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In addition to salt (NaCl), sodium phosphate also increases the sodium content of meat products.
Thus, the effects of replacing sodium phosphate with potassium phosphate on sodium content and
properties of low-salt cooked bologna-type sausage and cooked ham were studied. Four sausage for-
mulations were prepared. In formulations 1 and 2, the target sodium content was 0.55 g Na/100 g,
and in recipes 3 and 4, 0.63 g Na/100 g. The salt content in formulation 2 was the same as in formu-
lation 3, namely 1.2% NaCl, but the sodium content in the former was lower. In the cooked hams of
recipes 1 and 2, the salt content was 1.4%, and in recipes 3 and 4, 1.8%. Sodium phosphate was used
in recipes 1 and 3, and potassium phosphate in recipes 2 and 4. Very low-salt (i.e. 1.0–1.4% NaCl)
meat products can be prepared providing that phosphates are added. Further reduction of sodium
content in low-salt meat products is possible by replacing sodium phosphate with potassium phos-
phate. The extent of sodium reduction depends on the phosphates used and their sodium content,
being equivalent to a sodium content of 0.2% NaCl or more. The replacement resulted in no adverse
effects. Alkaline phosphates are also recommended in very low-salt products to minimize risk of
purge.

Key words: sausages, ham, salt, sodium reduction, phosphates

© Agricultural and Food Science in Finland
Manuscript received August 2001

Introduction

Phosphates are important functional additives in
meat products. They are generally used to en-
hance water-binding capacity and to improve

cooking yield. This is brought about by an in-
crease in the pH of the meat from its isoelectric
point and enhanced ionic strength (Hamm 1972,
Trout and Schmidt 1987). Many phosphates are
suitable for use in meat products, sodium
tripolyphosphate (STPP) being most common
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(Barbut et al. 1988). STPP increases stability of
reduced salt meat emulsions (Knipe et al. 1990).
According to Knipe et al. (1985), tetrasodium
and tetrapotassium pyrophosphates resulted in
higher raw meat emulsion pH, protein solubili-
ty, emulsion stability and water-holding capaci-
ty than sodium or potassium tripolyphosphate.
Shults et al. (1972, 1973) studied the ability of
different phosphates to reduce shrink and in-
crease water retention in intact beef and chick-
en. The authors reported that pyrophosphate in-
creases swelling and reduces shrink most effec-
tively, followed by tripolyphosphate and orto-
phosphate.

Phosphate enhances the effect of added salt
(Shults et al. 1972, Whiting 1984, Trout and
Schmidt 1986, Puolanne et al. 2001), and good
water and fat binding can be reached at a low-
salt content (about 1.5%; Puolanne and Ruu-
sunen 1983). Besides its influence on pH and
ionic strength, phosphate has a specific effect
on myofibrillar proteins by cleaving the actomy-
osin bond (Hamm 1972, Offer and Knight 1988).
Although both salt and phosphates lead to an
increase in water-holding capacity and protein
solubility in meat, the mechanisms are different.
As noted by Lewis (1979), TPP (tripolyphos-
phate) alone dissolves the entire Z-disc region,
while NaCl induces losses in the I-band. A com-
bination of both TPP and NaCl results in disrup-
tion throughout the sarcomere.

The addition of phosphates to processed
meats has become standard practice (Sofos 1986,
Trout and Schmidt 1987). The maximum amount
of phosphates permitted in meat products is 0.5%
P2O5 (EU Directive 95/2/EY). Concern over the
health aspects of excessive sodium consumption,
particularly from table salt (sodium chloride),
has led to efforts to find ways to simultaneously
retain the desirable characteristics of processed
meats while radically reducing sodium content.
A reduction in the sodium content of processed
meat products can be accomplished in several
different ways: 1. reducing NaCl content, 2. re-
placing some or all of the NaCl with another
chloride salt, 3. replacing sodium-containing
additives with corresponding non-sodium addi-

tives. Phosphates have been investigated as a
partial alternative to sodium chloride, permitting
the production of low-sodium processed meat.
After sodium chloride, sodium phosphate is,
however, the second highest source of sodium
in meat products. Most sodium phosphates con-
tain about 30% sodium.

