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Intensity of autoproteolysis in Antarctic krill (Euphausia
superba) in the presence of some antiseptics was studied. The
rate of autoproteolysis was assessed from release of amino
and non-protein nitrogen in 100 g raw protein.

INTRODUCTION

In the recent years there have been many attempts to find appropriate methods of
preserving and processing Antarctic krill as a source of protein for consumption. Owing to
the high activity of its proteolytic enzymes, (Fik, 1977, 1979; Galas et al., 1970; Kubota
and Sakai, 1978; Matumoto et al., 1978; Seki et al., 1977), krill can be utilised in
production of protein concentrates for animal feeds and human consumption by means
of enzymatic processing (Kolakowski et al., 1979; Fik et al.,, 1980). Enzymatic
hydrolysis is often carried out in the presence of substances inhibiting growth of bacterial
microflora. Introduction of such substances to the hydrolysed materials results most
often in an altered proteolysis intensity. The present work was therefore aimed at
assessing the influence of some antiseptics (ethanel, chloroform, NaCl, toluene) on krill
proteolysis rate.
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METHODS AND EXPERIMENTAL MATERIALS
MATERIALS

Antarctic krill (Euphausia superba Dana) caught in March 1978 by RV “Profesor
Bogucki” was used in assays. The frozen and packed raw material was initially stored in
the vessel holds at about —30°C and then, after delivery to Szczecin, in a freezer at
—25°C. The assays were commenced after a 9-month frozen stdrage. Each time a
250—500 g krill sample was taken and ground when frozen in a meat grinder. The mince
obtained was thoroughly mixed, thawed, and sub-sampled for autoproteolysis rate and
chemical composition assays.

In order to determine the influence of antiseptics on the rate of autoproteolysis, three
replicates of 10 g ground krill and 10 cm® distilled water each were placed in conical
flasks with or without a suitable amount of an antiseptic. The antiseptics were added in
amounts making up 5, 10, and 20% of the hydrolysate. The whole content of a flask was
thoroughly mixed; tightly stoppered flasks were placed in a incubator at 50°C for a
strictly determined heating time (0, 1, 2, and 4 hours). Proteolysis was carried out at a
physiological pH value amounting to 7.2. After the hydrolysis was over, 10 cm?® of 10%
trichloroacetic acid (TCA) were added to each flask; their contents thoroughly mixed, the
flasks were left for 30 minutes at room temperature in order to precipitate the proteins.
The samples were filtered on dry blotting paper filters; amino and non-protein nitrogen
were determined in the filtrates. The autoproteolysis rate was assessed from release of
amino and non-prctein N per 100 g raw protein.

Amino N was determined with the method of Pope and Stevens (1939), while the
Kjeldahl method was used for non-protein N determinations (Krauze et al., 1962). The
basic chemical composition of the materials used in the assays was determined with
commonly applied analytical techniques (Krauze et al., 1962).

DISCUSSION OF RESULTS

The chemical composition of the krill analysed is presented in Table 1. The materials
were found to differ slightly in their composition from the batch of krill delivered by the
First Polish Antarctic Expedition (Fik, 1979). The present materials contained less fat and
water, while showing a higher (by 2%) content of protein,

The results obtained in the present work demonstrate unequivocally that krill without
any antiseptic added had the highest autoproteolysis rate. The 5 and 10% additions of
NaCl resulted in a slightly increased activity of the proteolytic enzymes at the beginning
of hydrolysis (1 hour) as evidenced mainly by the release of amino N. After a longer time
of hydrolysis, however, the salt concentrations mentioned resulted in a lowered
proteinases activity.

