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ABSTRACT
The amount of and changes in the products of protein hydrolysis (TCA-soluble and TCA-insoluble biuret positive products,
brine extractable protein, non-protein nitrogen, amino acid nitrogen and others) were examined in salted flesh of headed and
gutted Baltic herring immersed in 16% NaCl brine with the addition of acetic acid (0, 1, 2, 3, 4, 5, 6, 7%), as well as in brine
itself, after one and two weeks of storage at a temperature of 8 ± 1°C. The addition of acetic acid into brine accelerated
proteolysis in flesh noticeably, at the same time retarding diffusion of muscle protein into brine. After the first week of fish
maturation, the maximum proteolysis was observed at a pH of 3.8, and after the second week of maturation—at a pH of 4.2
to 4.8. Within a more acidic pH range, TCA-soluble products prevailed in flesh, with a minimum share of TCA-precipitated
brine extractable protein, while in a less acidic range there were proportionately more products from the latter group, even
though the absolute quantity of TCA-precipitated brine extractable protein clearly decreased along with the acid
concentration in brine. Against this background, the role of muscle cathepsins in the maturation process of salted headed and
gutted Baltic herring is discussed.
Key words: Baltic herring, immersed salting, acetic acid addition, pH vs. proteolysis.

INTRODUCTION
Most authors believe that the process of maturation of salted fish is attributable mainly to a proteolytic reaction
caused by digestive enzymes released from pyloric coecae and other intestines [15, 27]. Therefore, in the process
of maturation of headed and gutted fish, special enzymatic substances or internal organs of other animals rich in
enzymes are often used [12, 25, 26]. This “artificial” ripening of headed and gutted fish does not, however,
produce fully satisfactory results as the product often acquires atypical qualitative properties.
One of the methods of acceleration of the natural process of maturation of salted fish is reducing the salt
concentration in flesh—known as mild salting [27]. However, an excessive reduction in the concentration of salt,
as the main preservative agent, is impossible, for it can lead to the spoilage of fish [14]. On the other hand, the
addition of chemical preservatives into brine in adequately large quantities is not always permitted by health
authorities, mainly for health safety reasons.
The existing knowledge of the application of acid addition during fish salting is at least limited [8, 10, 13, 29,
33] and still insufficient, particularly, with regard to the influence of acids on the process of maturation of salted
and marinated headed and gutted fish. The removal of active viscera and washing of fish before salting reduce
the rate of proteolysis considerably [32].
Acetic acid is commonly used in producing fish marinades [19, 21] and regarded as an additive completely safe
for health, not requiring any limitation. Concurrently, owing to a low dissociation constant, acetic acid exhibits
specific bactericidal activity [33], and additionally, removes an unpleasant fishy odour [4].
The aim of this research was to examine the effect of different concentrations of acetic acid introduced into brine
on the process of maturation of immersed salted headed and gutted Baltic herring, with particular regard to the
process of proteolysis.
MATERIALS AND METHODS
Fish
Baltic herring (Clupea harengus membrans) were caught in Pomeranian Bay in March, stored in ice, and
delivered to the laboratory while rogor mortis was still present. The herring specimens were classified as grades
“D” and “S” (18–26 cm in total length), with gonads at maturity stages III–V on Mayer’s scale. The fish were
deiced, headed and gutted, cleaned and drained.
Sample preparation
Headed and gutted herring (sample weight: 750 g, in three repetitions) were immersed in a 16% NaCl solution
containing 0, 1, 2, 3, 4, 5, 6, or 7 % acetic acid, so that the weight ratio of fish to brine was 1:1. The samples
were stored in glass jars 1.5 liters in volume, with a tight lid, in a cooling chamber at a temperature of 8°C for
two weeks.
The samples were carefully removed from the jars without a loss in brine, placed on a filter of dense gauze in a
funnel, and left for 20 min at 8°C to drain the brine.
Determination of nitrogen fractions
Kjeldahl’s method in semiautomatic equipment was used for the determination of total nitrogen (TN) in salted
flesh, brine and particular extracts. A sample (0.5 g, 1 ml or 5 ml, respectively) with the addition of a pinch of
selenium mixture (FOCH, Gliwice, Poland), and subsequently, H2SO4 (10 ml) was inserted into the digestion
tube and digested in a 6 1007 Digester digestion system (Tecator, Sweden) at 400°C, and then, distilled in a
Kieltec System 1025 distillation unit. The distillate was collected for posterior titration with 0.1N NaOH.
Non-protein nitrogen (NPN) was determined after homogenisation of 20 g of flesh with 250 ml of 5%
trichloroacetic acid (TCA), or after vigorously mixing 10 ml of brine or brine extract of salted flesh with an
equal volume of 10% TCA. Next, the homogenate or the mixture was put away for 30 minutes and filtered
through filtering blotting paper No. 386 (Whatman) into dry bottles from dark glass with a ground-in stopper.
The obtained extracts were sampled (10 ml each, in three repetitions) for nitrogen determination by the method
as described above.

