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Effects of pH, temperature, and time of incubation on
intensity of autoproteolysis in blue whiting, Micromesistius
poutassou, meat were studied. The autoproteolysis rate was
assessed from the release of amino nitrogen, nonprotein
nitrogen, and peptides.

INTRODUCTION

The worldwide protein deficiency, search for protein reserves as well as a growing crisis
in raw materials supply for the fishing industry have made it imperative to utilise the
accessible food resources as much as possible. It was for this reason that a growing
interest in blue whiting has in recent years been evident in our fisheries. Until recently,
the species had benn treated as a by-catch due to its small size and doubtful consumptive
utility. The wide distribution of the species in the North-East and South Atlantic and its
large concentrations point out to considerable potential in terms of catches (Salmono-
wicz, 1978). In this context studies on biology, stock assessment and technological utility
are under way.
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Table 1
Basic chemical composition of blue whiting meat
) dard iati

Component % content Standar SDevm’uon
. Protein 18.20 0.041

Fat ) 0.73 0.031

Water 80.30 0.197

Ash 1.04 0.067
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Fig. 1. Effect Qf blue whiting meat autoproteolysis pH at 40°C on release of amino N and non-protein N
(A) and peptides (B). 1 = increase in amino N; 2 = increase in non-protein N.
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Fig. 2. Effect of blue whiting meat aixtoproteolysis temperature at pH 4.2 on release of amino N,
' non-protein N, and peptides
For explanations see Fig. 1
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The present work was aimed at determining optimal conditions for blue whiting meat
autoproteolysis with a particular reference to pH, temperature, and time of heating.
Knowledge on endogenous proteolytic activity towards the native proteins under
different pH and temperature is necessary both for preservation and processing of fish.

METHODS AND EXPERIMENTAL MATERIALS

Materials

Matgrials to be studied comprised carcasses of blue whiting Micromesistius poutassou
(Risso) caught by MT “Rekin” in June 1978 from the North-East Atlantic and stored
frozen for 5 months at —25°C. Each time an 0.5—1 kg sample was taken and left for
14 hours at 0—4°C for thawing. The fish meat after filleting was ground in a meat grinder.
A thoroughly mixed ground meat was used in assays.

Methods

In order to assess the autoproteolysis rate, 10' g samples of ground meat(in three
‘replicates each for every temperature, pH, and time value chosen), previously adjusted to
a definite pH by means of 0.025—0.25 N HCI and 0.025—0.25 N NaOH were incubated.
Hydrolysis was terminated after a predetermined time by adding enough trichloroacetic
acid (TCA) to obtain the final concentration of 5%. The sample was then mixed and left
for 30 minutes at room temperature, after which non-hydrolysed solids were separated
and contents of amino and non-protein N as well as peptides determined in hydrolysates.
At the same time control samples (autoproteolysis at time O) were prepared. The
autoproteolysis rate was expressed as the amounts of amino N, non-protein N, and
peptides released per 100 g raw protein. Effects of pH and temperature were studied after
2-hr heating, while effects of time were assessed at optimum pH (4.2) and temperature
(50°C).

Contents of amino N, non-protein N, and peptides were determined using the
techniques of Pope and Stevens (1939), Kjeldahl (Krauze et al.,1962), and burette
technique (Mejbaum-Katzenellenwogen and Mochnacka, 1968), respectively. The basic
chemical composition of the blue whiting meat was determined by means of commonly
used analytical techniques (Krauze et al., 1962).

DISCUSSION OF RESULTS

The basic chemical composition of the blue whiting meat used in the assays is
presented in Table 1.