Ethanol was found to inhibit the krill proteolysis most (Fig.1). The increased
percentage of this antiseptic in the hydrolysed samples brought about a stronger decrease

in the release of amino and non-protein N, The addition of 5, 10, 15, and 20% (w/v) of
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Chemical composition of krill used in assay's

Table 1

Standard
Component Percentage deviation
s
Protein 15.87 0.03
Water 717.21 0.08
Fat 3.53 0.02
Ash 3.39 0.03

ethanol to the ground krill resulted in the release, after 1 hour, of about 63, 49, 45, and
45% of amino N and about 60, 47, 43, and 36% of non-protein N, respectively, compared
to the amounts released during autoproteolysis without any antiseptic (control sample).
After 2 hours of hydrolysis the respective percentages were 77,69,56, and 49% for
amino N and 78, 71, 61, and 55% for non-protein N, while after 4 hours the respective
percentages amounied to 74, 63, 53, and 44% of amino N and 60, 58, 51, and 45% of
nonprotein N,

20% ethanol was found to affect the proteolysis intensity in a particularly strong
manner,

Chloroform was found to suppress the krill proteolysis intensity more than did NaCl
and toluene but less than NaCl and ethanol. Addition of 5 and 10% of chleroform, while
causing no reduction in release of amino N after 1 hour compared to the control, did
reduce non-protein N release very considerably (Fig. 2). It was presumably an effect of
differential influences of the antiseptics in question on activities of various proteolytic
enzymes comprising the krill endogenous proteinase complex. However, after a prolonged
enzymatic hydrolysis of krill proteins (2 and 4hours) in the presence of the
above-mentioned concentrations of the antiseptics, a considerable reduction in the release
of low-molecule nitrogen compounds took place. After 2 hours of hydrolysis, the release
of aminc N dropped to 25—35% depending on a ¢hloroform concentration, and to
31-47% after 4 hours, compared to the release in the controis. The reduction in
non-protein N releasc under the same conditions was 17—31% and 42—56%, respectively.

Owing to its insignificant influence on activity of some enzymes, toluene is an
antiseptic commonly used in biochemical assays. In the present work the antiseptic was
found to exert a weaker effect en krill proteolysis rate than did ethanol.and chloroform
(except from the proteciysis during the first hour), and a stronger one than NaCl (Fig. 3).
The inhibiting ‘action of toluene depended, to a certain degree, on its concentration in a
sample under test, as was the case with other antiseptics, too. The duration of enzymatic
hydrolysis was also relevant. Toluene may be used as antiseptic in krill autoproteolysis at
concentrations up to 15%.

Of the antiseptics tested, the slightest changes in the autoproteolysis rate resulted from
the addition of NaCl (Fig. 4). As mentioned above, in the initial stage of hydrolysis the
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Fig. 1. Release of amino N and non-protein N during krill autoproteolysis with ethanol.
A = control (no antiseptic); B, C, D, E = assays with 5, 10, 15, and 20% of antiseptic, respectively
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Fig. 2. Release of amino N and non-protein N during krill autoproteolysis with chloroform.
For explanations see Fig. 1



109

Krill autoproteolysis
ANONPROTEIN N

MRRNRNNN
T
&\ §

AAMINO N

Fig. 3. Release of amino N and non-protein N during krill autoproteolysis with toluene,

For explanations see Fig, 1.
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~ Fig. 4. Release of amino N and non-protein N during krill autoproteolysis with NaClL

For explanations see Fig. 1
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antiseptic tended even to accelerate the action of krill proteolytic enzymes. After 2 hours
of autoproteolysis, the NaCl solutions used were found to decrease the amino N release
by 25 to 40% and the release of non-protein N decreased by 7 to 33%; after 4 hours
under the same conditions of hydrolysis, the respective release values dropped by
11--32% and 15—36%.

To sum up, all the antiseptics tested were found to reduce the krill autoproteolysis
rate. With respect to this inhibiting action towards krill endogenous proteclytic enzymes,
the compounds tested can be arranged in a following order: ethanol>chloroform>tolue-
ne> NaCl. The latter and toluene can be regarded as the antiseptics most suitable for an
industrial krill proteolysis owing to their relatively weak effects on enzymes. Ethanol and
chloroform, while considerably reducing the proteolysis rate, will extend the duration of
protein hydrolysis. However, for a very short time of hydrolysis, also chloroform and
ethanol can be used as antiseptics, the former being particularly applicable for
hydrolysates and feed concentrates. Ethanol, owing to its enzyme-inhibiting properties,
was used to preserve krill by the Japanese {Uchi, 1978). Moreover, further studies on
effects of other antiseptic substances on krill proteolytic enzyme activities seem
purposeful in order to assess a possibility of their application in proteolysis and/or
preservation of krill,

CONCLUSIONS

1. The maximum autoproteolysis rate was recorded in krill without any antiseptic added.
Antiseptics reduce the protein hydrolysis intensity, their inhibiting influence
increasing with their growing concentration. Ethanol inhibits the proteolytic enzymes
activity to the highest degree. :

2. NaCl and toluene, owing to their relatively weak effects on krill proteinases activity,
can be applied as antiseptics in industrial krill proteolysis.

