
role in inhibiting the growth of Cl. botulinum at suboptimal incubation temperatures.
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Sensitization  o f heat-dam aged spores o f C l o s t r i d i u m  b o t u l i n u m , 
type B  to sod iu m  ch loride and sod iu m  n itrite

B. J A R V IS , A N N E T T E  C. R H O D E S , SU SA N  E. K IN G *
and M. P A T E L

Sum m ary
Spores of Clostridium botulinum type B (NCTC 7273) were sensitized to the 
inhibitory action of 2-5% and 3-5% w/w NaCl by heating at 85, 90 or 95°C 
at pH 6-0 and pH 6-5. Spores heated at 70 or 80°C were not significantly 
sensitized to these concentrations of NaCl but they were sensitized to 4-5% 
and 5-5% NaCl. A significant salt-nitrite interaction was observed only at 
NaCl levels of 4-5% and above. Heat-shocked spores and spores heated 
through a T-D process’ at 70 or 95°C were more sensitive to nitrite heated 
in meat or in culture medium (121°/10 min) than to unheated nitrite added 
after heating. However, no differences in sensitivity to the heated nitrite 
(Perigo factor) were observed with spores heated at 70 and 95°C.

Introduction
Pasteurized canned cured meats occupy a unique position amongst canned foods since 
the thermal processes applied to such products would be grossly inadequate to ensure 
the safety and stability of other low-acid canned foods. It is believed that their stability 
results from the low incidence of clostridial spores and the interactions between the 
various curing agents and the heat process. Investigations by many workers have shown 
that salt (NaCl), nitrite, pH value and thermal process all interact to produce a system 
which is more inhibitory to spores than is any one factor alone (Roberts & Ingram, 
1973). A problem in assessing the effective levels of the various ingredients undoubtedly 
lies in the lack of quantitative data on the interactions. Roberts & Ingram (1966), 
Roberts, Gilbert & Ingram (1966) and Pivnick & Thacker (1970) have demonstrated 
that salt and nitrite inhibit germination and outgrowth of heat-damaged spores, but 
that the presence of these ingredients in the heating menstruum does not reduce the 
actual heat resistance of the organisms. This was subsequently confirmed by Ingram & 
Roberts (1971) who discussed the concept o f ‘apparent D values’ in assessing the effects 
of salt and nitrite as inhibitors of thermally-damaged spores.
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Most laboratory investigations on salt and nitrite have used unheated inorganic 
nitrite in the recovery medium. However, Perigo, Whiting & Bashford (1967) and 
Perigo & Roberts (1968) demonstrated that nitrite heated in a culture medium was a 
more potent inhibitor than was an equivalent concentration of unheated nitrite. These 
observations were subsequently confirmed and extended by ourselves (Ashworth 
et al., 1974a, b). The production of a ‘Perigo-type effect’ has been demonstrated also 
in a minced whole meat given a sterilization treatment (Ashworth & Spencer, 1972) or a 
pasteurization treatment (Ashworth, Hargreaves & Jarvis, 1973) and in a pasteurized 
meat slurry system (Rhodes & Jarvis, 1976).

Ingram & Roberts (1971) showed that spores of Clostridium botulinum which had been 
given a sublethal heat process at 95°G were more strongly inhibited by nitrite which 
had been heated in the recovery medium for 15 min at 115°C than by unheated nitrite. 
However, in a pasteurized meat system containing salt and nitrite, Ashworth et al. 
(1973) demonstrated that spores heated in the meat for up to 4 hr at 80°C were in­
hibited by a similar level of nitrite to that which was inhibitory for unheated spores 
inoculated into the meat after heating. These observations suggest that although spores 
heated at, say, 95°G are sensitized to the inhibitory action of salt and nitrite, spores 
heated at pasteurization temperatures (e.g. 70-80°C) might not be sensitized by heat 
to the inhibitory action of curing salts. Alternatively, the ‘Perigo-type factor’ produced 
in meat from heated nitrite might be an equally effective inhibitor against both heat- 
damaged and unheated spores (cf. Roberts & Smart, 1974).

The present investigation was undertaken to assess the extent to which thermal 
sensitization of spores to curing salts occurs over a range of temperatures such as are 
commonly encountered in meat processing and to investigate further the effects of 
heated nitrite on heat-damaged and unheated spores of Cl. botulinum.

M aterials and m eth od s
Preparation of spores

Spores of Clostridium botulinum type B (NGTG 7273) were prepared in the trypticase- 
peptone-thioglycollate medium of Schmidt & Nank (1960). The sporulation medium, 
inoculated with 1% (v/v) of an 18-hr culture in cooked meat broth (Southern Hospital 
Group Laboratories, London) was incubated at 30°C until a high proportion of cell- 
free phase-bright spores was observed microscopically (about seven days). Spores were 
harvested by centrifugation for 30 min at 22 000 x g  and 4°G and were washed four 
times in sterile distilled water. The washed spores were stored at 4°G as a concentrated 
suspension in sterile distilled water.
Preparation of spore ampoules

Heating menstruum. Twice-minced lean pork was homogenized with an equal volume 
of distilled water using a tubular sealed unit laboratory mixer (Silverson Ltd, London).
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T h e  s lu rry  w a s  c e n tr ifu g e d  fo r  3 0  m in  a t  22  0 0 0  x  g  a n d  th e  a q u e o u s  s u p e r n a ta n t  w a s  
d e c a n te d  a n d  h e a te d  fo r  10 m in  a t  7 0 °C  to  p r e c ip ita te  c o a g u la b le  p r o te in . T h e  su sp e n ­
s io n  w a s  f ilte red  th r o u g h  W h a tm a n  N o . 1 filter  p a p e r  (H . R e e v e  A n g e l  & G o. L td , 
L o n d o n ) a n d  w a s  d iv id e d  in to  th ree  p o r t io n s , th e  p H  v a lu e s  o f  w h ic h  w e r e  a d ju ste d  to
6-0 , 6-5  o r  7 -0 ; th e  e x tra c ts  w e r e  th e n  s te r il iz e d  b y  m e m b r a n e  filtra tio n .

Spore suspensions. T h e  sp o re  c o n c e n tr a te  w a s  c e n tr ifu g e d  for  3 0  m in  a t 22  0 0 0  x  g  a n d  
th e  p e lle t  w a s  e v e n ly  su sp e n d e d  in  a  s u ita b le  v o lu m e  o f  ster ile  m e a t  e x tr a c t  to  g iv e  a  
le v e l  o f  a b o u t  10® sp o res  m l- 1 . A liq u o ts  o f  0 -5  m l w e r e  p ip e t te d  a c c u r a te ly  in to  ster ile  
fr e e z e -d r y in g  a m p o u le s  b y  m e a n s  o f  a n  A g la  g la ss  m ic r o m e te r  sy r in g e  (B u rro u g h s  
W e llc o m e  L td , B e c k e n h a m ) a n d , a fter  s e a lin g , th e  a m p o u le s  w e r e  s to red  a t  4 ° C  u n til  
req u ired .

Experimental procedure
Media fo r  recovery o f  heated spores. P r e lim in a r y  e x p e r im e n ts  d e m o n str a te d  th a t  h ig h e s t  

re c o v e r y  o f  h e a t -d a m a g e d  sp o res  o f  Cl. botulinum w a s  o b ta in e d  o n  h o rse  b lo o d  a g a r  
(H B A ) c o n ta in in g  1%  (w /v )  so d iu m  b ic a r b o n a te . T h e  re c o v e r y  m e d ia  c o n ta in e d :  
b lo o d  a g a r  b a se  (O x o id ) ,  4 0  g ;  s o d iu m  b ic a r b o n a te , 10 g ;  d e f ib r in a te d  h o rse  b lo o d  
(W e llc o m e  R e a g e n ts  L td , B e c k e n h a m ), 5 0  m l;  N a C l,  5 , 2 5 , 3 5 , 4 5  o r  5 5  g ;  N a N O a, 0 , 
5 0 , 100  or 2 0 0  m g ;  d is t i lle d  w a te r  to  1 litr e ;  p H  6 -0 , 6 -5  o r  7-0.

T h e  b lo o d  a g a r  b a se  w a s  d is so lv ed  in  a  s u ita b le  v o lu m e  o f  d is t i lle d  w a te r . A fter  
s te r il iz a t io n , th e  a g a r  w a s  te m p e r e d  to  5 0 °C  a n d  a p p r o p r ia te  v o lu m e s  o f  h o rse  b lo o d  
a n d  o f  filte r -s te r il iz e d  so lu t io n s  o f  N a C l,  N a N O a a n d  N a H C O g  w e r e  a d d e d  a s e p tic a lly  
to  g iv e  th e  r e q u ir e d  c o n c e n tr a t io n s . T h e  p H  v a lu e  o f  th e  m e d iu m  w a s  a d ju sted  
a se p tic a lly  a n d  s ter ile  d is t i lle d  w a te r  w a s  a d d e d  as a p p r o p r ia te  to  s ta n d a r d iz e  th e  
v o lu m e  o f  m e d iu m . T w e n ty  m ill i litr e  q u a n t it ie s  w e r e  d isp e n se d  in  P etr i d ish e s  a n d  th e  
su rface  o f  th e  a g a r  w a s  d r ie d  for  3 h r  a t  3 7 °C  p r io r  to  in o c u la t io n .

Heat processing and estimation o f  surviving organisms. A m p o u le s  o f  in o c u la te d  m e a t  
e x tr a c t  w e r e  w e ig h te d  w ith  terry  c lip s  a n d  im m e r se d  c o m p le te ly  in  a  w a te r  b a th  a t  
7 0 , 8 0 , 85 . 9 0  o r  9 5 °G . D u p lic a te  a m p o u le s  w e r e  r e m o v e d  to  b eak ers  o f  ic e d  w a te r  a fter  
v a r io u s  t im e s  u p  to  4 8  h r . T h e  c o n te n t  (0 -5  m l) o f  e a c h  a m p o u le  w a s  d ilu te d  w ith
9-5  m l o f  s ter ile  d is t i lle d  w a te r  in  a  sq u a r e -b o tto m e d  U n iv e r s a l  b o tt le  (M S E  L td , 
L o n d o n ) a n d  th e  m ix tu r e  w a s  h o m o g e n iz e d  for 1 m in  a t  fu ll sp e e d  u s in g  th e  m ic r o ­
a t ta c h m e n t  o f  th e  M S E  to p  d r iv e  h o m o g e n iz e r  a n d  a n  ic e -w a te r  c o o lin g  b a th . T e n -fo ld  
ser ia l d ilu t io n s  w e r e  p r e p a r e d  in  ster ile  d is t i lle d  w a te r  a n d  d u p lic a te  d ro p s (0 -0 2  m l)  
o f  th e  d ilu t io n s  w e r e  p la te d  o n  e a c h  o f  tw o  p la te s  o f  e a c h  m e d iu m , w h ic h  c o n ta in e d  
a  d iffe r e n t  c o m b in a t io n  o f  N a C l a n d  N a N O a a t  th e  sa m e  p H  v a lu e  as th e  h e a t in g  
m e n str u u m . P la te s  w e r e  r a n d o m ly  d is tr ib u te d  to  d iffe r e n t  a n a e r o b e  ja r s  (B a ird  &  
T a t lo c k  L td , L o n d o n ) (to  m in im iz e  th e  p o ss ib le  e ffec ts  o f  p a r t ia l o r  to ta l fa ilu r e  o f  a n y  
o n e  a n a e r o b e  ja r )  a n d  w e r e  in c u b a te d  a t  3 0 °C  in  a n  a tm o sp h e r e  o f  h y d r o g e n . C o lo n ie s  
w e r e  c o u n te d  a fter  o n e , tw o  a n d  s ix  w eek s  in c u b a t io n ;  c n ly  o n  rare  o c c a s io n s  w a s  a n  
in cre a se  in  c o u n t  o b se r v e d  a fter  in c u b a t io n  for  m o re  th a n  se v e n  d a y s.
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Analysis o f  results. A p p a r e n t  d e c im a l r e d u c t io n  t im es  (D ' v a lu e s )  w e r e  d e te r m in e d  b y  

reg ress io n  a n a ly sis  u s in g  th e  m e th o d  o f  lea st sq u a res . D iffe r e n c e s  b e tw e e n  th e  s lo p es  
o f  th e  reg ress io n  lin es  o b ta in e d  a t a n y  o n e  h e a t in g  te m p e r a tu r e  w e r e  a n a ly se d  b y  T u k e y ’s 
m e th o d  o f  m u lt ip le  a n a ly sis  o f  v a r ia n c e  (G u e n th e r , 1 9 6 4 ).

A n  in d e x  for  se n s it iz a t io n  o f  sp ores to  N a C l o r  n itr ite  w a s  c a lc u la te d  b y  th e  fo l lo w in g  
m e t h o d :

f t  _ — C l
% se n s it iz a t io n  to  (e .g .)  3 -5 %  N a C l =  -05 -3-5 xlO O

k  0.5
w h e r e  C[)5 =  m e a n  c o lo n y  c o u n t  o n  m e d ia  c o n ta in in g  0 -5 %  N a C l a n d  C g 5 =  m e a n  
c c lo n y  c o u n t  on  m e d ia  c o n ta in in g  3 -5 %  N a C l,  a fter  h e a t in g  for t m in  a t a n y  o n e  
sp ec ific  te m p e r a tu r e .

Sensitivity o f  spores to heated nitrite
In culture media. N itr ite  ( 1 0 - 5 0  p p m ) w a s  h e a te d  in  th e  m e d iu m  o f  P e r ig o  et al. 

(1 9 6 7 ) for 10 m in  a t  1 2 1 °C , or  w a s  a d d e d  as f ilte r -s te r iliz e d  so lu tio n s  a t  le v e ls  o f  5 0 -  
150  p p m  to  m e d iu m  s te r iliz e d  w ith o u t  th e  a d d it io n  o f  n itr ite . F iv e  b o tt le s  o f  m e d iu m  
w ere  p r ep a red  a t  e a c h  n itr ite  le v e l  a n d  th ese  w ere  in o c u la te d  w ith  c. 1 0 00  sp o r e s /b o tt le .  
T h e  cu ltu res  w e r e  in c u b a te d  a t 2 5 °C  a n d  w ere  e x a m in e d  for e v id e n c e  o f  g r o w th  a t  d a ily  
in te r v a ls  for  u p  to  o n e  w e e k  a n d  th e n  a t  w e e k ly  in te r v a ls  for u p  to  te n  w eek s.

In a meat slurry system. M e a t  s lu rry  w a s p r ep a red  as d e sc r ib ed  b y  R h o d e s  & J a r v is
(1 9 7 6 ) a t  a  sa lt  (N a C l)  le v e l  o f  3 -5 %  (as sa lt  o n  w a te r ) . T h e  slu rry  iia d  a  fa t c o n te n t  o f
7 -5 %  a n d  a  p H  v a lu e  o f  6 -2 . S o d iu m  n itr ite  w a s  a d d e d  a t  in it ia l  lev e ls  o f  0 , 1 25 , 2 5 0 ,  
3 7 5  a n d  5 0 0  p p m  to  2 5  g  q u a n tit ie s  o f  th e  m e a t  s lu rry  in  1 o z  U n iv e r s a l b o tt le s  a n d  th e  
b c tt le s  w e r e  h e a te d  for  4  h r  a t  7 0 °C . A  series o f  c o n tr o l e x p e r im e n ts  w ere  p r e p a r e d  c o n ­
c u r r e n tly  in  w h ic h  f ilte r -s ter iliz ed  so lu tio n s  o f  n itr ite  w e r e  a d d e d  to  h e a te d  (4  h r  a t  
7 0 °C ) m e a t  slu rry . T h e  b o tt le s  w e r e  s to red  for 16 hr a t ro o m  te m p e r a tu r e  b e fo re  
in o c u la t io n  w ith  c. 8 0 0  sp o res  Cl. botulinum p e r  b o t t le  ( i.e . c. 3 0  sp o r e s /g  m e a t  s lu rry ). 
T h e  in o c u la te d  b o tt le s  w e r e  in c u b a te d  a t 2 5 °C  a n d  w ere  te s ted  for to x in  w h e n  e v id e n c e  
o f  s p o ila g e  w a s  o b se r v e d , or a fter  a  to ta l  in c u b a t io n  p e r io d  o f  ten  w eek s. T o x in  w a s  
d e te c te d  b y  in je c t in g  0 -4  m l o f  a  1 in  5 d ilu t io n  o f  th e  m e a t  in  g e la t in -p h o s p h a te  b u ffer  
(p H  6 -5 ) in to  1 8 -2 0  g  fe m a le  S w iss  w h ite  m ic e . B o tu lin a l to x in  w a s  c o n f ir m e d  b y  o b se r ­
v a t io n  o f  c l in ic a l sy m p to m s a n d  b y  a n tito x in  p r o te c t io n  tests o n  m ice .

Spore inocula. F o r  s tu d ies  o f  se n s it iv ity  to  h e a te d  n itr ite , sp o re  su sp e n sio n s  in  th e  
a q u e o u s  m e a t  e x tr a c t  a t p H  6 -0  w e r e  tr e a te d  as fo llo w s: h e a t-sh o c k e d  for 10 m in  a t  
7 0 °C ;  h e a te d  to  10%  su rv iv o rs  a t  e ith e r  70  o r  9 5 °C .

Nitrite analyses. R e s id u a l n itr ite  a t th e  t im e  o f  in o c u la t io n  w a s  d e te r m in e d  in  n o n -  
in o c u la te d  r e p lic a te  b o tt le s  o f  m e d iu m  o r  m e a t  for e a c h  in p u t  n itr ite  le v e l. T h e  m e th o d  
u sed  w a s  th a t  d e sc r ib e d  p r e v io u s ly  b y  A sh w o r th  & S p e n c e r  (1 9 7 2 ) .

Interpretation o f results. T h e  n u m b e r  o f  r e p lic a te  b o tt le s  in  w h ic h  g r o w th /to x in  
fo r m a tio n  h a d  o c c u r r e d  w a s  re c o r d e d  for e a c h  n itr ite  le v e l  a n d  e a c h  in c u b a t io n  p e r io d .
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R e su lts  a re  ex p r esse d  in  term s o f  th e  E D 100 le v e l  w h ic h  h as b e e n  d e f in e d  p r e v io u s ly  
(A sh w o r th  et al., 1973) as th e  lo w e st  c o n c e n tr a t io n  o f  n itr ite  w h ic h  in h ib it e d  g r o w th  a n d  
to x in  p r o d u c tio n , for a  d e f in e d  t im e  p e r io d , in  a ll r e p lic a te s  o f  a  series o f  tests. E D 100 
lev e ls  w ere  c a lc u la te d  for b o th  h e a te d  a n d  u n h e a te d  n itr ite  in  th e  m e d iu m  a n d  th e  
m e a t sy stem s in  term s o f  in it ia l  n itr ite  c o n te n t  a n d  o f  r e s id u a l n itr ite  a t  th e  t im e  o f  
in o c u la t io n .

Results
Heat resistance o f  Cl. botulinum spores recovered in the presence o f salt and nitrite

T h e  ‘a p p a r e n t  d e c im a l r e d u c t io n  t im e s ’ (D ' v a lu e s )  for  sp o res h e a te d  a n d  r e c o v e r e d  
a t  p H  6-5  o n  H B A  c o n ta in in g  fro m  0-5 to  3 -5 %  sa lt  a n d  0  to  2 0 0  m g  k g -1  n itr ite  a re  
p r e se n te d  in  T a b le  1. T h e s e  d a ta  w e r e  d e r iv e d  fro m  th e  th e r m a l d e a th  cu rv es  o f  sp o res  
h e a te d  a t  70  to  9 5 °G  o b ta in e d  b y  lea st-sq u a re s  a n a ly sis  o f  th e  e x p e r im e n ta l  d a ta . T h e  
c o r r e la tio n  co e ffic ie n ts  o f  th e  lin e s  w e r e  a ll b e tte r  th a n  0 -8 5 . T h e  D '  v a lu e s  o b ta in e d  
o v er  a  m o r e  re str ic te d  r a n g e  o f  te m p e r a tu r e s  a t p H  6 -0  a re  p r e se n te d  in  T a b le  2 . A t  
p H  7-0, th e  D '  v a lu e s  w e r e  a lm o s t  id e n t ic a l  to  th o se  o b se r v e d  a t p H  6 -5 , b u t  s in c e  a  
s h o u ld e r  w a s  fr e q u e n tly  o b se r v e d  in  th e  p H  7-0 d e a th  cu rv es , th e  D ' v a lu e s  w e r e  d e r iv e d  
fro m  th e  l in e a r  p o r t io n s  o f  th e  cu rv es .

T h e  D ' v a lu e s  in d ic a te  th a t  sp ores w e r e  se n s it iz e d  to  N a C l w h e n  h e a te d  a t  8 5 , 9 0  
or  9 5 °C . A t  p H  6 -5 , s e n s it iz a t io n  o f  sp o res  h e a te d  a t 70  o r  8 0 °C  w a s  n o t  o b se r v e d , b u t  
th e r e  w a s  so m e  s e n s it iz a t io n  a t  p H  6 -0 . F o r  sp ores h e a te d  a t  9 0  a n d  9 5 °C  a n d  r e c o v e r e d  
o n  0 -5 %  N a C l  c o m p a r e d  w ith  rec o v er ie s  o n  2 -5 %  a n d  3 -5%  N a C l  s ta tis t ic a l a n a ly sis  
d e m o n str a te d  s ig n if ic a n t  d iffe r e n c e s  (P < 0 -0 1 ) in  th e  s lo p es  o f  th e  th e r m a l d e a th  cu rv es . 
T h e  d iffe r e n c e s  w e r e  a lso  s ig n if ic a n t  ( P < 0 - 0 5 )  for  sp ores h e a te d  a t  8 5 °C . F o r  th ese

T a b l e  1. A p p aren t decim al reduction times for spores o f CI. botulinum type B a t p H  6-5

A p paren t D  value (min) a t  p H  6-5 when recovered on

T em peratu re 
o f heating

(°C)
0-5%
N aC l

2-5% N aCl 3-5% N aCl

50 100 
m g/kg nitrite

200 50 100 
m g/kg nitrite

200

70 3515* 3635* 4123f 3555* 3132* 3389* 3544*
80 960J 829 J 830f 899 t 8921 996f 982 X
85 248f 136 J 2471 220* 115* 180* 136f
90 86 % 5 3 | 50f 34* — 41* —
95 19-5* 6 -8 t 7-1* 6-7* 3-7* 3-4* 5 - I t

C orrelation coefficients of the therm al death  curves scored: * > 0 -9 5; f  > 0 -9 0 < 0 -9 5 ; 
% ^0 -8 5  <0-90.
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T able 2. A pparen t decim al reduction  times for spores of CI. botulinum type B a t  p H  6-0

T em peratu re 
o f heating

(°C)

A p paren t D  value (min) a t  p H  6-0 w hen recovered on

0-5%
N aC l

2-5% N aC l 3-5% N aC l

50 100 200 
m g/kg nitrite

50 100
m g/kg nitrite

200

70 3174f 2406f 2633* 2669* 2770* — 3412i
80 994* 899* 1364t 645f 535* 540* 704 |
90 76* 43* 44* 48* 32* — 31*

C orrelation coefficients o f therm al d ea th  curves as T ab le  1.

th r e e  te m p e r a tu r e s , th e  d iffe r e n c e s  in  D '  v a lu e s  o f  sp o res  r e c o v e r e d  o n  2 -5 %  o r  3 -5 %  
N a C l w e r e  a lso  s ig n if ic a n t  [P < 0 -0 1 ) . T h e  e ffe c t  o f  n itr ite  o n  th e  a p p a r e n t  h e a t  r e s is ta n c e  
o f  sp o res r e c o v e r e d  o n  e ith e r  2 -5 %  or  3 -5 %  N a C l  w a s  n o t  s ta t is t ic a lly  s ig n if ic a n t  
( P >  0 -0 5 ).