When the effect of pH on autoproteolysis was studied in terms of the amino N,
non-protein N, and peptides release (Fig.1), a single peak at pH of about 4.2 was
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revealed. The curves depicting the dynamics of the release of amino N, non-protein N,
and peptides are similar. From the pH values of 3.4—4.2 on, a slow increase in each nitro
gen fraction is observed, the non-protein N increase being somewhat more rapid. Owing
to a gradual reduction in the activity of proteolytic enzymes, changes in pH from the
optimum to alkaline brought aobut a decrease in the release of all the nitrogen fractions
studied, particularly with respect to amino N. At pH 4.6 about 50% of amino N, 61% of
peptides, and 72% of non protein N were released compared to their amounts at the
optimal pH, the respective percentage release at pH 5.5 being 18, 24, and 24% for each
nitrogen fraction studied. The autoproteolysis proceeded particularly slowly at pH 7.4,
The analysis of nitrogen fractions release shows that — similarly to the case with sardine
(Fik and Valencia Mecola, 1981) — the optimal activity of the blue whiting muscle
proteinases is confined to a narrow pH range, the optimum values being almost identical
for the two species.

Effects of temperature on protein hydrolysis was assessed at a pH close to the
optimum. The results are preseated in Fig. 2. The maximum activity of muscle
proteolytic enzymes was recorded at about 50°C. Within the temperature range of
20—45°C an almost linear increase in the nitrogen fractions took place, the increase being
rather slow in amine N and rapid in peptides. The dynamics of non-protein N release
appeared differently. Within 20—30°C a slight increase was observed, followed by at first
large increments up to 40°C, to be then reduced all the way up to 50°C. A temperature
rise from 50 to 60°C brought about a rapid decrease in the autoproteolysis rate resulting
most probably from a partial denaturation of enzyme proteins. Thus at 60°C 31, 72, and
76% of amino N, non-protein N, and peptides were released, respectively, c‘ompared to
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Fig. 3. Effect of blue whiting meat autoproteolysis time under optimum conditions (pH 4.2; 50°C) on
release of amino N, non-protein N, and peptides
For explanations see Fig. 1
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the percentages at 50°C, while at 70°C the respective percentages were 18, 62, and 69%.
These data point out to a narrow temperature range in which the muscle enzymes will
exhibit their highest proteolytic activity. The highest peptides content at 55°C and their
considerable release within 55—70°C may have resulted from a weaker denaturation
effect of higher temperatures on endoproteinases compared to exoproteinases contained
in the blue whiting meat.

When studying the autoproteolysis rate as affected by the duration of heating
(1—24 hours), three clearly marked stages of increase in the contents of low-molecular
nitrogen compounds soluble in TCA were observed (Fig. 3). During the initial 6 hours of
hydrolysis (stage 1) large increases in amino N, non-protein N, and peptides were
recorded; then, within 6—12hours for amino N and peptides and 6—18 hours for
non-protein N (stage 2), gradual increases could be seen, and — at stage 3 — a return to
large increases in the fractions discussed was recorded. The accumulation of peptides over
18—24 hours of proteolysis showed, a certain tendency of approaching the state of
equilibrium. Autoproteolysis carried out under optimal conditions resulted in an increase
of non-protein N accumulation being 5—7 times that of amino N, which could have a
bearing on yields of each fraction obtained from the same substrate.

When the autoproteolysis in blue whiting was compared to that in sardine (Fik and
Valencia Mecola, 1981), the first was shown to release much less amino N and almost the
same amount of non-protein N as the other. Thus the activity of the blue whiting meat
endogenous proteolytic enzymes towards the native proteins cannot be regarded as high.
A possible utilisation of the raw material under study in the production of hydrolysates
and protein concentrates assisted by an enzymatic technique will call for an accelerated
proteolysis effected by an addition of proteolytic-enzymes or other substances of a high
enzymatic activity (Fik. 1979).
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WPLYW pH, TEMPERATURY I CZASU OGRZEWANIA
NA SZYBKOSC AUTOPROTEOLIZY MIESA BEEKITKA

Streszczenie

Przebadano wpityw pH, temperatury i czasu inkubacii na szybko§é hydrolizy biatek migsa
btekitka, Intensywno$é autoproteolizy oceniano na podstawie przyrostéw azotu aminowego, azotu
niebiatkowego i peptydéw na 100 g biatka surowego.

