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Fish sauce production is a very long process and there is a great interest in shortening
it. Among the different strategies to speed up this process, the addition of external prote-
ases could be a solution. This study focuses on the effect of two commercial enzymes (Pro-
tamex and Protex 51FP) on the proteolysis of two fish species traditionally converted into
fish sauce: sardine and anchovy, by comparison with classical autolysis. Hydrolysis reac-
tions were conducted with fresh fish at a temperature of 30 °C and under different saline
conditions (from 0 to 30 % NaCl). Hydrolysis degree and liquefaction of the raw material
were used to follow the process. As expected, the proteolysis decreased with increasing
amount of salt. Regarding the fish species, higher rate of liquefaction and higher hydroly-
sis degree were obtained with anchovy. Between the two proteases, Protex 51FP gave bet-
ter results with both fish types. This study demonstrates that the addition of commercial
proteases could be helpful for the liquefaction of fish and cleavage of peptide bonds that

occur during fish sauce production and thus speed up the production process.
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Introduction

As a traditional seasoning, fish sauce is still very pop-
ular in Southeast Asian countries despite the competition
of soya sauce. The renewal of the consumer interest in au-
thentic taste and traditional food has led to an increase in
the fish sauce production (1). Even if some differences in
processing can be observed among the producing coun-
tries, the basic principle is always quite similar. Fish is
washed and mixed with salt (at a ratio ranging from 1:1 to
1:5) and the mixture is fermented at ambient temperature
for a period varying from 5 to 24 months. The final prod-
uct is a liquid rich in soluble proteins, peptides and amino
acids with umami taste.

During fermentation, fish proteins are hydrolyzed
under the action of proteases, the endogenic ones (mostly
from the digestive tract) and those produced by halophil-
ic bacteria (2). However, in the first days of this process,
when the bacterial community is not yet established, it is
considered that this initial proteolysis (liquefaction) is
mostly due to the internal fish enzymes. Nevertheless, re-
cent studies on sardine and anchovy have demonstrated
that the activity of these internal enzymes decreases with
increased NaCl concentration (3,4).

As the major limitation of fish sauce production is the
very long time of processing, different solutions to short-
en it, especially the liquefaction of fish, have been stud-
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ied, such as the addition of concentrated exogenic proteo-
lytic enzymes (5) or the use of selected bacteria as a starter
culture (6). However, whatever the processing aid, it has
to be halotolerant and active at ambient temperature in
order to provide some process improvement.

Materials and Methods

In this study, two food-grade commercial proteases
have been studied for their capacity to speed up the sar-
dine and anchovy liquefaction occurring during the first
step of fish sauce production at 30 °C and under saline
conditions, reflecting the traditional processes used in
Southeast Asia.

For this study, fresh sardines (Sardina pilchardus) from
the Atlantic sea areas (Nantes, France) and frozen (-20 °C)
anchovy (Stolephorus commersonii) from Nha Trang (Viet-
nam) were used. Before the experiment, raw material was
left to adapt to room temperature and then crushed and
homogenized using a blender.

The commercial large spectrum proteases used were
Protamex and Protex 51FP, kindly provided by Novo-
zymes A/S, Bagsveerd, Denmark, and Genencor Interna-
tional B.V, Leiden, The Netherlands, respectively. Enzy-
matic hydrolysis was performed in a thermostatic batch
reactor continuously stirred at 300 rpm. A mass of 500 g
of fish (sardine or anchovy) was mixed with water (5:1 by
mass) and NaCl if needed (0, 60, 120 or 180 g). After ad-
justing to 30 °C, the reaction was initiated by adding 1 %
of enzymes (by mass of raw material). The pH was moni-
tored but not controlled. Samples of 40 mL were regularly
taken, heated at 80 °C for 20 min in order to inactivate the
enzyme and then centrifuged at 20 000xg for 30 min. The
resulting soluble and insoluble phases were then ana-
lyzed. Autolysis was estimated by conducting similar ex-
periments without salt and without the addition of exogen-
ous enzymes.

