27
ferenc®’

in this case the concentration required for flavour will depend on the consumer™ pre
However, with any single product, the consumer will expect the same dec »f saltiness r
h ti the product is purchased. is need for uniformity is becoming of increasing imp°
crease in the retai of prepacked materials under branded names.
us, Sir the consumer” requires botr ogical stability and safety, and
uniform saltiness, the necessity of carefully controlling the salt content becomes obviov®*

, e : vef
the amount of any ingredient in the final Prod -
this is of

can be control own weight of the ingredient. However,

. . e s
sible or is soluble in the product. This is not alwd)®

the 5

true if the i nt is readily dis

ntent of certain canned meat products, in which

possible, as in fhe case or the saif co

uptake has taken place either via a cover brine o from a site of injection. The salt uP'C” e(e
is affected by a number of factors, including the intrinsic prope rties of the meat, whic"
subject to considerable variation. This variability in meat makes it difficult for the salf cO,e/
tent of the final product to be predicted withany accuracy, and it therefore can only be

termined in the end product.

A considerable number of analytical methods have been developed for the defer
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the ... -
® nitrate content would only reduce the values still further.

in Subsequent experiments, in which the technique of measurement was modified, and
: Which the material used for chemical analysis was taken from the vicinity of the probe,
Owed |ess va riation in the individual test samples but consistently lower instrumental esti-

MNata- ’ 2 .
Ates for salt content were still obtained.

try It must be concluded therefore H'?cf the method used for the cclibvci*io‘rj of the in-
ive"‘fenf was not valid when used to determine the salt content of-bocc?n. A, possible alterna~-

or obtaining a valid calibration curve may however be obtained by using data such as
eurs in Table 2 as calibrant data.

. One explanation of the non-applicability of the calibration curvekwhen used for
i ®rmining the salt content of bacon is the difference in moistu re content. This was inves-

Cog‘”Ed by preparing protein water slurries of constant salt content but which the moisture
Ntent 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

Samples No. % NaCl % HZO % NaCl/100 g HQO Mean instrument
added reading 4=

1 2.5 59.0 4.24 70.0

2 o 64.9 3.85 81.4

3 2.5 69.3 3.61 81.8

4 2.5 75.0 £ 3.33 83.8

5 2.5 74.1 3.37 83.8

k This table clearly shows that the response of the salinity tester is ma rkedly influen-
e 3
d by the moisture content.

h Previous wo rk had indicated that sides of bacon with a higher fat content gave hi-
Sher readings than those with lower fat content though the salt content was the same in both
: S€s. Fyrthermo re it was found that there was an appreciable difference in the instrument
eqdi”g, depending on the position of the probe in the material, e.g. side, under ftest.
i It is well known that electrical resistance varies with temperature. It follows there-
‘:-r|e that unless an instrument is equipped with a temperature compensating device its usefulness
I s

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

- ®n using the F.1.R.A. Salinity Tester in order that meaningful results may be deduced from
n 2

Y data obtained.

T
he Radiometer 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 con¢en-




asu rments

iture compensating device is built in, which allows me

: =0 . . at
to be made over a temperature range from =5°to +25°C. It was borne in mind however th
: on
ire type bac

ument make rs emphasize that the calibration ope rates inly for Wilsh

: : y . . it
muscle and that only comparative results can be obtained when the instrument is used W!

tration up

other types of meat p roducts.

n
53t i ? . : twee
In prelimina ry experiments which were intended to corfirm the carelation i t
{ . H en
instrument response and salt content of the meat, only relative measurments of the differ
salt -meat mixtur es used were required.
= g ; <0 ‘ . tle dif
Determinations carried out at 5" C and 17°C showed that there was very little v

erence between the response readings at either temperature, indicating the efficiency i ent
Further it was found that the relationship between inS"Ume

e and salt content was linear, this instrument therefore having an advantage over ! sl
F.l1 .R.A. instrument in this respect which not only has a non:linea r relationship but alfo 4
fers from poor sensitivity at high salt levels. The observation that there is a linear re,la“f?zon
ship between the instrument reading and the salt content over the range investigated 15 © b
siderable interest since the calibration factor used was derived according to the monufadeﬂcel
recommendation using Wiltshi re sides and not comminuted meat. This suggested that differ .R'A
between uncomminuted meat and comminuted meat which were found in the case he €

of the
reatly affect the response of the instrument, and indicated e tsup'

temperature controlling device.