Sensitization o f  heated spores to inhibition by salt and nitrite
T h e  in h ib ito r y  e ffe c ts  o f  sa lt  o n  sp o res  d a m a g e d  b y  h e a t  for  v a r io u s  t im e  p e r io d s  a t  

7 0 - 9 5 ° C  a re  i llu s tr a te d  in  F ig s  1 a n d  2 . T h e  s ig m o id  in h ib it io n  cu rv es  o b ta in e d  a t  b o th  
p H  6 -0  a n d  p H  6 -5  fo r  sp o res  h e a te d  a t  8 5 °C  a n d  a b o v e , d e m o n s tr a te  in c r e a se d

?  20- I/)o
g 4 0 -  
o
01
if)

^ 8 0 -  

100 -
2 4 6 10 20 40 60 100 200 400

Heating time (min)

jjj__1000 J---L4000

F i g . 1. Effect of hea t process on the sensitization of Cl. botulinum spores to 3-5% N aC l a t 
p H  6-5. For calculation of sensitization see ‘M aterials and  m ethods’. (j> 95°; V> 90°; 
□ , 85°; A , 80°; O ,  70°.
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20 40 60 100 200 400 1000 2000 4000
Heating time (min)

F i g . 2 .  Effect of hea t process on  the sensitization o f Cl. botulinum spores to 3-5% N aCl 
(O , 90°; □ , 80°; A , 70°) and  2-5% N aC l ( • ,  90°) a t  p H  6-0.

F i g . 3 .  Effect o f sodium  chloride and  sodium  n itrite  on sensitization ofCh botulinum spores 
heated  for 2 h r  a t  70°C, p H  6-5.
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s e n s it iz a t io n  o f  sp o res w ith  in c r e a se d  h e a t  d a m a g e . A lth o u g h  sp o res h e a te d  a t  70  a n d  
8 0 °C  w e r e  n o t  s e n s it iz e d  s ig n if ic a n tly  o v er  th e  p e r io d s  o f  h e a t in g , th ere  is a  su g g e s t io n  
o f  a  s lig h t  in c r e a se  in  s e n s it iz a t io n  a fter  h e a t in g  for 4 8  h r  a t 7 0 °G . C o m p a r iso n  o f  th e  
resp o n se  l in e  (F ig . 1) for sp o res  h e a te d  a t 7 0 °C  a n d  p H  6-5  w ith  th a t  for  sp o res  h e a te d  
a t  7 0 °C  a n d  p H  6 -0  (F ig . 2) d e m o n str a te s  a  s a l t - p H  in te r a c t io n  o n  th e  h e a te d  sp ores. 
S im ila r  in te r a c t io n s  w e r e  se e n  a lso  a t  th e  h ig h e r  te m p e r a tu r e s  o f  h e a t in g .

B e c a u se  o f  th e  lo w  le v e l  o f  se n s it iz a t io n  o f  sp o res  h e a te d  a t 7 0 °C , fu r th er  e x p e r im e n ts  
w ere  u n d e r ta k e n  w ith  r e c o v e r y  o n  m e d ia  c o n ta in in g  u p  to  5 -5 %  sa lt. W ith  r e la t iv e ly  
m ild  h e a t in g  (i.e . u p  to  2 hr a t  7 0 °C ) l it t le  s e n s it iz a t io n  o f  sp ores w a s  o b se r v e d  a t  2 -5%  
sa lt b u t  sp o res  w e r e  m a r k e d ly  se n s it iz e d  to  sa lt  c o n c e n tr a t io n s  o f  4 -5 %  a n d  a b o v e .  
I n d e e d  9 9 -9 9 %  o f  sp ores c a p a b le  o f  g r o w th  a t p H  6 -0  in  0 -5 %  sa lt  w e r e  in h ib it e d  b y
5 -5 %  sa lt  w h e r e a s  o n ly  a b o u t  8 0 %  in h ib it io n  o c c u r r e d  a t 4 -5 %  sa lt. S o m e  in te r a c t io n  
o f  s a lt  a n d  n itr ite  w a s  o b se r v e d  a lso  a t  4 -5 %  a n d  5 -5%  sa lt (F ig . 3 ) . A t  p H  6-5  a n d  
p H  7-0  th e  s a lt -n itr i te  in te r a c t io n  w a s  m u c h  r e d u c e d . I t  is  n o te w o r th y  th a t  a t  lo w  sa lt  
( i .e . 2 -5 % ) a n d  lo w  n itr ite  (5 0 - 1 0 0  p p m ) , sp o re  re c o v e r y  w a s  so m e tim e s  e n h a n c e d  a t  
th e  h ig h e r  p H  v a lu e s .

Sensitivity o f  heated spores to heated and unheated nitrite
T h e  r e la t iv e  s e n s it iv it ie s  o f  h e a te d  a n d  u n h e a te d  sp ores to  b o th  h e a te d  a n d  u n h e a te d  

n itr ite  in  c u ltu r e  m e d iu m  a n d  p o rk  slu rry  a re  p r e se n te d  in  T a b le  3 . A s e x p e c te d , th e  
sp ores w e r e  m o r e  se n s it iv e  to  h e a te d  n itr ite  th a n  to  u n h e a te d  n itr ite  in  P er ig o  m e d iu m  
a n d  n o  d iffe r e n c e s  w e r e  seen  b e tw e e n  th e  d iffe r e n t sp o re  tr e a tm e n ts . I n  p o rk  slu rry , th e  
sp o res  w e r e  a ll e q u a lly  se n s it iv e  to  h e a te d  n itr ite  a n d  w e r e  m o r e  se n s it iv e  to  h e a te d  
n itr ite  th a n  to  u n h e a te d  n itr ite .

T a b l e  3. Inh ib ition  of Cl. botulinum type B spores by heated  an d  unheated  nitrite

E D 100 residual nitrite* (mg/kg) after ten weeks in

Spore treatm ent Perigo m edium  Pork slurryf

H eated
nitrite

U n heated
nitrite

H eated
nitrite

U nheated
n itrite

H ea t shocked (10 m in a t  70CC) 20 150 210 385
H eated  70oC f 20 150 210 338
H eated  95°C t 20 150 210 310

* Assayed a t  tim e of challenge, 
f Pork slurry contained 3-5% salt (on w ater phase).
t  H eated  to 10% survivors an d  inoculated a t  same level of viable spores as ‘heat 

shocked’ spores.
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S p o res  h e a te d  a t  9 5 °C  a p p e a r e d  to  b e  s lig h t ly  m o re  se n s it iv e  to  u n h e a te d  n itr ite  th a n  
w e r e  sp o res h e a te d  a t  7 0 °C  w h ic h  w ere  th e m se lv e s  s lig h t ly  m o re  se n s it iv e  th a n  w ere  
th e  h e a t  s h o c k e d  sp ores. H o w e v e r , th is  m a y  re flec t  m e r e ly  th e  in c r e a se d  se n s it iv ity  o f  
th e  sp ores h e a te d  a t 9 5 °C  to  th e  sa lt  (3 -5 %  o n  w a te r  p h a se ) in  th e  p o rk  slu rry .

Discussion
S e v e r a l w o rk ers  (e .g . R o b e r ts  e t a l . ,  1 9 6 6 ; P iv n ic k  & T h a c k e r , 1 9 7 0 ; In g r a m  & R o b e r ts ,  
19 71 ) h a v e  d e m o n s tr a te d  th a t  h e a t in g  sen s itiz e s  c lo str id ia l sp o res  to  th e  in h ib ito r y  
e ffec ts  o f  sa lt  a n d  n itr ite . T h e  p r e se n t in v e s t ig a t io n  co n firm s th ese  ea r lie r  o b se r v a tio n s .  
D a ta  a re  p r e se n te d  o n  th e  d e g r e e  o f  in h ib it io n  b y  v a r io u s  sa lt  lev e ls  for  sp o res  o f  o n e  
s tra in  o f  C l. b o tu lin u m  h e a te d  a t  v a r io u s  te m p e r a tu r e s . A lth o u g h  b o th  P iv n ic k  & T h a c k e r  
(1 9 7 0 ) a n d  I n g r a m  & R o b e r ts  (1 9 7 1 ) h a v e  sh o w n  th a t  th e  d e g r e e  o f  se n s it iz a t io n  
in crea ses  w ith  in c r e a s in g  ex p o su r e  to  h e a t , th e ir  s tu d ie s  w e r e  restr ic te d  to  te m p e r a tu r e s  
a t  th e  h ig h e r  e n d  o f  th e  r a n g e  o f  te m p e r a tu r e s  u sed  in  c o m m e r c ia l  p r o c e ss in g  o f  c a n n e d  
cu red  m ea ts . P a ste u r iz a t io n  o f  la r g e  c a n s  o f  c u r e d  m e a ts  fr e q u e n tly  o ccu rs  in  c o n d it io n s  
w h e r e  th e  c e n tr e  te m p e r a tu r e  o f  th e  m e a t  is ra ise d  to  a b o u t  7 0 °C  o v er  a  p r o lo n g e d  
p e r io d . F u r th er  th e  a v e r a g e  sa lt  c o n te n t  o f  m a n y  c o m m e r c ia l  cu r e d  m e a ts  m a y  b e  as 
lo w  as 3 -3 -5 %  (sa lt o n  w a ter ) a n d  in  e x tr e m e  ca ses  m a y  b e  as lo w  as 2 %  (sa lt  o n  w a te r ) .  
In  c o n d it io n s  su c h  as th ese , sp o res  o f  C l. b o tu lin u m  w o u ld  n e ith e r  b e  in h ib ite d  b y  th e  sa lt  
a n d  n itr ite  le v e ls  p e r  se, n o r  w o u ld  th e y  b e  s e n s it iz e d  b y  th e  m ild  h e a t  p ro cess. H o w e v e r ,  
e v e n  r e la t iv e ly  sh o rt ex p o su r e  o f  sp o res  to  a  te m p e r a tu r e  o f  7 0 °C  o r  a b o v e  w o u ld  
resu lt in  s e n s it iz a t io n  to  h ig h e r  sa lt  c o n c e n tr a t io n s  ( i.e . 4 -5 %  sa lt  o n  w a te r ) .

T h e  resu lts  o f  th is  s tu d y  o n  th e  e ffe c ts  o f  h e a te d  n itr ite  o n  sp ores o f  C l. b o tu lin u m  ty p e  
B c o n firm  th e  r e c e n t  o b se r v a tio n s  o f  R o b e r ts  & S m a r t  (1 9 7 4 ) w h o  s h o w e d  th a t  h e a t  
a n d  r a d ia t io n  d a m a g e d  sp o res  o f  C l. b o tu lin u m  ty p e s  A  a n d  E  a n d  o f  C l. sporogen es  w e r e  
n o  m o r e  se n s it iv e  to  h e a te d  n itr ite  th a n  w ere  u n d a m a g e d  sp ores . T h e y  a lso  e x te n d  o u r  
ea r lier  o b se r v a tio n s  w ith  C l. sporogen es  in  m e a t  sy stem s (A sh w o r th  e t a l . ,  1 973 ) a n d  
d e m o n s tr a te  th e  lo w e r  se n s it iv ity  o f  sp ores to  h e a te d  a n d  u n h e a te d  n itr ite  in  a  m e a t  
sy stem  c o m p a r e d  w ith  th e  se n s it iv ity  in  c u ltu r e  m e d ia . T h e  c o m p a r iso n  a lso  in d ic a te s  
th e  c a u t io n  n e e d e d  in  in te r p r e ta t io n  o f  d a ta  o b ta in e d  in  la b o r a to r y  m e d ia  in  r e la t io n  
to  p o te n t ia l  e ffe c ts  in  m e a t  sy stem s. In  th e  p r esen t w o rk , g r o w th  a n d  to x in  fo r m a tio n  
in  th e  m e a t  sy stem  w a s  in h ib it e d  b y  a b o u t  3 0 0 - 4 0 0  p p m  u n h e a te d  n itr ite  o r  b y  a b o u t  
2 0 0  p p m  h e a te d  n itr ite . B y  c o n tr a st  o n ly  2 0  p p m  h e a te d  n itr ite  w a s  re q u ir e d  to  
in h ib it  a  s im ila r  in o c u lu m  o f  sp ores in  c u ltu r e  m e d iu m . C o n s e q u e n t ly  in  a n y  a t te m p t  
to  q u a n tify  th e  e ffe c ts  o f  th e r m a l p rocess, sa lt , n itr ite  a n d  o th e r  fa c to rs  o n  th e  sa fe ty  
o f  h e a te d  c u r e d  m e a t  p r o d u c ts  it  is e sse n tia l to  u n d e r ta k e  la r g e -sc a le  s tu d ie s  o f  th ese  
in te r a c t in g  p a ra m eters  in  m e a t  sy stem s. F o r  th is  rea so n  lo n g -te r m  sto r a g e  tests h a v e  
b e e n  u n d e r ta k e n  in  in o c u la te d  m e a t  sy stem s s to red  a t v a r io u s  te m p e r a tu r e s  (R o b e r ts ,  
J a rv is  & R h o d e s , 1 9 7 6 ).
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M e a t  l o a f  t y p e  c a n n e d  p r o d u c t s  b a s e d  o n  m i lk  o r  p la n t  p r o t e in s

M. A. T H O M A S, A. D. T U R N E R  a n d  K. A. HYDE

Summary
A simple method for the manufacture of meat loaf type canned products, 
based on milk or plant protein, is described. The process relies on preparing 
a suitable emulsion of the proteins, fats, water and flavour, followed by 
retorting to form a suitable gel with chewy characteristics. Of all the proteins 
tested only a low calcium type of milk co-precipitate was found to be a 
suitable emulsifier. When combined with a water binder, i.e. textured 
vegetable proteins, granulated co-precipitates or wheat proteins, a suitable 
simulated meat product is formed after retorting, the characteristics of which 
resemble those of meat in chewiness, sliceability, appearance and flavour. 
The products can be used sliced in sandwiches, salads or fried. No change 
was observed after storage for six months at 45°C.

Sensory evaluation of these products in comparison to a commercial 
sample, based on texturized vegetable protein, showed no significant differ­
ences in the degree of general acceptability, but their sliceability was considered 
better than the control.

Introduction
One of the unique developments in protein foods is that of simulated meat products. 
These products, which possess to a remarkable extent, the chewiness, moistness and 
texture of cooked meat, are gaining in popularity among people who, for a variety of 
reasons, do not eat meat (Pinkaton & Glaydon, 1971).

From previous work on simulated meat over the last two or three decades, a massive 
volume of literature has emerged on the preparation of materials for the processing and 
manufacturing of simulated meat products. A few of the references most directly related 
to the basis of the current study are discussed.

The types of protein materials used from various sources have included soya, casein, 
milk powder, peanut and wheat glutens (Anson & Pader, 1957, 1958, 1959; Kende & 
Netting, 1959; MacAllister & Finucane, 1963; Wrenshall, 1951).

The development of simulated meats is based on altering the physical characteristics
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o f  th ese  p r o te in s  to  r e se m b le  th o se  o f  m e a t . C h a n g e s  n e e d e d  d e p e n d  o n  th e  c h a r a c te r ­
ist ic s  o f  th e  o r ig in a l p r o te in s , th e ir  m e th o d  o f  e x tr a c t io n  a n d  tr e a tm e n t  a n d  th e  
ch a r a c te r is t ic s  d e sired  in  th e  f in a l p r o d u c t  (W r e n sh a ll, 1 9 5 1 ).

W r e n sh a ll  (1 9 5 1 ) , for e x a m p le , u sed  sk im  m ilk  so lid s  as th e  b a s ic  m a tr ix  in  th e  s im u ­
la t io n  o f  sev era l ty p e s  o f  c o m m in u te d  m e a t  p r e p a r a tio n s , su ch  as c o u n tr y  sa u sa g e , 
b o lo g n a , sa la m i a n d  h a m b u r g e r . T h e  p rocess in v o lv e d  m ix in g  te x tu r iz in g  a g e n ts , 
w h ic h  w e r e  m a in ly  o f  ce r e a l o r ig in , w ith  a n  a q u e o u s  su sp e n s io n  o f  sk im  m ilk  so lid s  a n d  
h e a t in g  u n t i l  c o a g u la te d . T h e  p r o d u c t  w a s  sa id  to  p ossess th e  te x tu r e , f la v o u r  a n d  
a o p e a r a n c e  o f  c o m m in u te d  m e a t.

K e n d e  &  K e t t in g  (1 9 5 9 )  u se d  p H  to  c o n tr o l th e  c h a r a c ter is t ic s  o f  c a se in  so  as to  
a p p r o x im a te  th o se  o f  m e a t . T h e  p r o d u c t , w h ic h  th e y  c a lle d  ‘m ilk  m e a t ’, is  p r e p a r e d  b y  
u s in g  3 0 - 4 0  p arts  o f  ca se in , m ix e d  w ith  6 - 8  p a rts  o f  c erea ls , fa t, f la v o u r in g s  a n d  a d ju s t­
in g  th e  p H  to  4 -9 -5 -2  a n d  m o istu re  c o n te n t  to  5 5 - 6 0 % .

M a c A llis te r  & F in u c a n e  (1 9 6 3 ) u sed  so y a  flo u r  a n d  w h e a t  g lu te n  to g e th e r  w ith  
m in o r  a m o u n ts  o f  a lb u m e n , s ta rch  a n d  m e a t  f la v o u r  to  fo rm  a  d o u g h  w h ic h  is e x tr u d e d  
a n d  d r ie d  to  th e  d e s ired  sh a p e . W h e n  c o o k e d  in  w a te r  th e  g ra n u le s  d e v e lo p  a  f la v o u r  
a n d  c h e w y  te x tu r e  w h ic h  is c h a r a c te r is t ic  o f  c o o k e d  m e a t . T h e s e  g r a n u le s  a re  s u ita b le  
fo r  su c h  en trees  as m e a t  p a tt ie s , h a m b u r g e r s  a n d  sa u sa ges.

A n so n  & P a d e r  (1 9 5 7 , 19 58 , 1959 ) u sed  th e  g e l l in g  p r o p er tie s  c f  p r o te in s  e x tr a c te d  
from  su c h  m a te r ia ls  as so y a , c a se in , p e a n u t  a n d  g r o u n d n u t  to  s im u la te  m e a t . T h e  step s  
in c lu d e d  s e p a r a tin g  th e  p r o te in , a d ju stin g  th e  p H , a d ju stin g  p r c te in  c o n te n t  o f  th e  
su sp e n s io n  to  fo rm  a  g e l  p r ecu rso r  a n d , b y  s u b se q u e n t a p p r o p r ia te  tr e a tm e n t, u su a lly  
in c lu d in g  c o n tr o lle d  h e a t in g , fo r m in g  d iscre te  p a r t ic le s  o f  c h e w y  g e l. I t  is c la im e d  th a t  
w h e n  p ie c e s  o f  su b sta n tia l s iz e  a re  c h e w e d  in  th e  m o u th  th e y  h a v e  th e  p h y s ic a l p r o p e r ­
ties  o f  re s ilien ce , e la s t ic ity  a n d  re s is ta n ce  to  sh ea r . T h e s e  c h e w y  p r o te in  g e ls  a re  s u ita b le  
fo r  u se  in  p r o te in  fo o d  p r o d u c ts  s im u la t in g  m e a t.

M a t e r i a l s  a n d  m e t h o d s
Development o f current plan o f study

F r o m  th e  p r e v io u s  s tu d ies  d e sc r ib e d  a b o v e  a n d  from  th o se  c o n d u c te d  a t  th e  D a ir y  
R e se a r c h  C e n tr e , R ic h m o n d , N e w  S o u th  W a le s  (T h o m a s , B a u m g a r tn e r  & H y d e ,  
1 9 7 4 a , b) i t  w a s  a p p a r e n t  th a t  tw o  p h y s ic a l fu n c tio n s  w ere  re q u ir e d  o f  th e  p r o te in  o r  
o th e r  c o llo id a lly  a c t iv e  m a te r ia l u se d  in  s im u la te d  m e a t  p r o d u c ts  ( S .M .P .) .  T h is , o f  
co u r se , is  in  a d d it io n  to  o th e r  d e sira b le  c h a r a c ter is t ic s  su ch  as f la v o u r  a n d  n u tr it iv e  
v a lu e .

O n e  o f  th ese  e ssen tia l c h a r a c ter is t ic s  is th a t  o f  em u ls io n  fo r m a tio n  a n d  s ta b ility  
b e tw e e n  th e  a q u e o u s  a n d  fa tty  p h a ses  c o n s id e r e d  essen tia l in  th is ty p e  o f  fo o d .

T h e  w o rk  o f  T h o m a s  et al. (1 9 7 4 a , b) h a d  a lr e a d y  e s ta b lish e d  th a t  c e r ta in  m ilk  
p r o te in  p r e p a r a tio n s  h a d  e x c e lle n t  p r o p er tie s  in  th is  reg a rd .

T h e  o th e r  im p o r ta n t  ch a r a c te r is t ic  is th a t  o f  b in d in g  w a te r  in  g e l  fo r m a tio n  to  p r o v id e
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th e  ch e w in e ss  a n d  g e n e r a l m o u th  fe e l s im ila r  to  th a t  o f  c o o k e d  m e a t . T h e  s tu d ie s  
a lr e a d y  d e sc r ib e d  r e v e a le d  th a t  so m e  o f  th e  m ilk  p r o te in s  w e r e  s u ita b le  for  th is  p u r p o se  
a n d  i t  w a s  r e c o g n iz e d  th a t  o th e r  p r e p a r a tio n s  o f  v e g e ta b le  o r ig in  (g e n e r a lly  r ic h  in  
p r o te in , b u t o fte n  c o n ta in in g  a p p r e c ia b le  a m o u n ts  o f  c a r b o h y d r a te  m a te r ia l)  m ig h t  a lso  
p r o v id e  th e  c h a r a c ter is t ic s  req u ired .

I n  c o n s id e r in g  c o m m e r c ia l ly  a v a ila b le  p r o d u c ts  sp e c ia l e m p h a s is  w a s  p a id  to  th e  u se  
o f  c a lc iu m  c o -p r e c ip ita te s  as a  b a se  m a te r ia l, c a lc iu m  c o -p r e c ip ita te , a  p r e c ip ita te  o f  
c a se in  a n d  w h e y  p r o te in s , in  w h ic h  9 5 - 9 7 %  o f  th e  m ilk  p r o te in s  a re  r e c o v e r e d  
(B u c h a n a n , S n o w  & H a y e s , 1 9 6 5 ; M u lle r , H a y e s  & S n o w , 1 9 6 7 ). T h e ir  fu n c t io n a l  
p r o p er tie s  are  re p o r te d  b y  T h o m a s  et al. (1 9 7 4 b ) .

