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Avdantuén katdAAning texvoloyiag
yia v Kkovoepfonoinon Kanviet@v
pudiov mng Meooyeiou (Mytilus gal-

loprovincialis) o 6ditoa viopdrag

A. KupiaCh-TTanaSonovdou', K. BapedtCrig™

INEPIAHWH. AvarmdyOnke ka1 pedetiOnke n napakdrw texvo-
Joyia kovoepPonoinong kanviotdv pubiv Meooyeiou (Mytilus
galloprovin-cialis): M661a, ané puSoxadhépyeia tng Avarohikiig
Oaddootag nepioyiig tou Oeppaikoy kéAmou, miévoviav pe néotpo
vepd, kaBapifovtav ané 1o fvooo, ayvifoviav pe atpé otoug 80°C
yia 10 demd kar anopakpyvoveav wa keddepn. H odpka twv pudiov
tonofetovviav oe dipn pe 4% yAwpirotyo vatpio yia 15 Aemd oe
avadoyia puSidv/dipng 1:2, apuSatwvétav otoug 60°-65°C yia
13’ demtd ka1 kanviGérav otoug 65°-80°C yia 177 Aemrtd pe kanvéd
nou napayérav ané atedi kavon okinpav EGAwv oe pedpa aépa.
Ta kanviopéva pidia tonobetotviav oe kovoépPeg Aeukooibripou pe
odhtoa viopduag, ot avadoyia 32% pidia ka1 60% oditoa. Metd
10 K)Aeioipo twv KovoepPov ta pidia anoctelpdvoviay otoug
110°Cy1a 21" hemtd dote va e§aopahiodei uph Fo=4,1 Aemd. Ako-
JouBovoe tayeia yiEn v kovoepPdv pe kpto vepd ka1 Satipnon
1oug ot ouvliikeg nepifdrdoviog. Ta anoteléopara 6e1§av 6u n
Oeppuxii enefepyaoia nou epappéodnke e§aopdhle w pikpoPio-
Joyikn otaBepbnta 1wv kovoepPdv Abyw tng napouvoiag twv ou-
OTAUKAV TOU Kamvoy apoy Sev SiamotdOnke S16ykwon kovoep-
Bdv 1600 kard m Soxipacuxh endaot woug otoug 37°C yia 7 npé-
peg 600 ka1 katd tn Siatdpnon toug oe ouvlrikeg nepiPdrdoviog
yia 15 priveg. Ta anoteléopata g opyavoinirukiig a§loéynong
v KovoepPonompévev pudiov ésafav éu n oddtoa Siatdpnoe
1 yapaktnpioukd me avadroiwta yia 15 piveg. Endong n tpuge-
pémnta v pudidv ka1 n ohixn Toug anoSoyh Sratnprifnkav oe a-
vektd enfnieba péyp1 1o 150 piva ouvidpnong. Opwg ta pidia na-
pouociacav Kokk®&n ue1 katd tn pdonon petd to 130 phva ou-
vuipnong. Katd ouvéneia pe v texvodoyia nov avartdxdnke ta
kanviotd kovoepPonoinpéva pidia pnopotvv va SiatnpnBoiv oe
ouvrikeg nepifddioviog yia 13 priveg,

Aé&e1g evpempiaong: Kanviotd pidia, Mytilus galloprovincialis,
KovoepPomnoinon pubicv.

Epevvntixn epyacia

Original article

Development of suitable techno-
logy for the canning of smoked
Mediterranean mussels (Mytilus
galloprovincialis) in tomato sauce

Kyriazi-Papadopoulou A.", Vareltzis K.*'

ABSTRACT. The following procedure for the canning of smoked
Mediterranean mussels (Mytilus galloprovincialis) was developed
and studied. Mussels from the mussel culture of the East Cost of
Thermaikos Bay were washed in running water and steamed at 80°C
for 10 min, in order to remove or open the shells. The mussel meat
was salted in brine with 4% sodium chloride for 15 min, in a mussel
/brine ratio 1:2, dried at 60-65°C for 13 min and smoked at 65-
80°C for 17 min. The smoked mussel meat was placed in cans and
filled with tomato sauce, in a ratio 32% mussel to 60% sauce. After
the sealing cans were sterilized at 110°C for 21 min, to insure Fo
value=4,1 min. Chilling with cold water and storage in environ-
mental conditions followed. The results demonstrated that the
thermal processing safeguarded the microbiological stability of the
canned mussels, due to the smoke components, since no swelling of
cans was observed after incubation at 37°C for 7 days and during
storage at ambient conditions for 15 months. The results of the
sensory evaluation showed that the sauce was preserved without
deterioration for 15 months. Also, the mussels’ tenderness and their
total acceptability lasted for 15 months . But the mussels displayed a
grainy texture on chewing after 13 months preservation. Therefore,
the procedure, which was developed for the canning of smoked
mussels meat in tomato sauce, can provide an acceptable product for
13 months.

