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Freezing followed by frozen storage of Baltic herring at
-25°C for a period of 6 months resulted in lowering the activ-
ity of lipoxygenase of the muscle tissue down to 78.2% and of
the roe—down to 70.0%. The activity of the enzyme,
extracted from the muscle tissue, stored in a buffer solution at
-10, -18, and -25°C declined in reverse proportion to the in-
crease of the storage temperature.

Salting of herring, until they reached from 9.8 to 18.5%
of salt content in their muscle tissue caused a decline in the
activity of lipoxygenase, which was in direct proportion to
the concentration of salt. Lipoxygenase of roe was catalysed
more extensively during the weak salting (9.8% NaCl) than it
was during medium- (12.3% NaCl) or strong salting (18.3%
NaCl).

INTRODUCTION

Lipoxygenase is responsible for catalysing cis, cis-1, 4-pentadiene sequences through

separation of a hydrogen atom from active methylene groups of polyunsaturated fatty acids.

The result of this reaction is alkyl radical, which is capable of creating—with molecular
oxygen—hydroperoxides with trans, cis—linked with a double bond (Gardner 1980; Ger-
man and Kinsela 1985, 1986; German et al. 1986; Mohri et al. 1990; Hultin 1992, 1994;

Hsu and Pan 1996). Hydroperoxides are unstable and they can break apart through haemo-
lytic disintegration or through ß-splitting providing such fragmentation products as: alde-
hydes, ketones, alcohols, epoxides, hydroxyketones, esters and others. According to Ya-

mamoto (1992) they can be formed also in the presence of lipoxygenase, which is capable

of breaking apart C-C bonds and creating hydroxyl groups.
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In previous studies, the presence of lipoxygenase was stated in the muscle tissue of
fishes (McDonald et al. 1979; Apgar and Hultin 1982; Hultin et al. 1982; German and Kin-
sela 1986; Takiguchi 1989; Wang et al. 1991; Harris and Tall 1994; Stodolnik and Samson
2000), fish gills (German and Kinsela 1986; Hsieh and Kinsela 1989; German and Hu
1990; Gell et al. 1995; Hsu and Pan 1996; Stodolnik and Samson 2000), fish skin (Ander-

sen et al. 1981; German and Kinsela 1986; Wang et al. 1991; Mohri et al. 1992; Triqui and
Reineccius 1995; Stodolnik and Samson 2000) and in the roe and milt (Stodolnik and Sam-
son 2000).

Among fish lipoxygenases, the principal role is played by two isoenzymes: 12- and
15-lipoxygenase (Grun and Barbeau 1995). 12-lipoxygenases show specificity in relation to

carbon of n-9 and n-12 polyunsaturated fatty acids C20 and C22. These acids after accepting
molecular oxygen and after positional isomerisation transform into 12-hydroperoxides

(German and Kinsella 1985; Winkler et al. 1991), which can be a source of eight- and nine-

carbon aldehydes, ketones, and alcohols. 15-lipoxygenases prefer double bonds at the posi-

tions n-6 and n-9. The outcome of their action are 15-hydroperoxides, which take part in
creation of compounds containing 5-6 atoms of carbon (Josephson and Lindsay 1986).

From the gills of mugil (Mugil cephalus) Hsu and Pan (1996) isolated three isoen-

zymes: 5-, 12-, 15-lipoxygenase. Among them 12-lipoxygenase turned out to be the most
active enzyme. On the other hand, the activity of 15-lipoxygenase and 5-lipoxygenase con-
stituted respectively 64% and 4% of the activity of 12-lipoxygenase. Among enzymes pres-

ent on the gills of rainbow trout, 12-lipoxygenase showed higher activity than 15-lipoxy-
genase (German and Kinsella 1986). On the other hand a dominant role of 15-lipoxygenase

in the gills of the same fish species was visible in the studies of German and Creveling

(1990).
The activity of fish lipoxygenases is a feature depending on a species. Stodolnik and

