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Mohr's method fo r  the d eterm ination  o f  c h lo rid e  gives e x c e ss iv e ly  high r e s u lt s  when applied to meat and 

“e a t products« However, i t  i s  s ln p le r  and f a s t e r  than the Volhard procedure, which I s  g e n e ra lly  accepted 

•s the standard  method«-

In  th is  paper a  comparison i s  made between r e s u lt s  obtained by both methods on samples o f  11 assorted  

■ eat p ro d u cts, the ch lo rid e  contents o f  which ranged from 1 ,2 0  to  A ,64 1 ,  expressed as HaCl.

Mean d if fe r e n c e s  between methods fo r  each product varied  from 0 ,1 7  to 0 ,6 7  It HaCl. R esults were compared 

by the s e n s i t iv i t y  c o e f f ic ie n t  method, and the corresponding reg re ss io n  equ ation was o b ta in ed , from which 

• c o rre c t io n  equation was d erivedi

X HaCl (V olhard) -  - 0 ,8 0  ♦  0 ,9 4  (X HaCl (Mohr) )

Bie e f f e c t  o f  se v e ra l components o f  s a ^ l e  e x tr a c ts  on the observed in te rfe re n c e  i s  consid ered , as w ell 

aa the p r a c t ic a l  consequences o f  these r e s u l t s ,  with regard to the p re c is io n  o f  the estim ation«

I t  i s  concluded th a t , although the value o f  the s e n s i t iv i ty  c o e f f ic ie n t  i s  ra th e r  low ( 0 ,3 2 8 ) ,  i t  i s

P ossib le  to  use Mohr's method as an a lte r n a t iv e  fo r  a sim p le , approximate e stim atio n  o f  the ch lo rid e?■
co n ten t, provided th a t the r e s u lts  are conven ien tly  c o rre c te d .
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Di« Mohrmethode e rg ib t  höhere V e rte , wenn s i e  b e i f le i s c h  und fle ischp rod u kten  angewendet w ird , h a t aber 

n « i f e i l o s  V o r te ile  in  Besug auf E in fa ch h e it und S c h n e llig k e it  1m V e rg le ich t sur Volhardmethode, d ie  

allgem ein a ls  Standard irngenoinnen wurde«

D iese A rb e it v e rg le ic h t  d ie  R esu lta te  b e id er Methoden von Proben aus 11 verschiedenen fleischprodukten« 

deren C h lo rid g eh a lt, ausgedrOckt a ls  Sodiumchlorid, w isch e n  1 ,2 0  und 4 ,6 4  X schwankte. Die M itte lw erts- 

l if fe r e n x e n  pro produckt und Methode schwankten w isch en  0 ,1 7  und 0 ,6 7  X HaCl.

Die R e su lta te  beid er Methoden v erg lich  man durch d ie  Methode des S e n s ib il itH ts k o e ff is ie n te n , daraus 

l e i t e t e  s ic h  d ie  entsprechende Regressionsgleichung ab und von d ie s e r  d ie  Eorrekturgleichung

X NaTl (Volhard) ■  - 0 ,2 0  ♦  0 ,9 4  (X NaCl (Mohr) )

Die E ffe k te  der verschiedenen Kxtraktkomponenten wurden h in s ic h t l ic h  d er beobachteten Störung und der 

P rak tischen  Verwicklungen der V e rg le ich re su lta te  vom Standpunkt der SchH tsungsprStision d is k u t ie r t  und 

man i s t  zur Schlussfolgerung gekommen, dass d ie  üohrsche Methode a ls  s c h n e lle  A ltern ativ »  fttr annähernde 

Schätzungen ungewendet werden kann, obwohl der gewonnene V ert fö r  den S e n s ih il i tE ts k o e f f is ie n te n  r e la t iv  

« le d r ig  i s t  ( 0 ,3 2 8 ) .
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La méthode de Mohr donne des r é s u lta ts  excessivem ent hautes quand on l'e m p lo ie  en viande e t  produits de 

v iande, mais e l l e  p résen t des avantages de s im p lic ité  e t  ra p id ité  par rapp ort a l a  méthode généraiment 
accep tée comme ré fe re n c e , c e l l e  de Volhard.

On compare dans ce t r a v a i l  le s  r é s u lta ts  obtenus par tous deux méthodes dahs le s  é c h a n tillo n s  d'once 

p rodu its de viande d if f é r e n t s ,  dont le s  contenus de ch lo ru re  o s c i l le n t  e n tre  1 ,2 0  e t  4 ,6 4  X, exprimés 
comme HaCl. .