Ingredients studied
M ilk  proteins. ‘S o d . C a s .’ (9 1 %  p r o te in ) , a  s o d iu m  c a s e in a te  o b ta in e d  from  H a lc y o n  

P ro te in s  P ty  L td , L ily f ie ld , N .S .W .; ‘L o w  C a l’ (91 % p r o te in ) , a  lo w  c a lc iu m  c o -p r e c ip i­
ta te ;  ‘H ig h  C a l 2 ’ (8 3 %  p r o te in ) , a  h ig h  c a lc iu m  c o -p r e c ip ita te ;  ‘H ig h  C a l 6 ’ (8 2 %  
p r o te in ) , a  h ig h  c a lc iu m  c o -p r e c ip ita te ;  g r a n u la te d  c o -p r e c ip ita te  (9 0 %  p r o te in ) , a  
m e d iu m  ty p e  c o -p r e c ip ita te , 3 0 - 4 0  m esh . A ll  w e r e  o b ta in e d  fro m  C o la c  D a ir y in g  C o . 
L td , C o la c , V ic to r ia . A lso  s tu d ie d  w e r e  w h e y  p r o te in  p o w d e r  (8 2 %  p r o te in ) , a  s o lu b le  
a n d  h e a t  c o a g u la b le  p r o te in  su p p lie d  b y  N e w  Z e a la n d  D a ir y  R e se a r c h  In s t itu te ,  
P a lm e r sto n  N o r th , N .Z .;  a  sp ra y  d r ied  s w e e t  w h e y  (12% , p r o te in ) , m a n u fa c tu r e d  b y  
K r a ft, D iv is io n  o f  K r a ft  C o r p o r a tio n , C h ic a g o , 111., U .S .A . ; a n d  a  m e d iu m  h e a t  sk im  
m ilk  p o w d e r  (3 6 %  p r o te in ) su p p lie d  b y  P ro d u cers  C o -o p . D is tr ib u t in g  S o c ie ty  L td , 
S y d n e y .

Two types o f  soya proteins w e r e  s tu d ie d :  a  so y  c o n c e n tr a te  ‘P r o m o so y ’ (6 5 -3 %  p r o te in )  
a n d  a n  iso la te  ‘P r o m in e  D ’ (9 1 -8 %  p r o te in ) , m a n u fa c tu r e d  b y  C e n tr a l S o y a  C o . I n c .,  
C h ic a g o , 111., U .S .A .

A texturized soybean product (T V P )  e x tr u d e d  ty p e , ‘M ir a  T e x  2 1 0 ’ (5 0 %  p r o te in )  w a s  
u sed , m a n u fa c tu r e d  b y  A . E . S ta le y  M a n u fa c tu r in g  C o ., D e c a to u r , 111., U .S .A .

Three types o f  wheat protein w e r e  s tu d ie d . T h e s e  w e r e  a  su p er fin e  g lu te n , a n  u n d e n a tu r e d  
p r o te in  (7 3 %  p r o te in ) , ‘C e r e b in d ’ a  d e n a tu r e d  p r o te in  (1 5 %  p r o te in ) a n d  g r a n u la te d  
p r o te in , a  p h y s ic a lly  m o d if ie d  p r o te in  w ith  co a rse  g r a n u le s  (8 0 %  p r o te in ) . A ll  th ree  
w ere  m a n u fa c tu r e d  b y  F ie ld e r ’s S ta r ch es  P ty  L td , L e ic h h a r d t , N .S .W .

Fat. A  c o m m e r c ia l  p o ly u n sa tu r a te d  b le n d  w a s  u sed  (m a n u fa c tu r e d  b y  C risco  
V e g e ta b le  O il  C o ., B r u n sw ick , V ic to r ia ) .

Other ingradients. T h e s e  in c lu d e d  sa lt, c o lo u r in g  a n d  fla v o u r in g s .

Methods
Emulsion formation. M ix in g  a n d  e m u ls if ic a t io n  w a s  d o n e  in  a  s ile n t  c u tte r , a  tw o -sp e e d  

m o d e l w ith  13-5 k g  b o w l c a p a c ity  T y p e  K 2 1  R a s a n t  C u tter , m a n u fa c tu r e d  b y  
M a sc h in e n fa b r ik  S e y d e lm a n n , 7 0 8  A a le n  (W u r tt ) , V e r la n g e n te  S c h u lstra sse  4 8 - 5 0 ,  
G e r m a n y ) .



T h e  fo l lo w in g  se q u e n c e  o f  a d d it io n  o f  in g r e d ie n ts  to  th e  s ile n t  c u tte r  w a s fo u n d  to  g iv e  
th e  b e st  r e s u lts :

p la c e  th r e e -q u a r te r s  o f  th e  w a te r , sa lt , f la v o u r in g s , c o lo u r  a n d  a ll  th e  m in o r  in ­
g r e d ie n ts  in  th e  b o w l;
ru n  th e  s ile n t  c u tte r  a t  lo w  sp e e d  a n d  a d d  a ll th e  p r o te in  a n d  th e  rest o f  th e  w a te r  in
sm a ll a m o u n ts ;
m ix  fo r  3 0  sec . T h e  fa t  is th e n  s lo w ly  a d d e d , fo llo w e d  b y  o n e  o r  m o r e  o f  th e  b in d ers .
T h e  s ile n t  c u tte r  is th e n  ru n  a t  h ig h  sp e e d  for  a  p e r io d  o f  2 m in  to  fo rm  th e  e m u ls io n .
T h e  p r o d u c t  is  th e n  p a c k e d  in  a n  8 -o z  la c q u e r e d  c a n  a n d  re to r ted  for 6 0  m in  a t  
12 1°C .

Product development. T w o  p a r a m e te r s  w e r e  fo u n d  to  b e  im p o r ta n t  in  th e  m a n u fa c tu r e  
o f  th is  ty p e  o f  s im u la te d  m e a t  p r o d u c t . T h e s e  in c lu d e  th e  fo r m a tio n  o f  a  s ta b le  e m u ls io n  
d u r in g  m a n u fa c tu r in g  a n d  r e to r t in g , a n d  th e  fo r m a tio n  o f  a  su ita b le  c h e w y  g e l  w h e n  th e  
p r o d u c t  is  c o o le d .

T o  a c c o m p lis h  th is , i t  w a s  a n t ic ip a te d  th a t  a  p r o te in  w ith  a  h ig h  c a p a c ity  to  fo rm  
w a te r /fa t  e m u ls io n  w a s  n e e d e d  fo r  th is  p r o d u c t . T h o m a s  et al. (1 9 7 5 b ) fo u n d  th a t  o f
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T a b l e  1 .  Characteristics o f the  em ulsion form ed w ith  various proteins, fat and  w ater an d  the sensory 
properties o f the  product obtained by canning the emulsions

T ype o f protein Characteristics of raw  emulsion
Sensory properties o f canned 

emulsions

Lew  Cal. Good viscosity sim ilar to m eat Firm , good sliceability, good
sausage, slightly sticky tex ture an d  chewability, no 

disintegration during  frying
H igh C al 2 Sloppy V ery poor body, very soft an d  

sticky, oil separation
H igh  Cal 6 Good viscosity sim ilar to m eat V ery poor body, very soft and

sausage sticky, oil separation
Sod. Cas. D ry  and  very th ick  viscosity, Soft an d  sticky, off-flavour,

sticky an d  elastic com plete disintegration w hen 
frying

Skim m ilk pow der W atery , no em ulsion form ed
W hey pow der W atery , no em ulsion form ed
W hey protein Very thin and  runny V ery d ry  an d  crum bly,

separation o f the  ingredients
Promosoy Sloppy V ery soft, very  sticky an d  pasty
Prom ine D T h in  an d  runny, increased G ritty  m outhfeel, d ry  feeling in

viscosity w ith  tim e the m outh , pasty
Sod. Cas. +  W hey protein* Less viscosity th an  norm al V ery sticky an d  pasty, separation

sausage of the  ingredients

* Proportions used are  the  sam e as in  co-precipitates.
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th e  th ree  ty p e s  o f  m ilk  c o -p r e c ip ita te s  (H ig h  C a l 2 , H ig h  C a l 6  a n d  L o w  C a l) , ‘S o d .  
C a s’ a n d  tw o  ty p e s  o f  so y a  (a n  iso la te  a n d  a  c o n c e n tr a te ) ,  o n ly  ‘S o d . C a s’ a n d  ‘L o w  C a l’ 
sh o w e d  th e  c a p a c ity  to  fo r m  e m u ls io n s  w h e n  th e y  w e r e  u se d  as em u lsifiers . I t  w a s  a lso  
fo u n d  th a t  th e  e m u ls io n s  fo r m e d  w ith  ‘S o d . C a s’ a n d  ‘L o w  C a l’ h a d  a  fa ir ly  h ig h  le v e l  
o f  w a te r  s e p a r a tio n . I t  w a s  a n t ic ip a te d , th ere fo re , th a t  o n e  o r  m o r e  p r o te in s  w ith  a  
h ig h  w a te r  b in d in g  c a p a c ity  c o u ld  b e  u se d  to  a b so rb  th e  s e p a r a te d  w a te r . I n  th e  in it ia l  
tr ia ls  T V P  w a s  u sed . T h is  p r o d u c t , in  a d d it io n  to  its  c a p a c ity  to  h y d r a te  a n d  b e c o m e  
c h e w a b le , c a n  r e m a in  u n c h a n g e d  w h e n  u n d e r g o in g  r e to r t c o n d it io n s .

A fter  sev e r a l tr ia ls  u s in g  ‘L o w  C a l’ a n d /o r  ‘S o d . C a s’ as em u lsifiers  a n d  T V P  a s  th e  
b in d er , i t  w a s  fo u n d  th a t  ‘S o d . C a s’ a lw a y s  g a v e  a  s t ic k y  a n d  so ft p r o d u c t . T h e r e a fte r ,  
a ll s u b se q u e n t tr ia ls  w e r e  c o n d u c te d  w ith  ‘L o w  C a l’. T h e  fo l lo w in g  fo r m u la tio n  w a s  
c o n s id e r e d  to  g iv e  th e  b e st  resu lts: ‘L o w  C a l’, 1 4 % ; T V P , 1 3 % ; fa t, 6 % ;  w a te r ,
6 7 % \T h is  fo r m u la t io n  w a s  u se d  in  tr ia ls  to  te s t  th e  su ita b il ity  o f  o th e r  p r o te in s  as e m u ls i­
fiers. T h is  w a s  d o n e  b y  r e p la c in g  th e  14%  ‘L o w  C a l’ w ith  o th e r  p r o te in s . R e su lts  
p r e se n te d  in  T a b le  1 s h o w  th a t  ‘L o w  C a l’ is  th e  o n ly  em u ls ifie r  to  g iv e  a  sa tis fa c to ry  
e m u ls io n  a n d  th e  re q u ir e d  b o d y  a n d  te x tu r e  in  th e  c a n n e d  p r o d u c t.

R e s u l t s
H a v in g  e s ta b lish e d  ‘L o w  C a l’ as b e in g  th e  m o s t  e f fe c t iv e  em u ls ifie r , a n  a t te m p t  w a s  
m a d e  to  r e p la c e  th e  T V P  w ith  o th e r  b in d ers . S o m e  o f  th e  su ccessfu l resu lts  a re  p r e se n te d  
in  T a b le  2 .

I t  c a n  b e  se e n  fro m  T a b le  2 th a t  a ll p r o d u c ts  h a v e  a  fa ir ly  h ig h  w a te r  c o n c e n tr a t io n  
a n d  a  fa ir ly  c o n s ta n t  p r o te in  c o n te n t . A  v a r ia t io n  in  th e  a m o u n t  o f  a n y  o f  th e  in ­
g r e d ie n ts  g r e a t ly  a ffe c te d  th e  b o d y  a n d  te x tu r e . T h e  o n ly  v a r ia t io n s  w e  w e r e  a b le  to

T a b l e  2. Form ulations used to evaluate efficiency o f binders in  the  ‘low 
cal’-fa t-w a te r  b ind er systems

Ingredients
Form ulations (as percentages)

1 2 3 4 5 6 7
‘Low C al’ 14 14 14 14 14 14 14
W ater 67 67 67 67 67 60 60
F at 6 6 6 6 6 13 13
C erebind 6 4
Fine gluten 7 4 3 13 6 -5
G ran u la r co-precipitate 13 5
T V P 13
‘H igh Cal 2’ 6 -5
G ranu la ted  gluten 5 5
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o b ta in  w e r e  w h e n  w e  u sed  fin e  g lu te n  in  a  h ig h  p r o p o r tio n  (1 3 % ), o r  f in e  g lu te n  (6 -5 % )  
in  c o m b in a t io n  w ith  ‘H ig h  C a l T  (6 -5 % ). T h e  fa t  c o n te n t  w a s  in c r e a se d  to  13 %  a n d  
w a te r  c o n te n t  d e c r e a se d  to  6 0 % .

I t  sh o u ld  b e  e m p h a s iz e d  th a t  th e  su ccess  o f  th ese  b in d ers  (T a b le  2 ) in d ic a te s  th a t  
o th e r  in g r e d ie n ts , e .g . r ice , co rn  or  le g u m e , flo u r  o r  g r a n u le s , m ig h t  a lso  b e  u sefu l 
b in d ers .

D i s c u s s i o n  a n d  c o n c l u s i o n s
T h e  p r o d u c t  c a n  b e  f la v o u r e d  to  su it th e  ta ste  o f  c o n su m ers  fro m  d iffe r e n t  e th n ic  g ro u p s  
a n d  lo c a lit ie s , e .g . to  r e se m b le  m e a t  or  o th e r  fla vo u rs . T h e  f la v o u r  a n d  c o lo u r  o f  so m e  
o f  th e  c a n n e d  fo r m u la t io n s  is d e sc r ib e d  b e lo w :

‘Low Cal’ and T V P
T h e  p r o d u c t  h a s  a  to a s te d  fla v o u r  w h ic h  w a s  n e v e r th e le ss  a c c e p ta b le  to  m a n y  p e o p le .  

T h e  to a s te d  f la v o u r  c o u ld  n o t  b e  m a sk ed  b y  a d d in g  o th e r  fla v o u r in g s  o r  m a sk in g  a g e n ts .  
H o w e v e r , w e  h a v e  s in c e  b e e n  a d v ise d  th a t  it  m a y  b e  a v o id e d  b y  u s in g  T V P  p r o d u c ts  o f  
o th e r  m a n u fa c tu r ers .

‘Low Cal' and granulated co-precipitate
T h is  p r o d u c t  h a s  a  s lig h t ly  b itte r  fla v o u r  w h ic h  a p p ea rs  as an  a fter -ta ste . T h e  b it te r ­

n ess seem s to  c o m e  fro m  th e  g r a n u la te d  c o -p r e c ip ita te  a n d  n o t  fro m  th e  ‘L o w  C a l’. 
M a sk in g  a g e n ts  a re  v e r y  su ccessfu l in  m a sk in g  th is  b ittern ess . T h e  c o lo u r  o f  th is  p r o d u c t  
is s lig h t ly  p in k  so  it  is a p p r o p r ia te  to  u se  r ed d ish  co lo u r .

‘Low Cal' and cerebind, fine and granulated gluten; ‘High Cal 2 ’ and granulated co-precipitate
T h e s e  p r o d u c ts  w ere  w h ite  w ith  a  b la n d  fla v o u r  a n d  a re  su ita b le  for a d d it io n  o f  a n y  

su ita b le  c o lo u r  or  fla v o u r .

S e n s o r y  e v a l u a t i o n  a n d  s t a t i s t i c a l  p r o c e d u r e
T h r e e  p r o d u c ts , fo r m u la tio n s  1, 2 a n d  6 , w e r e  c h o se n  for sen so ry  e v a lu a t io n . A l l  th ree  
w e r e  f la v o u r e d  w ith  1%  b e e f  fla v o u r  (su p p lie d  b y  In te r n a t io n a l  F la v o u r s  a n d  
F ra g ra n ces  (A u str a lia ) P ty  L td , D e e  W h y , N .S .W .) .  S e n so ry  e v a lu a t io n  o f  th ese  p r o d u c ts  
w a s ca rr ied  o u t  in  c o m p a r iso n  w ith  a  c o m m e r c ia l  s a m p le  o f  lo a f  ty p e  c a n n e d  p r o d u c t , 
c o n ta in in g  b a s ic a lly  te x tu r iz e d  so y a  a n d  w ith  b e e f  fla vo u r .

T e sts  w e r e  c a rr ied  o u t  in  a  h o sp ita l c a fe te r ia  o n e  w e e k  a fter  th e  p r o d u c ts , w h ic h  
r e se m b le d  m e a t  lo a f, w e r e  m a n u fa c tu r e d . T h e  ta sters r e c e iv e d  a p p r o x im a te ly  10 g  o f  
e a c h  o f  th e  fo u r  sa m p les . O r a n g e  ju ic e  w a s p r o v id e d  for p a la te  c lea r in g .

T h e  s im u la te d  m e a t  p r o d u c ts  w e r e  assessed  b y  a  p a n e l  o f  a p p r o x im a te ly  s ix ty  
ta sters, a ll b u t  o n e  o f  w h o m  w e r e  c o n su m ers  o f  s im u la te d  m e a t  p r o d u c ts  o n  a  d a ily , o r  a t  
le a st  a  w e e k ly , basis. P a r tic ip a n ts  w e r e  a sk ed  to  j u d g e  th ree  c h a r a c ter is t ic s  u s in g  th e  
fo l lo w in g  sco r in g  sy stem .
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A p p e a r a n c e  5  lik e  v e r y  m u c h  1 d is lik e  v e r y  m u c h
S lic e a b il ity  5 v e r y  g o o d  1 v ery  p o o r
T e x tu r e  (m o u th fe e l)  5 lik e  v e r y  m u c h  1 d is lik e  v e r y  m u c h

T h e y  w ere  a lso  a sk ed  to  s ta te  w h e th e r  th e y  c o n s id e r e d  th e  sa m p les  a c c e p ta b le .
A  c o m p le te  b lo ck  d e s ig n  w a s  u sed , in  w h ic h  th e  fo u r  sa m p le s  w e r e  ju d g e d  a t  o n e  

session .
T h e  resp on ses  fo r  a p p e a r a n c e , s lic e a b il ity  a n d  te x tu r e  w ere  su b je c te d  to  s e p a r a te  

A n a ly se s  o f  V a r ia n c e . T h e  a c c e p ta b il ity  resp o n ses  w e r e  a n a ly se d  u s in g  th e  N o n -  
P a r a m e tr ic  C o c h r a n  Q .T e s t  (S ie g e l, 1 9 5 9 ).

T h e  m e a n  r a t in g  sco res  for th e  sen so ry  tests  a re  p r e se n te d  in  T a b le  3.

T a b l e  3. M eans o f scores on hedonic scales o f four sim ulated canned m eat loaf 
products using hedonic scale of 1 (least liked) to  5 (most liked)

Samples A ppearance Sliceability Texture

‘Low C al’+  granu lated  co-precipitate 3-7 4 -4 3-8
Com m ercial 3-9 3-7 3-5
‘Low C al’ +  T V P 3-9 4 -4 3-9
‘Low C al’+  G luten 3-7 4-5 3-7
No. of tasters 60 60 55*
E stim ate SE for com parison t 0-08 t

* Five tasters om itted  to score, 
t  N o significant difference.

R e s u l t s  o f  s e n s o r y  e v a l u a t i o n
A ppea ran ce

T h e r e  w e r e  n o  s ig n if ic a n t  d iffe r e n c e s  in  th e  a p p e a r a n c e  ra tin g s  o f  th e  sa m p le s , n o r  
b e tw e e n  tasters.
S lic e a b ili ty

T h e r e  w a s  a  h ig h ly  s ig n if ic a n t  d if fe r e n c e  b e tw e e n  th e  m e a n  ra tin g s  o f  s l ic e a b ility .  
T h e  s lic e a b il ity  o f  th e  c o n tr o l s a m p le  w a s  r a te d  as s ig n if ic a n tly  in fer io r  to  th e  o th e r  
th r e e  sa m p le s . T h e  d iffe r e n c e  b e tw e e n  ta sters w h e n  sc o r in g  s lic e a b il ity  w a s  s ig n if ic a n t  
a t  th e  5 %  le v e l  o f  p r o b a b ility .
T ex tu re

T h e r e  w a s  n o  s ig n if ic a n t  d iffe r e n c e  b e tw e e n  th e  te x tu r e  o f  th e  fo u r  p r o d u c ts  as 
assessed  b y  th is  p a n e l . T h e r e  w a s  a  s lig h t  tren d  to w a r d  th e  T V P  b e in g  th e  m o s t  lik e d  
a n d  th e  c o n tr o l th e  le a s t  lik e d  a n d  th is  w o u ld  c o r r e la te  w ith  th e  s lic e a b il ity  resu lts . T h e  
d iffe ren c e  b e tw e e n  ta sters w a s  s ig n if ic a n t  a t  th e  5 %  le v e l  o f  p r o b a b ility .
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Acceptability

T h e r e  w e r e  n o  s ig n if ic a n t  d iffe r e n c e s  in  th e  d e g r e e  o f  a c c e p ta b il ity  o f  th e  fo u r  sa m p le s . 
T h e  m a jo r ity  o f  ta sters fo u n d  th e m  a ll a c c e p ta b le .

A c k n o w l e d g m e n t s
W e  th a n k  th e  s ta f f  o f  th e  S y d n e y  A d v e n t is t  H o s p ita l ,  W a h r o o n g a , N .S .W .,  fo r  c o ­
o p e r a t io n  in  th e  sen so ry  e v a lu a t io n  o f  th e  p r o d u c ts , M r  R . M c B r id e  o f  C .S .I .R .O .  
F o o d  R e se a r c h  L a b o r a to r y , N .  R y d e , N .S .W . for o r g a n iz in g  th e  sen so ry  tests a n d  
s ta tis t ic a l a n a ly sis  a n d  M r  P . W . B o a rd  o f  C .S .I .R .O .  F o o d  R e se a r c h  L a b o r a to r y ,
N .  R y d e  a n d  o fficers o f  th e  D a ir y  R e se a r c h  C e n tr e , R ic h m o n d  for v a lu a b le  d isc u ss io n  
d u r in g  th e  p r e p a r a tio n  o f  th e  m a n u sc r ip t.

T h is  w o rk  w a s  su p p o r te d  in  p a r t b y  g ra n ts  fro m  th e  D a ir y in g  R e se a r c h  C o m m itte e .
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T h e  a u t o m a t e d  d e t e r m in a t io n  o f  v o la t i le  b a s e s  ( t r im e t h y la m in e ,  
d im e t h y la m in e  a n d  a m m o n ia )  in  f i s h  a n d  s h r im p

A .  R U I T E R  a n d  J .  M .  W E S E M A N

S u m m a r y
T h e  a u to m a te d  m e th o d  for th e  d e te r m in a t io n  o f  tr im e th y la m in e  (T M A )  in  
fish  a n d  sh r im p  ex tra c ts , w h ic h  is b a se d  u p o n  th e  c o lo u r  c h a n g e  o f  a n  in d ic a to r  
s o lu t io n  in to  w h ic h  T M A  v a p o u r s  a re  in je c te d , w a s  fu r th e r  im p r o v e d .  
M e th o d s  for  th e  a u to m a te d  d e te r m in a t io n  o f  d im e th y la m in e  (D M A ) a n d  
a m m o n ia  in  e x tra c ts  w e r e  d e v e lo p e d  a n d  e la b o r a te d . T h e  a c c u r a c y  a n d  
p r ec is io n  o f  th e  a u to m a te d  T M A  a n d  D M A  d e te r m in a t io n  e q u a l th o se  o f  
th e  g a s  c h r o m a to g r a p h ic  d e te r m in a t io n  o f  th ese  a m in e s  d e sc r ib e d  p r e v io u s ly .

B o th  T M A  a n d  D M A  c a n  b e  a n a ly se d  a t  a  sp e e d  o f  th ir ty  sa m p les  in  an  
h o u r , w h e r e a s  th e  ra te  o f  a n a ly sis  fo r  N H 3 is s ix ty  p e r  h o u r .