REFERENCES

Fik M., 1977: Badanie aktywnosci, izolowanie i oczy szczanie enzyméw proteolity czny ch kryla, W: Opra-
cowanie technologii wykorzystania na cele spozywcze kryla i p6tfabrykatéw z niege uzy skiwanych
ze szczegdlnym uwzglednieniem Zywnosci teksturowanej. Instytut Technologii Zywnosci Pocho-
dzenia Morskiego Akademii Rolniczej w Szczecinie, [Studies on activity, separation, and
purification of krill protelytic enzymes. In: Technology of utilization of krill and its
half-products for consumption with a particular reference to textured foods.- Institute of
Marine Food Technology, Academy of Agriculture in Szczecin].

Fik M., 1979: Dynamika enzymatycznej hydrolizy biatek niektérych surowcéw pochodzenia
morskiego, Rozprawa habilitacyjna. Academia Rolnicza w Szczecinie, Szczecin 1979, [Dy-
namics of enzymatic hydrolysis of protein in some raw materials of marine origin. Dissertation,
Academy of Agriculture, Szczecin 1979,



Krill autoproteolysis 111

Fik M., Gajowiecki L., Kotakowski E., 1980: Spos6b wytwarzania koagulatu. biatkowego z kryla
(Euphausia superba), Patent PRL Nr 112315 z dnia 22.04.1980 [A technique for protein
coagulate production from krill (Euphausia superba). Polish Patent No 112315,
22 April, 1980}

Galas E., Turkiewicz M., Katuzewska M., Antczak T., Bratkowska H., Kedziora B., 1979: Wstepne
badania uk tadu enzymatycznego kryla. W: Kryl antarktyczny. Przetwérstwo i wykorzystanie.
[Preliminary studies on krill enzymatic system. In: Antarctic krill. Processing und Utilization].
Studia i Materiaty MIR, ser. S, 1(1):336.

Kotakowski E., Fik M., Gajowiecki L., 1979: Sposéb wytwarzania koncentratu biatkowego z kryla.
Patent PRL Nr 109819 z dnia 5.12.1979. [Technique for protein concentrate production from
krill, Polish Patent No 109819,5 Dec., 1979}

Krauze'S., Bozyk Z., Piekarski L., 1962: Podrecznik laboratoryjny analityka Zywnosciowego. PZWL
Warszawa, [Laboratory manual of food analyst .

Kubota M., Sakai K., 1978: Autolysis of antarctic krill protein and its inactivation by combined
effects of temperature and pH.- Trans. Tokyo Univ. Fish. 2:53.

Matumoto K., Chokki S., Hamakura D., Maekawa A., Suzuki T., 1978: Euphausia superba as a new
food source. III. Activities of protease, tyrosinase and myosin ATPase in Euphausia superba,
Eiyo To Shokuryo 31, 2:129, In’ Chemical Abstracts 89:334, 176662u, 1978.

Pope C.G., Stevens M.F., 1939: Determination of amino nitrogen using a copper method.- Biochem, J.
33:1970.

Seki N., Sakaya H., Onozawa T., 1977: Studies on proteases from Antarctic krill.- Bull. Japan. Soc.
Sci. Fish. 43,8:955.

Uchi O., 1978: Krill preservation, Japan, Kokai 78, 96, 353 (Cl. A23L1(325), 23 Aug. 1978. In:
Chemical Abstracts 89:471,213866m, 1978.

Uchi 0., 1978: Preservation of krill with ethanol. Japan. Kokai 78, 96, 354 (Cl. A23L1(325),
23 Aug. 1978. In: Chemical Abstracts 89:471, 213867n, 1978).