The objective of this study was to examine
the sodium reduction of cooked bologna-type
sausage and cooked ham by replacing sodium
phosphate with potassium phosphate. This study
is part of a project aimed at a reduction in sodi-
um content of meat products.

Material and methods

Sausage preparation
Sausages were made from lean pork (fat content
12%), pork fat (fat content 89%) and pork skin.
Salt, nitrite, phosphate, ascorbic acid, sodium
caseinate, soya concentrate and spices as well
as water and ice were added. The sausages were
processed with common manufacturing methods.

The phosphates used included a sodium di-
phosphate mixture (59% P2O5, 30% Na) and
tetrapotassium pyrophosphate (43% P2O5). The
pH values of the 1% sodium diphosphate mix-
ture solution and the tetrapotassium pyro-
phosphate solution were 8.70 and 10.44, respec-
tively.

Four formulations were prepared. In formu-
lations 1 and 2, the target sodium content was
0.55 g Na/100 g, and in recipes 3 and 4, 0.63 g
Na/100 g. The NaCl content in formulation 1 was
1.0%, and in formulation 4, 1.4%. The NaCl con-
tent in formulation 2 was the same as in formu-
lation 3, namely 1.2% NaCl, but the sodium con-
tent in the former was lower. The amounts of
sodium derived from 1% sodium chloride (in
product 393 mg Na/100 g) and 0.25% sodium
phosphate mixture (in product 75 mg Na/100 g)
were calculated based on molecular weight. The
amount of sodium derived from other ingredi-
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ents (in product 82 mg Na/100 g) was evaluated
based on our preliminary experiments.

The batters were stuffed into an impermea-
ble casing (diameter 80 mm) and cooked for 180
min at 76°C to achieve an endpoint product tem-
perature of 72°C and then cooled in a cold show-
er for 40 min. After cooling, the sausages were
vacuum-packaged and stored at 3°C. Each of the
sausage formulations was made twice.

Ham preparation
In the cooked hams of recipes 1 and 2, salt con-
tent was 1.4%, and in recipes 3 and 4, 1.8%. A
sodium phosphate mixture (sodium di-, tri- and
polyphosphates, 57.4% P2O5) was used in reci-
pes 1 and 3, and a potassium phosphate mixture
(potassium diphosphate and sodium monophos-
phate, 43.6% P2O5) in recipes 2 and 4. The pH
values of the 1% sodium phosphate solution and
the 1% potassium phosphate solution were 8.52
and 9.20, respectively. The lower salt level of
1.4% was chosen on the basis of earlier experi-
ments (Ruusunen et al. 2000), where the ham
made with 1.4% added salt did not differ, based
on cooking loss, from hams made with higher
salt levels.

The pH value of pork trimmings (fat content
12%) was 5.61. The trimmings were ground
through 13 mm plates. The brine solution for
each formulation was prepared by dissolving the
phosphate mixture, followed by ascorbic acid,
sodium nitrite and sodium chloride in tap water
(2°C). The brine was added to ground ham in a
vacuum tumbler. The hams (each 9.60 to 9.65
kg) were massaged in a vacuum for 2 h and kept
overnight at 3°C. The next day, the hams were
stuffed into a 90-mm casings. For each formula-
tion, four 1.4-kg hams were obtained. The hams
were thermally processed (Vemag Verdener
Maschinen- und Apparatebau GMBH, Germany)
to a core meat temperature of 72°C by using a
stepwise thermal processing schedule (drying:
10 min at 55°C, 12 min at 60°C and 12 min at
65°C; smoking: 12 min at 68°C; cooking: 50 min
at 72°C and 100 min at 77°C; cooling 59 min in

a cold shower). Each of the ham formulations
was made twice.

pH measurement
The pH values of the sausage batters and cooked
sausages as well as of the ham batters and cooked
hams were measured directly with a Xerolyte
electrode (Ingold Xerolyt LoT406-M6, Inlab
427, Mettler Toledo GmbH, Germany).