Samson (2000) determined that this activity is also influenced by the stage of gonad matur-

ity and the period of catches of Baltic herring. Important factors modifying activity of
lipoxygenases are pH and temperature. For the majority of examined fish species, the op-
timal pH values for lipoxygenase activity are in the narrow range of 6 to 7 (Slabyj and
Hultin 1982; Decker et al. 1988; Hultin 1988; Eun et al. 1992; Hsu and Pan 1996; Huang et
al. 1998). The optimal temperature for this type of enzymes present in the fish raw materi-
als ranges from 20 to 37°C (Apgar and Hultin 1982; Slabyj and Hultin 1982; McDonald
and Hultin 1987; Hsieh et al. 1988; Eun et al. 1992). Within the range of freezing tem-
peratures from -2 to -22°C the activity of the lipid-oxidising enzymatic system of a flatfish
was lowered along with the drop of temperature (Apgar and Hultin 1982), but at ~22°C

was maintained still at a relatively high level.
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The activity of lipoxygenase isolated from the skin of Plecoglossus altivelis, after

2-week storage at -50°C rapidly declined down to 60% of the initial value and remained at

this level during further 80-day storage. On the other hand, at -80°C, the activity of the en-

zyme declined to the level of 80% of the initial value and it did not change throughout the

next 10 weeks (Zhang et al. 1992).

An important role in the activity of lipoxygenases of fishes is played by metal ions,

which can be activators of an enzyme through its binding with a substrate or release of its

active centre. Catalytic activity of iron ions and copper ions is known in the processes of

enzymatic oxidation of lipids. Metal ions used in a form of FeCl3 and CuSO4 in the range

of concentrations from 0 to 3.6 μΜ showed much higher catalytic action of iron ions than

copper ions (Decker et al. 1989). It was confirmed also by other studies (Decker and Hultin

1990; Mohri et al. 1992). Enzymatic oxidation of lipids is also influenced by NaCl content.

Osinchak et al. (1992) demonstrated catalysing action of this compound in the concentra-

tion of 0.43 M on lipoxygenase of the muscle tissue of a mackerel. According to Apgar and

Hultin (1982) NaCl (0.15 M) is more effective catalyser of lipoxygenase of the muscle tis-

sue of a flatfish than KC1 (0.15 M).

Fish salting, particularly of clupeid fishes, in this number also Baltic herring has been

a common method of their preservation. This technology involves usage of a salt, with so-

dium chloride as a dominant component. Other supplementary salts may diversify the ac-

tivity of lipoxygenases present in the fish raw materials. Fish processing is based on both

fresh and frozen raw materials. Because the quality of Baltic herring stored under frozen

conditions is in high degree limited by oxidative transformations of lipids, it is possible

that these transformations are also of enzymatic nature. The hitherto conducted studies

provided no information on the effect of frozen storage and salting of Baltic herring on the

activity of enzymatic oxidation of lipids. In view of the above the present study was initi-

ated, aimed on determining the importance of lipoxygenase activity in such raw material

and under above-described technological processes.

MATERIAL AND METHODS

Material

The present study was based on Baltic herring caught on fishing ground in the area of

Kołobrzeg in May 1997, as well as February 1998 and 1999. The fish were at 4th and 5th

stage of gonad maturity according to Maier. Herring were brought to a laboratory in a
chilled (iced) state. Fish for the study were selected when the rigor mortis faded away. As-
sorted females were ended up in packages weighing ca 250 g, wrapped in polyethylene foil

and sealed using an electric sealer. Fish prepared in such way were frozen and kept at

-25°C for 24 weeks. On the other hand, fish for salting (females) were divided into 3 lots



100 Edyta Samson, Ludmiła Stodolnik

and were subjected to three experimental treatments: weak salting, medium salting and
strong salting, within 4 weeks, at 4°C. Salt doses of 12.5, 17.5, and 25.0 kg, respectively
were used for lots of 100 kg of fish.

To determine the effect of salt composition on the activity of lipoxygenase of the
muscle tissue of Baltic herring a model study was carried out. The following compounds
were used: NaCl (1.0-26.4%), CaCl2 (0.5-5.0%), MgCl2 (0.5-3.0%), KCl (0.5-3.0%), and
a mixture of sodium chloride with additions of the remaining salts (1.66% of each salt) of a
joint concentration of 2.0 to 26.4%.

Methods
Extraction of lipids from muscle tissue of analysed material of used as the sub-

strate for determining the activity of lipoxygenase of Baltic herring was carried out a chlo-
roform-methanol mixture (2:1) (Linko 1967). The solvents were distilled out under low-
ered pressure at the temperature not exceeding 40°C.

Extracts of lipoxygenase in 10.0 mM phosphate buffer (pH 7.0) were prepared a
modified method of Harris and Tall (1994) described in detail in the work of Stodolnik and
Samson (2000).

