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THE INVESTIGATION OF SIX METHODS FOR THE RAPID DETERMINA
TION OF SALT IN MEAT AND MEAT PRODUCTS

H .R . Hibbert & M .L . Meara

Summq ry

Methods for the rapid determination of salt in meat and meat products have invol 
ved the measurements of electrical conductivity, electrical r esistivity, and the use of f e 
chloride electrode. The possibility of using techniques involving radioactive substances 
has also been investigated.

The results indicate that electrical conductivity and resistivity can be related m 
the salt content of meat, but that the relationship was affected by-a number of factors, 
ding moisture, and fat content. If these factors are reasonably constant for any one P r0"^ 
then an instrument which can measure conductivity (or resistivity) can be used for the roU 
tine quality control of salt content.

Broadly similar conclusions were crrived at from the studies involving the use of f 
chloride electrode.

Introduction

The growth of bacteria can be inhibited by salt, and the beneficial effect of addij’S 
salt to foodstuffs has been utilized throughout historical times. In meat products salt is u* 
to inhibit the growth of both spoilage organisms and pathogens thus increasing the m,cr0°  ¿p* 
gical stability and safety of these products. The inhibitory effect of salt is related to '•* 
centration.

A second function of salt in m eat products is that of flavour, i .e .  saltiness, ° n<̂ 
in this case the concentration required for flavour w ill depend on the consumer's prefer® 
However, with any single product, the consumer w ill expect the same degree of sal tides*  ̂
each time the product is purchased. This need for uniformity is becoming of increasing ir"™ 
tance with the increase in the retailing of prepacked materials under branded names.

Thus, since the consumer'requires both microbiological stability and safety, an<̂ 
uniform saltiness, the necessity of carefully controlling the salt content becomes obvious-

In most manufacturing processes, the amount of any ingredient in the final P rf °̂ |̂y 
can be controlled by the addition of a known weight of the ingredient. However, this is 
true if the ingredient is readily dispersible or is soluble in the product. This is not alway*̂ |̂  
possible, os in the case of the salt content of certain canned meat products, in which fh® 
uptake has taken place either via a cover brine a  from a site of injection. The salt upf° 
is affected by a number of facto rs, including the intrinsic prope rties of the meat, which 0 
subject to considerable variation. This variability in meat makes it difficult for the salf c , 
tent of the final product to be predicted withany accuracy, and it therefore can only he 
termined in the end product.

A considerable number of analytical methods have been developed for the deter
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JIlnt,Hon of salt, most of them depending on an extraction procedure followed ba determino- 
l0n «  chlo ride. Such methods a re destructive, time consuming, and requi re a certaine 
^unt of experimental sk ill. The ideal alternative would be an inexpensive, rapid, prefe- 

>y non-desfr uctive, accurate method requiring little or no technical sk ill. In order to 
^6t these specifications some from of instrumentation will obviously be required. Although 
^  a method would be the final objective, it does not preclude the consideration of modifi- 
Cati°ns of established methods which could lead to an increase in the ease and speed of car- 

j ,f,9 out salt determinations.

. It is not the purpose of this paper to review the different methods which have been
,Sloped for determining salt concentration, nor to discuss the merits of the various ways 
"’ ^ ich  the results can be expressed, but to describe some investigations which have been 
^rr'ed out at the B .F .M .I .R .A . and which have taken the farm of an assessment of a num- 
,b6r°f instruments which were either specifically designed fa-Or which could be used for salt
e*ermination.

! The object of the work was to study those easily measurable parameters of meat pro
o fs  Which can be related to their salt content. It was not the intention to carry out a com- 
¡1 tensive  study of each individual method for every possible pr oduct, but to demonstrate 
he feasibility of the pa rticular approach and to provide some suppat for its practical appli- 
^'on.

The methods which have been investigated include conductivity and resistance mea- 
^ements, electromagnetic radiation absorption, and the use of the chloride electrode.