Les d iffé re n c e s  moyen par produ it en tre  méthodes o s c i l l e n t  e n tre  0 ,1 7  e t  0 ,6 7  X HaCl. On a comparé le s  

r é s u lta ts  par l a  méthode du c o e f f ic ie n t  de s e n s i b i l i t é ,  obtenant 1 ' equ ation de re g re ss io n  correspondant, 
e t»  a p a r t i r  d 'e lle »  1 'eq u atio n  de c o rre c t io n !

X HaCl (Volhard) -  - 0 ,2 0  ♦  0 ,9 4  (X NaCl (Mohr) )

On d is c u te  le s  e f f e t s  de quelques composants des e x t r a i t s  des é ch a n tillo n s  su r 1•in te r fe re n c e  observée, 

e t  le s  im p lication s p ra tiq u es des r é s u lta ts  depuis l e  p o in t de vue de l a  p re c is io n  de l 'e s t im a t io n , ÿn 

a rr iv e  a l a  conclu sion  q u 'i l  e s t  p o s s ib le , malgré la  v a leu r rela tiv em en t basse de c o e f f ic ie n t  de se n si­

b i l i t é  ( 0 ,3 2 8 ) ,  appliquer l a  méthode de Mohr comme méthode a lte r n a t iv e , sim ple, pour estim ation s *>pro- 
ch ées, avec l a  c o rre c t io n  n é c e s s a ire .

OnpeaexeHHe conepsamia xaopBCToro h b t p h h b m h c h m x npojiyKTax 

OKTABHO BEHErAC h IVCTABO AM.YXXP

HccAéjtOBaTejibCKHit BHCTBTyr nnneBoft npow tidjïghhocth, raBana, Kyfia

Onpeaeaeinie xxopBCToro h b t p b h b uttce h m h c h m x  npoxyxTax no MGToxy "Mop" xaëT Mpeanep- 
h o BMCoxne peayxbTani, ho h g c o m h g h h o npexcTaBJiaeT h g k o t o p w g npeBMymecTBa no OucTpote 
■ npOOTOTB B JCpBBH0HHH C MGT0A0M "BOJlXapX" .
B 3TO# paOoïe c p b b h b bbjotch pe3yjibTarM, noJiyueHHwe no o Oo h m MGToxaii. OÔpaanM bbhjih B3 
11 pa3Hux m h c h m x npoxyitTOB, y KOTopbix coxepxaHe xJiopBCToro h b t p b h naxoABJiocb b npaxe- 
Jie 1,20-4,64^1
CpexHHH paaHHna no npoxyKTy Mexxy MetoxaMB kojigOjigtch Meswy 0,17-0,67?6 HaCl.
PeayjtbTaTM o Co b x m g t o a o b cpanuBBtuiBCb no MeToxy lyBCTBBTeHbHoro KoocfiJiBHeHTa, noxyvaH 
cooTBeTCTByioinee perpeccHBHoe ypaBHeHBe, h H3 Hero nonpaBowoe ypaBHeHHei

[HaCl] /Boxxapx/ = -0,20 + 0,94 [nmci] /Mop/
OOcyxxavTCH 3<Jxt>eKTM pa3ABVHMX KOMnoHenroB oxcTpanTOB Ha HaOjnoxaeMyio HHTepîiepeHnmo a 
npaxTHiecKHe peayxbTBTM npexxaraiomerocH HcnpaBAGHBH c tohxb s p g h b h t o h h o c t b oneHXH.
B saKxnieHBB m o x h o cxaaaTb, v t o ,h g c m o t p h Ha h b s k b ü xosiWamBeHT qyBCTBMTexbHocTB/0,328/t 
m o x h o BcnojibaOBaTb m g t o a Mopa a a h Cm c t p o t o onpexeHGHMH xxopncToro h b t p b h b m h c h m x npo- 
AyKTOX.
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introduction

The traditional volumetric methods of tlohr and Volhnrd aro Btil] today those most commonly used for the 
determination of chloride content. Volhard's method, with eventual variations, is tho standard method 
almost universally accepted for this determination in meat and meat products (ISO, 1970; AOAC 3970).

Mohr’s method, on the other hand, has tho advantacos of a simpler procedure and greater speed, although 
Its application to meat and meat products is limited by various inconvenient interfering factors.

Tho interference of proteins and related substances in AgNO^ titration was reported long ago (Dyer.l'l 
and is particularly noticeable in neutral or slightly alkaline solution, as used in liohr’s method.
®Ar]ier attompts have been made to overcome this inconvenience by correcting the results, hut no 
thorough study in this sense has been reported, and tho approach in sometimes too simple (lindiocher,l‘>74). 
The absolute error of the titration would be expected, firstly, not to be constant throughout, but to 
increase with the chloride concentration of the sample and secondly to include a stochastic component,.-’;? 
the quantity end quality of tho interfering substance depend on sample composition and not solely on 
°hlorlde concentration.
*n this paper both methods, Mohr's and Volhard's, aro compnrod in order to derive a correction eauction 
'■'hereby acceptable results may be obtained more simply and quickly, using Mohr's method, 
listeria] and methods

All samples wore homogeneized by passing them three times through a meat mincer provided v/ith a ] mm 
Plato, mixing thoroughly after oaoli operation. Homogeneized samples were stored in completely filled, 
tightly closed bottles, at about -1G°C until used.