Chemical analysis
Moisture content was determined by drying the
sample at 104°C for 16 h. Protein content was
determined by the Kjeldahl method (NMKL
1976). NaCl concentration was determined by
analysing chloride-ion content (Corning 926
Chloride Analyser, Corning Medical and Scien-
tific Corning Limited, England). Sodium con-
tent was analysed with an Na-selective electrode
(RossTM sodium electrode, Orion Research Inc.)
(Kivikari 1996).

Water-binding analyses
Purge loss (%) in vacuum-packaged sausages
was obtained by measuring the amount of juice
released when the sausages were stored for four
days at 4°C. The sausages were peeled, and the
amount of juice released was collected and
weighed. The amount of juice was expressed as
a percentage. Only one sausage from each for-
mulation was weighed.

Cooking loss in cooked hams was determined
by weighing all hams of the same formulation
together before cooking and 3 h after cooking.
The cooking loss was expressed as a percent-
age.

Water-binding capacity of cooked ham was
determined with a centrifugation method (Hamm
1962). Thirty grams of massaged raw ham was
weighed and placed in a centrifuge tube. The
tubes were heated for 25 min in a 75°C water
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bath until the inside temperature was 72°C,
cooled 45 min at a temperature of 4°C, centri-
fuged at 3 000 rpm for 10 min at a temperature
of 20°C and then the liquid was drained. After
this, the tubes were weighed again, and the cen-
trifugation loss was calculated as the difference
in weight before and after centrifugation. Wa-
ter-binding capacity was expressed as g water/
100 g meat. Five replications were made of each
ham formulation.

Sensory evaluation
The sausages and hams were evaluated by using
a hedonic scale. The panelists evaluated appear-
ance by a three-point, texture by a five-point and
taste and flavour by a seven-point scale. The
panel consisted of ten experts who routinely
evaluate meat products. All were familiar with
the product type and its range of variation. Each
panelist assigned points to every product. The
panelists then had a discussion session, and based
on this, assigned one value to each sausage and
ham.

The triangle test (Amerine et al. 1965) was
used to detect differences caused by replacing
sodium phosphate with potassium phosphate.
Sausages 1 and 2 and sausages 3 and 4 were com-
pared. Hams 1 and 2 and hams 3 and 4 were also
compared. The panel consisted of 19 assessors,
who were members of the laboratory sensory
panel and advanced meat technology students,
all with previous training in using the triangle
test. The sausage and ham samples were present-
ed in slices of 0.5 cm thickness. Samples were
presented in random order. Assessors evaluated
both the sausages and the hams twice.

Statistical analysis
The data were analysed using the SAS program
(SAS Institute Inc. 1989). Differences in prop-
erties of sausages and hams were studied using
two-way analysis of variance. The two factors
were replication and sausage/ham. A Tukey test

with the significance level set at P = 0.05 was
used to determine differences.

The triangle test was used to detect any dif-
ferences in products as a result of replacing so-
dium phosphate with potassium phosphate. The
significance of distinguishing between samples
was established based on the number of correct
judgements according to Amerine et al. (1965).

Results and discussion

Chemical composition of sausages
and hams

The moisture content of the sausages was 66.8 ±
0.9, 67.4 ± 0.4, 67.2 ± 0.6 and 67.3 ± 0.6%, the
fat content 18.5 ± 0.6, 18.2 ± 0.5, 17.9 ± 0.6 and
18.0 ± 0.6%, and the protein content 13.4 ± 0.6,
12.8 ± 0.3, 12.6 ± 0.2 and 12.6 ± 0.3%, respec-
tively. Sodium contents in sausage 1 and 2, and
in 3 and 4 were the same, 0.56 g Na/100 g and
0.63 g Na/100 g, respectively (Table 1).