Activity of lipoxygenase was determined using the modified methods of Slabyj
and Hultin (1984) and Harris and Tall (1994)—described in detail in the work of Stodolnik
and Samson (2000).

Malondialdehyde content determined through usage of 2-thiobarbituric acid
according to the method of Schmedes and Hø1mer (1989) and its concentrations were read

from standardisation curve prepared for 1,1-3,3 tetraethoxypropane and the results were

expressed in nmol AM/mg of protein.

Determination of protein content in enzyme extracts were carried out spectro-

photometrically under wave length of 280 nm. Protein concentration was determined from

a standardisation curve, prepared for beef albumin. The results were expressed in mg/cm3.

Sodium chloride content in the muscle tissue and roe of Baltic herring was de-

termined employing the method of Volhard.

RESULTS

Influence of the duration of frozen storage at -25°C on the activity of lipoxygenase of

the muscle tissue and roe of Baltic herring were determined based on fish caught in May

1997. The results obtained, indicate, that 2-week storage of raw materials does not dimin-

ish activity of this enzyme (Fig. 1). On the other hand, a rapid lowering of the enzyme ac-

tivity was observed after 4 weeks of storage. In the case of the muscle tissue it was 88.2

percentage points, while for roe—49.6 percentage points. In the subsequent weeks, the

lipoxygenase activity showed fluctuations, which had wider amplitude for the muscle tis-
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sue, than for the roe and the average enzyme activity was 69.5% and 64.9% respectively in

storage period of the raw materials of 4 to 24 weeks. Analysing the entire period of frozen

storage of Baltic herring, no statistically significant difference, between the activity of

lipoxygenase of the muscle tissue and the roe were observed (Table 1). In general lipoxy-

genase of the muscle tissue and the roe of analysed fish was very stable during the period

of half-year storage at -25°C. It retained in average 78.2 and 70.0% of the initial activity in

unfreezing raw material, respectively.

Fig. 1. Effect of the duration of frozen storage (-25°C) on activity of lipoxygenase
of the muscle tissue and roe of Baltic herring

Student t-test values for lipoxygenase activity
of the muscle tissue and roe of Baltic herring,
stored under frozen condition (temperature

of-25°C, time 24 weeks)

Sample

Muscle tissue

Roe
t

1.594
P

0.137

t, Student t-test value
p, significance level (a = 0.05)

To determine the effect of temperature

(-10, -18, and -25°C) on the lipoxygenase

activity, a study was initiated on the enzyme

extracted from the muscle tissue of herring

caught in February 1998. A model system

with a lipid substrate in a phosphate buffer

(pH 7.0) was used. The results obtained,

demonstrated that in these conditions, lipqxy-

genase was quickly inactivated, because after

two weeks its activity declined down to 46.6-

48.4% at -10, -18, and -25°C, respectively. In subsequent period of storage, the enzyme

activity exhibited fluctuations, with a declining tendency (Fig. 2). The highest activity

within 6-month storage period, lipoxygenase retained at -25°C, lower—at -18°C, while the

lowest—at -10°C. The activities amounted to 35.4, 30.9, and 25.8%, respectively, of the

initial activity before the storage. Statistical analysis of the results, revealed differences hi

activity of enzyme, under the above-mentioned temperature regimes (Table 2). In general,
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lipoxygenase of the muscle tissue of Baltic herring was in lower extent inhibited at lower

freezing temperatures. Ascertained also that lipoxygenase retains in lower degree its activ-

ity in the buffer solution, than in the environment of a natural muscle tissue. It is possible

that components of this tissue protect the enzyme under freezing conditions.

Fig. 2. Effect of the temperature of frozen storage on the activity of lipoxygenase
of the muscle tissue of Baltic herring

Table 2

Student t-test values for lipoxygenase activity of the muscle
tissue of Baltic herring, stored under frozen conditions
(temperature of -10, -18, and -25°C, time: 24 weeks)

Temperature of
frozen storage

-10°C
-18°C

-18°C
t

-1.675
P

0.120

-25°C
t

-6.419
-4.540

P
3.31E-5*
6.78E-4*

Effect of salt on the

activity of lipoxygenase of

the muscle tissue and the

roe of Baltic herring was

determined based on fish

caught in May 1997. The

terminal content of salt in

these raw materials was
9.80, 12.3, and 18.3% for* Statistically significant difference.

