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sitiomfluence of metal ions (Ca-II, Mg-II and 9 tran-
Gn. | ©lements with vapious electric charges) in

sauc:”“‘ations up to 10 “M was studied in cooked
bgszr?es batters (frankfurter type) prepared from
saly gor beef, and pork back fat containing 2%
Also the effect of,.a further addition of 0,3%
UM citrate (1.1x10 °M) was investigated. Ca-II
Nor 9-II did neither influence the batter stability
iy 'Ne effect of citrate which reduces jelly and
the "Slease in cooked , batters by about 30%. On
Ay addition of 5x10 'M of transition metal ions

I ons increased the jelly plus fat separation
by Oked batters without citrate by 100%, Cu-II
“615%, Cd-1I by 35%, Fe-II and Co-II by 20%.
Qu oMt cations of Hg, , Pb, Ni, and Fe, and

the Showed no effect. 10°°M of these ions increased
g Separation _Eﬁ all cases by 30-100%. By the
G0N 1.1xJ0°“M citrate the cookout in batters
Iy :1”‘1”9 107°M Ni-II, Fe-III, and Co-II was reduced.
Sty tl Other cases citrate had none or a limited
N e only. The mode of action of the metal ions
Sy fully solved. Promotion of oxidative proces-
lng MY be involved. Citrate which binds metal
Counteracts their action partially.

1
NTRODLICTION

lr:t. Contains metal ions in a wide range of concen-
(aggy 'S apd  with different function. Ca-II ions
MQ‘II 10 “Mm) are needed during muscle contraction,

» (about 107 “M) are. involved in processes
Seg Fe“gy tur‘ngver, Zn (10 “M), hydrolytic proces-
lh' "€ (4x10"°M) and Cu (5x10 °M)-ions are factors
lon, Oxidative processes. Other transition-element
10%6, O9Ccur in meat usually in concentrations of

Cap, and lower. During processing, however, a
ey “Over from spices, additives and salt may
Met Or particles of metal oxides or elementary

fer,.a ff‘Om the processing machinery may be trans-
" into the batter.
{tn
3 ste is known to bind a number of cations. As
the DQ.thesis of its mode of action in cooked sausage
thy bl.nding of Ca-II is widely assummed and by
of ~ Binding of Ca-II ions the water and fat binding
?dq-o.oked sausages shall be enhaaced. Indeed the
log, On of 0,3% citrate (1.1x10 “M) reduced the
By, 3Nd  fat separation of cooked sausages by
cit"a 30%. In the literature the pK value for Ca-
L9 (& IS reported to be 3.2 (MEITES, 1963) and
n th AMM, 1956). These pK values are valid usually
of ce alkaline pH region only. With a concentration
Q(’ncea‘n in muscle of about 10 °M, the, free Ca-II
Wy, Tration after the addition of 107°M citrate
"pon, O at alkaline pH about 7x10 M. HAMM (1956)
betwes' however, that at pH values of the batter
Gagr™ PH 5.5 and 6.5 only 60 to 73% of the
Mgy, ‘S bound to citrate. That means in post rigor
tltrat Provided all Ca-1I are free to be bound to
ﬁboute the concentration of free Ca-II would be
%'tis 0-“3510- M. During the development of rigor
ref 10 °M Ca-II is sufficient to form actomyosin.
i i°"e the hypothesis for the mode of action
the trate by binding of Ca-II in order to improve
Fupthzatter stability seemed us to be doubtful.
"More if Ca-II binding is essential for the

batter stability the complexing agents EDTA or
EGTA with high Ca-II binding ability should also
enhance batter stability. But they don't do so.
Thus the effect of citrate remains uncertain.

As mentioned above other ions occur in meat. Zn-II
and escpecially Fe-II and Fe-III which are involved
in oxidative processes, are rather common. Therefore
we investigated the effect of these ions and those
of other transition elements on batter stability
and the action of citrate in the presence of these
ions.

MATERIALS AND METHODS

Preparation of sausages

450 g post rigor lean beef was comminuted in a 2 1
bowl cutter for 20 sec. Then 450 g crushed ice,
18 g salt containing 0.1 g NaNO, and if applicable
2.7 g Na-citrate or metal salts of various amounts
were added and comminuted for further 160 sec.
The temperature of the batter was kept below 6°C
by the addition of liquid nitrogen. After the addition
of 200 g of ground pork back fat the comminution
continued for further 180 sec. The maximum tempera-
ture at the end of comminution was about 12°C.

200 g of batter were filled in cans, closed and
heated for 35 min in a boiling water bath (core
temperature about 90°C). After cooling in running

tap water, the cans were stored at 0°C for 24 hours.

Determination of centrifugation loss

10 g of raw, fat containing batter were weighed
in a centrifugation tube and centrifuged at about
45,000 xg for 30 min at 2° to 5°C. The fluid collec-
ting on top of the batter was decanted and the
remaining batter was reweighed. Centrifugation
loss is expressed as percent of the original weight

of batter.