I n t r o d u c t i o n
In  1 9 6 4 , M u r r a y  & B u rt in tr o d u c e d  th e  first a u to m a te d  d e te r m in a t io n  o f  tr im e th y l­
a m in e  (T M A ) in  fish  ex tra c ts . I n  th is  m e th o d  T M A  w a s  v a p o u r iz e d  b y  w a r m  a lk a li  
tr e a tm e n t  a n d  th e  v a p o u r  b r o u g h t in to  a  s trea m  o f  in d ic a to r  so lu t io n , th e  c o lo u r  o f  th is  
so lu t io n  c h a n g in g  p r o p o r t io n a lly  to  th e  a m o u n t  o f  T M A  a b so rb ed .

T h e  a u th o rs  c o u ld  p e r fo rm  th e ir  a n a ly se s  a t a  r a te  o f  fo r ty  p e r  h o u r . In te r fe r e n c e  b y  
a m m o n ia , w h ic h  is a lw a y s  p r e se n t in  fish  ex tra c ts , a n d  b y  p r im a r y  a n d  se c o n d a r y  
a m in es , w a s  o v e r c o m e  b y  th e  a d d it io n  o f  fo r m a ld e h y d e  p r io r  to  e v a p o r a t io n  fr o m  th e  
e x tr a c t  a fter  i t  h a s  b e e n  m a d e  a lk a lin e . I t  w a s  c la im e d  th a t  th e  to ta l a m o u n t  o f  v o la t i le  
bases c o u ld  a lso  b e  d e te r m in e d  b y  o m it t in g  th e  fo r m a ld e h y d e  a n d  d ilu t in g  th e  sa m p les .

In  19 73 , K a to  &  U c h iy a m a  s ta te d  th a t  e v a p o r a t io n  a t  7 5 °C , th e  te m p e r a tu r e  c h o se n  
b y  M u r r a y  & B u rt, m a y  le a d  to  e r r o n e o u s ly  h ig h  v a lu e s  a n d  fo r  th is  r ea so n  th e y  p r o ­
p o sed  a b a th  te m p e r a tu r e  o f  6 0 ° . W ith  th e  a id  o f  a s o m e w h a t  m o d if ie d  e q u ip m e n t  th e y  
w e r e  a b le  to  h a n d le  tw e n ty  e x tr a c ts  in  a n  h o u r .

D u r in g  o u r  first a tte m p ts  to  a d a p t  th is  T M A  d e te r m in a t io n  to  a n  A u to A n a ly z e r  I I  
sy stem  w e  fo u n d  it  d e s ir a b le  to  in tr o d u c e  so m e  n e w  ch a n g e s  in  th e  m e th o d . F u r th e r m o r e  
w e  fe lt  a  n e e d  fo r  d e te r m in in g  th e  d im e th y la m in e  (D M A ) c o n te n t  o f  so m e  fish  ex tra c ts  
as w e ll. F in a lly , in  s o m e  ca ses  in fo r m a tio n  o n  th e  a m m o n ia  c o n te n t  o f  th e  e x tra c ts  w a s

A uthors’ address: Institu te  for Fishery Products T .N .O ., P .O . Box 183, IJm uiden , T h e  N etherlands.
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th o u g h t  to  b e  u se fu l. F o r  th ese  rea so n s  w e  h a v e  s tu d ie d  th e  a u to m a te d  d e te r m in a t io n  
o f  T M A , D M A  a n d  a m m o n ia  in  fish  ex tra c ts .

E q u i p m e n t ,  m a t e r i a l s  a n d  m e t h o d s
F ish  a n d  sh r im p  e x tra c ts  w e r e  m a d e  w ith  th e  a id  o f  a  5 %  tr ic h lo r o a c e t ic  a c id  (T C A )  
s o lu t io n  as d e sc r ib e d  p r e v io u s ly  (R itsk es , 1 9 7 5 a ).

A  T e c h n ic o n  A u to A n a ly z e r  I I  sy ste m  w a s  u sed  th r o u g h o u t th e  w ork . T h e  g a s  
c h r o m a to g r a p h ic  d e te r m in a t io n  o f  T M A  a n d  D M A  (R itsk es , 1 9 7 5 a ) w a s  u sed  as a  
re fe ren c e  m e th o d . A s d ir e c t  in je c t io n  o n  th e  c o lu m n  resu lte d  in  s o m e w h a t  g r e a te r  
a c c u r a c y  (R itsk es , 1 9 7 5 b ), th e  l in e r  w a s  o m it te d .

A ll  r ea g e n ts  u sed  w e r e  A .R . g r a d e  e x c e p t  th e  tr ic h lo r o a c e t ic  a c :d  w h ic h  w a s  o f  P h .  
N e d . V I I  q u a lity . (T h is  g r a d e  a lm o s t  e q u a ls  th e  B .P . 19 73  g r a d e .)

Determination o f trimethylamine ( T M A )
T h e  d ia g r a m  o f  th e  a u to m a te d  T M A  a n a ly sis  is g iv e n  in  F ig . 1. A c c o r d in g  to  K a to  

& U c h iy a m a  (1 9 7 3 ) , a  T e c h n ic o n  B1 tra p  is u sed  as a  g a s  tra p . T h e  te m p e r a tu r e  o f  th e  
o il  b a th  is  m a in ta in e d  a t  7 0 ± 1 ° C .  T h e  r a te  o f  a n a ly sis  is th ir ty  p e r  h o u r .
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Reagents. (1 ) C a r b o n a te /th io u r e a  s o lu t io n :  2 2 5  g  o f  K 2C 0 3 is d is so lv e d  in  w a te r  a n d  
d ilu te d  to  2 5 0  m l, a n d  25  g  o f  th io u r e a  is  d is so lv ed  in  2 5 0  m l o f  w a r m  d is tille d  w a te r .  
T h e  th io u r e a  s o lu t io n  is a d d e d  to  th e  c a r b o n a te  so lu t io n , th e  m ix tu r e  le ft  o v e r n ig h t  
a n d  filtered .

(2) F o r m a ld e h y d e  so lu t io n . C o m m e r c ia l fo rm a lin  is sh a k en  w ith  m a g n e s iu m  c a r ­
b o n a te , f iltered  a n d  d ilu te d  w ith  a n  e q u a l v o lu m e  o f  w a te r . T o  2 0 0  m l o f  th e  fin a l  
so lu t io n  th ree  d r o p s  o f  R h o d o r s il  A n t im o u sse  4 2 6  R  (R h o n e -P o u le n c , P aris) a re  
a d d e d .

(3 ) I n d ic a to r  so lu tio n . T h e  sto ck  s o lu t io n  is p r e p a r e d  b y  d isso lv in g  4 0 0  m g  o f  
b r o m o th y m o l b lu e  in  1 m l o f  0 -5  n N a O H . T h is  so lu t io n  is d i lu te d  to  100 m l w ith  
d is t ille d  w a te r . F r o m  th is  s to ck  s o lu t io n  10 m l is  d i lu te d  w ith  1%  N a C l  in  w a te r  to  
a b o u t  9 0 0  m l, 0 -2 5  m l o f  w e t t in g  a g e n t  (L e v o r  I V )  is a d d e d , th e  p H  is a d ju sted  to  6-2  
a n d  th e  so lu t io n  is m a d e  u p  to  10 00  m l.

(4 ) W a sh  so lu t io n . 4 -2 %  w /v  T C A  in  w a ter .
(5 ) S ta n d a r d  T M A  so lu t io n . 13 6-4  m g  o f  tr im e th y la m in e  h y d r o c h lo r id e  (e q u iv a le n t  

to  2 0  m g  o f  T M A  n itr o g e n ) is d is so lv ed  in  100  m l o f  4 -2 %  T C A . W o r k in g  sta n d a r d s  
a re o b ta in e d  b y  d ilu t in g  1 -5  m l o f  th is  s to ck  so lu t io n  to  100  m l w ith  4 -2 %  T C A  
so lu tio n .

Determination o f  dimethylamine (D M A )
T h e  a u to m a te d  D M A  d e te r m in a t io n  is b a sed  u p o n  th e  r e a c t io n  w ith  c a r b o n  d i­

su lp h id e  a n d  a m m o n ia c a l  c o p p e r  su lp h a te  s o lu t io n  first d e sc r ib e d , as a  s p e c tr o p h o to -  
m etr ic  m e th o d , b y  D o w d e n  (1 9 3 8 ) . In  th is  r e a c t io n  th e  y e l lo w  c o p p e r  sa lt  o f  d im e th y l  
d ith io c a r b a m ic  a c id  is f o r m e d :

S
II

2 ( C H 3) 2N H  +  2 C S 2 4- C u + +  +  2 0 H ~  -*  ( ( C H 3) 2N — C — S — ) 2C u +  2 H aO .
T h e  c o p p e r  sa lt  is in s o lu b le  in  w a te r  b u t  c a n  b e  e x tr a c te d  b y  o r g a n ic  so lv en ts . T h e  

r e a c t io n  is sp e c if ic  fo r  s e c o n d a r y  a m in e s ;  p r im a r y  a n d  ter tia ry  a m in e s  d o  n o t  in ter fere .
F ig u r e  2 g iv e s  th e  d ia g r a m  fo r  th e  a u to m a te d  a n a ly se s , w h ic h  c a n  b e  p e r fo r m e d  a t  a  

ra te  o f  th ir ty  sa m p le s  in  a n  h o u r . T h e  e x tr a c ta n t , c h lo ro fo rm , c o n ta in s  o n e  o f  th e  
rea g en ts , i .e . c a r b o n  d isu lp h id e .

T h e  e q u ip m e n t  is s ta r ted  u p  b y  p u m p in g  e th a n o l in to  th e  A c id f le x  tu b es  a n d  w a te r  
in  th e  C u S 0 4 tu b e . T h e  e th a n o l is th e n  r e p la c e d  b y  C S 2/E t O H /C H C l3 in  th e  tu b in g  
in  q u e s t io n , a n d  f in a lly  th e  w a te r  is r e p la c e d  b y  C u S 0 4/a m m o n ia .

A fter  th e  d e te r m in a t io n s  h a v e  b e e n  f in ish ed , C u S 0 4/a m m o n ia  is r e p la c e d  b y  w a te r  
a n d , a fter  a  fe w  m in u te s , C S 2/E t O H /C H C l3 is r e p la c e d  b y  e th a n o l.

Reagents. (1 ) C a r b o n  d is u lp h id e /e th a n o l/c h lo r o fo r m  so lu t io n . F ifty  m ill i litr e s  o f  
c a r b o n  d is u lp h id e  is a d d e d  to  100  m l o f  e th a n o l. T h is  m ix tu r e  is m a d e  u p  to  1 0 0 0  m l  
w ith  ch lo ro fo rm .
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F i g . 2. Flow diagram  for the au tom ated  determ ination  o f dim ethylam ine (DM A) in  fish 
extracts. + ,  Acidflex tub ing ; +  + ,  0-051-inch silicon tubing, 4-inch long; +  +  +  , glass 
tubing connected w ith  Acidflex.

(2 ) A m m o n ia c a l  c o p p e r  s u lp h a te  so lu t io n . T w e n ty  g ra m s o f  a m m o n iu m  a c e ta te  is 
d isso lv e d  in  100  m l o f  w a te r . 0-2  g  o f  C u S 0 4 .5 H 20  is a d d e d  a n d  a llo w e d  to  d is so lv e  
(so lu t io n  A ) .  T w e n ty  m ill i litr e s  o f  c o n c e n tr a te d  a m m o n iu m  h y d r o x id e  is a d d e d  s lo w ly  
to  100  m l o f  c o o le d  10%  w /v  N a O H  (so lu t io n  B ) . S o lu t io n  A  is a d d e d  s lo w ly  to  s o lu t io n  
B, u n d e r  c o n t in u o u s  a g ita t io n . T h e  c o m b in e d  so lu tio n s  w e r e  m a d e  u p  to  3 0 0  m l w ith  
d is t ille d  w a ter .

(3 ) A m m o n ia  so lu t io n , 2 5 % .
(4) W a sh  s o lu t io n ;  4 -2 %  w /v  T C A  in  w a te r .
(5 ) S ta n d a r d  D M A  s o lu t io n :  11 6-4  m g  o f  d im e th y la m in e  h y d r o c h lo r id e  (e q u iv a le n t  

to  2 0  m g  o f  D M A  n itr o g e n )  is d is so lv e d  in  100  m l o f  4 -2 %  T C A . W o r k in g  s ta n d a r d s  
a re  o b ta in e d  b y  d ilu t in g  1 - 5  m l o f  th is  s to ck  s o lu t io n  to  100 m l w ith  4 -2 %  T C A  
so lu tio n .

Determination o f  ammonia
T h e  a u to m a te d  p r o c e d u r e  fo r  th e  d e te r m in a t io n  o f  a m m o n ia  in  sea  w a te r  w a s  u se d , 

th is  m e th o d  b e in g  b a sed  u p o n  th e  w e ll-k n o w n  r e a c t io n  w ith  p h e n o l a n d  h y p o c h lo r ite  
in  th e  p r e se n c e  o f  so d iu m  n itro p ru ss id e  (T e c h n ic o n  In d u str ia l S y s tem s , 1 9 7 1 ) . T h e
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F ig . 3. Flow d iagram  for the  au tom ated  determ ination  o f am m onia in  fish extracts.

m a n ifo ld  is m o d if ie d  in  su c h  a  w a y  th a t  th e  a lk a lif ie d  e x tra c ts  a re  d ia ly s e d  p r io r  to  
c o lo u r  d e v e lo p m e n t , w h ic h  req u ire s  so m e  a d a p ta t io n  o f  th e  tu b in g  p a r a m e te r s . T h e  
s c h e m e  is g iv e n  in  F ig . 3 . T h e  ra te  o f  a n a ly sis  is  s ix ty  p e r  h o u r .

Reagents. (1 ) T a r tr a te /c itr a te  b u ffer  so lu t io n .*  T h ir ty - th r e e  g ra m s o f  s o d iu m  p o ta ss iu m  
ta r tra te  ( N a K C 4H 40 6. 4 H 20 )  a n d  2 4  g  o f  so d iu m  c itr a te  (N a 3C 6H 50 7. 2 H 20 )  a re  
d isso lv e d  in  9 5 0  m l o f  d is t i lle d  w a te r . T h e  p H  is a d ju sted  to  5 -0  w ith  c o n c e n tr a te d  
su lp h u r ic  a c id , th e  s o lu t io n  is  d i lu te d  to  1 0 0 0  m l a n d  0 -5  m l o f  w e t t in g  a g e n t  (B rij- 3 5 )  
is a d d e d .

(2 ) N a O H . 0 -2 5  n  in  w a te r .
(3 ) A lk a lin e  p h e n o l  r e a g e n t . E ig h ty -th r e e  g ra m s o f  p h e n o l is d is so lv e d  in  5 0  m l o f  

d is t ille d  w a te r . O n e  h u n d r e d  a n d  e ig h ty  m ill i litr e s  o f  5 n  N a O H  is c a u t io u s ly  a d d e d , in  
s m a ll a m o u n ts , u n d e r  c o n t in u o u s  a g ita t io n , a n d  th e  s o lu t io n  is m a d e  u p  to  1000 m l  
w ith  d is t i lle d  w a te r .

(4 ) S o d iu m  h y p o c h lo r ite  so lu t io n . T h e  s to ck  s o lu t io n  sh o u ld  c o n ta in  n o t  less  th a n  
5 -2 5 %  o f  a v a ila b le  c h lo r in e . T h e  w o r k in g  s o lu t io n  is o b ta in e d  b y  d ilu t in g  th e  sto ck  
s o lu t io n  1 to  5  w ith  d is t i lle d  w a ter .

* A p art from  the  buffering action  this solution also prevents precipitation o f the  hydroxides o f Ca, 
M g and  o ther m etals, w hich is o f pa rticu la r use in  the  analysis o f sea w ater.
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(5) S o d iu m  n itro p ru ss id e  (N a 2F e ( C N ) 5N 0 . 2 H 20 ) .  0 -0 5 %  in  w a ter .
(6 ) W a sh  so lu tio n . 4 -2 %  w /v  T C A  in  w a ter .
(7) S ta n d a r d  N H 3 so lu t io n . 47-1  m g  o f  a m m o n iu m  s u lp h a te  (e q u iv a le n t  to  10 m g  

o f  N H 3 n itr o g e n ) is  d is so lv e d  in  100  m l o f  4 -2 %  T C A , th is  so lu t io n  b e in g  u se d  d ir e c t ly  
as a  w o rk in g  s ta n d a r d . D ilu t io n s  o f  1 -5  m l to  10 m l m a y  b e  m a d e  for a d d it io n a l  
sta n d a rd s .

D i s c u s s i o n
T M A  determ in a tion

S er io u s  d r ift in  th e  b la n k  v a lu e , w h ic h  w a s  o fte n  o b se r v e d , m a y  b e  d u e  to  p H  
in s ta b il ity  o f  th e  in d ic a to r  so lu t io n . T h is  p r o b le m  w a s la r g e ly  o v e r c o m e  b y  th e  a d d it io n  
o f  1 %  N a C l to  th is  so lu tio n .

I n  o rd er  to  m in im iz e  th e  t im e  re q u ir e d  for  o b ta in in g  th e  s te a d y  s ta te  le v e l ,  th e  
v o lu m e  o f  th e  g a s  tra p  as w e ll  as th e  c o n n e c t io n  l in e  to  th e  in d ic a to r  s o lu t io n  s h o u ld  b e  
k e p t as sm a ll as p o ss ib le . F o r  th a t  rea so n  th e  T e c h n ic o n  B1 g a s  tra p  as u se d  b y  K a t o  &  
U c h iy a m a  w a s  c h o se n , th e  c o n n e c t io n  tu b in g  to  th e  in d ic a to r  s trea m  b e in g  n o t  lo n g e r  
th a n  T 5  c m . C r e e p in g  u p  o f  th e  a lk a lin e  so lu t io n , w h ic h  m a y  re su lt in  sev ere  c o n t a ­
m in a t io n  o f  th e  in d ic a to r  so lu t io n , w a s  a v o id e d  b y  th e  a n tifo a m in g  a g e n t  p r e se n t  in  
th e  fo r m a ld e h y d e  so lu t io n . B o th  g a s  tra p  a n d  c o n n e c t io n  tu b in g  in c lu d e d  th e  T  j o in t  
w h e r e  th e  v a p o u r  is in je c te d  in to  th e  in d ic a to r  s trea m  sh o u ld  p r e fe r a b ly  b e  im m e r se d  
ir  th e  h e a t in g  b a th .

A t  h ig h e r  te m p e r a tu r e s  th e  s te a d y  s ta te  w ill  b e  r e a c h e d  fa ster  a n d  th e  s te a d y  s ta te  
i t s e lf  seem s to  b e  so m e w h a t  m o r e  s ta b le . H o w e v e r , K a to  & U c h iy a m a  fo u n d  th a t , a t  a  
b a th  te m p e r a tu r e  o f  75  °C , to o  h ig h  v a lu e s  w e r e  o b se r v e d  w h ic h , in  th e ir  o p in io n ,  
m ig h t  b e  d u e  to  th e  p r esen ce  o f  a m m o n ia  a n d  o th e r  v o la t i le  b ases. In  o rd e r  to  e s ta b lish  
th is  a ssu m p tio n  th e  re sp o n se  for a n  a m m o n ia  s o lu t io n  a t  tw o  d iffe r e n t  b a th  te m p e r a ­
tu res, w ith  o r  w ith o u t  fo r m a ld e h y d e  in  th e  sy stem , w a s  m ea su re d , th e  resu lts  b e in g  
g iv e n  in  T a b le  1. I t  is s h o w n  th a t  th e  re sp o n se  for  a m m o n ia , as c o m p a r e d  to  th a t  o f  
T M A , is ra th er  sm a ll. H o w e v e r , th e  a m o u n t  o f  N H 3 in  fish  u s u a lly  e x c e e d s  th a t  o f

T able 1. Response to am m onia in  the T M A  determ ination  u nd er different conditions, 
expressed as percentages of the response for an  equim olar am ount of T M A ; solutions tested: 
(a) 2 m g N H 3 nitrogen in 100 ml 4-2%  T C A  and (b) 2 m g T M A  nitrogen in 100 ml 4 '2%

T C A

Form aldehyde
Base used added 60 °C 70°C 75°C

K O H , 30%  w/v Yes N o response 1-5% 4 -4%
K O H , 30%  w/v No 3-4% 3-3% 4 -5%
K 2C 0 3, 67%  w/v Yes N o response N o response N o response
K 2C 0 3, 67%  w/v No 4-7% 5-2% 6-6%
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T M A  b y  m a n y  tim e s , a n d  for  th a t  re a so n  ser io u s  in te r fe r e n c e  o f  N H 3 in  th e  T M A  
d e te r m in a tio n , w h e n  p e r fo r m e d  a t  7 5 ° , c a n  b e  e x p e c te d .

I t  is  a lso  s h o w n  fro m  T a b le  1 th a t  th e  fo r m a ld e h y d e -a m m o n ia  c o m p le x  d o e s  n o t  
resist th e  K O H  tr e a tm e n t  a t  75°. N o  o th e r  c o m p o n e n ts  w e r e  fo u n d  th a t  c o u ld  r e p la c e  
fo r m a ld e h y d e  as a  N H 3 b in d e r . S o d iu m  h y p o c h lo r ite , w h ic h  r e a d ily  fo rm s c h lo r a m in e  
( N H 2C1) fro m  a m m o n ia , se e m e d  to  b e  su ccessfu l in  c o n c e n tr a t io n s  o f  a b o u t  0 -1 % . 
H o w e v e r , th e  re sp o n se  fo r  T M A  w a s  lo w e r e d  i f  N H 3 w a s  o r ig in a lly  p r esen t, th u s  
su g g e s t in g  a  r e a c t io n  b e tw e e n  N H 2C1 a n d  T M A .

T h e  p r o b le m  c o u ld  b e  r e so lv e d  b y  r e p la c in g  th e  K O H  s o lu t io n  w ith  a  p o ta ss iu m  
c a r b o n a te  s o lu t io n . A s  is s h o w n  in  T a b le  1, a m m o n ia  e v a p o r a t io n  w a s  in h ib it e d  c o m ­
p le te ly  a t  7 5 ° , e v e n  i f  c o n c e n tr a te d  so lu t io n s  o f  K 2C 0 3 (o v er  5 0 % ) w e r e  a p p lie d . N o  
resp o n se  w a s  o b se r v e d  for c o n c e n tr a t io n s  o f  u p  to  2 0  m g  o f  N H 3 n itr o g e n  in  100  m l  
o f  4 -2 %  T C A .

I n  m o st fish  e x tra c ts  T M A  a n d  N H 3 a re  th e  o n ly  v o la t i le  b a ses p r e se n t  in  m o r e  th a n  
tra ce  a m o u n ts . I n  c o d  a n d  c o d - lik e  fish es  D M A  is fo u n d  as w e ll,  in  p a r t ic u la r  w h e n  th ese  
fish  a re  k e p t  fo r  a  lo n g  t im e  in  th e  fr o z e n  s ta te . F o r  th is  r e a so n  s o m e  a d d it io n a l  a t te n t io n  
h a s to  b e  p a id  to  p o ss ib le  in te r fe r e n c e  b y  D M A .