weak-, medium- and strong salting, respectively. The activity of analysed enzyme in the
muscle tissue and roe of fish taken for salting was quite similar, although, during salting a

variable dynamics of the activity was observed (Figs. 3, 4). Salt lowered the lipoxygenase
activity of the muscles of herring. The inhibiting action of salt was the stronger the higher
was its concentration. Considering the entire salting period, the enzyme activity in the

muscles lowered itself to 84.0, 69.3, and 51.8%, respectively for weakly-, medium-, and

strongly salted herring. Statistical analysis did not show, however, any significant differ-

ences, between these results (Table 3).
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Fig. 3. Effect of the salting process on the activity of lipoxy genäse of the muscle tissue
of Baltic herring

Fig. 4. Effect of the salting process on the activity of lipoxygenase of the roe
of Baltic herring
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Table 3

Student t-test values for lipoxygenase activity of the muscle tissue
and roe of Baltic herring, subjected to salting process

Sample

Muscle tis-
sue

Roe

Way of salting

Weak
Medium
Weak
Medium

Medium
t

1.173

0.607

p
0.306

0.577

Strong
t

2.674
2.620
1.084
0.753

P
0.056
0.059
0.339
0.494

In the case of

lipoxygenase of the roe

of herring, an increase of

its activity in the process

of salting was observed,

most of all the weak one,

in lesser extent—medium

one and the least—the

strong one (Fig. 4). Ac-

tivity of the entire period of roe salting was respectively on average: 184.4, 174.2, and

139.5% of the initial activity. Statistical analysis did not reveal, however, any significant

differences in the activity of lipoxygenase of roe of herring containing variable contents of

salt (Table 3). It is probably caused by extensive fluctuations of the activity of this enzyme

in respective periods of the roe salting process.

Lipoxygenase of the roe of Baltic herring, in the course of the monitored period of

weak-, medium-, and strong salting, exhibited much more higher activity and dynamics of

its changes, than lipoxygenase of the muscle tissue of these fish. Sodium chloride in the

concentration from 9.80 to 18.30% activated lipoxygenase in the roe of herring, whereas in

the muscle tissue of these fish it inhibited its action. The observed effect of sodium chlo-

ride on lipoxygenases of the analysed raw materials indicates variable protein structures

and/or molecular weight of these enzymes, dealing with different functions of the muscle

system and gonads when fish are alive.
In this paper was carried out also analysis of effects of selected inorganic salts on the

activity of lipoxygenase of the muscle tissue of Baltic herring caught in February 1999. En-

zyme extracts were supplemented with sodium chloride, while the remaining salts were

selected only because of their possible presence in the table salt or in the sea water, which

has been used for chilling fishes on high-sea fishing vessels. The present study revealed
that NaCl inhibited lipoxygenase in all tested concentrations (Figs. 5, 6). Activity of the

enzyme decreased by some 15-35 percentage points and 35-65 percentage points, respec-
tively for NaCl concentrations of 1-10% and 11-20%. On the other hand NaCl in concen-
tration of 26.4% (saturated solution) reduced activity of the enzyme over 70 percentage

points.
The remaining salts differed from NaCl with the dynamics of lipoxygenase inhibition

(Fig. 6). The enzyme activity was lowered by a maximum of 50% for CaCl2 (1.50%),

MgCl2 (0.50%), and KC1 (3.0%). Some concentrations of CaCl2 (0.50, 3.50, 4.0, 5.0%) ex-

hibited catalytic action on the enzyme.
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Fig. 5. Effect of NaCI concentration and its mixtures with chlorides of other metals
on the activity of lipoxygenase of the muscle tissue of Baltic herring

Fig. 6. Effect of inorganic salts on the activity of lipoxygenase of the muscle tissue
of Baltic herring

Statistical analysis of the results revealed differences in the enzyme activity, between

the sample containing NaCI and CaCl2 and between the sample containing MgCl2 and the

one containing KCI (Table 4). The salt mixture in the concentration up to 2.0% catalysed

lipoxygenase, while above this concentration it inhibited this enzyme with particularly high

rate, up to the concentration of 15%. In the concentration of 15-26.4% the pace of inhibi-

tion was much lower. The decrease in the lipoxygenase activity was respectively some 60

and 80 percentage points in relation to the value stated for the sample devoid of salt. Addi-

tion of the salt mixture up to some 5.0% showed lower inhibitory efficiency, than each of
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Table 4

Student t-test values for lipoxygenase activity
of the muscle tissue of Baltic herring in the

presence of NaCl and CaCl2, and MgCl2

and KCl

Kind of salt

NaCl

MgCl2

CaCl2

t
4.379

P
1.38E-3*

KC1
t

-1.039
P

0.339

* Statistically significant difference.