A pre-requisite for the investigation of these methods is the possibility of producing 
0 suitable test sample of uniform salt and moisture content which can be used to provide a 
S6r'es of test samples. The preparation of such a material was carried out by mincing lean 
l° *  meat freed from visible fat through a 4 .8  mm plate. A known weight of the minced meat 
i 0*’placed in a mixing bowl, the requisite amount of salt was added and the whole mixed 
!0r f've minutes with a mechanical sti rrer. The efficiency of this procedure is demonstrated 
'n T°ble I which shows the salt content, determined by the Volhard method, and the moisture 
«'»»tent, determined by loss on drying at 1D5°C, on five samples taken at random from the mix

TABLE I
Variation in Salt Content of Minced Pork con- 

faining Added Salt

Sample % salt % moistu re % salt/100 g moisture

A
B
C
D
E

5.08 
5.13 
5.11 
5.05
5.09

69.8
69.8 
69.2 
69.6
69.9

7.29
7.36
7.39
7.27
7.28
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This instrument is based on the original salinity tester developed Ly B .F .M .I•

Basically it consists of a probe and a measuring instrument. The probe consists of 
two hardened steel rhodium tipped spikes set a fixed distance apart. Provision is made f ° r 
measuring the depth to which the probe can be inserted into the material under test. The m 
suring instrument consists of a low frequency oscillato r and a resistance bridge circuit coup 
led to a shock-proof galvanometer. The instrument as used records a current on A and hos 
not been calibrated to read salt content directly.

Calibration of the instrument was carried out by placing 5 cm cubes of fresh P°r̂  
into a series of brine solutions of strengths ranging from 1 to 7%, these brines then being c0 
vered to prevent loss of moisture. They were then allowed to stand for 8 weeks at 45°F.

The cubes were then carefully wiped and their resistance measured, using three cU 
bes from each brine and making several determinations on each. The plots of the instrument 
readings against (a) % salt, and (b) % salt per 100 g water showed that the scatter of the r®s 
pective points was of the same order in each case, suggesting, contrary to ecrlier findings? 
that the instrument could be used for measuring either parameter.

Experiments were then carried out using bacon as the test material to confirm tb® 
validity of the calibration, and to determine which salt parameter did in fact give the bettef 
correlation with instrument readings. Table 2 records the data obtained.

TABLE 2
The Salt Content of Bacon determined by 

the F .I .R .A . Salinity Tester

The F . I . R . A .  Salinity Tester

Sample F .I .R .A . Salinity Tester Chemical Analyses

Mean reading ( A) % salt % salt/100g 
water

% salt % salt/100 g 
water

A 95.50 5.05 5.85 4.97 6.22
B 85.00 3.25 3.90 4.12 5.31
C 84.17 3.15 3.15 4.01 5.25
D 93.20 4.60 5.35 4.85 6.30
E 94.17 4.75 5.55 6.92 9.18
F 93.00 4.60 '  5.35 4.93 6.23
G 88.82 3.85 4.50 6.18 8.31

Inspection of the data indicates thai agreement between the instrumental and ch®' 
mical meth ods is not pa rticula rly good, reasonable agreement only being obtained in three ( ' 
D and F) of the seven samples investigated. Thus on the whole, the data do not support ear' 
lier claims that results obtained with this instrument are within 0.6% of those determined by 
chemical means.

In general, instrumental ly determined results were lower than those determined 
chemically. This lack of agreement cannot be due to the presence of nitrate in the bacon 
since it is known that this gives rise to higher instrument readings. Hence any correction f ° r
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e nitrate content would only reduce the values still further.

Subsequent experiments, in which the technique of measurement was modified, and 
*hich the material used for chemical analysis was taken from the vicinity of the probe, 

S"°*ed less variation in the individual test samples but consistently lower instrumental esti- 
for salt content were still obtained.

It must be concluded therefore that the method used for the calibration of the in- 
Jnjment was not valid when used to determine the salt content of bacon. A possible alterna- 
tiv# for obtaining a valid calibration curve may however be obtained by using data such as 
**eu« in Table 2 as calibrant data.

