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The concentrations of 12 mineral elements in beef muscle were determined. Their relative 
degree of binding to meat extracts was evaluated from analysis of the concentration of 
each in dialyzed and undialyzed meat extracts and their dialyzates. The relative degree 
of binding was found to be Fe > Zn > AI > Ca > Cu > Mn > Mo > Mg > B > P > Na 
> K. 

ERMAS ASD SLVIFT ( d )  studied the B action of NaCl on meat electrolyte 
binding. Using a centrifugation tech- 
nique, the extent of the movement and 
binding of natural meat electrolytes 
follo\ving the addition of NaCl, the 
principal curing agent. was determined. 
Results shoxc that little or no K ?  Na, or 
chloride \cas bound a t  3' and 70" C.  
At 3' C.. the addition of NaCl resulted 
in an increase in free Ca. Mg? and to a 
lesser extent. Zn. O n  heating, different 
results were obtained. and among the 
six elements studied. Zn \vas the only 
electrolyte that \vas substantially and 
strongly associated or bound with solu- 
ble proteins. The  loosely bound ele- 
ments are easily- lost through drip and 
meat juices resulting from lons periods 
ol storage of fresh meat or repetitive 
freezing and tha\ving. 

The  oxidation rate of myoglobin pres- 
ent in crude aqueous beef extracts has 
been shoxvn to decrease if the extracts 
\cere dialyzed before freezing and then 
displayed under light (72). In  another 
study. the addition of metal ions to meat 
extracts \vas found to increase or de- 
crease myoglobin oxidation rate de- 
pending on p H  ( 7 ) .  The  present study 
\vas carried out to determine the relative 
degree of binding of some of the ele- 
ments present in high and low concentra- 
tions in muscle. 

Experimental 

Hanging beef tenclerloin muscles were 
used in this study. As much fat as possi- 
ble \vas removed. and the meat \vas 
homogenized with distilled deionized 
water in a \Varing Blendor for 1 min- 
ute a t  full speed. Purification steps and 
preparation of dialyzed extracts and 
dialyzates are shown in Figure 1 .  The  
analysis of the dialyzed. dialyzate, un- 
dialyzed meat extracts: as well as meat 
tissue will be discussed. Iron was deter- 
mined according to the method pre- 
sented by Bandemer and Schaible (2) and 
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Fresh beef muscle (hanging tenderloin) 
Lean meat homogenized with distilled deionized water (1 to 8 )  

Filtered through cotton 
and cheesecloth 

Supernatant ( A )  
1 L- 

Centrifuged hr. 
1400 x G a t  1-2'C. 