Table 5

Student t-test values for lipoxygenase activity
of the muscle tissue of Baltic herring in the

presence of NaCl and its mixture
with chlorides of other metals

Kind of salt

NaCl

NaCl+CaCl2+MgCl2+KCl
t

1.018
P

0.318

the salts used separately. On the other
hand, the action of higher concentrations
of sodium chloride (above 10%) in a

mixture with the remaining chlorides was
similar to the action of NaCl alone in the

same concentrations (Fig. 5). Statistical
analysis did not revealed significant dif-

ference, between activities of lipoxygenase
from the muscle tissue of Baltic herring in
the presence of NaCl on the enzyme activ-
ity in the presence of NaCl mixture with

chlorides of other metals (Table 5).
In general it was demonstrated that

NaCl showed the lowest effectiveness in
inhibiting lipoxygenase of the muscle tis-
sue of Baltic herring, compared to all other
individually used salts, but it was more

effective than its mixture with

MgCl2, and KC1.

DISCUSSION

In the present study, a high activity of lipoxygenase of the muscle tissue of Baltic
herring was stated at freezing temperatures (-10, -18, and -25°C). The enzyme activity at
-25°C was retained in higher extent than it was at -10°C. Eun et al. (1994) observed also a
reversibly proportional relation between lipoxygenase activity and the temperature of fro-
zen storage of fish raw materials. According to above authors activity of the lipid-oxidising
enzymatic system of the muscle tissue of a catfish was the highest at -70°C, and the lowest
at -10°C. Zhang et al. (1992) studying the activity of such enzymatic system of the skin of
Plecoglossus altivelis concluded that it retained the highest activity during storage at
-80°C, than at -50°C. Lipoxygenase isolated from beef kept at -20°C turned out being the
most effective catalyst of oxidation-reduction processes, than that from beef kept at 4°C

(Rhee et al. 1984).
Activity of lipoxygenases of fish raw materials after frozen storage is dependent on

the degree of structural changes of proteins of these enzymes caused by crystallisation ef-
fects of tissue liquid and also influence of lipid oxidation products (Apgar and Hultin 1982;
Hultin 1994). According to Eun et al. (1994) the lowest activity of lipoxygenase of the
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muscles of a catfish during its storage at -10°C than in -40°C can be associated with their

more extensive structural changes in higher freezing temperatures. On the other hand,

freezing raw materials in the latter is a reason for deepening of denaturation changes of

proteins during thawing. An important factor determining lipoxygenase activity is the du-

ration of frozen storage. Eun et al. (1994) observed a substantial lowering of activity of this

enzyme in the muscle tissue of catfish along with extension of the storage time at -10°C.

On the other hand, at -40°C activity of the enzyme was retained at higher extent. Along

with extension of the frozen storage time of the catfish filets, grew also differences in the

lipoxygenase activity at both temperatures.

In the present work, demonstrated inhibition effect on lipoxygenase of the muscle tis-

sue and catalysing effect on lipoxygenase of the roe of Baltic herring (entire specimens) by

salt concentrations from 9.80 to 18.30% during 4-week salting at 4°C. Inhibiting action of

NaCl and its mixture with other chlorides, in relation to the enzyme of the muscle tissue of

herring were confirmed in a model system. According to Osinchak et al. (1992) NaCl under

concentration of 43.0 mM stimulated the enzymatic system of the muscle tissue of mack-

erel in the processes of lipid oxidation. CaCl2 and SrCl2 under concentration of 43.0 mM

were characterised by the effectiveness similar to NaCl at the same concentration, while the

remaining chlorides (KC1, LiCl—45.0 mM) and sulphides (Na2SO4, K2SO4, LiSO4—

143.0 mM) were less effective. The present study demonstrated that the mixture of NaCl

with calcium chloride, potassium chloride, and magnesium chloride, of the joint concen-

tration of 2% catalysed lipoxygenase of the muscle tissue of Baltic herring, and each of the

salts applied separately in this concentration, inhibited this enzyme.