The moisture content of the hams was 76.6 ±
0.1, 76.8 ± 0.2, 76.7 ± 0.1 and 76.3 ± 0.2%, the
fat content 3.3 ± 0.4, 2.6 ± 0.1, 2.5 ± 0.2 and
2.8 ± 0.1%, and the protein content 18.5 ± 0.6,
18.1 ± 0.6, 17.9 ± 0.5 and 18.4 ± 0.4%, respec-
tively. Salt content in hams 1 and 2 as well as in
hams 3 and 4 was the same, but due to the use of
potassium phosphate in hams 2 and 4, sodium
content in the former was lower than in ham 1,
and in the latter lower than in ham 3. In hams 2
and 4, the sodium content was 0.13 g Na/100 g
lower than in hams 1 and 3 (Table 1).

Purge loss in sausages as well as cooking
loss and water-binding capacity of hams

The pH values of batters (sausages 2 and 4) made
with the potassium phosphate mixture were high-
er than those (sausages 1 and 3) made with the
sodium phosphate (P < 0.05) (Table 1). Prepara-



203

A G R I C U L T U R A L A N D F O O D S C I E N C E I N F I N L A N D

Vol. 11 (2002): 199–207.

tion of the sausage with 1.0% NaCl and 0.25%
sodium phosphate mixture caused purge (Ta-
ble 1). This was the only sausage where purge
was found. When the sodium content was the
same (0.57 g Na/100 g, sausage 2), but the sau-
sage was prepared with 1.2% NaCl and the po-
tassium phosphate mixture, no purge loss was
found (Table 1). An explanation for this may be
the latter sausages higher salt content, the use of
more alkaline phosphate and pyrophosphate mix-
ture. Pyrophosphates improve water-holding ca-
pacity better than tripolyphosphates (Knipe et al.
1985). Our findings show that in less optimal
systems, such as in meat products with very low
salt content, the addition of alkaline pyrophos-
phate may result in beneficial effects on texture
and water-binding capacity. Similarly, Rust and
Olson (1982) pointed out that the use of alka-
line phosphates may be the most practical alter-
native when reducing salt content in processed
meats. Moreover, Keeton et al. (1984) found an

increased firmness in sausages containing alka-
line phosphate. In our study, the added salt con-
tent in formulation 2 was the same as in formu-
lation 3, 1.2%, but the sodium content in the
former was 0.06 g Na/100 g lower (Table 1). No
purge was found in these sausages.

Cooking loss between the hams did not dif-
fer significantly (P > 0.05) (Table 1). By using
the potassium phosphate mixture in ham 2, the
water-binding capacity was increased as com-
pared with ham 1, where a sodium phosphate
mixture was used (P < 0.05) (Table 1). In hams
prepared with 1.8% salt (hams 3 and 4), no dif-
ference in water-binding capacity was found (P >
0.05). Using potassium phosphate combined with
a higher pH, instead of sodium phosphate with a
lower pH, resulted in better water-binding ca-
pacity at a salt content of 1.4%, although sodi-
um content was 0.13 g Na/100 g lower. The pH
values of 1% sodium phosphate solution and
potassium phosphate solution used in ham prep-

Table 1. pH values of batters, sausages and hams; salt (NaCl) and sodium content of sausages and hams; purge loss (%) of
sausages; and cooking loss and water-binding capacity of hams.

Batter, pH Sausage, pH NaCl, % Sodium, Purge loss, Cooking loss, Water-binding
g/100 g % % capacity,

g water/100 g
meat

Sausages1)

Sausage 1 5.91 ± 0.02b 6.19 ± 0.06a 1.1 ± 0.04c 0.56 ± 0.02b 2.3 ± 1.8a

Sausage 2 6.19 ± 0.01a 6.34 ± 0.05a 1.3 ± 0.04b 0.57 ± 0.02b 0.0 ± 0.0a

Sausage 3 5.94 ± 0.01b 6.19 ± 0.04a 1.3 ± 0.03b 0.63 ± 0.01a 0.0 ± 0.0a

Sausage 4 6.17 ± 0.03a 6.34 ± 0.04a 1.4 ± 0.04a 0.63 ± 0.02a 0.0 ± 0.0a

Hams2)