F o r m a ld e h y d e  is a b le  to  b in d  D M A  to  s o m e  e x te n t , b u t in te r fe r e n c e  in  th e  T M A  
d e te r m in a t io n  s till  m a y  o c c u r . T o z a w a , E n o k ih a r a  & A m a n o  (1 9 7 1 ) , w h o  s tu d ie d  th e  
D M A  in te r fe r e n c e  in  th e  p ic r a te  m e th o d  for  T M A , fo u n d  th is  in te r fe r e n c e  to  b e  m o r e  
ser io u s i f  K 2C 0 3 is  u sed  in s te a d  o f  K O H . T h e  sa m e  w a s  o b se r v e d  b y  M u r r a y  & G ib so n  
(1 9 7 2 ) , a n d  a lso  b y  K e a y  & H a r d y  (1 9 7 2 ) . W e  a lso  o b se r v e d  th is  e ffe c t  in  th e  a u to ­
m a te d  T M A  m e th o d . H o w e v e r , th e  r e sp o n se  for  D M A  a t  7 5 °  w a s  n o t  m o r e  th a n  18%  
o f  th e  r e sp o n se  fo r  a n  e q u im o la r  a m o u n t  o f  T M A . T h e  s ig n a l fo r  D M A  c o u ld  b e  fu r th e r  
d e c r e a se d  b y  r e d u c in g  th e  K 2C O a c o n c e n tr a t io n , b y  lo w e r in g  th e  b a th  te m p e r a tu r e  
a n d  b y  th e  a d d it io n  o f  th io u r e a  to  th e  K 2C O s so lu t io n . T h e  la t te r  c o m p o n e n t  a lso  h a s  
a  fa v o u r a b le  e ffe c t  o n  th e  s te a d y  s ta te  s ta b ility . I t  w a s  o b se r v e d  th a t  a  lo w e r in g  o f  th e  
b a th  te m p e r a tu r e  fro m  75° to  70 °  h a r d ly  a ffe c te d  th e  t im e  r e q u ir e d  for r e a c h in g  th e  
s te a d y  s ta te  le v e l .  I n  c o m b in a t io n  w ith  a  r e d u c t io n  o f  th e  K 2C O s c o n c e n tr a t io n  to  4 5 %  
w /v  a n d  th e  a d d it io n  o f  5 %  o f  th io u r e a  th e  re sp o n se  for  D M A  c o u ld  b e  r e d u c e d  to  
2 -4 %  o f  th a t  fo r  T M A , w h ic h  is lo w  e n o u g h  to  p e r m it  a c c u r a te  T M A  d e te r m in a tio n s  
in  e x tra c ts  c o n ta in in g  so m e  D M A . S y n e r g is t ic  e ffec ts  w e r e  n o t  o b se r v e d .

N o  re sp o n se  w a s  o b se r v e d  fo r  tr im e th y la m in e  o x id e  ( T M A O ) ,  e v e n  a t  a  c o n c e n tr a ­
t io n  o f  100  m g  o f  T M A O  n itr o g e n  in  1 00  m l o f  e x tra c t.

L in e a r ity :  u n d e r  th e  c o n d it io n s  d e sc r ib e d , th e  d e te r m in a t io n  is l in e a r  o v e r  th e  
r a n g e  o f  0 - 2 - 5  m g %  T M A  n itr o g e n  in  th e  e x tr a c t  w h ic h , in  th e  ca se  o f  le a n  fish , 
co rre sp o n d s  to  0 -1 2 -5  m g %  T M A  n itr o g e n  in  th e  flesh .

D M A  d e term in a tion
U p  t i l l  n o w , n o  in te r fe r e n c e s  fro m  o th e r  c o m p o n e n ts  p r e se n t in  th e  fish  e x tr a c t  h a v e  

b e e n  o b se r v e d . T h e  l in e a r ity  o f  th e  a u to m a te d  m e th o d  is m o r e  th a n  su ff ic ie n t for  a
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c o r r e c t d e te r m in a t io n  o f  th e  D M A  c o n c e n tr a t io n s  u su a lly  fo u n d  in  c o d  a n d  r e la te d  
sp ec ie s .

T h e  e x tr a c t io n  s tep  in v o lv e d  in  th e  p r o c e d u r e  so m e tim e s  le a d s  to  d iff ic u lt ie s  in  th e  
p h a se  se p a r a tio n . T h e s e  d iff icu lt ie s  w e r e  o v e r c o m e  b y  th e  a d d it io n  o f  10%  e th a n o l  to  
th e  c a r b o n  d isu lp h id e /c h lo r o fo r m  so lu t io n , a n d  b y  m ix in g  th e  s o lu t io n , a fter  th e  
e x tr a c t io n  p r o c e d u r e , w ith  e th a n o l.

I n  so m e  ca ses  a  sm a ll  a m o u n t  o f  p r e c ip ita te  is  p r o d u c e d  d u r in g  th e  e x tr a c t io n  w h ic h  
ob v io u s ly  d is tu rb s  th e  d e te r m in a t io n . A n  a d d it io n a l  f iltr a tio n  o f  th e  ex tra c ts , e .g . o v er  
a M ill ip o r e  filter , w i l l  p r e v e n t  th is  d is tu r b a n c e .

A tte m p ts  to  a u to m a te  o th e r  r e a c t io n s  th a t  m ig h t  b e  u sed  for a  D M A  d e te r m in a t io n  
in  fish  e x tra c ts  r e m a in e d  u n su cc essfu l. T h e  r e a c t io n  b e tw e e n  se c o n d a r y  a m in e s , 
p h e n o th ia z in e  a n d  b r o m in e  (B ro il & F isch er , 1 9 6 2 ), in  o u r  h a n d s , d id  n o t  le a d  to  a n y  
resu lt. T h e  r e a c t io n  o f  s e c o n d a r y  a m in e s  w ith  a c e ta ld e h y d e  a n d  s o d iu m  n itr o p r u ss id e  
(F e ig l &  A n g e r , 1 9 37 ) c o u ld  b e  e a s ily  a u to m a te d , b u t  e x tra c ts  o f  fish  a n d , in  p a r t ic u la r ,  
o f  sh r im p  p r o d u c e d  e x tr e m e ly  h ig h  b la n k  v a lu e s  w h ic h  m a d e  th e  m e th o d  u n s u ita b le  
fo r  th is  p u r p o se . P o ss ib ly  i t  m a y  b e  a p p lie d  to  a  D M A  d e te r m in a t io n  in  to ta l  v o la t i le  
b a se  d is t illa te s .
N H 3 determination

T h e  m a n u a l m e th o d  o f  d e te r m in in g  a m m o n ia  d ir e c t ly  in  fish  a n d  sh r im p  e x tra c ts  
su ffers fro m  in ter feren ces  p o ss ib ly  d u e  to  th e  r e a c t iv ity  o f  th e  in te r m e d ia te , i .e .  N H 2C1, 
to w a r d s  c o m p o n e n ts  in  th e  e x tr a c t. I n  o rd e r  to  o b ta in  r e lia b le  v a lu e s  th e  N H 3 h a s  first  
to  b e  iso la te d  b y  d is t i lla t io n  a n d  th e n  is d e te r m in e d  in  th e  d is t illa te .

T h e s e  in ter feren ces  d id  n o t  o c c u r  in  th e  a u to m a te d  p r o c e d u r e . I t  is  th o u g h t  b y  us  
th a t  th e  d ia ly ser  r e m o v e s  th e  m a te r ia l th a t  m a y  r e a c t  w ith  N H 2C1, th u s  e l im in a t in g  th e  
n e e d  fo r  d is t i lla t io n . N o  o th e r  in te r fe r e n c e s  w e r e  o b serv ed .
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T a b l e  2.  Recovery an d  s tandard  deviation in the  au tom ated  v. the  gas 
chrom atographic T M A  an d  D M A  determ inations; analyses perform ed in

tenfold

T M A -N , 
m g /100 ml

D M A -N , 
m g /100 ml

n h 3- n ,
m g /100 ml

Com position
Solution I 2-00 0-404 2-01
Solution I I 0-200 0-0404 2-02

Analysis by AA I I
Solution I 2-02 ± 0 -8 % 0-416 +  0 -9% 2-00  +  0-7%
Solution I I 0-200 + 3-0% 0-036 +  8-4%

Analysis by  GC
Solution I 1-98 +  2-3% 0-410 +  2-6%
Solution I I 0-192 +  2 -0% 0-037 +  7-3%
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P recision  a n d  accuracy

T w o  d iffe r e n t  so lu tio n s  o f  T M A , D M A  a n d  N H 3 in  4 -2 %  T G A  w e r e  p r e p a r e d , a n d  
su b m itte d  to  a n a ly sis  for  T M A  a n d  D M A  in  te n fo ld , b o th  o n  th e  A u to A n a ly z e r  I I  b y  
th e  p r o c ed u res  d e sc r ib e d  h e re , a n d  b y  th e  g a s  c h r o m a to g r a p h ic  m e th o d  (R itsk es ,  
1 9 7 5 a ). T h e  resu lts  a re  g iv e n  in  T a b le  2 . T h e  c o n c lu s io n  h a s  to  b e  d r a w n  th a t  b o th  
a c c u r a c y  a n d  p r e c is io n  o f  th e  a u to m a te d  m e th o d s  a re  c o m p a r a b le  to  th o se  o f  th e  g a s  
c h r o m a to g r a p h ic  m e th o d .

A c c u r a c y  a n d  p r e c is io n  o f  th e  a u to m a te d  N H 3 d e te r m in a t io n , w h ic h  w e r e  a lso  te s ted , 
w e r e  m u c h  b e tte r  th a n  th o se  o f  th e  m a n u a l m e th o d . T h is  p a r t  o f  th e  in v e s t ig a t io n  w a s  
n o t  e x a m in e d  in  d e ta il .

I n  a n o th e r  e x p e r im e n t  k n o w n  a m o u n ts  o f  T M A , D M A  a n d  N H 3 w e r e  a d d e d  to  a  fish  
or  a  sh r im p  e x tr a c t , a n d  th e  o r ig in a l  as w e l l  as th e  sp ik e d  e x tr a c ts  w e r e  s u b m itte d  to  
a n a ly sis . R e c o v e r y  fig u res  a re  g iv e n  in  T a b le  3 . I t  w a s  fo u n d  th a t  th e  rec o v er ie s  in  a ll  
ca ses  a re  a d e q u a te .

T able 3. R ecovery o f T M A , D M A  an d  N H 3 from  spiked fish an d  shrim p extracts

T M A -N  T M A -N , D M A -N  D M A -N , N H 3- N  N H 3-N ,
added, determ ined 

m g/100 m l m g/100 ml
added, 

m g/100 ml
determ ined 
m g/100 m l

added, determ ined 
m g/100 m l m g/100 ml

C od ex tract __ 0 -0 7 -0 -07 __ 0 -2 2 -0 -22 __ 2 -2 6 -2 -2 6
C od ex tract 0-2 0 -27 -0 -2 9 0-2 0 -4 1 -0 -42 — —
C od ex tract 1-0 1-09-1-07 1-0 1-24-1 -24 2 -0 4 -36 -4 -3 3
C od ex tract 2-0 2 -17 -2 -1 8 0-5 0 -7 0 -0 -7 4 — —
S hrim p ex tract — 0 -0 6 -0 -06 — — — 0 -92 -0 -9 3
Shrim p ex tract 0-2 0 -22 -0 -23 — — 0-2 1-13-1-13
Shrim p ex tract 2 -0 2 -1 6 -2 -1 9 — — 2-0 2 -89 -2 -8 8

C o n c l u s i o n s
B y  th e  m e th o d s  d e sc r ib e d , s e v e r a l h u n d r e d s  o f  fish  o r  sh r im p  sa m p les  m a y  b e  a n a ly se d  
fo r  T M A , D M A  a n d  N H 3 in  o n e  w e e k , th is  a m o u n t  b e in g  la r g e ly  d e p e n d e n t  o n  th e  
sp e e d  w ith  w h ic h  th e  e x tra c ts  c a n  b e  p r ep a red .

S in c e  b o th  p r e c is io n  a n d  a c c u r a c y  o f  th e  a u to m a te d  T M A  a n d  D M A  m e th o d s  a re  
e q u a l to  th o se  o f  th e  g a s  c h r o m a to g r a p h ic  d e te r m in a t io n , -.he d e sc r ib e d  m e th o d s  sh o u ld  
b e  p r e ferre d  fo r  r o u t in e  p u rp o ses . If, h o w e v e r , th e  p r e se n c e  o f  v o la t i le  b a ses o th e r  th a n  
T M A , D M A  a n d  N H 3 is e x p e c te d , i f  u n u s u a l p r o d u c ts  h a v e  to  b e  in v e s t ig a te d , o r  i f  
o n ly  sm a ll n u m b e r s  o f  sa m p le s  h a v e  to  b e  a n a ly se d , th e  g a s  c h r o m a to g r a p h ic  m e th o d  
sh o u ld  b e  ch o se n .
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A c k n o w l e d g m e n t s

T h e  a u th o rs  w ish  to  th a n k  th e  s ta f f  o f  T e c h n ic o n  In s tr u m e n ts  b .v .,  R o tte r d a m , T h e  
N e th e r la n d s , fo r  th e  d e v e lo p m e n t  o f  th e  a u to m a te d  D M A  a n d  N H 3 m e th o d s  a n d  for  
th e ir  h e lp  th r o u g h o u t  th e  e x p e r im e n ts .
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C o n tr o l  o f  t h a w  r ig o r  b y  m a n ip u la t io n  o f  
t e m p e r a t u r e  in  c o ld  s t o r e

i .  M c D o n a l d * a n d  n . r . j O N E S t

S u m m a r y
F ille ts  c u t  fro m  p r e -r ig o r  c o d l in g  a n d  fr o z e n  s in g ly  w e r e  o b se r v e d  to  sh r in k  
r a p id ly  w h ils t  th a w in g . T h is  p a p e r  d e sc r ib es  a  series  o f  e x p e r im e n ts  in v e s t i­
g a t in g  th is  p h e n o m e n o n  o f  th a w  r ig o r  a n d  its  c o n tr o l b y  m a n ip u la t io n  o f  
te m p e r a tu r e  in  c o ld  sto ra g e .

I n t r o d u c t i o n
T h e  p h e n o m e n o n  o f  th a w  r ig o r  h a s  b e e n  k n o w n  to  fle sh  te c h n o lo g is ts  fo r  m a n y  y ea rs  
(e .g . J o n e s , 1 9 6 9 ) . I n  fish  i t  c a n  c a u se  ser io u s loss  o f  w e ig h t  in  t issu e  w a te r  a n d  w a te r  
so lu b le s , p a r t ic u la r ly  in  fille ts  (ra th er  th a n  w h o le  fish ) fr o z e n  p r e -r ig o r . W ith  p r e -r ig o r  
fr o z e n  fish  b lo ck s, th e  p r o b le m  is e x a c e r b a te d  a fter  sa w ir .g  a n d  c o o k  th a w in g , as, for  
in s ta n c e , in  fish  fin g ers , w h e r e  it  c a n  b e  a c c o m p a n ie d  b y  gross d is to r tio n . T e x tu r a l  
e ffec ts  th a t  a p p e a r  to  b e  o f  a  fu n d a m e n ta lly  s im ila r  n a tu r e  h a v e  b e e n  r e p o r te d , for  
in s ta n c e  in  tra p  c a u g h t  c o d  (M a c C a llu m  et al., 1 9 6 8 ). F r o m  p r e lim in a r y  o b se r v a tio n s  
(M c D o n a ld  & J o n e s , 1 9 67 ) i t  b e c a m e  a p p a r e n t  th a t  su c h  fa u lts  in  q u a li ty  c o u ld  b e  
m in im iz e d  o r  e v e n  e l im in a te d  b y  a  p e r io d  o f  c o ld  s to r a g e  a t  te m p e r a tu r e s  s o m e w h a t  
a b o v e  th o se  c o m m o n ly  a c c e p te d  to  b e  o f  g o o d  p r a c t ic e  in  term s o f  a v o id a n c e  o f  d é ­
n a tu r a t io n  r e a c t io n .

T h is  p a p e r  d e sc r ib es  a  series  o f  e x p e r im e n ts  i l lu s tr a t in g  th e  g e n e r a l  p r in c ip le  o f  th e  
a p p r o a c h .

E x p e r i m e n t a l
C o d lin g  b e tw e e n  3 5 0  a n d  6 5 0  m m  w e r e  c a u g h t  o n  th e  F a r o e  g r o u n d  a n d  f ille te d  b y  
h a n d . S in g le  fille ts  w e r e  b la s t  fr o z e n  p r e -r ig o r . F ille ts  fro m  su cc ess iv e  b a tc h e s  w e r e  
r a n d o m iz e d  to  a v o id  b a tc h  to  b a tc h  v a r ia t io n . T h e y  w e r e  ‘g la z e d ’ w ith  fresh  w a te r ,  
w r a p p e d  in  fo il  a n d  m a in ta in e d  a t  — 2 9 ° C  o n  th e  v e sse l a n d  a sh o r e  ( te n  d a y s) b e fo re  
s e p a r a tin g  in to  fo u r  g ro u p s . T h e y  w e r e  s to red  r e s p e c t iv e ly  a t  — 7, — 14, —2 2  a n d  
- 2 9 ° C .  "

A uthors’ addresses: * M inistry  o f A griculture, Fisheries an d  Food, T o rry  R esearch Station, 135 A bbey 
R oad , A berdeen AB9 8D G , an d  f T ropical Products Institu te , 56-62 G ray ’s In n  R oad , London 
W C 1 X 8 L U .
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T h a w in g  w a s  c a rr ied  o u t  in  a ir  b la s t  a t 1 8 °C , 1 00%  r e la t iv e  h u m id ity , f i lle ts  b e in g  

la id  o n  w a x e d  p a p er . C h a n g e  o f  le n g th  w a s  m e a su r e d  b y  r e fe ren c e  to  th e  p e n c i l le d  
o u t l in e  o f  th e  o r ig in a l fro zen  fille t . F il le ts  w e r e  w e ig h e d  b e fo re  a n d  a fter  th a w in g .

R e s u l t s  a n d  d i s c u s s i o n
T a b le s  1 a n d  2 sh o w  p e r c e n ta g e  c h a n g e s  in  le n g th  a n d  w e ig h t  r e s p e c t iv e ly  fo l lo w in g  
s to r a g e  a t  th e  fo u r  d iffe r e n t  s to r a g e  te m p e r a tu r e s  a n d  th a w in g .

T a b l e  1., M ean per cent w eight loss and  s tandard  deviation w ith in each ba tch  
fillets

of seven

Zero
tim e

control

Storage
tem p.
(°C)

Storage tim e (days)
Significance

Between
storage
times

Storage
versus
control

2 - 5  7 14 30  92 4 3 4

- 7 +  0 - 3 5  - 0 - 4 5  - 0 - 3 8  
( ± 0 - 8 5 )  ( ± 1 - 0 5 )  ( ± 1 - 0 2 )

NS ***

- 1 4 1 - 6 3  1 - 3 9  1 -23  
( ± 1 - 5 5 )  ( ± 1 - 2 3 )  ( ± 1 - 0 )

NS ***

5 - 1 6
( ± 1 - 8 5 )

-2 2 2 - 4 0  3 - 4 9  2 - 2 0  
( ± 2 - 8 7 )  ( ± 4 - 0 2 )  ( ± 1 - 5 2 )

NS *

- 2 9 2 - 4 1  0 - 8 7  3 - 1 2  
( ± 1 - 5 8 )  ( ± 0 - 6 5 )  ( ± 3 - 5 7 )

NS **

NS, no t significant; *, significant a t  the  5%  level; **, significant a t  the 1% level; ***, signi­
ficant a t  the 0-1%  level.;

S h r in k a g e  r e m a in s  r o u g h ly  c o n s ta n t  a fter  n in e ty - tw o  d a y s  s to r a g e  a t  — 2 9 CC , w ith  
o n ly  a  s lig h t  fa ll a t  4 3 4  d a y s . A  s lig h t  fa ll o n ly  w a s  o b se r v a b le  in  — 2 2 °C  sto red  fish . B y  
c o m p a r iso n , sh r in k a g e  in  th e  — 14°C  fish  w a s  a lm o s t  e lim in a te d  a fter  th ir ty  d a y ’s s to ra g e  
a n d  w ith in  s ev en  d a y s  a t  — 7 °C . W e ig h t  c h a n g e s  b e h a v e d  s o m e w h a t  s im ila r ly  a lth o u g h  
r e la t iv e ly  e r r a t ic a lly  (so m e  g a in s  w e r e  r e c o r d e d  as a  c o n s e q u e n c e  o f  c o n d e n s a t io n ) .  
I t  w a s  r e c o g n iz e d , h o w e v e r , th a t  sh r in k a g e  d id  n o t  e x a c t ly  p a r a lle l  w e ig h t  loss.

O n  th e  e v id e n c e  a v a ila b le , i t  is n o t  p o ss ib le  to  e x p la in  a ll a sp ec ts  o f  th e  p h e n o m e n o n .  
I t  m a y  b e  e x p e c te d  th a t  sh r in k a g e  m a y  w e ll  b e  a ffe c te d  (1) b y  th e  m e ta b o lis m  o f  
g ly c o ly t ic  in te r m e d ia te s  a n d  r ib o m o n o n u c le o t id e s  (A T P , e tc .)  in  th e  fr o z e n  s ta te ,
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T a b l e  2. M ean  per cent contraction  an d  s tandard  deviation w ith in  each b a tch  o f seven fillets

Storage
tem p.
(°C)

Storage tim e (days)
Significance

tim e
control

Between
storage
times

Storage
versus
control

2-5 7 14 30 92 434

- 7 2-69
(± 2 -2 9 )

***

- 1 4 6-46  4-50  0-61 
(± 3 -3 7 )  (± 3 -6 4 )  (± 1 -0 5 )

* ***

10-40
(± 5 -0 9 )

- 2 2 12-20 11-64 7-61
(± 5 -4 5 )  (± 8 -2 0 )  (± 3 -6 2 )

NS NS

- 2 9 13-23 10-92 10-89 
(± 3 -3 1 )  (± 2 -4 4 )  (± 8 -3 1 )

NS NS

NS, no t significant; *, significant a t  the 5%  level; **, significant a t  the 1% level; ***, signi­
ficant a t the 0-1% level.

e n e r g y  b e in g  e sse n tia lly  d is s ip a te d  as h e a t  ra th e r  th a n  m e c h a n ic a lly , a n d  h e n c e  
u n a v a ila b le  for  c o n tr a c t io n  a t  th a w in g ;  a n d  (2 ) th a t  p r o te in  a g g r e g a t io n  r e a c t io n s  m a y  
to  so m e  d e g r e e  a ffe c t  c o n tr a c t ility .

W a te r  r e la t io n s  w o u ld  b e  a ffe c te d  a lso , for in s ta n c e  th r c u g h  la c t ic  a c id  a c c u m u la t io n  
a n d  fro m  loss o f  b in d in g  c a p a c ity  r e su lt in g  fro m  a g g r e g a t io n  r e a c tio n s .