One explanation of the non-applicability of the calibration curve when used for 
/‘ ^mining the salt content of bacon is the difference in moisture content. This was inves
t e d  by preparing protein water slurries of constant salt content but which the moisture 
t e n t  varied from 59 to 74%. Table 3 records the data obtained.

TABLE 3
The effect of the moistu re content of protein slurries 

on thei r apparent scale content

iL

Samples No.

1
2
3
4
5

% NaCI % H2O % NaCJ/100 g H jO  Mean instrument 
added ______________________________________reading

2 .5  59.0 4.24 70.0
2.5  64.9 3.85 81.4
2.5  69.3 3.61 81.8
2 5 75.O 3.33 83.8
2'S 74.1 * 3.37 83.8

This table clearly shows that the response of the salinity tester is ma rkedly influen- 
by the moisture content.

Previous work had indicated that sides of bacon with a higher fat content gave hi- 
3her readings than those with lower fat content though the salt content was the same in both 
^«s. Furthermore it was found that there was an appreciable difference in the instrument 
r<lQd'ng, depending on the position of the probe in the material, e .g . side, under test.

It is well known that electrical resistance varies with temperature. It follows there- 
0re that unless an instrument is equipped with a temperature compensating device its usefulness 

be severely limited.
It is clear therefore that a number of considerations have to be taken into account 

’"ben using the F . I . R . A .  Salinity Tester in order that meaningful results may be deduced from 
nV data obtained.

s- ĵodiometer Salt Tester Type CDM 21
The CDM Salt tester (V. Howe & Co. Ltd ., London) comprises a single needle shap- 

^ Probe coupled with a conductivity meter calibrated to give a direct reading of salt coneen-
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tration up to 5%. A temperature compensating device is built in, which allows m e a s u r r n e n  s 
to be made over a temperature range from -5°to +25°C. It was borne in mind however tW* 
the instrument makers emphasize that the calibration operates inly for Wilshi re type bac°n 
muscle and that only comparative results can be obtained when the instrument is used wi 
other types of meat products.

In preliminary experiments which were intended to corfirm the carelation o 
instrument response and salt content of the meat, only relative measurments of the diff® 
salt -meat mixtures used were reqjired.

Determinations carried out at 5°C and 17°C showed that there was very little 
ference between the response readings at either temperature, indicating the efficiency  ̂
temperature controlling device. Further it was found that the relationship between ins f 
response and salt content was linear, this instrument therefore having an advantage over ^  
F .l .R .A . instrument in this respect which not only has a nomlinea r relationship but a 
fers from poo r sensitivity at high salt levels. The observation that there is a linea r reiio ^  
ship between the instrument reading and the salt content over the range investigated 0 reIi  
siderable interest since the calibration factor used was derived according to the manu nCe*
recommendation using Wiltshi re sides and not comminuted meat. This suggested that d i f f ^  ^  
between uncomminuted meat and comminuted meat which were found in the case ofV  ■ ” * V  V  * I WI  I W I  • M I I I I V W I v W  I I Iw W  I W I I v w l  I W I V W  I I I w W  I TV I I I  WI I TV V  I V  I S /W I I U  I I I  I I I  V. W *  — ^

^jlinity tester did not greatly affect the response of the instrument, and indicated that  ̂
commended calibration factor may not be as limited as the manufacturers had origin«' 7 
posed.

The influence of moisture content on instrument response was investigated by
usW

i n »  m i  i w w n w e  w i  n i w i e i w i e  w n i « n i  w n  i i i i i i u i i i u i i i  i c » ^ w i u «  v v w j  i i i t w  *

protein slurries. From this it was found that, as in the case of the F . l .R .A . salinity > ^ gle 
the instrument response increases with increase in moisture content. It must be c o n c l ^  f|ie 
fore that the validity of any determinations ¿arried out with this instrument will depen 
moisture content of the sample. Nevertheless, salt determinations were carried out on 
of products, a summary of the results beinggiven in the following table:

TABLE 4
Salt content determinations of cured meats using the CDM 21 Salt Teste

Product Salt content Chemical analyses
% salt % water

Smoked 
Wiltshi re 
Shoulder

3.03
4.18
3.30

3.63
5.27
3.43

68 .6
6 6 .8
71.7

4.38 4.91 72.4
3.40 3.88 71.1

Dutch 3 .5 3.10 -

backs 3 .7 3.15 -
5 .0 4.28 -
6.5 5.46 -
7 .0 5.42 -
7.5 7.38 -
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^iltshi re 
sides

eti

jn'
eri
,ce!

e'

a m

2 .6 3.41 54.9
3 .6 4.29 56.9
3 .9 4.26 54.4
4 .3 5.39 44.7
3 .7 4.56 52.6

1.8 2.06 71.6
2 .0 2 .1 2 71.3
2 .4 2.39 75.5
2 .8 2.77 72.6
3.1 2.49 73.3
3.5 3.10 73.6
4 .0 3.24 72.9

i n9

',e's
th«
n9e

Inspection of the data given in the table indicates that a correlation exists between 
e values for the salt content determined instrumentally, and by chemical means. From a sta- 

•*tical analysis of the complete data it can be shown that the 95% confidence limits for any 
lftsgrument reading irrespective of the product being investigated is of the order of + 1% .

The results obtained using Wiltshi re sides are of considera ble interest. These si
's were tested during storage at 21 °C  and it was anticipated that the low moisture contents 

0 the sides would give rise to errors in the instrumental determinations. It is seen that in all 
CQses the instrumental value is lower thon the chemical value (by an average of 0 .6% ). These 
r*sults are taken to illustrate the point that although low meter readings were obtained for 
Ĵ^ples with low moisture contents, there was a good correlation between meter reading and 
, content, thus confirming the manufacturer's claim that the instrument can be used to ob- 
'n relative readings for comparable products other than Wiltshire bacon. Further, since 
* calibration of the instrument can be altered by adjustment of the electrode oaiibration 
ĉnstant it should be possible to adjust the instrument to give a direct reading for salt content 

ln any meat product.

It would appear therefore that variations due to the effect of interfering factors 
"'ould preclude the use of the instrument for the accurate determination of salt content in 
rt,*at products, but it would clearly be of value for obtaining a good indication of the salt le- 
v*l and distribution of salt in such products.

■Ihg Radley Semiconductor Resistivity Bridge

This instrument is comprisedof a probe and bridge circuit, the probe having four 
^atacts. A low frequency squa re wave is applied to the outer pai r of contacts. The volta- 

r̂°P across the outer and inner contacts which occurs when the probe is in contact with 
* sample of test material w ill depend on the resistance of the material. The resistance, mea- 
fed by balancing the voltage between the inner and outer contacts, represents a direct rea- 
lr,9 of the resistivity of the sample.

The possibility of using this instrument for determining the salt content of meat pro 
°cts was investigated altough it was realized that the instrument would probably have the
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The response of the instrument was determined by immersing the probe to a cons* 
ant depth in a solution containing increasing amounts of sodium chloride.

TABLE 5
Response of Resistivity Bridge to Sodium 

Chloride Concentration

same disadvantages as the F . I . R . A .  salinity tester and the CDM 21 salt tester.

% NaCI Meter Reading

1 17.00
2 11.90
3 8.70
4 6.95
5 5.65
6 4.70
7 4.00
8 3.20

It is seen that as with the F .I .R .A . instrument, there is no linear relationship^^ | 
tween meter reading and salt content, and the sensivity decreases rapidly as the sodium c *'
r i de concentration increases.