@
“»
o]
o
-]
&

®
Q

-

salinity tester did not g
commended calibration factor may not be as limited as the manufacturers had origir’d“y
posed. g
The influence of moisture content on instrument response was investigated by U:I
protein slurries. From this it was found that, as in the case of the F.1.R.A. salinity 'es'eﬂ:ere
the instrument response increases with increase in moisture content. It must be conclud® n the
fore that the validity of any determinations ¢arried out with this instrument will depend ora g°
moisture content of the sample. Nevertheless, salt determinations were carried out on e

of products, a summary of the results being given in the following table:

TABLE 4
Salt content determinations of cured meats using the CDM 21 Salt Tester
Product Salt content Chemical analyses
% salt % water
e 3.03 3.63 68.6
Wiltshire
Shoulder 4.18 5.27 66.8
3.30 3.43 g Ly
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




en

n-
oré
yced

RA

the

Wiltshi re

sides 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
Ham 1.8 2.06 71.6
2.0 2.12 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

Inspection of the data given in the table indicates that a correlation exists between
the values for the salt content determined instrumentally, and by chemical means. From a sta-
Hstical analysis of the complete data it can be shown that the 95% confidence limits for any

"Ngrument reading irrespective of the product being investigated is of the o rder of + 1%.

The results obtained using Wiltshi re sides are of considera ble interest. These si-
des were tested during storage at 21 ©C and it was anticipated that the low moisture contents
of the sides would give rise to errors in the instrumental determinations. It is seen that in all
%ses the instrumental value is lower than the chemical value (by an average of 0.6%). These
"sults are taken to illust ra te the point that although low meter readings were obtained for
Smples with low moisture contents, there was a good correlation between meter reading and
salt content, thus confirming the manufacturer’s claim that the instrument can be used o ob-

in relative readings for comparable products other than Wiltshire bacon. Further, since
the calibration of the instrument can be alte red by adjustment of the electrode calibration
“onstant it should be possible to adjust the instrument to give a direct reading for salt content
" any meat product.

It would appear therefore that variations due to the effect of interfering facto rs
Would preclude the use of the instrument for the accurate determination of salt content in
Meat products, but it would clearly be of value for obtaining @ good indication of the salt le-
vel and distribution of salt in such products.

wjemiconducmr Resistivity Bridge

This instrument is comp risedof a p ro be and bridge circuit, the p robe having four
“ontacts. A low frequency squa re wave is applied to the outer pair of contacts. The volia-
Se drop across the outer and inner contacts which oceurs when the probe is in contact with
©® sample of test material will depend on the resistance of the material. The resistance, mea-
‘Ured by balancing the voltage between the inner and outer contacts, represents a direct rea~
'ng of the resistivity of the sample.

The possibility of using this instrument for determining the salt content of meat pro-
Yucts was investigated altough it was realized that the instrument would probably have the
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isadvantages as the F.1.R.A. salinity tester and the CDM 21 salt tester.

g . . . . " | o
of the instrument was determined by immersing the probe to a cons

sodium chloride.

J
|
l/ A
3 |
4 \
4 q
7
8 0
— _— — - - —_— — ’!
. . - o A . ip P& 4
It is that as with the F.I.R.A. instrument, there is relationshiP lo”
. 3 2 - : c ]
tween meter ig and salt content, and the sensivity decreases rapidly as the sodium
r i de concentration increases. g
i o gt : nt
In order ity of using this instrument to determine the salt ¢ ond gf
of meat and meat | correlation test was carried out using bacon, smoke di
yreen bacon being rate also the influence of moisture ¢ th
: , : T
8 readings per sample were taken, the mean found , and this corre e
* g . . 0
by @ g on the thickness of the sample and the spacing between the prob®s y

| $¢
TABLE 6 |
Instrument response to bacon of known |
salt cont /f
4
_— -— S — ————————————————— ———— S— — ‘*
Sample No. Corrected mean % salt per salt per

nstrument reading 100g meat 5 100 g H,O !
] 20.8 64.20 6.98 |

2 23.0 64.43 ol
3 22.4 63.81 6 8
< 15.0 68.88 O i

5 15.4 67.51 7.82
) 16.7 68.71 7.13 \
D by W ' A
It is clear from the above data that there is no obvious co rrelation betwee” .
meter reading and the salt parameters quoted. |
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Two points of interest emerged from these data.

| - . = ¥ .