According to Hultin et al. (1990) catalysing activity of sodium chloride is probably

associated with chlorine ions, which are able to bind to iron ions (Osinchak et al. 1992). On

the other hand, cations can also affect catalytic activity of NaCl, particularly bivalent ca-

tions showed higher ability to stimulate enzymatic oxidation, than monovalent ions. Activ-

ity of cations and anions is probably associated with the substrate, but not with water-

soluble components of the enzyme extract. Changes in the bimolecular structure of lipids,

caused by salts, can be a reason for their better contact with lipoxygenase (Osinchak et al.

1992). Effect of catalysing oxidative enzymatic changes by NaCl can be, however, visible

with lower concentrations of this salts. Also, salt ions can in a variable way affect other

systems contributing to a complicated mechanism of lipid oxidation. Effect of salts on the

enzymatic system oxidising lipids, certainly depends on the technological conditions of the

salting process and the fish species, and also the tissue—muscle tissue or hard roe, that, as

show present investigations contain lipoxygenases having different sensitivity to NaCl and

also to freezing temperatures. Presumably result from different functions of the muscles

and roe in life fish organisms.
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CONCLUSIONS

1. Lipoxygenase activity of the muscle tissue and roe of Baltic herring stored for 6 months

at -25°C reached the levels of 78.2% and 70.0%, respectively, of the initial activity

measured before freezing and the storage of fish.

2. Activity of the enzyme extracted from the muscle tissue of herring and kept in a buffer

solution at -10, -18, and -25°C decreased in reversed proportion to the storage tem-

perature.

3. NaCl in concentrations from ca 10.0 to 18.0% in the environments of natural muscle

tissue and roe catalysed lipoxygenase of the roe, while it inhibited lipoxygenase of the

muscle tissue of Baltic herring, in direct proportion to the concentration used.

4. Activity of the enzyme of the muscle tissue of herring in the model system with buffer

was lowered proportionally to the increase of sodium chloride concentration from 1.0 to

26.4%. Inhibitory effectiveness of NaCl was the lowest among all separately used salts

in concentrations from 0.5 to 5.0%, but it was more effective, than its mixture with

CaCl2, MgCl2, and KCl in concentrations from 2.0 to 26.4%.

5. Oxidation of lipids in the muscle tissue and roe of Baltic herring during frozen storage

as well as the salting process runs also on enzymatic way.
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WPŁYW ZAMRAŻANIA ORAZ SOLENIA NA AKTYWNOŚĆ LIPOOKSYGENAZY
TKANKI MIĘŚNIOWEJ I IKRY ŚLEDZI BAŁTYCKICH

STRESZCZENIE

W badaniach analizowano zmiany aktywności lipooksygenazy tkanki mięśniowej i ikry śledzi
w czasie przechowywania w temperaturze -25°C w okresie 6 miesięcy. Określano także wpływ na
jej aktywność solenia słabego, średniego i mocnego.

Wyniki badań wykazały, że zamrażalnicze przechowywanie śledzi całych w temperaturze
—25°C powodowało obniżenie aktywności tego enzymu w tkance mięśniowej do 78,2%, a w ikrze
ryb do 70,0%.

Aktywność enzymu wyekstrahowanego z tkanki mięśniowej śledzi i przechowywanego
w roztworze buforowym w temperaturze -10, -18 i -25°C ulegała tym większemu obniżeniu
im wyższa była temperatura przechowywania.

Solenie śledzi do końcowej zawartości soli od 9,8 do 18,3% prowadziło do obniżenia aktyw-
ności lipooksygenazy tkanki mięśniowej proporcjonalnie do stężenia soli. Lipooksygenaza ikry
była katalizowana podczas solenia, ale w większym stopniu słabego (9,8%) niż średniego (12,3%)
oraz mocnego (l 8,3%).

W układzie modelowym w środowisku buforu zawierającego NaCl, aktywność enzymu tkan-
ki mięśniowej śledzi ulegała obniżeniu w miarę zwiększania stężenia soli od 1,0 do 26,4%. Efek-
tywność inhibitująca NaCl była najniższa spośród wszystkich indywidualnie zastosowanych soli o
stężeniu od 0,5 do 5,0%, ale był on bardziej efektywny niż jego mieszanina z chlorkiem wapnia,
magnezu i potasu w stężeniu od 2,0 do 26,4%.
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