In order to test the possibility of using this instrument to determine the salt 
of meat and meat products, a simple correlatipn test was carried out using bacon, smoke dj

El

green bacon being used to demonstrate also the influence of moisture content.
;f*d

A total of 8 readings per sample were taken, the mean found, and this corr*c^e 
by a factor depending on the thickness of the sample and the spacing between the probe*-
results obtained were as follows:

TABLE 6
Instrument response to bacon of known 

salt content

Sample No. Corrected mean
instrument reading

% salt per 
100g meat

% h2o % salt per 
100 g H20

1 2 0 .8 4.48 64.20 6.98 'll

2 23.0 4.97 64.43 7.71
3 22.4 4.29 63.81 6.72 6
4 15.0 4.82 68 .88 7.00
5 15.4 5.28 67.51 7.82
6 16.7 4.90 68.71 7.13 «

It is cl ea r from the above data that the re is no obvious co rrelation between f
f|
0

meter reading and the salt parameters quoted.
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Samples with a high moisture content gave lower readings than samples with lower rea
dings than samples with lower moisture contents. This is in agreement with data 
obtained for both the F .I .R .A . and the Radiometer tester.

*) There is a wide scatter in the estimate of moistu re within each group.

Two points of interest emerged from these data.

If this va riation is indicative of the variation in 
*̂thod for determining salt which depends on resistance or 

to va riations of this o rde r.

resistance of the meat, then any 
conductivity methods will be sub-

It can be concluded therefore that the Radley Semiconductor Resistivity Bridge 
^1 be of very little value for determining the salt content of meat.

;̂ 5y Fluo rescence Analysis
This technique depends on the emission of Xiays when a sample is excited by a ra 

A c t iv e  source. The Xrays emitted from each particula r element.

It was suggested that this technique might be useful for determining the amount 
salt in meat by determining the amount of chlorine present. However, when this was at- 

H>ted, it was found that the characteristic Xray energy of chlerine was too low to pe rmit 
Section. Hence it may be unlikely that this technique can be developed to produce a ra- 
^  method for the determination of salt.

Sr This technique depends on the preferential absorption of soft electromagnetic ra
t io n  by elements of higher atomic number. Since chlorine has a higher atomic number 

carbon, oxygen, hydrogen and nitrogen, the major component elements in meat, then it 
St,°uld be possible to estimate the salt content by measuring the preferential absorption due 

'his element.
The instrument used in this investigation was the U7L Laboratory Analyser (Nuc- 

'*>r Enterprises Ltd.) which had previously been used for determination of the fat content of 
**»t. The instrument contains a radioactive source (promethium 147, 1/2 life period 2 .6  

is) which emits radiation, with peak energy of 20 KeV. When this radiation strikes a 
*irconium target, low energy X radiation passes through the meat sample, some being absor- 

by the sample, the remainder being determined by a Geiger-MUller tube.

Results are initially expressed in terms of absorption ratios, these being calcula- 
from the count rate per unit time of a standa rd, and the count rate from the specimen 

test.
By compa ring the absorption rations obtained using known weights of materials 

C°nfaining high and low salt contents it was possible to determine the optimum sample size 
0 be used on the instrument.

From the correlation studies which were carried out, the re levant data for which 
"r# recorded in table 7 , it was shown that a linea r correlation existed between the absorption 
'«»¡o and the percentage of salt in meat, expressed either in terms of % salt pe r 100 g meat, 
*r % salt pe r 100 g wate r. This suggests that the method could be used for estimating either 
^m ete r.
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TABLE 7
Determination of % salt in salt - meat mixtures using the 147L 

Labo ratory Analyser

Sample
No.

% NaCI % h2o % NaCI
pe r 100 g H2 0

Absorption Ratio

1 0.26 73.7 0.35 0.715
2 1.25 72.7 1.72 0.709
3 2 .2 0 86.1 3.12 0.689
4 2.77 72.3 3.83 0.667
5 4.14 71.1 5.32 0.638
6 5.13 65.5 7.83 0.601
7 5.90 70.1 8.22 0.590
8 7.45 6 8 .8 10.82 0.553

However it had previously been shown that in the determination of fat in coif 
minuted meat, this application is, in effect, a determination of the moisture content, based 
on the preferential absorption of radiation by oxygen in water molecules. It follows from this 
that va nation in the moisture content of the test sample would have an effect on the chlo" 
ride being determined.