i 
Supernatant (B) 1 I R e s i d u e  

~- 
r -  -- Idiscarded 

Filtered through ~ 

Tt'hatrnan paper S o .  42 

Stock solution 
crude myoglobin extracts 

I 
- ~~~~ 

I , Dialyzed ihrough 
Visking cellulose casings 

i I -- 

Undialyzed Dialyzed estract Dialyzate 
extract concentrate 

Figure 1. Extraction and general procedures 

outlined by Ullrey and coworkers (20). 
The  flame photometric analysis pro- 
cedure originally described by Dean (7) 
and outlined in detail by Kirton and 
Pearson (70) was used in determining K 
and Na. 

Phosphorus. Na. Mg. Ca? Fe. Zn. AI: 
Cu. Mn.  B, and Mo were determined us- 
ing spectrographic analysis. The raw 
meat samples, extracts or dialyzates in- 
tended for analysis were ashed a t  550' C .  
for 12  hours. ,4n acid solution contain- 
ing 150 ml. of concentrated HC1 per 
liter and O.@2yc cobalt (used as an inter- 
nal standard) \vas prepared. T o  buffer 
the rate of excitation of the different ele- 
ments: 0.5% lithium and 1.0% potassium 
Lvere added. The  ash was then dis- 
solved in ashing crucibles with a proper 
amount (2.5: 5. or 10 ml.) of the 
HC1-Co-Li-K solution. A portion of 
the ash solution large enough to prevent 
complete evaporation during the excita- 
tion was then transferred to a porcelain 
boat. 

Calibration of the spectral lines was 
accomplished using a synthetic ash 
standard prepared according to the pro- 
cedure described by Mathis ( 7 d )  and 
outlined by Kenworthy (9). The syn- 
thetic ash solutions provided 11 dif- 
ferent concentrations for the elements 
(P,  Ca. Mg. Mn.  Fe, Cu, B, Zn, Mo,  
.41. and Na) .  A synthetic ash which 
could conveniently be used has been 
suggested by Mitteldorf (16) .  

The photoelectric spectrograph used 
in these ana1)ses involved a 1.5-meter 
Quantograph. which uses a diffraction 
grating that has 981 lines per millimeter. 
The excitation conditions were obtained 
from a Multiconice (Applied Research 
Laboratories) discharge with 900 volts 
output. 2 microfarads capacitance. 50 
microhenries inductance. and residual 
resistance. The  discharge was an inter- 
rupted arc producing a sparklike condi- 
tion. In  reading the samples. the 
authors found that room temperature 
fluctuation during the profiling proce- 
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Table II. The Concentrationo* of Free. Mineral Elements in the HCI 
Dissolved Dialyzate Ash and in the Water-Soluble and -Insoluble Dialyzate 

Ash Fractions 

Element 

P 
Na 
Ca 

Mn 
Fe 
c u  
B 
Zn 
M O  

A 1 

Mg. 

Water  
Soluble 

8 2 X 105 
8 0 X 10' 
2 0 x 10' 

5 x 104 
3 0 x 102 

3 3 x 102 
' 0 x 102 
1 5 X lo3 

25 0 

2 5 x 103 

3 o x 103 

Nonwoter 
Soluble 

4 . 0  X 10' 
5 . 0  x 103 
5 0 X l o3  
1 6 X lo3 
1 4 x 102 
1 8 X lo3  
2 . 7  x 102 
0 .85  X lo2  
6 . 0  X lo2 

6 . 0  
3.0 x 103 

' I  In p.p.m. f 15c;. 
Based on 0.84 ash in the dialyzate 

c To find their respective conckntration in meat, divide by 1000 

Dissolved in 
HCI (TotolcJ 

9 0 x 106 
9 0 x 10' 
2 5 x 104 
9 0 x 10' 
4 6 X lo2  

6 8 X 102 
8 0 X lo2 

30 0 
8 0 X IO3 

4 4 x 103 

4 o x 103 

Table Ill. The Concentrations" of 
K, No Determined by Flame Pho- 
tometry and of Fe Determined 
Spectrophotometrically in Dialyzed, 
Undialyzed, and Dialyzates of Meat 

Extractsh 

Dialyzed 8 2 0  
So--ple K N o  Fe 

Undialyzed 320 
Dialyzate 
Fe added to dialyzed 

14.6) 
Dialyzed 
Dialvzed 

11 
15 

D i a 1 +zed 9 
Undialvzed 41 0 
Undialyzed 390 
Undialvzed 420 

In p.p.m. f 5 ( ; ,  
5 Values reported here 

from different samples in 
perinients. 

2 . 4  
. . 0 . 4  

8 . 0  
6 . .  
5 . 5  . .  
6 

80 . .  
7 3  
80 

. .  

were obtained 
different ex- 

dure affected the results. and a recheck 
was always made. 

The  recorded spectral lines of the 
various elements Liere based on the 
weight of the ash, the dilution factor, and 
compared Lvith the standard curve of the 
mentioned synthetic ash. Reference is 
made here to the terminology used in the 
tables. 

HCL-DISSOLVED ASH. This ash was 
dissolved with hot HC1 before diluting 