)SOmpTcs 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.1.R.A. and the Radiometer tester.

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

; If this va riation is indicative of the variation in resistance of the meat, then any
thod for determining salt which depends on resistance or conductivity methods will be sub-

I8 - .
Ct to va riations of this order.

i It can be concluded therefore that the Radley Semicenductor Resistivity Bridge
W ; .2 - ¥
| be of very little value for determining the salt content of meat.

£

8y Fluo rescence Analysis

i This technique depends on the emission of Xrays when a sample is exci
I . 1 3 . .
Bactive source. The Xrays emitted from each particular element.

B It was ,‘;5;~.)efu‘e.fd.tha?‘?"\wis technique mig.ht be useful for dererm]:'vivz.,, )
a tin rﬁeﬁ? by determining the amount o.f chlorine presem.‘Hov.«ever, when this

Pted, it was found that the characteristic Xray energy of chlerine was too low to pe rmit
Stection. Hence it may be unlikely that this technique can be developed to produce a ra-

b : 2 A .
4 method for the determination of salt.

t
4l S ¢
$etromagnetic Energy Absorption

: This technique depends on the preferential abso rption of soft electromagnetic ra-

“Stion by elements of higher atomic number. Since chlorine has a higher atomic number

Shgzlcurbm’ oxygen, 5"‘,{drogen and nitrogen, the major component eleme’nfc in meat, then it

Iy rhC_i be, possible to estimate the salt content by measuring the preferential abso rption due
s element.

The instrument used in this investigation was the 147L Labo ratory Analyse r (Nuc-

% r Enterprises Ltd.) which had previously been used for determination o

#at. The instrument contains a radioactive sour ce (promethium 147, 1 /2 |ife period 2.6

::‘ vs)‘wh'.ch emits radiation, with peak energy of 20 KeV. When this radiation strikes @
conium ta rget, low energy X radiation passes through the meat sample, some being abso r-

‘ed by the sample, the remainder being determined by a Geiger-Muller tube.

e fat content of

; Results are initially exp ressed in terms of absorption ratios, these being calcula-
:d from the count rate per unit time of a standa rd, and the count rate from the specimen
Nder ¢

est.

By compa ring the absor ption rations obtained using known weights of materials
::Mqining high and low salt contents it was possible to determine the optimum sample size
be used on the instrument.
£ From the correlation studies which'were carried ?ur, the re levant data for which
’ui'recorded in table 7, it was sI’jown that a linear correlation exEsre{d between the abso rption
Qr;) and the percentage of salt in meat, exp ressed either in terms of % salt pe r 100 g meat,
o salt per 100 g water. This suggests that the method could be used for estimating either
Mmete r,
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TABLE 7
Determination of % salt in salt -~ meat mixtures using the 1471
Labo ratory Analyser

Sample % NaCl % HyO % NaCl Abso rption Ratio

No. per 100 g H,O

] 0.26 73.7 0.35 0.715
2 1.25 72.7 1.72 0.709
3 2.20 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 0.5%90
8 7.45 68.8 10.82 0.553

Howeve r it had previously been shown that in the determination of fat in com”
minuted meat, this application is, in effect, a determination of the moisture content, base®
on the preferential abso rption of radiation by oxygen in water molecules. It follows from this
that va riation 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 incred
* > ; el : : . en
sing amount of fat, but maintaining an approximately constant salt level, the abso rptions th
being determined in the normal way. Table 8 records the results obtained.

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

salt mixtures

Samp % added fat % NaCl % H,O % NaCl per Absorption
3 100g H,O Ratio
- 0 5.09 70.3 7.24 0.583
B IC 5.13 64.2 7.99 0.618
C 20 5.22 58.6 8.90 0.643
D 3 35.10 51.2 10.18 0.650
E 40 4.92 23.9 11.20 0.710
F 50 5.10 38.9 13.10 0.687
The above table shows that although the solt content remained constant, the absor™

ption ratio, and the % salt per 100 g H,O increased as the moisture. corient decreased.

i . " ¢ > A : N 3 ion”
Thus although the results of the investigation showed that there is a dire ct relatio

ship between the salt content of comminuted meat and the amount of energy abso rbed, it has
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Also been shown that the amount of energy absorbed is dependent on the moisture content.