Determination of protein fractions
Total soluble protein (TSP), both in brine and in brine extracts of salted herring flesh, was determined by biuret
method [5]. A sample (1 ml) was mixed with 4 ml biuret reagent, and after settling for 15 minutes at room
temperature, absorbency was measured in a Pye Unicam spectrophotometer, type N502, at 540 nm against a
blank test. The protein content was read from the standard curve plotted against the solutions of bovine serum
albumin (Fraction V).
For the extraction of flesh, a 16% NaCl solution with the addition of CH3COOH was used, of the same
composition as brine in the respective samples. A flesh sample (20 g) was homogenised with 250 ml solution for
30 s in an MPW-302 homogeniser (Mechanika Precyzyjna, Warsaw, Poland) at 10 thousand rev min–1. The
homogenate was put away for 30 minutes at 5°C, and after repeated mixing, filtered through filtering blotting
paper as described above.
TCA-precipitated protein (TCA-PP) in brine was determined from a difference between total nitrogen and nonprotein nitrogen, multiplied by the coefficient of 6.25.
TCA-soluble biuret positive products of protein hydrolysis (TCA-SBPPPH) were determined from a difference
between TSP and TCA-PP.
Other determinations
Mean content of respective fractions in the “whole” sample (flesh + brine) was determined from the sum of a
given fraction present in the total weight of salted fish and the total volume of brine sample, divided by the
weight of fresh fish collected for this sample and multiplied by 1.000.
pH value was measured by using an N 517 OE numerical pH-meter (TEL-EKO S.A., Wrocław, Poland)
equipped with a slab electrode.
RESULTS
Changes in total nitrogen and non-protein nitrogen content in flesh
An increasing acid concentration in brine brought about an increase in the total nitrogen content in flesh of salted
Baltic herring due to its reduced water-holding capacity at a lower pH [11]. The largest increase in total nitrogen
in flesh was observed at a 1 – 2% acetic acid concentration in brine, and at higher acid concentrations, the total
nitrogen content was even (Fig. 1a). The extension of salting time to two weeks caused a relative decrease in the
total nitrogen content in flesh, particularly noticeable at a 1 – 2% and 4 – 6% acetic acid concentration (Fig. 1a).
This may indicate that, at these acid concentrations in brine, proteolytic processes in flesh progress fastest,
forming soluble products of protein hydrolysis, which diffuse from flesh to brine. This is confirmed by a
considerably larger increase in non-protein nitrogen between the first and second week of salting within the acid
concentration range of 1–2% and 4–6% than at the other concentrations (Fig. 1b). However, after one week of
salting, the highest non-protein content in flesh was observed at a 3% acetic acid concentration in brine (Fig. 1b).
Non-protein nitrogen expressed in percent relative to total nitrogen confirms the occurrence of the discussed
maxima of proteolysis (Fig. 1c).

Fig. 1. The effect of the acetic acid concentration in brine on the total nitrogen
content (a), non-protein nitrogen content (b) and the percentage share of nonprotein nitrogen in total nitrogen (c) in the flesh of salted Baltic herring after one
(•—• ) and two (o—o) weeks of fish maturation at 5 ± 1°C

Brine extractability of salted flesh protein
Brine extractability of protein in flesh of salted herring dropped at a rate close to exponential along with an
increase in the acetic acid concentration in brine (Fig. 2). At a 5 – 7% acetic acid concentration, brine
extractability of protein was minimal after one week and zero after two weeks of fish maturation. In contrast, at
lower acid concentrations (1 – 3%), a certain increase in protein extractability in salted flesh was observed (Fig.
2a) between the first and second week of maturation, also when converted into crude protein (Fig. 2b). This may
point to the fact that, in a less acidic environment, apart from TCA-soluble nitrogen, TCA-precipitated products
of proteolysis are formed in flesh, too.