Determination of cooking loss

Before the addition of pork fat to the batter 400 g
of "fat-free" batter was removed from the mixture,
filled in cans and heated and cooled as mentioined
above. After 24 hours the cans were warmed up
in 45°C water for 1 hour, opened and the fluid
jelly was measured with a measuring cylinder and
calculated as percent of the original weight. This
we call cooking loss of "fat free" batters.

Determination of jelly and fat separation

The pork fat containing comminuted batters were
treated for determination of jelly and fat cookout
as described for cooking loss. The fluid jelly
and fat separated well in the measuring cylinder
and were calculated as percent of original weight
of batter.

Composition of batters

The "fat-free" batters contained approximately 85%
water, 11% protein, 2% fat and 2% salt. The fat
containing batters contained approximately 6% water,
9% protein, 27% fat and 1,8% salt.

RESULTS AND DISCUSSION

1. The effect of Ca-II and Mg-II

The addition of 3x107°M Ca=II or 10x10"°M Mg-II

to batters showed no effect on cooking loss, jelly

and, fat separation. Addition of 0,3% citrate (1.1 x
10 “M) lowered the jelly release of the batters
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Effect of Fe-II ions on the stability of
batters .without (o) and with (e) 0,3%
(1.1x10°“M) citrate. For details see Material
and Methods.

fig. 1

by about 30%. Ca-II or Mg-Il ions in these batters

had no influence_3on batter stability. 2.3x10 ™M
EDTA or 12.5x10 "M EGTA had no effect either
on batter stability without citrate. As Ca-II and

Mg-II additions do not reduce the effect of citrate,
and the Ca-II binding compounds EDTA and EGTA
do not improve the batter stability either we con-
clude that the enhancement of batter stability by
citrate cannot be due to Ca-II or Mg-II binding.

2. The effect of Fe-II and Fe-IIl

Fe-ions in meat are boggd mainly to myoglobin.
Beef contains about 4x10 M of iron which exists
as myoglobin with Fe=II and metmyoglobin with
Fe-III. We studied the effect of both Fe-salts.
Additions of Fe-II or Fe-IIl increase without citrate
the centrifugation - and cooking loss slightly,
also jelly and fat separation (fig. 1 and 2).

In batter with 1 ._‘I§<1O-2M citrate and Fe-II concen-
trations below 10 "M all losses.and cookouts were
reduced considerably. Above 10 °M Fe-Il_zthe effect
of citrate decreased (fig. 1). At 10 “M Fe-II,
equivalent to the citrate concentration the batters
with or without citrate had the same water and
fat release.

Addition of Fe-III in the presence of citrate lead
to different results. The centrifugation loss did
not change (fig. 2). Cooking loss and fat separation
increased slightly. With jelly
of Fe-III was somewhat more

release the effect

There

pronounced.
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fig 2 Effect of Fe-III ions on the stability QQMD\
without (o) and with (e) 0,3% (1.1x10 tn’odé'
citrate. Details see in Materials and M€
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.tra‘/
is a difference between Fe-II and Fe-IIl: Cll“a\
binds Fe-III (pK 11.8) much more tigmlyis mﬁ"r‘
Fe-II with a PK of 3.1 (MEITES, 1963). T“ioﬂs ¢
explain the different behaviour of thesé€ -z ‘“'-

citrate. Without the addt. 1

the presence of
citrate the changes however are very simila’ 3
Fe-III ions are able to oxidize certain grou? of'o:
SH-groups in proteins or promote C=C doublfI m%I:
oxidation in the presence of oxigen. Feopel"i
be oxidized by the oxigen in the batter ¥ i
Fe-III by citrate the ©% o

(flgl'iy‘(

By the binding of e
properties may be inhibited especially mﬁgl 11
heated batter (see centrifugation loss 1n
but also partially in the heated batter.
3. The effect of Zn-II "
@
2 -3M> in meﬁ
Zn-11 is a rather common cation (10 eﬂzymw(
It is known as a cofactor for several peha\/lw’i
Zn-11 addition to batter shows_? strange e

s B il
of its binding ability. Up to 10 M Zn=II iom® ¢

. no v
considerably centrifugation lcﬁs, but have cef‘trltﬂf
in heated batters. With 10 “M Zn-II t"‘ezn,zl; o

1V

gation loss is again as high as without o
cooking loss increases at 10 “M Zn-II [)uﬂ"s
the jelly by 20.04 and fat separation .arﬂ wi‘rogr’
9% absolute from 0.5% without Zn-II addition: 15;,
0,3% citrate in the batger the centrifuga"n 590(,
decreases again at 10 "M Zn-II 1ncreasladdifli'
with 10°°M Zn-II to its level without Zn-II unaffe‘:itr
Cooking. loss, jelly and  fat release are cer® W
by 10 °M 2Zn-II; at 10 °“M Zn-II the bat

f
-




citrate show a sharp increase in the cookouts up
to levels of the batters without citrate. We have
no explanation for these results yet.