Clearly, 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
'estriction 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-
Ping the technique in such a way as to allow for the simultaneous determination of salt and
Moisture should not be overlooked.

The Chlo ride Electrode

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

: The electrode consists of a reference, and a solid state chloride sensing electrode
'n 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

M KNO3 and 0.1 M KCI, saturated with silver ions by the addition of 0.1 M AgNO3. The

Potential between the internal solution and the internal re ference is fixed, as is the poten-

Hal between the filling solution and the inside surface of the membrane.

Changes in electrode potential are due to changes in the AgT activity.

Although the test solution may not ori ginally contain silver ions a small number

Will be provided by the extremely low solubility of the silver halide membrane. The activity
o‘f these silver ions will depend on the activity of the chloride ions present in the test solu-
tion, and can be calculated from well-known electrochemical equations, and from these an
Sstimate of the salt content of the test material can be made.

In use, the combination elecir ode is connected to a suitable millivoltmeter, the

trode being immersed in the test solution on placed on the ‘test ample, the resultant po-
tentinl .
ntial being measu red.

ition was es-

ctrode response and chloride concent

The relationship between
fablished by immersing the electrode in solutions of increasing salt concentration and a sub-
%quent plot of log salt concentration and electrode potential was shown to be linear. The
Sdme 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 ct
Salt or the moisture content of meat, provided that the appropriate calibration charts are used.

i
’

ly, either the

Sine however the relationship between the parameters is loga rithmic, only small
thanges 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-

b

d'”(;s may well be of this order of magnitude, although the instrument can be used satisfacto-

ril

render the instru-

t is likely that this sensivity restriction wil

, ) 4
/7 Over rne IO»H:‘ rran

Ment |e

’

> higher salt levels.

stigating salt solutions of concentration ranging from 1 - 10%, and contain-

it was shown that

ing from 5 to 6

to give solutions of pH values rang

iments carried o

IKe e, simiiar exper

vitrite and of nitrate ions indicated that instru

nt respo vas indepen-







gox t of the 5. the e br
| N C e
It was consider f § was d ve to there being er neer - ta
i £ ! 7 i
the surfaces of the and this was inves { k arryin b te n th rface of t
i , mincing, ar esting the re . o e results shov
race JICTE I Or . g 0 t . ’ N T -
les wi the value $ { fram thae
es, O ne value ]t > om the mince smple emaine aghe o - .
) 3 that e ectr 1 ¢ P
at a ride eference
e d e e 3 e diffe € e ¢

J 1 a a ¢ a e ela
gl e e € ent
that t} ' eral, the trode e 2
m 4 3 € wi e ol
= > ¢ &
nd ¢ 3 t etwee ING the prod $
past, t he fa i e 1 1 t n
ese svs ’ ' te s e €
Alt $
Al ] € [= e € r e ect r atior
of salt in meat and meat product t way we nd a e in routine quality ntrol for m
measu rments on sample ! ame at least in those case N h the diffe-
rences between the ele e estima na . 3 3 S
( A ' :
~LONnCciusions
Methods e r . e reliable than t e base resistance
me pec T i nsnip oe vee ere anda e

sait meat The K ) ete )M 4 Jit leste O DA € Hues w
n U% of those ot ed ! o y
Of the other met ate J je elec gove the most
f . esults, t limitat t € , € e e a a n whe $
' ’ P th‘." d e ¥ et L ! e ' ~
ed f routine qual it ¢ § v part ar . 4 : at o ’
mner | J D es O £ a / ant
\ ough annot be € adia 1D t e
the possi tv arises the developme f ethod wit sive the - o
rerminatior fr re ¢ ] ‘ ¢ -
iemon Qrée nar e Jeq ) e apia 1 W Q
he determinatior the salt ntent of o eat o fieh &
} $ pos " weve ! y be at xable the f
n Arg rescence fe niques have taken g e