Analyses by the Volhard method wero carried out according to the standard ISO procedure (ISO, 1970). A 
1° e sample is extracted with water ovor a boiling water bath. The extract is deprotoinized with potas - 
Btum ferrocyanide and zinc acetate. The pH is adjusted to 7,5~S.3, and after convenient dilution to a 
given volume, it is filterod. An aliquot of the filtrate is acidified and made to react with excess 
AgHO^, and this excess is back titrated with 0,1 N ASCII, in the presence of ferric ammonium culphnto,

The Mohr procedure established in tho standard for the Cuban meat industry was used (Cuba, 1969). A 10 g 
«ample is extracted with water for 1 h. The pH is then adjusted at 7,0-8,0. The extract is diluted to 
250 ml| filtered, and an aliquot of the filtrate is titrated v/ith 0,1 II AgHO^ in tho presence of 

P°tassium chromate as indicator.

Recovery tests wero carried out, spiking samples with HaCl solution just prior to the extraction stage. 
^®an percentage recoveries were compared by Student's "t" test.

10 samples of each of 11 different meat products were analyzed by both methods, and the results were 
°°mpared by the method of tho sensitivity coefficient (Zukal et al, 1970).

*h order to observe the effect of several components on the interference with lolir's method, different 
founts of solutions of gelatin, cattlo serum albumin, glutamic acid, nnd different phosphates were 
a<ided to 10 ml portions of pure 0,1 HaCl solution, and these were titrated with 0,1 N AgHO^, at slightly 
aMltaline pH, with potassium chromate indicator.

Â -l chloride contents are expressed a3 HaCl.
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T n W c  1 shown tlio results of tho recovery tosts. 
Student’s "t" toct showed tho difference b. t . ■ - 
on methods to be highly significant (P<0,01). 
This confirms the accuracy of Volhard’s procod - 
uro, end proves the results of liohr's method to 
be excessively high. They ore higher, in foot, 
than the neon percentage recovery suggests, 
since this is calculated in relation to the 
original ciiloridc content of the couples, mens - 
ured by the none method, and conocquertly also 
inflated•

, >:»,.•
9

' ,7 
3,706

T a b u  1 . .  D e s a l t s  o f  r e c o v e r ;, t e s t s  

lie lliod
Vo. sa m p le s  (n ) 

iioan (;i) <x)

S t d .d e v .  ( s )

V uri.an ce  r a t i o  (F )

S t d . e r r o r  o f  d j f .  (;;) 

t  c a l c .

t  c r i t .  (ot -  0 .0 1 ;  O f 10, 03)

* T < 0,05 ** P <0,01

T a b le

V. i hnrd 
JG

100, 3

1 , f,7G
3 ,90 * 

1.321 

3 ,33  ** 
3, l1

Table 2 presents mean results for each product 
and method, as well as the difference between 
methods for each product.
Different ranged from 0,17 to 0,67 % NaCl, as 
compared with 0 ,25 to 0,45 ^ reported by 
Rudiaher (1974), proving that his "subtract.
11,3 correction is inadequate for use with 
products varying widely in chloride content.
For the application of the method of the sensit­
ivity coefficient, the standard method - Volhnrd's 
- was taken ns thp independent variable. The 
results of the assessment of the 109 pairs of 
values can be summarized as follows:
a) Regression parameters, variances and standard deviations

Slope

liens results for ouch motiv'd and prodni'fc, 
and differences between methods for each 
product.

Chloride content, f 'fl ilaCl)
Product Mohr Volhard D.i f l ere,

Veal in sauce 1,36 1,20 0 ,17Luncheon moat 2,46 1,^4
Frankfurtor« 2,4« 2,06 •», -1 2Country sausage 2,72 2,30i/ionero 2,9? 2,4? 0, r>0
lioz-tndol 1 a 2,75 2,44 0,11
Smoked Ham 2,83 2,50 O.T.IJnnonada 2,94 2.59 0, V*Blood sausage 3,53 3.16 0, 37Bmoired shoulders 4,20 3,90 0,10
Span! fdi oau na.̂ e 5,31 4,64 0,67

Intercept 

Of = 0,2180

S' = 0,001278 

S„ = 0,03575
b) Sensitivity coefficient:

From tho regression equation

|3 " 1,0679 

S ’ = 0,0001616 

Sp = 0,0.1271 

l'Ky/x) -  0 ,328 

y - 0,210(1 H 1 ,0679x, 
tho correction equation con be obtained: a - - 0,2019 + 0,936,jy,

v/nich gives estimated Volhard results (x) from Rohr’s results (y). Or expressed more simply,
(3 IJaCl (Volhard) - - 0,20 + 0,94 [ ¡5 HnCl (iiohr) J .