in the HCI-Co-Li-K solution. 

LYATER SOLUBLE ASH. This \vas the 
ash filtrate obtained after filtering and 
washing the insoluble ash several times 
with hot distilled deionized water. 

TOTAL CONCENTRATIONS OF ELEMENTS 
IN ASH. The values reported in Table I 
were obtained from ashing meat samples 
and were based on ash weight. Ap- 
proximate values may be obtained if 
concentrations in the undialyzed ex- 
tracts are multiplied by the dilution fac- 
tor 9: since the extracts were made 1 to 8. 

WATER-INSOLUBLE .ASH. This was 
the residue obtained from the filtration 
of the water-soluble ash. 

BOUND ELEMENTS. Those elements 
present in 1-to-8 aqueous meat extracts 
and which did not dialyze out when the 

extracts were dialyzed against distilled, 
deionized \rater at 4' C. (Dialysis was 
considered complete 12 hours after the 
dialyzate gave a negative test for chlo- 
rine.) The  dialyzed meat extracts were 
ashed for direct determination of the 
concentration of the bound elements. 
Concentrations of the bound elements 
were also calculated for recheck from the 
difference between the total and the free 
elements. 

FREE ELEMENTS. Those elements 
found in the collected dialyzate obtained 
from dialyzing the aqueous meat ex- 
tracts. Usually the collected dialyzate 
was concentrated from a volume of 25 to 
30 liters to approximately 2 ml. when 2 
liters of the aqueous meat extracts \rere 
dialyzed in a 4-liter beaker for 4 to 5 
days. 

Free elements bvere also calculated for 
comparison of the difference between the 
concentration of the total and bound 
elements. 

Results and Discussion 
Since total element concentrations 

have been studied by several lvorkers. 
they will be considered first. Althoush 
the methods of analysis or the muscle 
analyzed by various Xvorkers \vere not 
necessarily the same as those used in this 
study, comparisons will be made with the 
results of those Lvorkers \vho used muscles 
from beef. Table I gives the results of 
analyses obtained in this study as com- 
pared \vith those of other workers. All 
values reported are based on meat \vet- 
\\.eight basis. 

Many of the results in this study agree 
with the values reported by most of 
these \vorkers. Phosphorus. hoLvever. is 
somewhat higher than those values re- 
ported in the literature. It interfered 
with other elements in the sample. as 
diluting the samples changed the resul- 
tant phosphorus values. The  value of 
sodium changed whenever an attempt 
\vas made to dil.Jte the sample and brinz 
the phosphorus spectral line within the 
scale. Koch and Roesmer ( 7 7 )  found 
that phosphorus interferes Xvith the deter- 
mination of chlorine and sulfur. A re- 
check usin; the chemical method of 
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Table IV. The Concentrations<' of 12 Elements as Bound and Free in Meat Extracts 
Sample K No P B Mg Mo Mn Cu Ca A I  Zn Fe 

Cndialyzed (total I 4 0 0 . 0  8 3 . 0  230 .0  0 .01  2 9 . 0  0 .01 0 . 1 7  0.30 13  0 0 . 9 0  2 . 0 0  2 . 4 0  
Dialyzed ( bound I 1 0 . 0  6 . 0  2 4 . 0  0 , 0 0 2  9 . 0 0  0 , 0 0 4  0 . 0 7  0 . 1 5  7 . 0 0  0 . 5 0  1 . 2 0  2 . 0 0  
Free dialyzable (by difference) 390 .0  7 7 . 0  206 .0  0.008 20 .0  0 . 0 0 6  0 .10  0 .15  6 . 0 0  0 . 4 0  0.80 0 . 4 0  
r; Free 9 7 . 5  92 8 90 .0  8 0 . 0  6 9 . 0  6 0 . 0  5 9 . 0  5 0 . 0  4 6 . 0  4 5 . 0  4 0 . 0  1 7 . 0  
'' I n  p.p  m. 10 ' ;  

Chrn.  'J'oribara. and \\'arner (6) .  gave 
phosphorus values of 1400 and 140.000 
p.p.m. in meat and meat ash. respec. 
tivel)-. '1-hus. the values for P obtained 
by the spectrograph should be considered 
as only approximate. From a general 
observation on the percentage concen- 
tration of the majo: elements in meat 
abh. there \vas 38.07C K. 14.07, P. 
' .3%; S a .  2 . 6 k  M g .  1 .37,  Ca.  0.67, Fe. 
and 0.217, Zn.  The  minor elements 
did not make LIP more than 0.257,. and 
the total percentage5 of the major and 
minor elements together do  not add to 
100%. 'l'his may he exolained because 
the elements determined here are not 