Translated: Dr Teresa Radziejewska

M. Fik, S. Bartosiewicz

WPLYW NIEKTORYCH ANTYSEPTYKOW
NA SZYBKOSC AUTOPROTEOLIZY BIALEK KRYLA ANTARKTYCZNEGO

Streszczenie

Zbadano wptyw alkoholu etylowego, chloroformu, toluenu i NaCl na szybkos$¢ autoproteolizy
biatek kryla antarktycznego. O szybkosci hydrolizy sadzono na podstawie przyrostéw azotu
aminowego i niebiatkowego na 100 g biatka surowego po 1, 2 i 4 godzinach inkubacji w temp. 50°C i
pH 7,2.

Stwierdzono, ze najwyzsza szybkoscig autoproteolizy charakteryzowat sie kryl bez dodatku
antyseptykéw. Wszystkie badane antyseptyki wplywaty na zmniejszenie szybkosci autoproteolizy
tego surowca. Inhibicja proteinaz wzrastata w miare zwigkszania si¢ steZenia antyseptykéw. Pod
wzgledem dziatania inhibujacego mozna je uszeregowa¢ nastgpujgco: alkohol etylowy>chloroform>
toluen > NaCL Sélkuchenna i toluen, ze wzgledu na stosunkowo niewielki wpiyw na aktywnos$¢ pro-
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teinaz, moga byé stosowane w charakterze antyseptykow pizy proteolizie przemystowej surowca kry-
lowego. Natomiast zastosowanie jako antysepiykéw alkoholu etylowego i chloroformu powodowadé
bedzie wydluzenie czasu hydrolizy biatek.

M. $ux, C. Bapromesuy

BIMAHNE HEKOTOPHX AHTHCENTHKOB HA CKOPOCTH ABTONPOTEOJHM3A
BEJKOB AHTAPKTHYECKOI'O KPWJS

Pe3swue

HecnexoBanu BIMAHHE STHAOBOrO COMpPTa, XJAopodopMa, ToyjdeHa u coxd (NaCl)
Ha CKOPOCTh aBTONIPOTEOAH3a OEJKOB aHTapKTHYECKOTro Kpuld, CKOPOCTL IHADPOIH-
3a ompefelANH Ha OCHOBAHHMHM NPHPOCTa AaMMHOBOIO M HeGeJkKoBOro asora Ha 100
rp cuporo Gejgka mocie 1, 2 M 4-X vacoBo# HHKyGauuu npa TeMmepaTtype 50°¢
u pH 7,2,

OGHapy=®uiH, uT0 HuMGoabNyl CKOPOCTH SBTONPOTEOJU3a HMed KPHXb 6e3 JoGab-
JEeHUA AHTHCENTHYECKHX CPEICTB, Bce HCCaeLyeMHe 2aHTHCENTHKH BJIHAJIH Ha Y-
MeHbIEHHE CKOPOCTH aBTONPOTEOJH3a BHTOr0 CHPbA., MHru6Gunud NpoTEeHHas3s BO3~
pacrara mo Mepe YBEJHYEHHA NO3 aHTHCENTHKOB. [IpHHMMad BO BHUMaHHE HEMH-
6upupybmue cepoficTBa, MOXHO HMX DacHOJOXHTbL B CleZylmeM HOPAXKe: 8 THJIO BH#
aJKOroab, XJopodopM, TOYyJIeH, NaCl, IllopapeHHas CoJb H TOYJNEH B CBSA3H c
OTHOCHTEJbHO HeOOJbNMM BJAHAHHEM Ha aKTHBHOCTb NPOTEHHa3 MOTYT NDHMEHATCA B
XapakTepe QHTHCENTHKOB IIPH 3aBOJCKOM NDOTEOAHN3e KPHUILEBOI'O CHPbH.

llpuMeHeHHe Xe B XapaKTepe AHTHCENTHKOB 3THJIOBOrO aJKOroJdd H  xaopofopma
YELAUHHAET BpPeMA THIPoJH3a GEeJKOB.
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