W h ile  i t  is  in te r e s t in g  to  p o s tu la te  th e  in te r r e la t io n sh ip  b e tw e e n  su c h  fa c to rs , i t  is  
c le a r  th a t  a t  th e  le v e l  o f  p r a c t ic a l  th a w  r ig o r  c o n tr o l su c h  a p p r o a c h e s  o ffer  a n  a lte r n a t iv e  
to  s lo w  th a w in g , w ith  its  a t te n d a n t  d e m a n d s  o n  s p a c e  a n d  e q u ip m e n t . J u d g m e n t  is  
n e e d e d , h o w e v e r , to  b a la n c e  th e ir  d e s ir a b il ity  a g a in s t  a n y  a d v erse  e ffe c ts  o f  d é n a tu r a ­
t io n , w h ic h  c o u ld , th e o r e t ic a lly , o c c u r  i f  c o ld  s to r a g e  t im e s  a re  o v e r  e x te n d e d .
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C o m p a r is o n  o f  m e t h o d s  o f  f r e s h n e s s  a s s e s s m e n t  o f  w e t  f i s h
U . I n s t r u m e n t a l  a n d  c h e m i c a l  a s s e s s m e n t s  o f  b o x e d  e x p e r i m e n t a l  f i s h

J .  R .  B U R T ,  D .  M . G I B S O N ,  A .  C .  J A S O N  a n d  H .  R .  S A N D E R S

S u m m a r y
S a m p le s  o f  c o d  w e r e  o b ta in e d  fro m  d iffe r e n t  f ish in g  g r o u n d s  a t  d iffe r e n t  
sea son s. T h e y  w e r e  s to red  in  b o x e s  w ith  ic e  for p e r io d s  o f  u p  to  2 0  d a y s. 
A t r e g u la r  in te r v a ls  m e a su r e m e n ts  b y  T o r r y  F ish  F resh n ess  M e te r  a n d  
I n te le c tr o n  F ish  T e s te r  V  a n d  d e te r m in a tio n s  o f  h y p o x a n th in e  a n d  tri- 
m e th y la m in e  c o n c e n tr a t io n s  w e r e  m a d e .

L in e a r  r e la tio n sh ip s  w ith  le n g th  o f  t im e  o f  s to r a g e  w e r e  e s ta b lish e d  a n d  
c a lib r a t io n s  w ith  sen so ry  tests  a re  p r e se n te d .

G r o u n d  a n d  s e a so n a l e ffe c ts  w e r e  fo u n d  in  th e  re la tio n sh ip s  w ith  d a y s  o f  
s to ra g e  a n d  w ith  sen so ry  a sse ssm en t. T h e  a m o u n ts  o f  s p o ila g e  m e a su r e d  b y  
th e  d if fe r e n t  tests  a re  co r r e la te d .

I n t r o d u c t i o n
In  P a r t I  (B u rt et al., 1 9 75 ) resu lts  o f  sen so ry  a sse ssm en t o n  c o d  fro m  a  n u m b e r  o f  
f ish in g  g r o u n d s  a t v a r io u s  sea son s w e r e  r e p o r ted . T h e  sa m e  fish  w e r e  te s te d  b y  fo u r  
n o n -se n so r y  m e th o d s ;  th e  resu lts  fro m  th e se  a n d  c o m p a r iso n s  w ith  th e  sen so ry  test  
resu lts  a re  g iv e n  h e re .

T w o  c h e m ic a l  c o m p o u n d s  w e r e  c h o se n  as in d ic a to r s  o f  s p o ila g e , tr im e th y la m in e  
w h ic h  is p r o d u c e d  b y  th e  a c t io n  o f  b a c te r ia  o n  tr im e th y la m in e  o x id e , a n d  h y p o x a n ­
th in e  w h ic h  is  p r o d u c e d  b y  t issu e  e n z y m e s  fro m  n u c le o t id e s . T h e  e x te n s iv e  l ite r a tu r e  
o n  tr im e th y la m in e  a n d  th e  q u a lity  o f  fish  w a s  r e v ie w e d  b y  R u ite r  (1 9 7 1 ) . B u rt, S tro u d  
& J o n e s  (1 9 6 9 ) lis t re fe ren c es  to  th e  d e te r m in a t io n  o f  h y p o x a n th in e  c o n c e n tr a t io n s  in  
n e a r ly  tw e n ty  sp e c ie s  o f  fish , in c lu d in g  c o d , d u r in g  p e r io d s  o f  c h il l  s to r a g e  ; s in c e  th e n  
m a n y  fu r th e r  rep o rts  h a v e  b e e n  p u b lis h e d  a n d  it  a p p ea rs  th a t  h y p o x a n th in e  m a y  b e  o f  
v a lu e  in  a sse ss in g  th e  q u a lity  o f  o v e r  fifty  sp ec ie s  o f  fish  (m a r in e  a n d  fre sh w a ter ) a n d  
sh e llfish  (m o llu sc s  a n d  c r u s ta c e a n s ) .

T w o  ty p e s  o f  in s tr u m e n ts , b o th  m e a su r in g  d ie le c tr ic  p r o p er tie s , w e r e  u sed . T h e  
I n te le c tr o n  F ish  T e ste r  V  h a s  b e e n  c o m m e r c ia l ly  a v a ila b le  for  so m e  t im e  (H e n n in g s ,

A uthors’ address: T o rry  R esearch Station, 135 A bbey R oad , A berdeen AB9 8DG.
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1 9 6 3 , 1 9 6 5 ) . G r a p h ite  e le c tr o d e s  a re  p la c e d  o n  e ith e r  s id e  o f  th e  fish  a n d  th e  im p e d a n c e  
is m e a su r e d  a t tw o  fr e q u e n c ie s . A  m e te r  d isp la y s  th e  v a lu e  Qj= (R-l /R b. — 1) x  1 00 , 
w h e r e  Rj. a n d  R H a re th e  im p e d a n c e s  a t  th e  lo w e r  a n d  h ig h e r  fr e q u e n c ie s  r e s p e c t iv e ly .  
Q  d e crea se s  fro m  h ig h  v a lu e s  for  fresh  fish  as sp o ila g e  p rogresses.

T o  o v e r c o m e  so m e  o f  th e  d isa d v a n ta g e s  o f  th is  in s tr u m e n t, p a r t ic u la r ly  th e  r e q u ir e ­
m e n t  to  p ic k  a  fish  o u t  o f  th e  b o x  a n d  h o ld  it  u p  w h ile  a p p ly in g  m e a su r in g  fo rcep s , a  
n e w  in s tr u m e n t, th e  T o r r y  F ish  F resh n ess  M e te r , w a s  d e v e lo p e d . T h is  m ea su re s  th e  
p o w e r  fa c to r  o f  th e  in ta c t  fish  b y  a  fo u r -e le c tr o d e  te c h n iq u e  a n d  c a n  b e  u se d  w ith o u t  
r e m o v in g  th e  fish  fro m  th e  b o x  (J a so n  & R ic h a r d s , 1 9 7 5 ).

M a t e r i a l s  a n d  m e t h o d s
D e ta ils  o f  c a tc h in g , s to r a g e  a n d  sa m p lin g  p r o c e d u r e s  w e r e  g iv e n  in  P a r t I .

Torry Fish Freshness Meter
T h e  T o r r y  F ish  F resh n ess  M e te r  (T F M ) u se d  w a s  a  p r o to ty p e  in s tr u m e n t  w ith  a  

lin e a r  s c a le  fro m  0  to  100 . R e a d in g s  d e c r e a se  as s p o ila g e  p rog resses . T h e  e le c tr o d e s  
w e r e  c o n ta in e d  in  a  s e p a r a te  p r o b e  h e a d  w h ic h  w a s  c o n n e c te d  b y  f le x ib le  c a b le  to  a  
b o x  c o n ta in in g  th e  m e a su r in g  c ircu its  a n d  m e te r . F ish  w e r e  te s ted  in  th e ir  u n d is tu r b e d  
p o s it io n  in  th e  b o x . T h e  p r o b e  h e a d  w a s  a p p lie d  to  a  p r e c ise ly  d e f in e d  p o s it io n  o n  th e  
fish , a b o v e  a n d  p a r a lle l  to  th e  la te r a l l in e  ju s t  b e h in d  th e  b e lly  c a v ity .

Intelectron Fish Tester V
T w o  m o d e ls  o f  th e  I n te le c tr o n  F ish  T e s te r  V  ( I F T )  w e r e  u sed . O n e  h a d  b e e n  m o d i­

fied  b y  th e  m a n u fa c tu r e r s  to  in c lu d e  te m p e r a tu r e  c o m p e n s a t io n  for  fish  a b o v e  0 °C  
(G ib so n  &  S h e w a n , 1 9 7 1 ). B o th  in s tr u m e n ts  w e r e  g r a d u a te d  from  0 to  1 00 . R e a d in g s  
d e crea se  as sp o ila g e  p ro g resses . T h e  fish  to  b e  te s te d  w a s  l ifte d  fro m  th e  b o x  b y  its h e a d  
a n d  h e ld  u p  v e r t ic a lly . T h e  e le c tr o d e s , h e ld  b y  m e a su r in g  fo rcep s, w e r e  a p p lie d  o n e  o n  
e ith e r  s id e  o f  th e  b o d y  o f  th e  fish  o n  th e  la te r a l l in e  ju s t  b e lo w  th e  e n d  o f  th e  b e lly  c a v ity .

Hypoxanthine
H y p o x a n th in e  d e te r m in a t io n s  w e r e  c a rr ied  o u t  o n  th e  fish  s e le c te d  fo r  a n a ly s is  b y  

r e m o v in g  a  p o r t io n  o f  th e  fish  m u sc le  fro m  b e h in d  th e  h e a d . A  5 -g  s a m p le  w a s  w e ig h e d  
( -  0 -0 5  g ) ,  en su r in g  th a t  i t  w a s  n o t  c o n ta m in a te d  w ith  a n y  b lo o d , d a rk  m u sc le  o r  sk in . 
E x tr a c ts  w e r e  p r e p a r e d  b y  h o m o g e n iz in g  th e  s a m p le  w ith  5 0  m l 0 -6  m  p e r c h lo r ic  a c id  
for  1 m in  (M S E  N e lc o  h o m o g e n iz e r ) . T h e  h o m o g e n a te  w a s  f i lte r e d  a n d  5  m l o f  th e  
f ik r a te  n e u tr a liz e d  w ith  5  m l o f  0 -5 5 7  m  K O H  c o n ta in in g  0 .2  m  p h o s p h a te  b u ffer  
(B u rt et al., 1 9 6 9 ) . A n a ly s is  o f  th e  sa m p le s  w a s  ca rr ied  o u t  e ith e r  b y  th e  m a n u a l  e n ­
z y m a t ic  a n a ly t ic a l  m e th o d  (J o n e s  et al., 19 64 ) o r  b y  th e  a u to m a te d  e n z y m a t ic  m e th o d  
u s in g  th e  T e c h n ic o n  A u to -A n a ly s e r  (B u rt, M u r r a y  & S tro u d , 1 9 6 8 ). H y p o x a n th in e  
c o n c e n tr a t io n s  ( H X C )  w e r e  ex p r esse d  as w e ig h t  in  m ill ig r a m s  p e r  1 00  g  o f f i s h .  I n  o r d e r
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to  lin e a r iz e  th e  s c a le  w ith  re sp e c t to  a g e - in - ic e  a n d  to  e q u a liz e  s ta n d a r d  d e v ia t io n s , a  
lo g a r ith m ic  tra n sfo rm a tio n  to  a  h y p o x a n th in e  in d e x  ( H X I )  w a s  m a d e , w h e r e  H X I  =  
l o g 10 ( H X C  +  5 ) , (J o n e s  et al., 1 9 6 4 ).

Trimelhylamine
T r im e th y la m in e -n itr o g e n  ( T M A - N )  w a s  d e te r m in e d  or_ fish  m u sc le  e x tra c ts  b y  th e  

a u to m a te d  p r o c e d u r e  o f  M u r r a y  & B u rt (1 9 6 4 ) , a lso  d e sc r ib e d  b y  M u r r a y  & G ib so n  
(1 9 7 2 ) . A fte r  th e  ta s te  p a n e l  h a d  m a d e  th e ir  e x a m in a t io n  o f  th e  ra w  fish  fille t , th e  
f i lle t  w a s  q u a r te r e d  a n d  d ia g o n a lly  o p p o s ite  q u a r ter s  w e r e  ta k e n , b e in g  c u t  i f  n e cessa r y  
to  g iv e  100  g . F o r  sm a lle r  fish  th e  w h o le  f i lle t  a n d  so m e tim e s  th e  o th e r  f i lle t  s t ill  a t ta c h e d  
to  th e  b a c k b o n e  o f  th e  fish  w e r e  n e e d e d  to  g iv e  100  g  o f  fish  m u sc le . T h e  w e ig h e d  
p o r tio n s  w e r e  c u t  in to  sm a ll p ie c e s  w ith  a  p a ir  o f  scissors a n d  h o m o g e n iz e d  w ith  3 0 0  m l  
5 %  (w /v )  tr ic h lo r a c e t ic  a c id  in  a n  A to m ix  b o tto m  d r iv e  h o m o g e n iz e r  for  1 m in  a t  h a l f  
sp e e d  a n d  1 m in  a t  fu ll sp e e d . T h e  s lu rry  w a s  filte red  th r o u g h  W h a tm a n  N o . 12 f lu te d  
filter  p a p e r , a n d  a  U n iv e r s a l  b o tt le  f i lle d  w ith  filtra te . T h e  ex tra c ts  w e r e  s to red  a t 2 °C  
u n t il  a n a ly se d . F o r  p u rp o ses  o f  c a lc u la t io n  it  w a s  a ssu m ed  th a t  th e  w a te r  c o n te n t  o f  c o d  
w a s 8 0  m l / 100  g . S ta n d a r d  so lu tio n s  o f  tr im e th y la m in e  w e r e  ru n  in  th e  a n a ly se r , th e ir  
n itr o g e n  c o n te n t  b e in g  d e te r m in e d  b y  m ic r o -K je ld a h l p r o c e d u r e . S a m p le s  w e r e  ru n  in  
d u p lic a te  a n d  th e  m e a n  o f  th e  tw o  resu lts  w a s  t a k e n ; if, as h a p p e n e d  v e r y  o c c a s io n a lly ,  
th e  d if fe r e n c e  b e tw e e n  th e  resu lts  w a s  g r e a te r  th a n  5 %  o f  th e  m e a n , fu r th er  r e p lic a te s  
w e r e  ru n . T r im e th y la m in e  c o n c e n tr a t io n s  (T M C ) w e r e  ex p ressed  as w e ig h t  in  m ill i ­
g ra m s o f  n itr o g e n  p er  100  g  o f  fish . In  o rd e r  to  l in e a r iz e  th e  s c a le  w ith  r e sp e c t to  a g e - in ­
ic e  a n d  to  e q u a liz e  s ta n d a r d  d e v ia t io n s , a  lo g a r ith m ic  tra n sfo r m a tio n  to  a  tr im e th y l­
a m in e  in d e x  ( T M I )  w a s  m a d e , w h e r e  T M I  =  lo g 10 ( T M C + 1 ) .  E h r e n b e r g  & S h e w a n  
(1 9 5 5 ) m u lt ip lie d  th is  in d e x  b y  10. T h e y  u sed  a  m ic r o -d iffu s io n  (C o n w a y ) p r o c e d u r e  
a n d  q u o te  th e ir  resu lts  for  c o n c e n tr a t io n  as m ill ig r a m s o f  n itr o g e n  p er  100  m  o f  e x tr a c t;  
th ese  resu lts  m u st b e  m u lt ip lie d  b y  0-8  for c o m p a r iso n  w ith  th e  p r esen t resu lts .

R e s u l t s  a n d  d i s c u s s i o n
T h e  resu lts  o f  th e  n o n -se n so r y  tests  w e r e  a n a ly se d  in  th e  sa m e  w a y  as th o se  o f  th e  sen so ry  
tests  in  P a r t I.

P r e lim in a r y  c a lc u la t io n s  c o n fir m e d  th e  v a lid ity  o f  e x p r e ss in g  th e  h y p o x a n th in e  a n d  
tr im e th y la m in e  c o n c e n tr a t io n s  b y  th e ir  lo g a r ith m ic  tr a n sfo rm a tio n s  a n d  resu lts  a re  
q u o te d  as th e  r e sp e c t iv e  in d ic e s .

W h e n  fish  is  fresh  th e  r a te  o f  tr im e th y la m in e  p r o d u c t io n  is lo w  a n d  resu lts  fro m  fish  
sto red  for less th a n  7 d a y s  in  ic e  w e r e  n o t  u sed  in  th e  s u b se q u e n t a n a ly sis .

T h e  resu lts  fro m  th e  tw o  m o d e ls  o f  th e  I n tc le c tr o n  F ish  T e s te r  w e r e  su ff ic ie n tly  
s im ila r  for th e  resu lts  o f  o n ly  o n e  to  b e  q u o te d . A lth o u g h  in  th e  p r e se n t e x p e r im e n ts ,  
w h e n  a ll fish  w e r e  a t  th e  te m p e r a tu r e  o f  m e lt in g  ic e , te m p e r a tu r e  c o m p e n s a t io n  w a s  
n o t  r e q u ir e d , th e  resu lts  fro m  th e  te m p e r a tu r e -c o m p e n s a te d  m o d e l w e r e  u sed  so  as to



be compatible with subsequent experiments on fish markets where the temperature of 
the fish is often higher.

Analysis of variance showed a marked effect of layer for the instruments, the top 
layer appearing fresher by the equivalent of 1 \ days when measured by TFM and 
nearly 1 day by IFT. This effect was not found in the chemical tests; amongst 
the sensory tests it had been observed only for general appearance, and then to a 
smaller degree. It seems to be a surface effect, probably caused by the additional pressure 
on the fish in the lower layer.

The effect of fish size was non-significant for TFM and equivalent to less than J 
day for IFT. The chemical tests showed a larger effect, § day for TMI and 2 days for 
H X I; in the sensory tests the effect was |  day. In all cases the larger fish appeared 
fresher; this effect was observed throughout the range of ages-in-ice.

Within-box-layer standard deviations were pooled over all runs and are shown in 
Table 1 for separate age-in-ice ranges and pooled over all ages. There is a general 
increase in standard deviations for longer stored fish, indicating variations in the rate 
of spoilage of individual fish in a box. Between-box standard deviations pooled over all 
runs and ages are also given in Table 1. There were significant between-box standard 
deviations for TFM, IFT and TMI but not for HXI. The reasons for this are not known.
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T a b l e  1. W ithin-box-layer an d  between-boxes standard  
deviations

Days-in-ice T F M IF T H X I T M I

W ithin-box-layer 2 -6 6-9 6-6 0-039 —

7-9 6-9 7-2 0-048 0-117
10-12 6-8 8-7 0-068 0-148
13-16 7-8 10-3 0-088 0-163

Pooled 7-1 8 -4 0-063 0-144
Between-box pooled 3-3 3-3 ns 0-056

ns, not significant a t  the 5%  level.

Within-box correlation coefficients pooled over all runs and ages are shown in 
Tables 2 and 3. The highest correlations between tests are for the two instrumental 
methods. The correlations between length and chemical tests have already been noted 
in the analysis of variance. pH was most strongly correlated with HXI. The small, 
though significant, correlations between pH and instruments are opposite in effect 
though not in sign to those of pH and the chemical and sensory tests ; low pH is associ­
ated with indications of greater spoilage.
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Regression analyses vvitli age-in-ice as independent and instrument reading or 

chemical index as dependent variable were carried out. No consistent departures from 
linearity were found. Linear regression parameters (intercept a, regression coefficient b 
and standard deviation from regression sT) pooled over all runs are shown in Table 4. 
For compatibility with the results from sensory tests, only batches for which assessments

T a b l e  2. Pooled w ithin-box correlation 
coefficients

T F M
0-5  IF T

ns ns H X Io1o1 0-2 T M I

ns, not significant a t the 5%  level.

T able 3. Pooled w ithin-
box correlation coefficients

Length PH

T F M ns 0-1
IF T 0-1 0-1
H X I - 0 - 3 0-3
T M I - 0-2 0-1

ns, no t significant a t  the 5%  level.

T a b l e  4. L inear regression param eters with
days -in-ice

T est a b *»r

T F M  64 - 3 - 0 8 -4
IF T  110 - 4 - 3 9-9
H X I 0-80 0-042 0-069
T M I - 0 - 4 5 0-112 0-179

on cooked fish had been carried out were included in the analysis. Box means and 
regression lines with age-in-ice are plotted in Figs 1-4. The standard deviation from 
regression for HXI was obtained from separate regressions for each size group pooled 
over all runs. Separate values for the regression coefficient and the intercept are not 
quoted, as differences between sizes are considerably lower than differences between 
runs.

The sensitivity of each method (Baines & Shewan,1965) was calculated as the ratio
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of its standard deviation and its regression coefficient with days-in-ice (s/b). These 
ratios express the standard deviations in units of equivalent days-in-ice and enable 
direct comparisons to be made between the methods.

When the mean instrumental reading or chemical index within the sampling unit 
is to be estimated from the results on a sample, a combination of within-box-layer and 
between-box standard deviations is used. For HXI where the between-box standard 
deviation is non-significant the sampling unit may extend to any number of boxes of

F i g . 1. R elationship betw een T orry  Fish Freshness M eter readings an d  tim e o f iced
storage. Box m eans and  fitted regression lines. ----------, Pooled over all r u n s ; ------------ ,
N ovem ber Ic e la n d ;------------ , F eb ru ary  N orth  Sea.

the same size group and age-in-ice. When there is a significant between-box standard 
deviation samples must be taken from more than one box and the standard deviation 
entering the calculation depends on the number of fish taken from each box. If enough 
boxes are available it is advantageous to take only one fish from each box to be tested. 
The standard deviation s for the calculation of sensitivity in this case is obtained from 
s2=Sb2 + svl2 where rw is the within-box-layer and the between-box standard devia­
tion. The appropriate standard deviations for TFM, IFT and TMI become 7-8, 9-0 
and 0-154 respectively. The corresponding sensitivities are shown in Table 5. Sample 
numbers required to estimate the mean instrumental reading or chemical index to the
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equivalent of ± 1 day-in-ice are given in Table 6. If not enough boxes are available, or 
if all boxes are not readily accessible, more fish must be taken from each box. This, 
however, increases the total number of fish to be tested; for TFM instead of one fish 
from each of twenty-seven boxes, three fish may be taken from each of twelve boxes 
requiring an increase in effort of one-third for the same degree of precision.

F ig . 2. R elationship betw een In telectron Fish T ester V  readings an d  tim e of iced storage.
Box m eans and  fitted regression l in e s .---------- , Pooled over all r u n s ; ------------ , Novem ber
Ic e la n d ;------------ , F eb ru ary  N orth  Sea.

The differences between layers has not been considered in these calculations. It is 
assumed that in practice only the top layer is tested and a suitable correction applied 
where appropriate.

Sensitivities were also calculated for the prediction of true days-in-ice from instru­
mental readings or chemical indices (Table 5); in this case the standard deviations 
from regression (rr in Table 4) were used.
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F ig . 3. R elationship betw een hypoxanthine index an d  tim e of iced storage. Box m eans
an d  fitted regression lines. ---------- , Pooled over all r u n s ; ------------ , Novem ber Iceland;
------------ , February  N orth  Sea.