Dry matter, ash, protein and lipid contents were esti-
mated as previously described (7). The content of organic
matter in the soluble phase was then estimated as the re-
sult of the difference between dried and ash contents. The
degree of hydrolysis (DH), which is defined as the ratio of
the number of peptide bonds broken to the total number
of peptide bonds per unit of mass, was also calculated
and expressed in percentage (8). All the experiments were
realized in triplicate and the analyses of variance were
performed using Statgraphics Plus (Manugisitics Group,
Inc, Rockville, MD, USA).

Results and Discussion

The average proximate chemical compositions (based
on triplicates) of sardine and anchovy are given in Table
1. They both contain a large quantity of water (66-78 %), a
relatively similar amount of proteins (16 %) and a low
level of minerals (2-3 %). They mostly differ in their lipid
content: 13 % in sardine and 2 % in anchovy.

As indicated, pH was not controlled but monitored.
Initial pH was 6.9 of both fish, and decreased regularly
during proteolysis. Final values recorded after six hours
of experiments ranged from 6.5 (0 % NaCl with Protex

Table 1. Proximate chemical composition (% of raw material) of
sardine (Sardina pilchardus) and anchovy (Stolephorus commerso-
nif)

w/%
Sardine Anchovy
Moisture 66.0£0.6 78.3+0.7
Lipid 13.5+0.2 2.4+0.3
Protein 16.0+0.3 16.3+0.3
Ash 2.7+0.4 2.5+0.4

51FP) to 6.7 (control without exogenous protease), illus-
trating variable liberation of acidic compounds such as
amino acids.

In order to compare the experiments despite the dif-
ferent salt contents, the soluble organic matter distribu-
tion was used instead of the dry matter one (Fig. 1). As
expected, under the proteolytic actions of enzymes (inter-
nal and exogenous ones), the liquefaction of the matrix
occurred after the cleavage of peptide bonds. Such shapes
of hydrolysis curves were similar to those previously
published: one initial fast reaction followed by a second
slower reaction ending with a stationary phase (8,9).
However, great differences can be observed regarding the
fish species, the type of enzyme and the mass fraction of
NaCl.

Prior to hydrolysis, only (11+2) % of the total organic
content of the sardine can be recovered in the soluble
phase (Fig. 1a), while in the anchovy this proportion was
much higher (26+1) % (Fig. 1b). This can be explained by
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Fig. 1. Recovery of soluble organic matter vs. time of hydrolysis
obtained with Protamex and Protex 51FP under different saline
conditions (0, 10, 20 and 30 % NaCl) from: a) sardine and b) an-
chovy. The data represent the mean valueststandard error of
triplicate determinations
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the breakdown of the tissues of anchovy that occurred
during freezing and thawing pretreatments. Such differ-
ence was still observed during all proteolysis experi-
ments, with at least 10 to 20 % of additional organic mat-
ter recovered in the anchovy supernatants.

As expected, even without the addition of any exoge-
nous enzyme, the liquefaction of the organic matter was
observed. This was due to the autolysis of the raw mate-
rial, which is the consequence of the activities of endoge-
nous enzymes, mostly the digestive ones as previously
established (3-5). However, in most of the cases, after six
hours the content of soluble organic material in the auto-
lysates was lower than the one observed when enzymes
were supplemented. At the end, in three experiments
with sardine only, under high saline mass fractions (Pro-
tamex with 20 % NaCl, Protamex with 30 % NaCl, and
Protex 51FP with 30 % NaCl), no statistical differences were
found when compared to autolysis.

Whatever the conditions (salt content or fish species),
the liquefaction of the organic matter was always higher
when using Protex 51FP than Protamex (p<0.05). This can
be explained by a higher sensitivity of Protamex to NaCl
or better affinity of Protex 51FP to substrates.

Except for the experiment on sardine with Protamex
without salt, in all the other cases, the distribution of the
organic matter in the supernatant reached a stationary
phase within six hours of proteolysis. Moreover, the high-
er the NaCl content was, the sooner this plateau was
reached and the lower the solubilization was. Based on
these observations and comparison with autolysis, two
hypotheses can be formulated: a competition between salt
and organic matter in the soluble phase and/or a drastic
reduction of enzymatic activity due to the presence of
NaCl.