The effect was investigated using a series of meat samples containing an increa 
sing amount of fat, but maintaining an approximately constant salt level, the absorptions th*0 
being determined in the normal way. Table 8 records the results obtained.

TABLE 8
Effect of Moisture Content on the energy absorption by meat- 

salt mixtures

Sample % added fat % NaCI % H _0  % NaCI per Absorption
1 lOOg H20  Ratio

A 0
B 10
C 20
D 30
E 40
F 50

5.09 70.3
5.13 64.2
5.22 58.6
5.10 51.2
4.92 23.9
5.10 38.9

7.24 0.583
7.99 0.618
8.90 0.643

10.18 0.650
11.20 0.710
13.10 0.687

The above table shows that although the salt content remained constant, the absor 
ption ratio, and the % salt per 100 g H2 0  increased as the moisture cortont decreased.

Thus although the results of the investigation showed that there is a di re ct relat'°n 
ship between the salt content of comminuted meat and the amount of energy abso rbed, it has
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Q,s°  been shown that the amount of energy absorbed is dependent on the moisture content.

Clea rly , however, reproducible results can be obtained in the case of various 
types of products in which the moisture (and fat) contents remain practically constant. This 
r*striction however at the moment excludes the method from consideration as a rapid means 
°f determining salt content universally in meat and meat products. The possibility of develo- 
P|r>g the technique in such a way as to allow for the simultaneous determination of salt and 
Moisture should not be overlooked.

Jb* Chloride Electrode

The Orion Chloride electrode model 96 - 17 (E .l .L . Ltd ., Richmond) was used in 
investigation in conjunction with a Pye Model 290-pH meter (W .G . Pye Co.Ltd.Cam- 

“r'dge).

The electrode consists of a reference, and a solid state chloride sensing electrode 
ln one body. The solid state sensing element consists of a solid silver halide membrane which 
SeParates the sample solution from the internal filling solution, the latter containing 1.0 
^ KNOg and 0.1 M KC1, satu rated with silver ions by the addition of 0.1 M AgNOg. The 
Potential between the internal solution and the internal reference is fixed, as is the poten- 
fial between the filling solution and the inside surface of the membrane.

Changes in electrode potential ae due to changes in the Ag+ activity.

Although the test solution may not ori ginally contain silver ions a small number 
'"'ll be provided by the extremely low solubility of the silver halide membrane. The activity 

these silver ions w ill depend on the activity of the chloride ions present in the test solu- 
t'on, and can be calculated from well-known electrochemical equations, and from these on 
Estimate of the salt content of the test material can be made.

In use, the combination electrode is connected to a suitable millivoltmeter, the 
electrode being immersed in the test solution on placed on the test simple, the resultant po- 
*er>tial being measured.

The relationship between electrode response and chloride concentration was es- 
fablished by immersing the electrode in solutions of increasing salt concentration and a sub- 
Se9uent plot of log salt concentration and electrode potential was shown to be linea r . The 
P̂ftie experiment carried out using salt-meat mixtures gave an identical plot. These results 

'ndicate therefore that the chloride electrode can be used to determine dire ctly , either the 
or the moisture content of meat, provided that the appropriate calibration charts are used.

Sine however the relationship between the parameters is logarithmic, only small 
changes in salt content at the higher levels. Thus the difference between 9 .0  and 0.5% salt 
corresponds to an instrument reading of ImV, and since differences between two sets of rea
dings may well be of this order of magnitude, although the instrument can be used satisfacto
r y  over the lower salt ranges, it is likely that this sensivity restriction will render the instru- 
"••nt less useful at the higher salt levels.

By investigating salt solutions of concentration ranging from 1 - 10%, and contain
ing phosphate buffer to give solutions of pH values ranging from 5 to 6 .5 , it was shown that 
Instrument response was independent of pH value. Likewise, similar experiments carried out.
In Hie presence of nitrite and of nitrate ions indicated that instrument response was indepen-
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Certain cured products, e .g . sweet cure bacon can contain sugar, and the possi- 
aility arises of the sugar reducing the water activity in such a product, thereby causing an 
apparent increase in salt content. Investigation of the effect sugar, using model systems, swo- 
wed that there was a small increase in response with increase in sugar concentration, but since 
the amount of sugar incorporated into a meat product will be small, the presence of sugar 
will be unlikely to give rise to significant errors.