Ham 1 5.76 ± 0.08d 5.99 ± 0.01d 1.3 ± 0.04e 0.73 ± 0.02e 2.6 ± 1.1d 08.0 ± 4.3f

Ham 2 5.93 ± 0.04d 6.10 ± 0.02d 1.3 ± 0.01e 0.60 ± 0.02f 2.7 ± 1.1d 11.0 ± 5.2e

Ham 3 5.82 ± 0.02d 6.04 ± 0.06d 1.6 ± 0.01d 0.89 ± 0.04d 2.8 ± 1.1d 12.6 ± 3.4de

Ham 4 5.95 ± 0.08d 6.09 ± 0.02d 1.7 ± 0.01d 0.76 ± 0.03e 2.8 ± 1.0d 14.8 ± 1.9d

a,b,c same letter in the column means no significant difference between sausages
d,e,f same letter in the column means no significant difference between hams

Sausages1): Sausage 1, 1.0% NaCl + sodium diphosphate mixture; Sausage 2, 1.2% NaCl + tetrapotassium pyrophosphate;
Sausage 3, 1.2% NaCl + sodium diphosphate mixture; Sausage 4, 1.4% NaCl + tetrapotassium pyrophosphate

Hams2): Ham 1, 1.4% NaCl + sodium phosphate mixture; Ham 2, 1.4% NaCl + potassium phosphate mixture; Ham 3, 1.8%
NaCl + sodium phosphate mixture; Ham 4, 1.8% NaCl + potassium phosphate mixture
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aration (8.52 and 9.20, respectively) were clos-
er to each other than those used in sausage prep-
aration (8.70 and 10.44, respectively). Also the
composition of phosphates used in hams was
more similar than the composition of phosphates
in sausages.

Appearance, texture and taste
of sausages and hams

No difference was found in the taste and flavour
of sausages (P > 0.05) (Table 2). Because the
taste of potassium salts is bitter, these can cause
off-flavour in meat products. In this study, how-
ever, no significant weakening was found in the
taste and flavour of sausages made with the po-
tassium phosphate mixture (Table 2).

No significant differences in appearance or
texture were observed between the hams (P >
0.05) (Table 2). At higher salt concentrations,

the effect of phosphate on texture was not as re-
markable as at the lower salt concentration of
1.4%, as evidenced in Table 1 in the water-bind-
ing capacity of hams. Neither did the taste and
flavour differ between hams (P > 0.05) (Table 2).

The triangle test
The taste of potassium phosphates is bitter and
can cause off-flavour in products. The triangle
test was therefore used to see whether any dif-
ferences could be distinguished between the sau-
sages or the hams. Sausages 1 and 2, and 3 and
4 were compared separately. When sausages 1
and 2 were compared, 27 out of 38 judgements
were correct, and the corresponding figure for
sausages 3 and 4 was 20 out of 38 judgements
(Table 3). The differences were significant, i.e.
the assessors could distinguish the sausages
made with sodium phosphate from those made
with potassium phosphate. A larger difference

Table 2. Appearance, texture and taste of sausages and hams (N = 2). Appearance was evaluated by a three-
point, texture by a five-point and taste and flavour by a seven-point scale.