Degree of hydrolysis (DH), which indicated the per-
centage of cleaved peptide bonds (10), is one of the basic
parameters that describe the properties of the hydroly-
sates, but also serves as indicator of protease activity and
efficiency. Average hydrolytic curves of sardine and an-
chovy corresponding to autolysis, Protamex and Protex
51FP under different saline mass fractions are reported in
Fig. 2. Whatever the fish species, enzyme or NaCl mass
fraction, classical kinetics for enzymatic proteolysis was
observed, characterized by an initial rapid phase where
numerous peptide bonds were broken followed by a
slowdown (7-9,11,12). After six hours of reaction, regard-
less of the experiments, no stationary phase was ob-
served. Moreover, the rate of DH increase did not slow
down, indicating that both exogenous enzymes were still
active even at 30 % of NaCl.

As expected, the greater the mass fraction of salt, the
lower the DH values, reflecting a negative effect of NaCl,
probably the salting out, on the efficiency of the proteases
(2,13). However, some differences can be observed re-
garding the fish or the enzyme used. Under similar levels
of salt, the resulting DH was always higher (p<0.05) when
using anchovy (Fig. 2b) compared to sardine (Fig. 2a).
This may be explained by the freezing and thawing pre-
treatments but also by the difference in the activity of en-
dogenous enzymes that contribute to the protein hydroly-
sis during fish sauce fermentation (3,4).
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Fig. 2. Degree of hydrolysis vs. time of hydrolysis obtained
without exogenous enzyme and with Protamex and Protex
51FP under different saline conditions (0, 10, 20 and 30 % NaCl)
from: a) sardine and b) anchovy. The data represent the mean
valueststandard error of triplicate determinations

Hydrolysis without any NaCl addition led to the
maximum DH values (DH,,,,). After six hours, in sardine
they reached (20.4+0.6) % with Protamex (similar to the
one previously published (14)) and (29.2+0.8) % with Pro-
tex 51FF, while in anchovy, (28.2+0.1) and (32.8+0.6) % were
obtained, respectively. With 10 % of NaCl, the DH values
observed after six hours were reduced by about 7 % (sar-
dine with Protex 51FP) to 13 % (anchovy with Protex 51FP),
compared to DH,,.. With 20 % of salt in the media, these
values decreased by 13 % (with both enzymes in ancho-
vy) to 23 % (with both enzymes in sardine), and with 30 %
NaCl, these reductions were about 33 %, except with Pro-
tamex in sardine (42 %). Nevertheless, even with these
variations, it has to be noticed that whatever the condi-
tions (fish species or NaCl content), the DH obtained after
six hours of reaction was always higher with Protex 51FP
compared to Protamex (p<0.05).

Regarding autolysis, despite the lack of salt, the ob-
served DH was always below the one obtained when Pro-
tamex or Protex 51FP were added. After six hours, the
maximal DH obtained with sardine of (8.5+0.5) % and an-
chovy of (9.8+0.7) % was much lower than the one calcu-
lated when exogenous enzymes were added, even under
high saline conditions (15).

Conclusion

This study confirms that the addition of commercial
proteases may significantly contribute to the liquefaction
of fish even under highly saline conditions by comparison
to classical autolysis. Indeed, after six hours of experi-
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ments using exogenous enzymes, from 17 to 44 % of the
initial organic material were recovered in the soluble
phase. However, the increase of the salt content negative-
ly affected liquefaction, due to the competition between
NaCl and proteins/peptides in the soluble phase and to
the reduction of the enzymatic activity. Nevertheless, even
in highly saline environment and at low temperature (30
°C), the two enzymes tested in this study were still active
after six hours, as illustrated by the continuous increase
of the DH.

The addition of commercial proteases now has to be
confirmed in the complete fish sauce production proce-
dure (liquefaction and fermentation steps) by comparing
the yield of liquefaction, sensory properties of the prod-
ucts and the overall process time length with those of the
traditional process.
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