pre\ent as free elements. hut occur in ash 
a.; chlorides. oxides. etc. Phosphates 
and oxides are stahl- at the ashing tem- 
perature. hut since the ash is soluble 
i'l'able 11). the pho.;phates are the most 
dominant ash form. Average per cent 
ash \<a> 1.1 69; \vhich closely ayrees with 
values wported by Koch and Roesmer 
t 1 I )  and Shirley and co\vorkers ( I X ) .  

Concentrations of elements in the 
ivater-qoiublr ash fraction and the non- 
\vater-soluble fraction are sho\\.n in 
'['able 11. The  sum of these t\vo frac- 
tion.; may be e a d y  compared \vith HC1- 
diy.;olvecl a h  iri the same table, P is the 
most dominant element of the dialyzable 
ion< present. The phosphorus value is 
exceedin:ly high due to the interference 
previously discussed : ho\vever. even after 
correction lor interference. phosphorus 
rank.; first in 'Tab]? I1 and second to 
potassium in the over-all concentration. 
Based on the per cent solubility-i.e.. 
concentration % of H.20 soluble in the 
acid solublr-Tabk I1 also sho\vs that 
the order in solubilit>- of the dialyzable 
metal ions in the ash is as follo\vs: P > 
l l g  > S a  > B > Xlo > C a  > Zn > h l n  
> Fe > C u  > AI. 

Solubilit). of thew elements should be 
taken into consideration in analvtical 
methods utilizing extracts or aqueous 
dilution.; of muscle rather than on the 
muscle itself. This order of elements' 
solubility \vas measured after ashing. 
after \vhich one \vould expect that the 
chemical and physical change introduced 
\vi11 affect the solutdity characteristics of 
these differrnt elements. 

Relative degree of binding of the ele- 
ments E;. S a .  and Fe is shown in Table 
111. l ' h e  da ta  sho\v that the average 
concentration of K. and Na in the dia- 
lyzed extracts \vas 9.5  and 5.9 p.p.m.. 
re~pectivel!.. The average concentra- 

tion of these two elements in the un- 
dialyzed control \vas 388 p,p,m. for K 
and 62 p.p.m. for Na.  Since the meat 
extracts ivere made in a meat-to-water 
ratio of 1 to 8. the calculated concentra- 
tions of these elements \vith respect to 
raw dialyzed meat is 85.5 p ,p .m,  for K 
and 53 p.p.m. for S a .  \<hereas the un- 
dialyzed meat \vould have 3.49 X lo3 
p.p,m. K .  and 5.58 X IOy p.p.m. Na. 
which closely agree with values reported 
in Table I for both elements in direct 
analysis of raw meat samples. Table 
111 also sho\vs that Fe \vas much more 
tightly bound than the monovalent ions 
K-  and Na". Thus. \<hereas 807, of 
the iron in meat is bound. only 37,  of the 
potassium and 9% of the sodium are 
bound. Stone and Shapiro 179) re- 
ported that concentration of K in the ash 
of meat residue and meat filtrate were 
proportionally in close agreement. in- 
dicatinq the high \cater solubility of K.  
They did not determine. ho\vever. the 
degree to Lvhich K \vas bound in meat 
filtrate (extract) or in the residue of meat 
tissue. The  great differencr in the bind- 
ing of Fe. on the one hand. and K. P. 
and Na. on the other hand. \vas thought 
to he related to their effect on the oxida- 
tion or stability of the meat pigment 
(myoglobin) present in the meat ex- 
tracts. Ho\vever. the ash form-viz.. 
oxides. chlorides. or phosphates. etc.-in 
Tvhich the elements occur and the pH of 
the added ashed elements Lvere found 
to be the most important factors in con- 
trolling the formation of bro\vn acidic 
metmyoglobin in meat and meat ex- 
tracts ( I ) .  

Analyses for the concentration of 12 
elements in the dialyzed extracts. the tin- 
dialyzed extracts. and dialyzate of meat 
extracts are summarized in Table I\-. 
The  relative degree of binding is in this 
order: Fe > Zn > A1 > C a  > C u  > 
M n  > hlo > M g  > B > P > S a  > K. 

Binding stability constant tables for 
metals were presented by Marrell and 
Calvin (73) and Chaherek and Martell 
( .7) .  \\'henever the data  presented in 
this study are compared. it should be 
kept in mind that the system used to 
obtain these data  involves more than one 
soluble protein. 
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