T a b l e  5 .  Sensitivity o f  test, days- 
in-ice

Test Estim ate Prediction

T F M 2-6 2-8
I F T 2-1 2-3
H X I 1-5 1-7
T M I 1-4 1-6

T a b l e  6 . Sam ple num bers, ±  1
day-in -ice, 95%  confidence

Test Estim ate Prediction

T F M 27 31
I FT 17 20
H X I 9 11
T M I 7 10
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The sample numbers required to predict the true age-in-ice to ± 1 day with 95% 

confidence are given in Table 6.
Table 7 shows the ages-in-ice predicted using regression lines obtained for different 

runs and the regression lines pooled over all runs at values of meter readings and chemi­
cal indices corresponding to about 6J and 14 days-in-ice. The regression lines were 
obtained for fish of all ages-in-ice (TMI from 7 days upwards). Run 1 has been omitted

F ig . 4. R elationship betw een trim ethylam ine index an d  tim e o f iced storage. Box m eans
an d  fitted regression lines. ---------- , Pooled over all r u n s ; ------------ , N ovem ber Iceland;
------------ , F eb ruary  N orth  Sea.

for TFM because the instrument’s calibration was different for that run. During 
part of run 2 the Intelectron Fish Tester was faulty and IFT results were not used. 
Only large fish were obtained for run 12 and HXI resuhs were not used because of 
the strong size effect on this test. Runs 12 and 14 had too few samples for the inclusion 
of TMI results. The use of the pooled regression equation instead of that appropriate 
to the particular run (which is generally not known) can introduce a bias of up to the 
equivalent of 2  ̂days for TMI and 3J days for the other tests. The range of ages-in-ice

6



oredicted by the different methods for any one run is on average 2 days but can be 
as gi'eat as 4 days.

In terms of these tests, keeping time can be defined as the time taken to reach a 
reading or index corresponding to 14 days-in-ice for the pooled regression. Keeping

32 J .  R ■ Burt et al.

T a b l e  7. Days-in-ice predicted  in different runs

N om inal days-in-ice

6 -5  14-0

R un M onth G round T FM * IF T H X I T M I T F M IF T H X I T M I

451 82 1-07 0-31 23 48 1-41 1-08

1 2 NS _ 6-5 7-1 8-7 _ 14-8 15-5 16-4
2 6 I 6-1 - 5-6 7-4 14-4 - 14-5 15-1
3 9 BI 5-5 5-8 6-2 6-1 13-9 12-8 13-3 12-3
4 11 I 4 -4 4-7 4 -6 4-3 11-8 13-0 11-9 11-9
5 2 L 6-3 5-9 8-3 8 -4 13-6 15-2 17-7 15-5
6 2 NS 9-3 8-0 6-9 7-3 17-5 17-3 15-4 16-4
7 4 L 7-2 6-7 6 -9 6-0 14-4 13-6 12-7 13-4
8 4 I 7-4 6-8 6 -4 6-6 14-3 13-0 13-0 13-1
9 6 I 5 -9 5-7 7-6 6-3 14-1 13-2 14-6 13-9

10 6 I 8 -7 8-1 5-7 5-6 16-6 15-2 14-9 14-0
11 9 BS 5-8 5-3 4 -8 4-5 12-7 14-5 14-0 12-3
12 9 BI 3-3 3-6 - - 11-2 11-9 - -
13 11 I 3-9 7-0 5-8 5-7 11-7 13-2 12 ’0 13-8
14 11 NS 8-1 7-7 7-2 - 14-7 17-3 17-0 -
Fooled 6 -4 6 -4 6 -4 6-5 13-9 13-9 14-0 14-0
F.ange 6-0 4-4 3-7 4.4 6-3 5 -4 5-8 4 -5

* T est; t  reading/index.
BI, Bear Island ; BS, Barents Sea; L, Lofoten; I, Iceland; NS, N o rth  Sea.

times are generally highest for February/North Sea runs, and lowest for the Septem- 
ter/Bear Island, September/Barents Sea and November/Iceland runs. The HXI 
keeping times (time to reach T41) range from 12 days for November/Iceland to nearly 
18 days for February/Lofoten; they are higher than the times of 11 J to 124 days 
calculated from the data of Jones et al. (1964) for North Sea, Iceland and Faroes 
fish. The TMI keeping times (time to reach T08) range from 12 days for November/Ice­
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land to 16J for February/North Sea and are within the range of 11 days (September/ 
Spitzbergen) to 18 days (February/North Sea) calculated from the data of Ehrenberg & 
Shewan (1955).

Differences in keeping times between corresponding runs in successive years were 
up to 3 days for TFM, 2 | days for IFT, 2 days for TMI and \  day for HXI.

Biases can in most cases be reduced by the use of the relationship for the particular 
ground and season combination instead of the pooled relation. The calculated regres­
sion lines for the runs with the longest (February/North Sea) and the shortest (Novem- 
ber/Iceland) keeping times are shown in Figs 1-4.

T a b l e  8. Pooled w ith in-box correlation 
coefficients

GA R O C O CF

T F M 0-1 ns ns 0-1
IF T 0-1 ns ns ns
H X I - 0-1 - 0-2 - 0 - 3 - 0 - 3
T M I - 0-1 - 0-1 - 0-2 - 0-2

ns, no t significant a t  the  5%  level.

T a b l e  9 .  L inear calibration  param eters w ith sensory scores

GA R O , C O , CF

a b a b

T F M -6 15 - 1 8 9
IF T 8 22 - 9 13
H X I 1-79 - 0 - 2 1 5 1-95 - 0 - 1 2 5
T M I 2-17 - 0 - 5 7 2-60 - 0 - 3 3

T a b l e  10. C alibration

R O , C O , C F  GA T F M IF T H X I H X C T M I T M C

8 3-9 54 95 0-950 3-9 — —

7 3-3 45 82 1-075 6-9 0-29 0-9
6 2-7 36 69 1-200 10-8 0-62 3 - 2
5 2 - 1 27 56 1-325 16-1 0-95 7-9
4 1-5 18 43 1-450 23-2 1-28 18-1
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T able 11. C orrélation coefficients of keeping times

GA
0-5 R O
ns 0-6 C O
0-5 0-5 0-9 CF
0-5 0-5 0-5 0 -5 T F M
ns 0-6 0-8 0-7 0-7 IF T
ns 0-6 0-8 0-7 0-5 0-8
0-5 ns 0-6 0-6 0-6 0-7

ns, not significant a t the 10%  level.
T able 12. R ange of keeping times, equivalent 

days-in-ice
T F M IF T H X I T M I

Age-in-ice 6-3 5 -4 5-8 4-5
GA 5-5 5-0 6-0 3-8
R O 4-7 3-8 5-5 4-7
CO 5-2 4-2 5 -4 4-8
C F 5-7 4-5 5 -4 4-5

F ig . 5. R elationship between T orry  Fish Freshness M eter readings and raw  odour scores.
Box m eans and  calibration  l in e s . ----------, Pooled over all r u n s ; ------------ , Novem ber
Ic e la n d ;------------ , F ebruary  N orth  Sea.



Freshness assessment o f  wet fish. I I 85
In order to follow seasonal variations closely, the intervals between catches from the 

same ground have to be much smaller than in the present experiment. Jason & Lees
(1971) have shown that there is a seasonal cyclical variation for TFM and sensory 
scores. This cycle, which presumably is a reflection of biological variations, is not 
necessarily repeated at the identical calendar time in successive years. Thus the method

F ig . 6. R elationsh ip  betw een In telectron Fish T ester V  readings an d  raw  odour scores.
Box m eans an d  calibration  lines. ---------- , Pooled over all r u n s ; ------------ , Novem ber
I c e la n d ;------------ , February  N o rth  Sea.

of chronological sampling described in this paper does not ensure obtaining fish in the 
same biological condition in different years.

To test the association between non-sensory and sensory tests (GA: general appear­
ance; RO; raw odour; CO: cooked odour; CF: cooked flavour) pooled within-box 
correlation coefficients were calculated (Table 8). The highest association is between 
HXI and cooked assessments. The instruments are associated mainly with GA, indicat­
ing the importance of the state of the surface on instrument readings.
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In Table 9 linear calibration parameters are given in the form (reading or index) 

— a + bx (sensory score). They were obtained from the linear regression of each test on 
age-in-ice; the values for the non-sensory tests relate to all ages (TMI from 7 days), 
those for sensory tests for ages when cooked assessment was carried out. Calibration 
lines with RO are shown in Figs 5 and 8. The regressions of RO, CO and CF were 
sufficiently close for a single calibration relation to be used for all three tests. Table 10

F ig . 7. Relationships betw een hypoxanthine index and raw  odour scores. Box m eans and
calibration  lines. ---------- , Pooled over all r u n s ; ------------ , N ovem ber I c e la n d ; ------------
F eb ruary  N orth  Sea.

lists calibration relations between all tests in the range of linearity. HXI and TMI 
values have also been re-converted to concentrations (HXC and TMC).

To test whether the different keeping times found in the different runs reflect a true 
difference in spoilage rates measured by all tests, correlation coefficients were calculated 
for the keeping times obtained from the different tests (Table 11) and most were found 
to be significant. GA and TFM which measure mainly surface effects have the lowest 
correlation with other tests. The non-sensory tests show higher correlations with cooked 
than with raw assessments.



Freshness assessment o f  wet fish. I I 87
Calculations similar to those giving rise to Table 7 have been carried out to deter­

mine the range of sensory scores corresponding to a given instrument reading or chemi­
cal index in different runs. If the two tests being compared are similarly affected by any 
ground or seasonal variation, the range will be considerably less than when the true 
age-in-ice is considered. In the ideal case the correspondence would be perfect and a

F i g . 8 .  R e l a t i o n s h i p  b e t w e e n  t r i m e t h y l a m i n e  i n d e x  a n d  r a w  o d o u r  s c o r e s .  B o x  m e a n s  a n d
calibration  lines. ---------- , Pooled over all r u n s ; ------------ , N ovem ber I c e la n d ; ------------ ,
F eb ruary  N o rth  Sea.

given reading or index would always correspond to the same sensory score, whatever 
ground or season is chosen.

The ranges found have been converted from sensory scores to equivalent days-in-ice 
and are shown in Table 12. In most cases there is a reduction from the values for true 
age-in-ice but considerable variations remain.

The ranges of keeping times determined by the non-sensory tests (Table 7) are 
greater than the ranges determined by the sensory tests (2-5 to 3-4 days). A given
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reading or index will therefore correspond to a range of sensory scores even for perfect 
correlation; in a run with a low spoilage rate a given reading or index will be associated 
with a lower sensory score than in a run with a high spoilage rate. The present results 
show a general trend in this direction. Calibration lines are shown in Figs 5-8 for the 
runs with the highest and lowest spoilage. The closest relationship between correspond­
ing runs in successive years was found for HXI and CF, where the maximum difference 
was less than 1 equivalent day-in-ice.

Shewan & Ehrenberg (1957) found no consistent relationship between TMI and 
sensory score. The relationship between trimethylamine concentration and sensory 
assessment of cod has also been studied by Hoogland (1958), Castell, Elson & Giles 
(1961) and Antonacopoulos (1971) and between the Intelectron Fish Tester V and 
sensory assessment by Wittfogel & Schlegel (1971), but their different methods of 
sensory assessment preclude a direct comparison with the present results.

Conclusion
For iced boxed fish stored for 4 to 20 days (7 to 20 for trimethylamine index) linear 
relationships with age-in-ice exist for all four tests. Differences between fish from 
different grounds at different seasons are considerable but can be reduced, though 
not eliminated, by using separate relationships for each ground and season com­
bination.

Conversion of results from non-sensory methods to equivalent sensory scores is possible 
on the basis of average relationships and some allowance can be made for ground and 
season. However, each test is best used in its own right.

The instruments require larger sample numbers than the chemical tests for the same 
precision and are sensitive to the position of the fish in the box. On the other hand, they 
are non-destructive and even allowing for the larger sample numbers are faster to 
apply and simpler to operate.

Of the two instruments, the Torry Fish Freshness Meter requires larger sample 
numbers but is faster and more convenient to operate than the Intelectron Fish Tester V. 
Hypoxanthine is more closely correlated with sensoy scores but recuires larger sample 
numbers, though smaller weights of fish, than trimethylamine. It is also useful over 
a wider range of storage time. When results on individual fish are not required, it 
is possible to reduce the analytical labour for both chemical methods by the use of a 
single extract from a composite of the individual samples.
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T herm od yn am ics o f  w ater vapour sorption  by su ga r  beet root

H É C T O R  A .  I G L E S I A S ,  J O R G E  C H I R I F E a n d  P A S C U A L  V I O L L A Z

Summary
P r e v io u s ly  o b ta in e d  w a te r  s o r p tio n  iso th e r m s  w e r e  u sed  for  th e  c a lc u la t io n  
o f  th e r m o d y n a m ic  fu n c tio n s  o f  w a te r  v a p o u r  so r p tio n  in  su g a r  b e e t  r o o t  a n d  
its  m a in  c o m p o n e n ts , n a m e ly  th e  w a te r  in s o lu b le  fr a c tio n  a n d  su crose . 
I n te g r a l  m o la r  e n th a lp y , e n tr o p y  a n d  free  e n e r g y  w e r e  c a lc u la te d  as a  
fu n c t io n  o f  m o is tu r e  c o n te n t  a n d  se v e r a l h y p o th e s e s  w e r e  a d v a n c e d  in  o rd er  
to  e x p la in  th e  v a lu e s  o b se r v e d . T h e s e  h y p o th e se s  w e r e  m a in ly  c o n c e r n e d  w ith  
c o n f ig u r a t io n a l m o d if ic a t io n s  o f  th e  a d so r b e n ts  d u r in g  th e  co u r se  o f  so r p tio n .

Introduction
W a ter  so r p tio n  iso th erm s  in  fo o d s  a re  o f  g r e a t  im p o r ta n c e  in  se v e r a l a sp ec ts  o f  fo o d  
p r e se r v a tio n  b y  d e h y d r a t io n . T h e r e  is  a  w e ll  e s ta b lish e d  r e la t io n sh ip  b e tw e e n  w a te r  
so r p tio n  iso th e r m s  a n d  c h e m ic a l ,  p h y s ic a l a n d  s ta b il ity  ch a r a c te r is t ic s  o f  d e h y d r a te d  
fo o d  p r o d u c ts  (L o n c in , B im b e n e t  & L e n g e s , 1 9 6 8 ; L a b u z a , T a n n e b a u m  & K a r e l, 
1 9 7 0 ; K a r e l,  1 9 7 3 ) . T h e  d e te r m in a t io n  o f  e q u ilib r iu m  m o is tu r e  c o n te n ts  for  d e h y ­
d r a te d  fo o d s  a lso  p r o v id e s  v a lu a b le  in fo r m a tio n  o n  th e  th e r m o d y n a m ic s  o f  w a te r  
so r p tio n , s in c e  fro m  e x is t in g  th e o r ie s , th e r m o d y n a m ic  fu n c tio n s  c a n  b e  r e a d ily  c a lc u la ­
te d  fro m  th e  m e a su r e d  so r p tio n  iso th erm s. T h e r m o d y n a m ic  fu n c tio n s  a llo w  fo r  th e  
th e o r e t ic a l in te r p r e ta t io n  o f  e x p e r im e n ta l  resu lts  in  a c c o r d a n c e  w ith  th e  s ta te m e n ts  o f  
th eo ry . F o r  in s ta n c e , th e  free  e n e r g y  re q u ir e d  for th e  tra n sfe ren c e  o f  a  w a te r  m o le c u le  
fro m  th e  v a p o u r  s ta te  to  th e  so lid  is a  q u a n t ita t iv e  m e a su r e m e n t o f  d r y  fo o d /w a te r  
a ffin ity . T h e  v a r ia t io n  o f  e n tr o p y  m ig h t  b e  r e la te d  to  th e  o rd e r /d iso r d e r  c o n c e p t ,  
w h ic h  is u se fu l for  th e  in te r p r e ta t io n  o f  su ch  p ro cesses  as d is so lu tio n , c r y s ta l liz a t io n  a n d  
s w e llin g , w h ic h  u su a lly  o c c u r  d u r in g  w a te r  so r p tio n  b y  fo o d  p r o d u c ts  (M c L a r e n  &  
R o w e n , 1 9 5 1 ; B e r lin , A n d e r so n  & P a lla n sc h  1 9 6 8 ; K a r e l, 1 9 73 , Ig le s ia s , C h ir ife  &  
L o m b a r d i, 1 9 7 5 b ,c ) .  F in a lly , th e  v a r ia t io n  o f  e n th a lp y  in d ic a te s  u p  to  w h ic h  le v e l  th e  
in te r a c t io n  w a te r /su b str a te  is g r e a te r  th a n  th e  in te r a c t io n  o f  w a te r  m o le c u le s .

I n  p r e v io u s  a r tic le s  (Ig le s ia s  et al., 1 9 7 5 b ,c ) , th e  w a te r  so rp tio n  iso th erm s  o f  su g a r  
b e e t  r o o t a n d  its  m a in  c o m p o n e n ts  w e r e  r e p o r te d . S o r p tio n  iso th e r m s  o f  su g a r  b e e t

A uthors’ address: D epartam ento  de Industrias, F acu ltad  de Ciencias Exactas y N aturales, U niversidad 
de Buenos Aires, Buenos Aires, A rgentina.
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ro o t, its  w a te r  in s o lu b le  fra c tio n  a n d  a m o r p h o u s  su cro se , w e r e  d e te r m in e d  a t  s e v e r a l  
tem p e r a tu r e s  a n d  a n  a t te m p t  w a s  m a d e  to  d e sc r ib e  th e  e x p e r im e n ta l  d a ta  u s in g  so m e  
e x is t in g  th eo r ie s  o n  p h y s ic a l a d so r p tio n . I t  is th e  p u r p o se  o f  th e  p r e se n t w o rk  to  c a lc u ­
la te  th e r m o d y n a m ic  fu n c tio n s  o f  w a te r  v a p o u r  so r p tio n  o n  su g a r  b e e t  r o o t a n d  its  
m a in  c o m p o n e n ts  from  th e  a lr e a d y  r ep o r ted  so rp tio n  iso th erm s.

Hector A . Iglesias, Jorge Chirife and Pascual Viollaz

Results and discussion
In  o rd er  to  c a lc u la te  th e r m o d y n a m ic  fu n c tio n s  th e  sp r e a d in g  p ressu re  m u st b e  first 
e v a lu a te d . Its  c a lc u la t io n  h a s  b e e n  th o r o u g h ly  d e sc r ib e d  b y  B o y d  & L iv in g s to n  (1 9 4 2 )  
a n d  it  w ill  n o t  b e  d iscu ssed  h e re . T h e  f in a l e x p r ess io n  for  th e  sp r e a d in g  p ressu re , n, is:

k7~ /Mw 0
TT= J  dfiwrim J 0 aw ( 1)

w h e r e  k =  B o ltz m a n n ’s c o n s ta n t , T =  a b so lu te  te m p e r a tu r e , i4m =  a rea  o f  w a te r  m o le ­
c u le , d = X IX m, X =  m o is tu r e  c o n te n t , p e r  c e n t  d r y  b asis , X m =  m o is tu r e  c o n te n t  v a lu e  
a t th e  m o n o la y e r  sa m e  u n its  as X  a n d  <zw =  w a te r  a c t iv ity  = plp0-
T h e  e v a lu a t io n  o f  th e  a rea  o f  w a te r  m o le c u le , A m, req u ires  th e  k n o w le d g e  o f  th e  
d e n s ity  o f  th e  so r b e d  w a te r . In  v ie w  o f  th e  u n c e r ta in t ie s  a b o u t  th e  p h y s ic a l s ta te  o f  th e  
so r b e d  w a te r , i t  is u su a lly  a ssu m ed  th a t  its  d e n s ity  is th a t  o f  l iq u id  w a te r  (G r e g g  &  
S in g , 1 9 6 7 ) , a n d  A m is c a lc u la te d  from

A m (A 2) =  1-09 (M /pN)2/3. 1 0 6 (2)
w h e r e  M =  m o le c u la r  w e ig h t , JV =  A v o g a d r o ’s n u m b e r  a n d  p = d e n s ity  o f  th e  l iq u id  
w a ter .

H o w e v e r , G u r -A r ie h , N e ls o n  & S te in b e r g  (1 9 6 7 ) m ea su re d  th e  d e n s ity  o f  w a te r  
so rb ed  in  lo w -p r o te in  flo u r  a n d  fo u n d  th a t  in  th e  m o n o la y e r  r e g io n , th e  d e n s ity  o f  th e  
so rb ed  w a te r  w a s  g r e a te r  th a n  th a t  o f  th e  l iq u id  o n e . C o n s id e r in g  th a t  th e  d e n s ity  v a lu e  
r e p o r te d  b y  G u r -A r ie h  et al. (1 9 6 7 )  m ig h t  b e  m o r e  r e p r e se n ta t iv e  o f  r e a lity  th a n  th a t  o f  
th e  l iq u id  w a te r  (N g o d d y  & B a k k er -A rk em a , 19 72 ) w e  a d o p te d  th e  fo rm er  for th e  
c a lc u la t io n  o f  th e  a rea  o f  th e  so rb ed  w a te r  m o le c u le . In  o rd e r  to  c a lc u la te  th e  in te g r a l  
s h o w n  in  E q n  (1) H il l ,  E m m e n t  & J o y n e r ’s (1 9 5 1 ) p r o c e d u r e  w a s  fo llo w e d . T h e  in te g r a l  
w a s e v a lu a te d  b y  S im p s o n ’s m e th o d  ta k in g  as lo w e r  l im it  aw = 0 -0 5 ;  th e  v a lu e  o f  th e  
in te g r a l b e tw e e n  a w =  0  a n d  a w =  0 -0 5  w a s  o b ta in e d  a s su m in g  a  lin e a r  r e la t io n sh ip  
b e tw e e n  6 a n d  aw (H e n r y ’s la w ) .  T h e  v a lu e s  for th e  sp r e a d in g  p ressu re  for su g a r  b e e t  
ro o t, its  w a te r  in s o lu b le  fr a c tio n , a n d  a m o r p h o u s  su cro se  a re  sh o w n  o n  F ig s  1, 2  a n d  3.

A s m e n t io n e d , th e  e v a lu a t io n  o f  th e  sp r e a d in g  p ressu re  in c lu d e d  th e  g r a p h ic a l  
in te g r a tio n  o f  E q n  (1 ) . H o w e v e r , i f  a n  a n a ly t ic a l  ex p r ess io n  w ere  k n o w n  for th e  so rp tio n  
iso th e r m — th a t  is a  r e la t io n sh ip  b e tw e e n  6 a n d  a w— it m ig h t  b e  p o ss ib le  to  s o lv e  th e  
a b o v e  in te g r a l a n a ly t ic a lly . T h is  is  a t te m p te d  in  th e  fo l lo w in g  w a y . R e c e n t ly , Ig le s ia s  
et al. (1 9 7 5 a ,b )  sh o w e d  th a t  a  m u lt ila y e r  a d so r p tio n  e q u a t io n , o r ig in a lly  d e v e lo p e d  b y
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F ig . 1. 7t isotherm s of sugar beet root a t different tem peratures.

F i g . 2. tt isotherms o f the w ater insoluble fraction o f sugar beet root a t 35 an d  47°C.
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H a ls e y  (1 9 4 8 ) , c o u ld  b e  u sed  to  d e sc r ib e  th e  w a te r  so rp tio n  b e h a v io u r  o f  su g a r  b e e t  
r o o t as w e ll  as a  g r e a t  v a r ie ty  o f  fo o d  m a te r ia ls . H a ls e y ’s e q u a tio n  is

PlPo =  ex p  ( - a / R T f r )  (3 )
w h e r e  a, r =  p a ra m eters .