The coefficients of variation of the regression parameters are satisfactorily .-.mm 1 : 1 6. h ■ for the 
intercept and 1,19',) for the slope.

The sensitivity coefficient, on tho other hand, indicates that tho Volhard method is roughly 3 times 
more sensitive than Hohr*e method. An estimation of the error of the alternative - llohr’s - corrected 
method can now bo obtained from the error of the standard method, <Tt . An -si.imation is m-dc'first of 
carrying out replicate analyses. 10 simultaneous identical replicates gave in this cunc <Te - 0,0366

3 = —  - n '0^ >  . 0 ii
F(y/x) 0,328

which is net unacceptably large: the ISO (1970) standard Volhard procedure admits differences between 
identical replicate analyses of up to 0,2,: HnCl. Tills is equivalent to a standard deviation of about 
0,07m KaCJ, quite comparable to the error figure obtained for the alternative method.

Avcu-vje rcoultn To»' end» p?*5)duci hr.ve been plotted an 'Tbo re-reeoJon line fitted io ohown in Fic . ],



the observed In te r fe re n c e  i s  produc- 

* *  by many d if fe r e n t  components. 

Tables 3 , 4 and 5 I l l u s t r a t e  the e f ­

f e c t s  o f  tvo so lu b le  p ro te in s , an 

amino acid  and three phosphates, a l l  

o f  vhich are commonly found e ith e r  

In meat o r  meat p rod u cts. The amounts 

added correspond to those vhich might 

be expected to be found in  the a l i -  

Tuot t i t r a t e d  in  Mohr's method.

The in te r fe re n c e  i s  ev id e n t, as w ell 

83 the ind iv id u al d if fe re n c e  amongst 

in te r fe r in g  agents -  orthophosphate 

"nd trip olyp h osp h ate , fo r  in s ta n ce .

This s t r e s s e s  the dependence o f  the 

in te r fe re n c e  on the com position o f 

the sam ple, and conseq u en tly , i t s  

s to c h a s t ic  c h a ra c te r .

Amount a d d à * * ° te in
0 ,0 1  g 

0 ,0 2  g

0 ,0 3  g 

0 ,0 4  g

E  recovery o f  NaCl ( »  j  ¡¡» ) 

G elatin  Albumin

100,3 ± 0,28

100,7 1 0,20 

100 ,9  t  0,20 

1 0 1 ,2  ♦  0,00

100,2 ♦ 0,20

100.6 1 0,23 

101.» + 0,35

101.7 i  0,00

Table 4 . -  Recovery o f  KaCl from pure so lu tio n  w ith the ad dition  o f
y l U t f l l U C  f i Cid*

Amount added % recovery  KaCl (R ±  2» )
°*45 mg 99,93 1 0,28
0,90 mg 100,31 1 0,30
1.35 mg 100,66 ♦ 0,10
1,80 mg 100,78 Î  0,10

Table 5 . -  Recovery o f NaCl from pure so lu tio n  w ith ad dition  o f  phos- 
p h ates•

Amount added 

2 ,5  mg

5 .0  tig

7 .0  mg

% recovery o f  Naül (S
Orthophosphate 

100,4 ♦ 0,20 

100,7 + 0,19 

101,1 *  0,25

Pyrophosphate

101.7 i  0,38

102.8 + 0,41 

104,6 *  0,32

j  2 m )

TTlpoly phosphate 

100,7 i  0,20 

1 0 2 ,0  J  0 ,3 0  

104,6 *  0,66

O o n clu at rrpn ;
■ % N aCl

1} Mohr's method gives excessively high Mohr
results when applied to meat and meat 
products.

2) Acceptable results can be obtained, 
however, correcting these results by 
moans of the equation:
% N aCl (V o lh a r d )  = -0 , 20+0.94 N aCl (Mohr ) ĵ

3) Although, according to the value of the 
sensitivity ooeffioient, Volhard's method, 
is nearly three times more sensitive than 
Mohr's method, the error of the corrected 
results of the latter is not much higher 
than the error admitted for the reference 
method.

4) Proteins, aminoacids and phosphates ere 
omongst the interfering substances, the 
intensity of the interference depending 
°n their type and concentration.

P i g .  R e g r e s s io n  l i n e .  Moan r e s u l t s  f o r  e a ch  
p r o d u c t .
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