Fig. 2. The effect of the acetic acid addition into brine on the extractability of
salted flesh protein in the brine solution after one (–•–) and two (–o–) weeks of
maturation of Baltic herring (headed and gutted) at 5 ± 1°C

Content of soluble protein in brine
The soluble protein content in brine (Fig. 3) dropped at a rate close to logarithmic along with an increase in the
acetic acid concentration in brine. Even the lowest concentration of this acid (1%) reduced the amount of protein
determined by biuret method by more than 38%, irrespective of the time of maturation of fish, and the amount of
TCA-precipitated protein more than twice after one week of maturation and around three times after two weeks
of maturation, relative to the control sample (brine without the acetic acid addition).
Into acetified brine diffused mainly TCA-soluble products of protein hydrolysis (Fig. 3c). The optimum of their
formation occurred at a 3% acetic acid concentration in brine after one week of fish maturation, while after two
weeks of maturation the optimum broadened to the range of 1 to 5% acetic acid. Concurrently, the highest acid
concentrations (6–7%) stopped almost completely the increment in TCA-soluble products of protein hydrolysis
in brine between the first and second week of fish maturation.

Fig. 3. The effect of the acetic acid concentration on the protein content in brine
after one (–•–) and two (–o–) weeks of maturation of immersed salted Baltic
herring (headed and gutted) at 5 ± 1°C:
a – protein determined by biuret method,
b – TCA-precipitated protein (calculated from the difference between total
nitrogen and non-protein nitrogen and multiplied by 6.25),
c – TCA-soluble biuret-positive products of protein hydrolysis (from the
difference = a – b)

Total content of products of protein hydrolysis (flesh + brine) relative to Ph
Since the only source of protein hydrolysis products formed during salting is fish flesh, it was decided that the
products present in brine would be added to the products present in flesh and expressed as converted into 100 g
of the initial weight of flesh. In this calculation, the changing proportions of solid fractions to liquid fractions
during herring maturation in the respective samples were naturally taken into account. In this way, the content of
products of protein hydrolysis in the “whole” sample was obtained, including the products diffusing from flesh
to brine.
Based upon the content of selected indices in the “whole” sample, the optimum pH ranges were determined in
which the maxima of proteolysis occurred. After one-week fish maturation, one maximum of total soluble
nitrogen (TSN) was recorded at a pH of around 3.8. After two weeks of salting, the maximum occurring at this
pH remained; however, apart from it, a new wider and larger maximum appeared within the pH range of 4.2 to

4.8 (Fig. 4). The increment in products of protein hydrolysis in the whole sample at a pH of 3.5 to 4.2 was
prompted by both brine-soluble protein (SP) and non-protein nitrogen (NPN), while at a pH of over 4.5 the latter
predominated. This points to the influence of the time of fish maturation on the process of proteolysis.
Fig. 4. The relationship between pH and the total content of products of protein
hydrolysis in the whole sample of salted Baltic herring (flesh + brine) as converted
into 100 g of flesh after one and two weeks of maturation at 5 ± 1° C

In a less acidic environment — a pH of over 4.5, the total content of TSN was substantially higher than in a
strongly acidic environment. This related to both SP and NPN. The increment in the total content of NPN
between the first and second week of fish maturation was also larger in a less acidic environment than in the
acidic environment. For instance, at a pH of 4.5, it amounted to 39.6%, at a pH of 5 to 38.2%, and at a pH of 3.8
barely to 11.4% (Fig. 4c).