Appearance /3 Texture /5 Taste and flavour /7 Total /15

Sausages1)

Sausage 1 2.3 ± 0.4a 3.5 ± 0.7a 4.3 ± 0.4a 10.5 ± 0.7a

Sausage 2 3.0 ± 0.0a 4.0 ± 0.7a 4.5 ± 0.0a 11.5 ± 0.7a

Sausage 3 2.8 ± 0.4a 3.8 ± 0.4a 5.0 ± 0.0a 11.5 ± 0.7a

Sausage 4 3.0 ± 0.0a 3.8 ± 0.4a 5.0 ± 0.0a 11.8 ± 0.4a

Hams2)

Ham 1 3.0 ± 0.0b 3.8 ± 0.4b 4.8 ± 0.4b 11.5 ± 0.0b

Ham 2 3.0 ± 0.0b 4.0 ± 0.0b 4.3 ± 0.4b 11.3 ± 0.4b

Ham 3 3.0 ± 0.0b 4.0 ± 0.0b 5.5 ± 0.0b 12.5 ± 0b0.
Ham 4 3.0 ± 0.0b 4.0 ± 0.0b 4.8 ± 0.4b 11.8 ± 0.4b

a same letter in the column means no significant difference between sausages
b same letter in the column means no significant difference between hams

Sausages1): Sausage 1, 1.0% NaCl + sodium diphosphate mixture; Sausage 2, 1.2% NaCl + tetrapotassium
pyrophosphate; Sausage 3, 1.2% NaCl + sodium diphosphate mixture; Sausage 4, 1.4% NaCl + tetrapotas-
sium pyrophosphate

Hams2): Ham 1, 1.4% NaCl + sodium phosphate mixture; Ham 2, 1.4% NaCl + potassium phosphate
mixture; Ham 3, 1.8% NaCl + sodium phosphate mixture; Ham 4, 1.8% NaCl + potassium phosphate
mixture
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both in appearance and texture existed between
sausages 1 and 2 than between sausages 3 and 4
(Table 2), which may be the reason rather than
the bitter taste of potassium phosphate, why the
former group could be distinguished more clearly
from each other than the latter.

Puolanne and Ruusunen (1983) suggested
that sodium chloride content should be at least
1.5% for acceptable texture of cooked sausage
made with added phosphate. Barbut et al. (1988),
in contrast, stated that sodium chloride levels
below 2.0% are inadequate for stabilizing finely
chopped meat batter; however, when only coarse
chopping was used, a salt level of 1.5% is suffi-
cient. In general, phosphate addition restores the
emulsion stability of reduced-salt meat batters,
with stability depending on the type of phosphate
used. Knipe et al. (1985) have shown that de-
creasing the sodium chloride level from 1.5% to
0.75% increases the relative effects of phosphate
type and level on emulsion stability. Therefore,
attention should be given to the type of phos-
phate used when sodium reduction is desired. In
this study, the lowest salt content used to pre-
pare cooked sausage was more than 1%. In ad-
dition, an acceptable texture required the use of
alkaline pyrophosphate. Extra proteins, such as

Table 3. Number of correct judgements in triangle tests.

Samples Number of judgements Number of correct Significance level
judgements

Sausages1)

Sausage 1 and Sausage 2 38 27 ***
Sausage 3 and Sausage 4 38 20 *

Hams2)

Ham 1 and Ham 2 36 14 NS
Ham 3 and Ham 4 36 16 NS

* P < 0.05; *** P < 0.001; NS, not significant

Sausages1): Sausage 1, 1.0% NaCl + sodium diphosphate mixture; Sausage 2, 1.2% NaCl + tetrapotassium
pyrophosphate; Sausage 3, 1.2% NaCl + sodium diphosphate mixture; Sausage 4, 1.4% NaCl + tetrapotas-
sium pyrophosphate

Hams2): Ham 1, 1.4% NaCl + sodium phosphate mixture; Ham 2, 1.4% NaCl + potassium phosphate
mixture; Ham 3, 1.8% NaCl + sodium phosphate mixture; Ham 4, 1.8% NaCl + potassium phosphate
mixture

sodium caseinate and soya concentrate, were also
used to stabilize the sausages (Mittal and Us-
borne 1985), because the salt levels used were
very low (1.0 to 1.4%).