4. The effect of Cu-II and Ag-I

Cu-II and Ag-I ions (fig. 3) increase the jelly
release alreagz at low concentrations. In concentra-
tions of 5x10 M the jelly plus fat release is en-
hanced by 55% with Cu-II and 95% with Ag-I. Ci-

trate addit_ibon abolishes the action of Cu-II, but
with 5x10 M Ag-I there | still an increase in
jelly plus fat of 65%. At 10°°M Cu-II and Ag-I ions

there is no effect of citrate on batter stability.
These results were obtained with cooked batters.
In unheated batters Ag-I ions show again a similar
effect (fig. 3) with l&ttle effect by the addition
of citrate. But 5x10 M Cu-II does not increase
centrifugation loss and addition of citrate lead
1 to an reduction of jelly and fat release by about
30%.  There exists a difference in uncooked and
cooked batters with Cu-II. Ag-I ions, which are
not bound to citrate, are known to bind very tightly
to SH- groups; therefore citrate has no effect of
Ag-I addition, which may inhibit the formation of
S-S bridges in batters.

centrifugation loss

cooking loss

Jely

e 5. The effect of transition elements on centrifugation
3 loss
o /,3\ If there is a binding to SH-groups involved in
A — 3 tal .
8 10l s 7/:/ Se the action of the transition metal ions, then those
P . ions which form stable metal sulfides should show
&—:/ the biggest effect in batters. Fig. 4 shows that
0 50 w03 5 x109 1K02[M] AGNO this indeed happens in unheated batters. 10 °M metal

ions of Cd-II, Hg-II, Ag-I, Fe-III and Cu-II increase
fi 3 p centrifugation loss considerably.
N3 Effect of Ag-1 ions on the stability of, batters
Without (o) and with (e) 0,3% (1.1x10 "M) The ions which form weak metal sulfides like Ni-II
Citrate. Details see in Materials and Methods. and Co-II show no effect. This indicates the formation

102 M) metal fi9.c4 _ , _
5x104{M metal slithot it Changes of relat%v.e centrxfugatx.on
without  with 03%e No—ci trate loss by the addition of metal ions
0,3%sNa-ci trate Ca® ———__ and 0,3% Na-citrate. Relative cen-
¢ + Teg o trifugation loss: centrifugation loss
0 2,24 ] of batter with metal ions and/or
citrate divided by centrifugation loss
1 of batters without metal ions and
4 without citrate.

of metal sulfides in the unheated
batter, reducing its stability.
1 __no metal
without with . Addition of 1072M citrate reduces
SN 1 centrifugation loss in nearly all
4 cases but not with Ag-I. Most
effective is citrate on the Fe-III
ions which belong to thosemetal ions
which bind tightly to citrate.
N 2% Citrate seems to counteract the
S o metal sulfide binding in the unhea-
1 ted batter, improving by this
- action the batter stability.

relative cenltrifugation loss

044 i 1 6. Effect of transition elements on
i - heated batters

: In heated batters - jelly plus

! > fat separation are shown in fig.5 -
OL - the metal ions behave differently.
With low metal ion concentrations
(5x10_4M) the increase in relative cookout is consi-
derably higher than in the unheated batter (fig.4).
Again Ag-1 ions are most effective. But the sequence
of metal ions on their action on batte_r2 stability
changes. In a concentration of 10 "M Ni-II, Fe-III
and Co-lI are the least effective on cookout, in unhea-

249




fig &
5);10'4fM]me’(_a[ ,10-2 ™M mchl Changes of relative jelly plus fa‘
without yvuth Mldhgu./tmmutgt separation by the addition Ofm.e\:e
7 O3°%sNa-citrate ° IS ions and 0.3% Na-citrate. Rela“ag&
2'1 — jelly plus fat separation: Callcu o
20 5 i as in fig. 4 for centrifugatio”
w‘— e
19 X Ag ="\
18 \\\ G h.:.= con s o
>V .3 S g CONCLUSION
< 16 o . no metal Znie o fede il
y ey without with Hg? . i . in
+ 15 ) 03%/s Na-citrate — On heating changes occur 3 o
1 b \ F,;,.:} batter. The temperature lﬂslaﬂtf
S 13 S 5 W may effect  stability con 7
g FE—— R of metal sulfides and metal C'ldafi\L
12 G =% Lh in a different way. OX¥¥_ ¢
i Ul S S processes e.g. formation Of ot
2 1,0':?"”{:\ ‘\\\ X \:—"2' bridges may take place OF si(if'
2 Qscm"“——::\Q \ b, Ay =t ions  especially the 1ré%
~ 08 V\\%_‘g&, \ element ions may be O’“er o
Q7 \\\‘_F ;’gz:u; " by the oxigen in the Dat;refo’z
a6 \ N8 promote oxidation. hbaﬂe";
3 the results in heated ome’:
a3 appear to be mixed. At the mcnf
we can explain only the .z
of metal ions and citrate in uf}or,i
ted batters: Metal ions a4
ted batters Fe-III was rather effective. The highest sulfides which lower the batter stability, reasi”’
cookout exhibit the batters with Pb=-II, Ag-I, Cu-I couteracts the formation of sulfides thus inc
and II, Cd-II and Fe-II. The batters are little uncooked batter stability.
affected by the addition of citrate except by the
simultaneous addition of Ni-II, Fe-III and Co-II
but also Pb-II and Cu-II. The latter bind tightly REFERENCES
to citrate. :
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