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INTRODUCTION

SALT is  the most common non-meat ingredient added to meat products. Sa lt serves several functions in meat 
products: i t  dehydrates and a lte rs  the osmotic pressure o f tissue c e lls ,  bacte ria l growth and subsequent 
spoilage are in h ib ite d , i t  contributes to basic fla v o r charac te ris tics  and lowers water a c t iv ity ;  and in 53 
manufacturing, i t  aids in  the s o lu b iliz a tio n  o f the myosin-type proteins o f comminuted muscle necessary 
emulsifying the fa t in  emulsion type sausages. The amount o f s a lt used in  meat products va ries , the type 0 g <jf 
product, regional preferences, and processors. For any sing le  product, consumers w i l l  expect the same de9* ,y 
sa ltiness whenever the product is  purchased. The need fo r  un ifo rm ity  o f s a lt content is  becoming increasiny 
important because o f increased sales o f prepackaged processed meat products.

In ¡970, Hibbert and Meara (5) investigated s ix  methods fo r  the determination o f s a lt in  meat products. X wever’ 
methods involved e le c tr ic a l conductiv ity , e le c tr ic a l resistance, and the use o f the ch loride electrode, . ^ e ,  
they did not compare the time required fo r  each method. Since 1970, several new methods have become aval1 
fo r  example, the DICROMAT s a lt analyzer and the QUANTAB ch lo ride  t i t r a t o r .  In th is  paper, we present the 
resu lts  o f a comparative study o f f iv e  methods and the time required fo r  each o f these methods fo r  determi 
s a lt  content o f several types o f meat products.

MATERIALS AND METHODS

IN th is  study, we examined meat products chosen to represent a cross section o f various types o f meat p ro^c 
e .g ., bacon, wieners, bologna, country cured ham, canned ham, and dry and semidry fermented sausage. ^oULpe 
samples o f each type o f product were purchased a t local re ta il  stores over a period o f s ix  months. Each y  
product was ground three times and subsamples were taken fo r determination o f s a lt content fo r  each metho° ired 
involved. For each method, each type o f product was analyzed in  duplicate o r t r ip l ic a te ,  and the time reqat]d 
fo r  conducting each o f the fiv e  ana ly tica l phases (g rind ing , weighing and blending, filteV -ing , digestion, 
determination o f s a lt content) was recorded.

Five methods were used in  th is  study: the standard Volhard method fo r  so lid  and f i l t r a t e  samples; DICR̂ 1 5 
analyzer; QUANTAB ch loride t i t r a to r s ;  and the ch loride electrode. The Volhard method as specified in 
procedures (3) served as the standard method fo r  comparison in  th is  study. In general, the Volhard methooamp
involves the fo llow ing  steps: (a) addition o f 10 m l'o f s i lv e r  n itra te  (0.5N AgNOj to about 3 g o f meat * ^  
to p re c ip ita te  the ch loride ions as Ag C l; (b) digestion o f meat sample w ith concentrated n i t r ic  acid;
t i t r a t io n  o f excess s i lv e r  n itra te  w ith ammonium thiocyanate (0.1N NH4SCN); and (d) ca lcu la tion  o f the -• he 
s i lv e r  used to p re c ip ita te  the ch loride ions and conversion o f the value to  percent "  1 '  ‘ J* -'’ +h
formula 
X 2.92.

Percent NaCl = [ volume o f s ilv e r  n itra te  - 0.2 (volume o f ammonium thiocyanate/weight o f sal

unt °f

percent sodium chloride w i^ ^ e  ^
am ou

For the Volhard ( f i l t r a te )  procedure, we put 20 g o f meat product and exactly 200 ml o f d is t i l le d  water 2n̂ lt« r 
Waring Blendor ja r  and homogenized them fo r  1 min; then we f i l te re d  the homogenate through a “ Mr. Coffee 
Three 25-ml a liquo ts o f the f i l t r a t e  were removed, and the percent s a lt content o f each a liquo t was d e te r^a i 
by the standard Volhard method. Percent sodium chloride in each a liq uo t was calculated according to the 
Percent NaCl = [ volume o f s i lv e r  n it ra te  - 0.2 (volume o f ammonium thiocyanate/volume o f f i l t r a t e  ] * ^ a

The DICROMAT s a lt analyzer (1) functions on the p rin c ip le  o f e le c tr ic a l conductiv ity . The instrument 
d ig ita l readout o f s a lt concentration in  so lutions having a s a lt  content o f 0 to  5%. Procedures fo r staLcedl,r 
ing the analyzer (which includes determining the s a lt content o f a standard f i l t r a t e  w ith the Volhard P ^ j  
extraction  o f s a lt from the meat samples, and determination o f s a lt content were those described by Dia^ r  
Crystal Sa lt Company (St. C la ir , Michigan). Special a tten tion  must be given to standardizing the ana^ hanis> 
a f i l t r a t e  o f each type o f meat product tha t is  to  be analyzed on any one p a rtic u la r  day, e .g ., bacon, 3,