The chloride electrode was then used to determine the salt content of sliced ba
con, by di rect application of the electrode to material.

Triplicate readings were taken along the eye muscle, which was then dissected 
out for the chemical determination of salt.

■ lent of either of these ions.

TABLE 9
Determination of the salt content of bacon obtained by 

using the chloride electrode

Product Replicate No. Mean Electrode Value % NaCI/100g H jO

Sweet cure 1 5 ,5 4.83
bacon 2 5 .9 4.86
vacuum pac- 3 5 .9 4.75
ked 4 6.1 4.72

5 6.1 4.62
1 10.3 10.2

Dutch 2 10.8  • 10.6
collar' 3 12.1 10.4

4 11.5 10.0
5 11.6 10.1

1 9 .0 9.1
Mild cure 2 8 .8 8 .6
Vacuum 3 8.4 8 .8
packed 4 9 .0 9.1

5 9 .3 9.2

Mild cu re 1 ,  7 .4 6 .8
back 2 8 .2 7 .3
vacuumpacked 3 8 .0 6 .9

4 8.1 6 .9
5 8.1 7.1

1 10.0 8 .0
Best 2 10.6 9.5
back 3 10.3 8 .6

4 11.0 9 .8
5 11.0 9.3
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It is seen that good agreement was obtained in 2 samples out of the 5, the electro 
de giving high results in the other 3 .

It was considered that this was d ue to there being higher concentrations of salt al 
the surfaces of the samples and this was investigated by carrying out tests on the surface of t 
slices followed by dissection, mincing, and testing the resultant mince. The results showed 
that in general, surface determinations give higher results than those from the minced samp
les, but the values obtained from the minces samples remained higher than those obtained by 
chemical analyses. This tends to suggest that chloride electrodes cannot be used satisfactori
ly for the direct determination of salt using sodium chlaide solution as thestandard reference

It can also be deduced from the data obtained that the differences between the eh 
ctrode method and chemical method of determination are not constant.

Thus although prelimina ry work indicated that there was a di rect correlation bet
ween electrode potential and % salt as expressed as % per 100 g water, subsequent correla
tion studies indicated that this was not valid. In general, the electrode gave high estimates 
of salt content both with intact samples and when used with minced samples. These differen
ces between chemical and electrode estimates, occur both between and within the products 
tested. The reason for this discrepancy is not known, but it has been suggested that it may be 
due, to some extent at least, to the fact that the electrode measures activity and not concer 
tration, and that on these systems these parameters may not be di rectly related .

Although the electrode cannot be applied universally to the direct determination 
of salt in meat and meat products, it way well find a role in routine quality control for com) 
table measurments on samples of the same product, at least in those cases in which the diffe
rences between the electrode estimation and chemical estimation is reasonably constant.

Conclusions /

Methods based on conductivity a re more reliable than those based on resistance 
measurements since there appeo rs to be direct relationship between this pcrdmeter and the 
salt content of the meat. The Radiometer CDM 21 Salt Tester is capable of giving values wit 
in ± 1. 0% of those obtained by chemical analysis.

Of the other methods investigated, use of the chloride electrode gave the most 
promising results, but limitations of this method involve the problem of calibration when it i: 
to be used with different meat products. Despite this, it is suggested that the method con be 
used for routine quality control for any particular product, providing that in that product, 
other interfering substances are kept fairly constant.

Although salt cannot be measured directly using radiation absorption techniques 
the possibility arises for the development of a method which could give the simultaneous de
termination of moisture and salt content of comminuted meat.

The overall results demonstrate that the ideal of a direct rapid method which can 
find universal application fo r the determination of the salt content of all meat and fish pro
ducts is unattainable at present. It is possible however that this may be attainable in the fu 
ture when further developments in Xray fluorescence techniques have taken place.
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