E q u a t io n  (3) m a y  b e  p u t  in  th e  form
Inin (1 /a w) =  — r In 6 + In (a/R T )

d e fin in g
In ( l / a w) = z \  a! = a \R T

th en
In z — In a' =  — r In 6

a n d
,n — r

d e fin in g
l  K - r )  = b

th e n
b. In (z/a') = l n  8

a n d
0 = (z la ')*

(4)
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r°w q
d a w

J  aWo &W

in te g ra tin g

| Vr  _____________________________
_ ( “ — l )  ( “ In  a ^ Y ' r - l aw0

S u b s titu tin g  in  E q n  (1)
k T77 = —  { a y  ir
/ im ( J . - 1) (~ !n  flw)1 / r - l

avr

flw0
(5 )

E q u a tio n  (5) w as c a lc u la te d  u s in g  c o m p u ta t io n  te c h n iq u e s ; v a lu es  o f  th e  p a ra m e te r s  
r a n d  a’ w ere  th o se  p rev io u sly  r e p o r te d  (Ig lesias  et a l 1975b). T h e  lo w er lim it o f

T able 1. C om parison o f the graphical an d  analytical 
m ethods for the  evaluation o f the  spreading pressure 

Sugar beet root

W ater
activity

20°C 35°C
7TA 77b 77A 77b

0-05 22-38 22-38 20-45 20-45
0-10 40-09 40-72 37-18 37-50
0 T 5 54-47 54-37 51-24 50-37
0-20 66-86 66-05 63-51 61-53
0-25 77-90 76-73 74-44 71-84
0-30 88-12 86-89 84-73 81-75
0-35 97-88 96-82 94-57 91-52
0-40 107-54 106-74 104-20 101-38
0-45 117-34 116-84 113-87 111-51
0-50 127-52 127-30 123-87 122-09
0-55 138-48 138-30 134-50 133-34
0-60 150-54 150-09 146-13 145-51
0-65 163-88 162-95 159-30 158-94
0-70 178-28 177-32 175-06 174-13

n a, spreading pressures calculated graphically , e rg /cm 2; 
jib , spreading pressures calculated analytically (Eqn (5)), 
e rg /cm 2.
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Eqn (5) was also taken as aw = 0-05, so to the computed value was added the value 
corresponding to the interval, aw = 0 to = 0-05, which was calculated assuming a 
lineal relationship (Henry’s law) between 0 and aw.

Table 1 shows the values of the spreading pressure for sugar beet root obtained by 
bcth the graphical and the analytical methods. The results show conclusively that the 
use of Halsey’s equation leads to accurate results in the calculation of spreading pres­
sures with the method here developed.

The thermodynamic analysis of water sorption in amorphous sucrose deserves a 
special comment. The water sorption isotherms of sucrose reported earlier (Iglesias 
et al. 1975c) represent only ‘apparent’ equilibrium moisture content values (Makower 
& Dye, 1956) because of the phase transformations of sucrose. It is clear that if these 
sorption values are not true equilibrium ones, the laws of classical thermodynamics are 
nc longer applicable. However, we considered that it may be interesting to see the 
nature of the thermodynamic functions so obtained. The integral molar enthalpy was 
calculated in each case from the temperature dependence of the rr isotherms,

a h = h l ' - h s = r t 2 ( d  in  « w/ 3 7 >  (6)
where H J  = integral molar enthalpy of the liquid state at the reference temperature T  
and Hs = integral molar enthalpy of the sorbed state.

A least squares analysis was performed to obtain (5 In aw/9T;7r as the slope of the 
straight line representing In aw vs. T  at constant n. The reference temperature used 
throughout this work in the calculation of the thermodynamic functions is 35°G. 
Figure 4 shows the integral molar enthalpy plotted as a function of moisture content 
for sugar beet root, its water insoluble fraction and amorphous sucrose. In the same 
figure, and for the purpose of comparison, are plotted the isosteric heat curves which 
were previously obtained (Iglesias, 1974; Iglesias et al. 1975b). It can be seen that the 
isosteric heat is always greater than the integral molar enthalpy change, as it might be 
expected from a theoretical point of view (Hill et al., 1951; Ross & Olivier, 1964). In 
the case of amorphous sucrose, the total enthalpy decreases as the moisture content 
increases until 6% of moisture content is reached, and then it remains practically 
constant; the same behaviour is observed with the isosteric heat. It seems as if the 
water already sorbed could have given certain mobility to the amorphous structure, 
generating new active sites for sorption.

It must be pointed out that the variation of enthalpy as it was defined, H ^' — Hg, 
has a positive value in spite of the fact that, adsorption being an exothermic process, 
the enthalpy change must be negative. Nevertheless, traditionally it has been done in 
this way (Hill, 1949; Hill et al., 1951; Hill, 1952) and consequently the change of 
enthalpy has the same sign as that given to the isosteric heat.

It is worth noticing, that for the calculation of the change of integral molar enthalpy 
it is not necessary to define a standard state because enthalpy is only a function of 
temperature. This is not the case for entropy, which is a function of temperature and
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F i g . 4 .  V a r i a t i o n  o f  t h e  t o t a l  i n t e g r a l  m o l a r  e n t h a l p y  a n d  i s o s t e r i c  h e a t  a s  a  f u n c t i o n  o f
m oisture content. Sugar beet roo t: Q .isos,t,------; A H t,—  W q insoluble fraction: Q,iSOs,t,
O — O ; A / / t,-------------- Sucrose: Q,isos,t,------; A # t, x  —  x .

pressure. Consequently, the Gibb’s molar free energy is generally related to a standard 
state which is usually water vapour at 760 mm of mercury and at the temperature at 
which the variation occurs. Therefore, the variation of molar free energy in an iso­
thermal expansion of water vapour from 760 mm of pressure to the equilibrium pres­
sure, p, is given by,

A Gt  =
where v = molar volume.

If an ideal gas behaviour is supposed,
ttsGT = R T \n  (jt>/760).

Analogously, the molar free energy change from 760 mm of pressure to p0 (vapour 
pressure of pure water at temperature T) is given by

ùsGt  = R T \n  (pol760).
7
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Therefore, the net free energy change at temperature T, is

and, since
then,
therefore,

AGn>T = R T  In (plpQ) = R T  In <zw
A G = A H -T . AS 

A S = A H ¡T -R  In aw
c , H J - H s D1 Hs - H l' D1 - o l = ------- —-------R In ay, = ----- —------ R In awT T

where S l' = molar integral entropy of the liquid at temperature T  and pressure p0 
(Young & Crowell, 1962) and Ss = integral molar entropy of sorbed state.

A '
A''/-12 -  A'A—A—A-'"

0 0-5 1-0 1-5
S=X/Xm

F i g . 5 .  V a r i a t i o n  o f  t h e  i n t e g r a l  m o l a r  e n t r o p y  w i t h  c o v e r a g e  ( a s  n u m b e r  o f  m o n o l a y e r s ) .  
0 - - # ,  s u g a r  b e e t  r o o t ;  Q - - Q ,  s u c r o s e ;  A ~ ~ A ,  w a t e r  i n s o l u b l e  f r a c t i o n .
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Figure 5 shows the integral molar entropy change plotted as a function of coverage 

expressed as numbers of monolayers. The analysis of the variation of the integral molar 
entropy with coverage suggests several hypotheses. With respect to the water insoluble 
fraction of the sugar beet root it can be seen that the values of — AS are very high, and 
although they continually decrease, the function never takes positive values. As it has 
been stated by Pauling (1945) and Cassie (1948), this behaviour may be attributed to 
the existence of chemical adsorption. The fact that water is so strongly adsorbed can 
not be explained assuming that it is an ‘ice-like’ state, because the entropy of freezing 
is only 6 cal/mol °K at 30°C (McLaren & Rowen, 1951). Another possible explanation 
is assuming that the change in the integral molar entropy is taking into account some 
structural modifications of the adsorbent. The water insoluble fraction of sugar beet 
root is mainly composed of the polysaccharides which constitute the cell wall, that is, 
cellulose, hemicellulose and pectic substances. Shimazu & Sterling (1961) measured 
the crystallinity of dehydrated cellulose (containing some hemicellulose) and calcium 
pectinate and found a considerable percentage of amorphous regions, which amount to 
about 75% for calcium pectinate and 55% for cellulose. Consequently, it may be 
stated that the dried water insoluble fraction of sugar beet root also contains a signifi­
cant percentage of amorphous regions. This allows us to assume that during the adsorp­
tion process, some of the amorphous regions undergo a crystallization giving a change in 
the integral molar entropy which will increase the change of entropy already taking 
place due to the adsorption process by itself (Bettelheim & Volman, 1957). Experi­
mental evidence which may support this hypotheses is the fact that once the adsorp­
tion-desorption cycle was concluded and a second one was performed, the moisture 
content values obtained were less than those corresponding to the first run (Iglesias 
et al., 1975b). This may indicate a decrease in the number of active sites, that is to say, 
a decrease of the amorphous regions (Shimazu & Sterling, 1961). It is difficult to give 
an explanation of the apparent step changes in the entropy versus coverage as it is 
shown in Fig. 5. Perhaps, a structural study (i.e. X-ray diffraction) of the adsorbent 
during the course of sorption may throw some light on the phenomenon. With respect 
to the amorphous sucrose, the AS, curve shows a first section where the integral molar 
entropy increases as the moisture content decreases. This section corresponds to a 
range of water activity which goes from, aw = 0 to aw = 0T0 and where no crystalliza­
tion was previously observed (Iglesias et al., 1975c). This behaviour is unexpected 
because the adsorption process should theoretically show a decrease in the entropy 
function as less active sites are being occupied. Nevertheslss, it must be recognized that 
adsorption is taking place on a surface which does exhibit configurational modifica­
tions as local solubility or incipient solution. These modifications may result in an 
increase of entropy. It may be concluded that what is observed is the result of a decrease 
of entropy as the moisture content increases due to the adsorption process itself, and an 
increase of entropy due to solubility. Once the monolayer is formed, the variation of 
integral molar entropy is practically constant.

7*
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In the case of sugar beet root, it is observed that the entropy change decreases as 

the moisture content increases up to the monolayer value. This first section of the curve 
shows a balance of the effects attributed to the water insoluble frac tion and the sucrose. 
Once the monolayer is completed, there is an increase in the entropy function which 
resembles that which is observed for the water insoluble fraction. This effect maybe

Moisture content (dry basis (g/g))
F ig . 6. V aria tion  of the integral m olar free energy as a  function of m oisture content. 
• ------ • .  Sugar beet roo t; A -------A> w ater insoluble fraction ; O — 0>  sucrose.

attributed to a mixing process of all the constituents of the sugar beet root, because in 
this range of water activity a greater mobility of the molecules might be expected.

Figure 6 shows the change in the integral molar free energy as a function of moisture 
content for sugar beet root, water insoluble fraction and amorphous sucrose. In each 
case the integral molar free energy decreases gradually with the increase of sorbed 
water. These curves also show the contribution of each constituent of the sugar beet 
root to the entire process.
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Book Review s

Plants Consumed by Man. By B. Brok.
London: Academic Press, 1975. Pp. ix + 479. £14.80.
The aim of this book is to provide a reasonably comprehensive survey of plants used 
for human consumption; over 300 plants are described. They include primary food 
plants as well as those which yield non-nutritive ingredients such as flavours, colours, 
thickening agents and the bacteria and fungi which produce edible materials or which 
are themselves consumed. Plants used for smoking and chewing as well as for prepara­
tion of alcoholic and alkaloidal drinks are also included. The plants are defined in 
terms of the strict botanical nomenclature of their edible parts and also for convenience 
they are grouped according to common usage, i.e. as cereals, vegetables, fruits or nuts, 
etc. A brief history of each plant is given with a note of the important factors regarding 
cultivation and suitable varieties for processing. There are numerous excellent line 
drawings of the edible parts. The book is intended for use by agriculturists, food scien­
tists, botanists, in particular by students of these sciences and by all who wish to acquire 
knowledge of food plants.

There are no specific references in the text, but an appendix lists over 100 books and 
other literature sources, though virtually none to recent reviews or papers. The import­
ance of, for example, cereals, vegetables and fruits as foods is stressed and detailed 
information on their chemical composition in terms of proteins, fats, carbohydrates and 
vitamins is given as tables, but, surprisingly, there is no reference to the important book 
by McCance & Widdowson, Composition of Foods.

The inclusion of beverage plants, ‘fumitories and masticatories’, fermentative micro­
organisms, cellulose ethers and esters, etc. may detract somewhat from the main 
emphasis of the work. The fact that certain microorganisms contribute to foodstuffs in 
the form of their metabolic products but are not themselves consumed except in very 
small amounts may not have been made sufficiently clear. A serious fault lies in the 
errors in the chemical components of plants on which their use as flavours depends 
and which are now assuming increasing importance in taxonomy. This is under­
standable, because errors in the literature have been copied and re-copied by several 
authors, but will prove misleading to students and non-specialist readers. The state­
ments on the nature and origin of the lachrymatory substance of onion are completely 
wrong, the corresponding information on garlic has minor errors, the enzymic reaction 
leading to a mustard oil in horseradish is reversed and there is no attempt to distinguish 
between the principal mustard oils of that plant and that of black mustard on the one 
hand and of white mustard on the other, which are important in determining the 
properties of the mustard products of commerce.

The book may fail by falling between the two extremes of individual readers, who
1 0 3
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may be deterred by its high price, and libraries, which already possess or have access 
to the authoritative sources listed in the appendix, but it will serve a useful purpose if it 
directs the attention of readers to those sources and to specialized reviews. There is an 
index of scientific and common plant names, which does not, however, include plant 
components. G. G. Freeman

Lactic Acid Bacteria in Beverages and Food. Ed. by J. G. Carr, C. V. Cutting 
and G. C. Whiting.
London, New York and San Francisco: Academic Press, 1975. Pp. xv + 415. £10.80.
This book is the proceedings of a Symposium held at Long Ashton Research Station, 
University of Bristol, in 1973. It is the only comprehensive review available of this 
important group of organisms in beverages and food and will be of interest to all 
scientists and technologists concerned with these products. The title of the book is 
somewhat misleading as the emphasis has been placed on the lactobacilli, to a less 
extent on Leuconostoc and Pediococcus, with little information being provided concerning 
the important streptococci which are also generally included as ‘lactic acid bacteria’. 
At a time when all organisms tend to be considered as harmful and therefore need to 
be eliminated from food, this book serves to remind us of the important role the lactic 
acid bacteria play in the fermentation, preservation and flavour enhancement of many 
foods.

The book is divided into six sections. The first two sections are mainly concerned 
with beverages and in particular the metabolism of organic acids and the significance 
of the malo-lactic fermentation in wines and other alcoholic beverages. The next three 
sections contain chapters on fish, meat and dairy products, the fermentation of sauer­
kraut, brined cucumbers, olives, soy sauce, sour-dough bread and Parisian barm. In 
many of these products particular types of lactobacilli are an essential part of a fermen­
tation process whilst others are mainly involved in spoilage. The various stages of each 
process are discussed and often serve to emphasize how little is known about traditional 
processes some of which have been in use for thousands of years.

The last section of the book concerns the classification and identification of these 
organisms. The present classification is based mainly on those lactobacilli which are 
important in dairying and the evidence supplied throughout the book emphasizes that 
different types of lactobacilli occur in different habitats. Many of these organisms can­
not be related to existing species. As more detailed studies are made in order to under­
stand and improve these fermented products, further research will be needed concerning 
the nature of the organisms themselves. Anyone embarking on such a project would be 
well advised to make a careful study of the information contained in this book.

Ella M. Barnes
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Bread. Ed. by A. Spicer.
London: Applied Science Publishers, 1975. Pp. x + 358. £  14.00.
Shortly before his death the late Lord Rank set up the Rank Prize funds to encourage 
research and make awards in a number of fields including human and animal nutrition. 
The first symposium, organized by Professor Arnold Spicer, was on the social, nutri­
tional and agricultural aspects of wheaten bread and was attended by a selected audience 
of international standing. It was held at Selsdon Park Hotel, Croydon in the autumn 
of 1974, when twenty three papers were presented and this book is a record of them and 
the discussions which took place.

It is divided into seven sections which follow precisely the order of the various 
sections, prefaced by a brief history of wheat and bread and written, as is befitting, by 
the organizer. The first section then deals with fundamentals, the sociology of bread, the 
origins of wheat, the structure and biochemistry of the wheat grain and the crop, the 
environment and the genotype.

Quality aspects are then considered, the nutritive value of wheat proteins, milling 
and baking quality, cultural, genetic and other factors affecting wheat quality followed 
by a paper on the structural aspects of wheat starch, containing a number of most 
informative photographs taken on the scanning electron microscope of starch granules in 
wheat and bread.

Wheat yields are then discussed, the limitations to productivity by diseases and pests 
in the field being dealt with (a) in North America and (b) in Europe. Pre-harvest and 
post-harvest losses are then considered, followed by some effects on the yield and 
quality of English wheat as affected by crop nutrition and soil fertility, this section 
closing on a consideration of plant diseases and nutritive value.

There then follow two papers on extraction rates, the first technical and discussing 
milling processing implications and the second the nutritional implications of such 
techniques.

The next section under the heading of Improvement deals with the fortification of 
white flour by added nutrients followed by advances in breadmaking technology. It is a 
pity that a little more time was not spent on the question of flour and bread improvers, 
one of the things dear to the consuming public when considering its attitude to the 
nutritional content, quality and acceptability of wheaten bread. This subject and the 
actual baking of bread, equally of public concern where technology has also much 
changed in recent years, are unfortunately skimped in an otherwise authoritative and 
informative publication, Wheat and Bread, for there is so much more information on 
wheat that it is fair to say the title is misleading, and that just given more appropriate.

The book then concludes with discussions on wheat agronomy in North America, 
the Netherlands, Australia and India and finally a summing up and last discussion. 
In this emerged the idea of a ‘Selsdon Wheat’ on which a specification was prepared 
stating the necessary properties wheat should have to provide the right kind of British 
bread so as to assist the wheat breeders and farmers of the future. What a fitting tribute
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this is to the late Lord Rank, particularly in the foresight and planning which has given 
us this memorable volume. It should find a place on the bookshelf of all those institu­
tions which are interested in improving the yields and quality of the wheats required 
to give the world its daily bread. Nor should it elude students studying food science and 
technology for it provides an excellent blue print of the spectrum of disciplines involved 
in the growth of primary products and their conversion into an acceptable, digestible 
and nutritionally valuable food. However, the cost is such that it will only be consulted 
in libraries, a matter becoming of very great concern to those who realise still yet 
another aspect of the effects of inflation on the student population and not necessarily 
only on undergraduates. Perhaps this is something for the administrators of the Rank 
Prize funds seriously to consider?

J. B. M. Coppock

Freeze Drying and Advanced Food Technology. Ed. by S. A. Goldblith, L. Rey 
and W. W. Rothmayr.
London: Academic Press, 1975. Pp. xxxi + 730. £17.00.
This book contains forty-one papers presented at the ‘International Course on Freeze 
Drying and Advanced Food Technology’ held in June 1973 under the joint chairman­
ship of the editors. The papers, each with a chapter number, are divided into nine 
sections; the first two dealing with the freezing process, the next four dealing with 
freeze drying followed by two sections on concentration and a final one on intermediate 
moisture foods.

Two papers are presented in French, the remainder being in English. A useful 
subject index is included at the end of the book.

Eleven papers are presented on freezing and its applications and these include a 
review on the crystallization of water, modern methods of freezing, mainly direct 
refrigerant contact techniques, and specific applications to vegetables, fruit juices and 
biological materials. The bulk of the papers, in the book, are contained in the sections 
on freeze drying, eighteen in all, and these cover the basic heat and mass transfer 
problems, industrial equipment and freeze drying of coffee, marine and meat products 
as well as pharmaceutical and biological products. The concentration techniques 
discussed include freeze concentration, membrane processing and gel filtration and the 
product applications covered are vegetable juices, whey and skim milk and enzymes. 
The final four chapters deal with low and intermediate moisture foods and their safety 
and stability. The last chapter deals with the principles and application of radio 
frequency energy to food preservation with particular reference to concentration and 
dehydration.

Food technologists wishing to keep abreast of the literature of recent developments
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will find this book stimulating and rewarding. Many of the chapters consist of excellent 
reviews in which the principles and applications arc clearly presented. There is a good 
balance between theoretical discussion of basic mechanisms and practical applications 
of the techniques to food as well as other products. Most of the papers have a good list 
of references covering the individual topics adequately; some are, however, limited 
and omit key references whilst others have no references at all. The last category includes 
some of the freezing papers and one on heat and mass transfer on freeze drying. Although 
the accounts of freezing techniques are adequate in themselves, the omission of references 
must be regarded as a serious shortcoming in a work of this nature.

There is inevitably some overlap with other recent publications, for example, the 
discussion of aroma recovery has been dealt with in Advances in Food Research (1973), 
freeze drying fundamentals and also intermediate moisture foods in Critical Reviews of 
Food Technolog)) (1971 and 1973 respectively) and freeze concentration and membrane 
processes in the proceedings of the symposium on ‘Advances in preconcentration and 
dehydration of foods’ (1974). Despite the overlap there is much useful information on 
many other topics, especially the practical applications of the techniques.

In general the book can be recommended to all those who are concerned with food 
processing in industry as well as students and university workers. The editors and 
publishers are to be congratulated on the high standard of publication.

S. D. Holdsworth

Meat. Proceedings o f the Twenty-first Easter School in Agricultural Science, 
University o f Nottingham, 1974. Ed. by D. J. A. Cole and R. A. Lawrie.
London: Butterworths, 1975. Pp. 11 + 596. £14.50.
Meat as a subject of science is still very new, even among the food sciences. In the standard 
works on food composition and analysis of twenty-five years ago the proximate com­
position of meat was discussed and applied, but its other properties enjoyed hardly a 
mention, let alone a chapter. Those twenty-five years have seen such an enormous 
growth in knowledge of the subject that the writers of books have only just begun to 
catch up with it. There is now an acute need for a good comprehensive textbook to 
cover and consolidate this ground for the ordinary practitioner and student of meat 
science and technology, a need which has not yet been satisfactorily met by any one of 
the several books which have appeared in English in recent years. Against this clear 
need a book which presumes to bear the bold title of Meat must be judged, and it is a 
joy to report that it appears to be the best attempt yet.

As its sub-title makes clear, the book is, like so many others, a compendium of the 
papers presented by specialist speakers at a particular meeting. Authorship in this 
form is inherently likely to lack the continuity of thought and the unified style which
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comes from a single author or small group. In this case the editors are to be congratu­
lated on their success in minimizing this problem. Though there are differences in level 
and approach among their authors, the general homogeneity of the complete work is 
above average.

The book commences with an introduction on ‘The meat-eating habit in man’, then 
five chapters on ‘Meat production’, covering the growth, breeding, nutrition and disease 
and post mortem changes, carcass grading and cutting, processed meat and micro­
biological quesdons. Then four chapters on ‘Composition of meat’ cover variability, 
physico-chemical parameters, analytical and legal aspects: here and in the previous 
section the emphasis is placed directly on practice in the UK. ‘Eating quality’ comprises 
chapters on water holding capacity, tenderness, flavour, colour and the cooking 
process and ‘Nutritional aspects’ includes a general survey, a chapter on meat lipids 
and one on its effects in the human alimentary tract. Finally a section entitled ‘Future 
prospects’ deals with conventional meat animals, other animals especially the water 
buffalo, meat analogues and methods of assessment of alternatives.

Each topic is treated by an acknowledged expert but is clearly written for the com­
petent workman in that field or the other fields adjacent. Each covers the general state 
of knowledge in his area, with apposite references to original work, and each has 
resisted any temptation to deal otherwise than modestly and in context with his own 
significant contributions and opinions. There is a good index. A reviewer can certainly 
point to small exceptions and deficiencies, measured against his own interests, but they 
detract little from an excellent book to be recommended to scientists and technologists 
and all serious students of meat. The printing is clear, the binding is good and in a 
couple of years time we will probably regard the price as very reasonable.

M. D. Ranken
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