QUANTAB ch loride t i t r a to r s ,  No. 1176 (Ames Co., D ivision Miles Laboratories, In c .,  E lkhart, Indiana),
10% NaCl, were also tested in  our study. A QUANTAB ch loride t i t r a t o r  is  a th in , chemically in e rt PlaSL te  
about H x 3*5 inches, in  which an absorbent paper c a p illa ry  column impregnated w ith  brown s ilv e r  dichrom" M 
(AggC^Oy) is  laminated. When the p la s tic  s t r ip  is  placed in  a s a lt so lu tion , f lu id  rises in  the colom o' 
c a p illa ry  action . Chloride ions in  so lu tion react w ith to produce equivalent amounts o f whit g
s ilv e r  ch lo ride  (AgCl). Procedures fo r  preparations o f sample and determination o f  s a lt  content were t 
described by Vander Werf and Free (6 ). ,

An Orion s o lid -s ta te  ch loride sensing electrode (Model 94-17) and a double-junction reference electros . 
90-02 (Orion Research, In c ., Cambridge, Massachusetts) were used in  conjunction w ith  a Corning D ig its 1 j f ie 1 
Research pH meter equipped w ith a re la tiv e  m il l iv o l t  function switch (Corning S c ie n t if ic  Instruments, .s 
Massachusetts). With th is  switch, electrode o ffse ts  can be corrected w ith  a c a lib ra tio n  knob. With t  
method, s a lt is  extracted from the meat sample w ith  a reagent containing n i t r ic  acid to remove possih'
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Tthe ae,}Ces by proteins and acetone to prevent clogging o f the electrode by fa t .  Procedures fo r  preparation 
'on 0f  c'b  reagent, extraction  o f s a lt from the meat sample, preparation o f standard so lu tions, and prepara- 

ca lib ra tion  p lo t on two-cycle semi-log paper were as described by Orion Research, Inc. (2).

e?re analyzed by the general lin e a r model procedure according to  the S ta tis t ic a l Analysis System (SAS) o f ** d 1. i * '( 4 ) .

%
%

LTs and discussion

*1'n,e s q u ire d  fo r  conducting each o f the fiv e  ana ly tica l steps was 45 min fo r  QUANTAB chloride 
V d  ? 5 2 n, ch loride electrode; 55 min, DICROMAT s a lt  analyzer; 80 min, Volhard ( f i l t r a t e ) ;  and 85 min, 

¿"’^d /Sô id sample)(Figure 1). The time fo r  analysis was shortest fo r  the QUANTAB method and longest fo r  the 
ti t ProHS°^1d  ̂ method. With the QUANTAB method, the water used fo r  extracting  s a lt from the samples o f ground 
lis ator Ucts can be heated to b o ilin g  while the meat samples are being ground and weighed, and the chloride 
8) been <ran be placed d ire c t ly  in to  the f i l t r a t e  tha t co llec ts  inside o f a cone-shaped cup o f f i l t e r  paper tha t 
« ^od 1mrnersed in  the meat-water ex trac t. The to ta l ana ly tica l time could be shortened fo r  the chloride 
,? to 5n ‘ DICROMAT s a lt analyzer, and Volhard ( f i l t r a te )  methods by determining the s a lt content on the f i r s t

s
%

"tty, o f f i l t r a t e  tha t comes through the f i l t e r  ra ther than to w ait fo r  complete f i l t r a t io n  o f the meat

V
Was done in  our study.

t^ ir e j  1 Srinding (10 min) and weighing (5 min) was s im ila r fo r  a ll  f iv e  methods. An additional 5 min was 
i /  ^thnH homogenizing the samples fo r  the DICROMAT s a lt analyzer and Volhard ( f i l t r a te )  methods. Three o f 
aNeriat s (ch loride electrode, DICROMAT s a lt analyzer, Volhard f i l t r a t e )  required f i l te r in g  the meat-water 
D,|® chloric wh' ch took from 17 to 30 minutes fo r  complete f i l te r in g  o f sample. F ilte r in g  time was shortest fo r 
v ^ ir is  6 electrode (17 min) method because the a c id if ie d  acetone reagent elim inates any interference by 
th^i^d 3nd Prevents clogging o f the electrode w ith  fa t .  Only one o f the methods (Vol hard-sol id  sample)

standaonsid erable time (60 min) fo r  d igesting the sample. About tw o-th irds o f the time spent in  conducting 
v°lbard method is  spent on digestion o f the sample and about one-th ird  on g rind ing , weighing, and 

qbcina °n ° f  the excess s i lv e r  n itra te  w ith ammonium thiocyanate. Research needs to  be done on methods fo r  
Tl  a'9estion time. 
tK f  i rn̂  ■;