DISCUSSION
The addition of acetic acid into brine clearly accelerates the process of proteolysis in immersed salted headed
and gutted Baltic herring, probably by activating lysosomal enzymes. TCA-soluble nitrogen increases and
brinelike solution extractable protein decreases during maturation. However, in herring salted in lightly acetified
brine (1 to 3% acetic acid), apart from a general decrease in the extractability of proteins, a parallel trend is
observed toward their relative increment between the first and second week of maturation, which indicates that,
in a less acidic environment, the forming products of proteolysis have a greater molecular weight than in a
strongly acidic environment. The result corresponds well with the results obtained by Kiesvaara [10] from
barrel-salted Murmansk herring.
The ranges of the optimum proteolytic activity relative to pH change during the maturation of salted herring
flesh.
After the first week of maturation, the main optimum of proteolytic activity occurs at a pH of 3.8 to 4.2,
depending on the nitrogen fraction examined (Fig. 4). This should probably be ascribed to cathepsin D activity.
This enzyme is known as a major proteinase that degrades fish muscle proteins [18, 24, 28] - also in flesh of
Baltic herring [9] - and is characterised by the optimum acid pH near 4.0 [20], even though it can also be active
within a wider pH range, but not above a pH of 6.0 [16, 24]. Huang and Tappel [6] and Tappel [31]
demonstrated that cathepsin D initiates protein hydrolysis and produces oligopeptides that are further broken
down by other cathepsins, such as cathepsin C or B. A smaller optimum of proteolytic activity, detected at a pH
of 3.4–3.6, probably corresponds to cathepsin E, which, according to Shenderjuk [27], exhibits the optimum
activity at a pH of 2.5–3.5.
After two weeks of fish maturation, the first optimum disappeared completely and the second optimum
decreased; however, another (third) optimum pH of proteolytic activity appeared, shifted in a more alkaline
direction, i.e., toward a pH of 4.2 to 4.8. It was wider and more effective than the second optimum, particularly
with regard to an increment in non-protein nitrogen (Fig. 4c). This third optimum of proteolytic activity should
probably be associated mainly with the activity of cathepsin B and other cathepsins which act optimally at a less
acidic pH, such as A, C and L, and whose occurrence in fish muscle tissue has been confirmed by many authors
[3, 7, 17, 20, 30]. Sherekar et al. [28] reported that, in tilapia, proteolysis at a pH of 5.5 was mediated by both
cathepsins B and D, while at a pH of 6.5 the participation of cathepsin B was evident. Cathepsin B, although
may cleave certain precursor proteins, however such proteolytic conversion commonly require limited
proteolysis on the C-terminal side of a pair of basic amino acid residues [1]. Cathepsin B1 activity was shown to
be essential for the degradation of collagen by lysosomal extracts [2].
The complete disappearance of the first peak and the decrease in proteolytic activity of the second peak after the
first week of fish maturation can be explained as an inhibitory effect of high NaCl concentrations on enzymes
active in these pH ranges. Cathepsin D is known for its high susceptibility to high NaCl concentrations [23, 24],
although Noda et al. [22] demonstrated that the inhibition of proteolytic activity of acid proteinases in the
presence of 15 to 20% NaCl was much lower in the sarcoplasmic proteins from sardine than in casein and
hemoglobin.
The acid addition clearly prevents the diffusion of muscle proteins into brine during immersed salting of headed
and gutted Baltic herring. This relates particularly to the fraction of TCA-precipitated protein and results
probably from isoelectric precipitation of proteins in herring flesh, due to which they lose the ability to diffuse
into brine.
TCA-precipitated protein diffuses into standard brine (without the acid addition) to a large degree. Into acetified
brine diffuse mainly non-TCA-precipitated products of protein hydrolysis, which yield a positive reaction to the
biuret reagent (Fig. 3). The correlation between these fractions depends upon pH of flesh and the time of
maturation of salted Baltic herring.
The addition of acetic acid into brine, applied in this research (1 to 7%), made it possible to examine its effect
within a wide range of concentrations. The optimum of proteolysis, lying in a strongly acidic pH range (below
4.0) and requiring an addition of over 3% acetic acid, is more typical of fish marinades than of salted fish. The
obtained results indicate that, even at a high salt concentration in brine (16%), a 4–6% acetic acid addition
clearly enhances enzymatic proteolysis in the flesh of Baltic herring. Such a large acid addition, however, is not
suitable for use with salted fish, mainly on account of the sensory properties of flesh, which has been described
in the previous paper [11]. In the case of salted fish, solely concentrations of acetic acid in brine, below 3%, and

preferably those lying in the range of 1 to 2%, can be practically applied. The effect of very low acetic acid
concentrations in brine on the process of maturation of immersed salted Baltic herring will be the subject of the
next paper.
CONCLUSIONS
1.
2.

3.

The addition of acetic acid (1-7%) into brine (16% NaCl) clearly accelerates the process of proteolysis
in immersed salted headed and gutted Baltic herring, probably by activating lysosomal enzymes.
The ranges of the optimum proteolytic activity relative to pH change during the maturation of salted
herring flesh. Within a more acidic pH range, TCA-soluble products prevailed in flesh, with a minimum
share of TCA-precipitated brine extractable protein, while in a less acidic range there were
proportionately more products from the latter group, even though the absolute quantity of TCAprecipitated brine extractable protein clearly decreased along with the acid concentration in brine.
The acetic acid addition clearly prevents the diffusion of muscle proteins into brine during immersed
salting of headed and gutted Baltic herring. This relates particularly to the fraction of TCA-precipitated
protein.
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