Maksymalna aktywno$¢ enzymoéw proteolitycznych tkanki mie$niowej blgkitka stwierdzono w pH
ok, 4,2 i temp. ok. 50°C. Badajac szybkosé autoproteolizy w czasie 1—24 godzin wykazano wyragny
3-etapowy charakter .przyrostow mskoczqsteczkowych substancji azotowych rozpuszcza.lnych w
kwasie tréjchlorooctowym. Proces proteolizy w warunkach optymalnych (w pH 4,2 i temp. 50° C)
powodowat 5—7-krotnie szybsze narastanie azotu niebiatkowego niz aminowego, co moze wptywad
na wydajnoéé réznych frakcji uzyskanych z tego surowca. Stwierdzono stosunkowo niska aktywnosé
enzyméw proteolitycznych badanego surowca wzgledem wtasnych biatek. W zwiazku z tym
zastosowanie migsa blekitka do ewentualnej produkcji hydrolizatéw i koncentratéw biatkowych
metoda enzymatyczng wymagac bedzie dodatku preparatéw enzymatycznych dla szybszej hydro-
lizy.

BIMAHUE pH, TEMIIEPATYPH ¥ BPEMEHK ITIOJJOT'PE BAHA CKOPOCTb
ABTOIIPOTEOJM3A MSACA II¥TACCY

Peswowme

Hecrenopany BauaAHHe xpH, TeMmepaTyDH M BDEMEHM MHKYGallud Ha CKODOCTB
rugponnsa GeJKOB MAca NyTaccy, MHTEHCHBHOCTHL aBTONPOTEOJH3a ONEHMBANH  Ha
OCHOBaHHMH NPHPOCTa aMHHOBOTO a30Ta, HeGEJKOBOro asora M mnemnTigos Ha 100rp
6eJIKOBOT'O CHPbA.

MakcuMajibHasd aKTHBHOCTH SH3MMOB NPOTEOJHTHUECKOH MHUEYHOH TKaHM myTaccy
6uya o6GHapyxeHa mpH PpH ows 4,2 M TeMn. OK, 50°¢. Hccaenys CKOPOCTH aB-
TONPOTEOAHM3a B TeueHHe 1=24 yacoB JOKas3aj¥ OTUETJMBHH TpeXdSTamHu#k Xapak-
Tep NPHPOCTa HH3KOMOJEKYJISAPHHX a30THHX BeMeCTB DacTBOPAMHUXCA B TPHXJIOPO=
YKCYcHo#t kucioTe, Ilpollecc mpoTeoaMsa B ONTHMANBHHX ycaoBuax (mpu PH 4,2 u
TEMII, 50°C) BH3HBaI 5=7 KDaTHOe BO3PacTaHHe CKOPOCTH NPHPOCTa HeGEeJKOBOTO
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asoTa, ueM aMHHOBOTO a30Ta, YTO MOXEeT BIMATL Ha DE3YJAbTATUBHOCTE pasine-
HHX (paKiu¥ NOJYYEHHHX H3 3TOro CHPbA, OGHADYRHUIM OTHOCHTEJIBHO HH3KYD aK—
TUBHOCTH HPOTEONUTHUECKHUX SH3UMOB HCCJIEAYEMOrO CHPbA B OTHOWEHHMH COGCTBEH-
HHX GeJKOB.

B cBS3M C 9THM NPHMEHEHHE M#ca NyTaccy XJfL NpezZuoJaraeMoil mpoZyKUuM Ged-—
KOBHX THADOJHU3ATOB M KOHIEHTDATOB DJH3MMATHUECKHMM METOJOM BH30BET Heol-
XOZMMOCT: KOOaBJEHWs OH3MMATHIECKHX NOpenaparoB Zjad 6ojee OHCTPOTO THEPO-—
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