!?Volved fo r  the actual determination o f s a lt content fo r  each method was 15 min fo r  QUANTAB chloride 
t'eihard L  -.m in, ch loride e lectrode; 5 min, DICROMAT s a lt analyzer; 30 min, Volhard ( f i l t r a t e ) ;  and 10 min,

° id ) . The time fo r  the actual determination o f s a lt content by the chloride electrode method is  
'°ng because o f the time required fo r  a stable potentia l reading and by the Vdlhard ( f i l t r a te )  method 

a iw - the time required to p re c ip ita te  the ch loride ions as AgCl and back t i t r a t io n  o f excess s ilv e r  n itra te  
^°niuni thiocyanate.

ANALYTICAL STEP

m m \  g r i n d i n g

m i  WEIGHING /BLENDING 

ffllll l lll  DIGESTION 

l l l l l l l l l  FILTERING 
I | DETERMINATION

"QUANTAB" CHLORIDE TITRATOR

imiiiimmiiii CHLORIDE ELECTRODE

AVERAGE TIME REQUIREMENT, MIN.

fig ,
• AVERAGE TIME REQUIRED FOR CONDUCTING EACH OF THE FIVE ANALYTICAL STEPS AND TOTAL TIME  

REQUIRED FOR EACH METHOD.
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j;. tne
Salt content values obtained w ith the QUANTAB t i t r a t o r  method were higher than values fo r  a l l  other metnoa-v 
differences were s ig n ific a n t (P < .05) except fo r  country cured hams and canned hams analyzed by the chlor 
electrode method (Table 1). Even though the s a lt content values were higher fo r  the QUANTAB t i t r a t o r  metb(j|jct5 
the method has m erit fo r  routine control o f s a lt  content o f meat products during processing. Most meat 
have ra ther wide ranges o f s a lt to le ra tio n  so tha t great accuracy becomes unnecessary. With proper sampn'1̂  
ex tra c tion , and d ilu t io n  techniques, 70% o f the resu lts  from the t i t r a to r s  are w ith in  5% o f the results by 
Volhard method.

In general, the values obtained using the ch loride e lectrode, Volhard ( f i l t r a t e ) ,  and DICROMAT analyzer n* baCof'> 
agree well w ith those obtained by the standard Volhard method, w ith  the exception o f bacon (Table 1). r 
s a lt content values were s ig n if ic a n tly  higher fo r  the QUANTAB t i t r a t o r  method than fo r  any o f the other f  wer-e 
methods, and the s a lt content values fo r  the ch loride e lectrode, Volhard ( f i l t r a t e ) ,  and DICROMAT analyze 
s ig n if ic a n tly  higher (P < .05) than those fo r the standard Volhard (s o lid j method. The good agreement be "   ̂
the Volhard ( f i l t r a te )  data and the Volhard (s o lid ) data was expected, because the f i l t r a t e  was obtained 
the same sample o f meat th a t was analyzed fo r  s a lt  content by the standard Volhard method.

, +he tl»*
Because o f the va ria tion  in  percent s a lt  content obtained among methods fo r  the same meat product, ana 
required to conduct each o f these methods, i t  becomes very apparent tha t research needs to be done on the 0[) 
development o f a d ire c t rapid and economical method which can fin d  universal app lica tion  fo r  the determin 
o f the s a lt content o f a l l  meat products. This is  especia lly true at present because o f the high cost o 
n it ra te , a compound needed fo r  the standard Volhard method. ,

• c aroup5Table 1. Percent s a lt content values fo r  f iv e  methods used fo r  determination o f s a lt content o f various v
o f meat products a ^

Product qroup

QUANTAB
t i t r a t o r

%

CHLORIDE
electrode

%

Volhard
( f i l t r a te )

%

DICROMAT
analyzer

1

-------- vSlïï
(sol

J .

Bacon 2.91 b 2.52 c 2.43 c 2.30 c 1.92

Wieners and bologna 3.63 b 2.81 c 2.80 c 2.69 c 2.65

Country cured hams 7.63 b 6.79 b 7.45 b 7.49 b 6.66

Fermented dry sausage 6.20 b 4.61 c 4.71 c 4.74 c 4.36

Fermented semidry sausage 4.10 b 3.40 c 3.14 cd 2.85 d 3.10

Canned hams 3.80 5 3.11 bc 2.80 c 2.91 c 2.76

a Each value represents the mean o f four samples w ith in a product group.

id)

d

c

b

c

cd

c

bed Means w ith in  the same row fo r  a product group bearing a common superscript le t te r  do not d if fe r  (p
< 0 05)‘
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