The flavour of a typical cooked ham is
blander than the flavour of cooked sausage. Thus,
it was expected that the potassium flavour should
have been more noticeable in the cooked ham
than in the sausage. In this study, in the triangle
tests, hams 1 and 2, and 3 and 4 were compared
separately. When hams 1 and 2 were compared,
14 out of 36 judgements were correct, and the
corresponding figure for hams 3 and 4 was 16
out of 36 judgements (Table 3). The difference
was not significant, i.e. the assessors were una-
ble to distinguish the hams made with sodium
phosphate from those made with potassium phos-
phate.

Conclusions

Very low-salt (i.e. 1.0–1.4% NaCl) meat prod-
ucts can be prepared provided that phosphates
are added. Further reduction of sodium content
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in low-salt meat products is possible by replac-
ing sodium phosphate with potassium phosphate.
The extent of sodium reduction depends on the
phosphates used and their sodium content, be-
ing equivalent to a sodium content of 0.2% NaCl
or more. The replacement resulted in no adverse

effects. Alkaline phosphates are also recom-
mended in very low-salt products to minimize
risk of purge.
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SELOSTUS
Natriumpitoisuuden pienentäminen lihavalmisteissa korvaamalla

natriumfosfaatti kaliumfosfaatilla
Marita Ruusunen, Markku Niemistö ja Eero Puolanne

Helsingin yliopisto ja Lihateollisuuden Tutkimuskeskus

Suolan lisäksi natriumfosfaatti suurentaa lihavalmis-
teiden natriumpitoisuutta. Useat natriumfosfaatit si-
sältävät 30 % natriumia. Tämän vuoksi tutkimukses-
sa selvitettiin, miten natriumfosfaatin korvaaminen
kaliumfosfaatilla vaikuttaa leikkelemakkaran ja kink-
kuleikkeen ominaisuuksiin. Tutkimuksessa valmistet-
tiin neljä erilaista leikkelemakkaramassaa normaalia
pienemmällä suolapitoisuudella. Massoissa 1 ja 2 ta-
voitenatriumpitoisuus oli 0,55 g Na/100 g sekä mas-
soissa 3 ja 4 0,63 g Na/100 g. Muista valmistusai-
neista kuin suolasta ja natriumfosfaatista tuleva nat-
riumin määrä oli kaikissa resepteissä sama. Massoissa
1 ja 3 suolalisäykset olivat 1 ja 1,2 %, ja fosfaattina
käytettiin natriumfosfaattia. Massoissa 2 ja 4 suola-
lisäykset olivat 1,2 ja 1,4 % NaCl, ja fosfaattina käy-
tettiin kaliumfosfaattia, jonka pH oli korkeampi kuin
käytetyn natriumfosfaatin.

Tutkimuksessa valmistettiin myös neljä erilaista

kinkkuleikettä. Kinkkuleikkeissä 1 ja 2 suolaa lisät-
tiin 1,4 % ja kinkkuleikkeissä 3 ja 4 1,8 %. Kink-
kuleikkeissä 1 ja 3 käytettiin natriumfosfaattia ja
kinkkuleikkeissä 2 ja 4 kaliumfosfaattia, jonka pH
arvo oli korkeampi kuin käytetyn natriumfosfaatin.

Tutkimuksessa todettiin, että fosfaattia on käytet-
tävä, jos lihavalmisteet valmistetaan hyvin pienillä
suolapitoisuuksilla (1,0–1,4 % NaCl). Lihavalmistei-
den natriumpitoisuutta voidaan pienentää korvaamal-
la natriumfosfaatti kaliumfosfaatilla. Tällä tavoin ai-
kaansaatu natriumpitoisuuden pieneneminen vastaa
samaa natriumin määrää, jonka 0,2 % NaCl sisältää.
Kaliumfosfaatin ei todettu aiheuttavan haittavaiku-
tuksia makkaraan eikä keittokinkkuun. Hyvin pienen
natriumpitoisuuden tuotteissa suositellaan käytettä-
väksi emäksistä kaliumfosfaattia, joka parantaa tuot-
teen vedensidontakykyä ja siten varmistaa hyvän ra-
kenteen.
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