Key words: Smoked mussels, Mytilus galloprovinciallis, Canning
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EIXATQI'H

Ta pidia, 1600 wg VTd 600 1oL OS UETATOLNUEVAL, O
totehovv Eva Bpemtind todgLpo. H odora toug mepLéyel
TEWTEVES VYNMIS Proloyirng a&log no wreés moodmreg
MITA@V OVoUHY Pe VYNAG T0000TS 08 TOAMORGEETTA AL-
0d 0E€a pe dvom and 20 dropo C (Miletic et al. 1991),
ModLahuTég not VOUTOdLHAVTES Prrapives val TAG00G -
yvoortovyeimv (Tlarwavaotaaiov 1988), uetaEt tov omoimv
pwtetovoa BEon €xet o otdnpog (Holland et al. 1993). H
OLYREVTOMON TG XOMOTEQSANG OTH OAQUA TMV UUOLEY €l
vou uredTteEn art’ 6,tL og dhha ToSpLue: Cwrnig TEoghen-
ong (Connor »ou Lin 1982, King et al. 1990, Holland et al.
1994).

Katd mv televtaia Setio and g pudoxarMépyetec
tov Nopot O@ecoalovinng dwoxviibnray sepimov 100.000
TévoL uidLaL ot to 0moia To ueyoliteo toooots (90%)
duatédnue oy lomavia zow Itaklio. Ta pidia ovtd duarté-
Bnrav ot Evpwmaixég ywoe Covravd pe ta vehign. Zto
€0MTEQIXO TNE XDOAS daTiBevTaL ®VEIME OTTOREAVPMOUE-
VoL L KO CUOREVOOUEVAL OE TTAALOTIXOVG TTEQLERTES UE
TGOLUO VEQD, 08 OCVOREVAOLES TOV OOV 1] Vg ®nihov. H
dudprera ouvtienong we Yikn otovg 3-4° C twv amoxehv-
POUEVOV pududv, ovpgava pe tovg Kaotavidov-Maovou-
oov xou ovv. (1982) mepropiletar otg 4 nuépeg. Ou
Vasakou et al. (2002) avagépouv 6TL 1 ouvtonon pe Yo-
En tov amore \ugmUEVHV tudLiv CUOREVAOUEVV OF TTACL-
ot} 0oxoUAaL Le VEQS avEQYETAL OF 5-6 NUEQES EVE UE TNV
pootixn 0,35% copPurod naiiov cvEdveton oe 8 NuépeC.

H »ovoepfomoinon eSarorovBel va elvar uio uébodog
CUVTHONONS TV OMEVUATWV GTTMS %Al YLow GA Tar Al
TégLua. Ztnv EAAGda vovaepfomoinon twv pududv dev
€xEL TOUYUATOTTOOET %O ELOHOTEQO RATVIOTAV O OGA-
toa vropdtog. Emiong puetd and €pgvva otny ayoed g
Bcooarovinng dev poénrav apduola TEOTdvTa dAwv
XOEAV. YIAE)ouv uévo xovoepfomotnuéva pidia tov gi-
dovg Mytilus edulis mpoghevioews Zovndiag o€ yudivoug
%O AEVROOLONEOVE TTEQLERTEC, T, OTTOTAL EIVOLL AYVLOTA %L
EYRVTLOUEVOL UE TO (PUOLHO YUUO TOVC.

H gpyaoio aut €xeL mg avurelievo Ty oavamtugn za-
TAMNANG TEXVOLOYIOS Yo TV OVOEQPOTOMON RATVLOTAOV
pwdLadv ™me Meooyeiov (Mytilus galloprovincialis) o 0d\-
TOO VIOUATOC (e OrOTS TNV naAiteon aEomoinom tmv pu-
SV o€ TEQLOdOVS UeYAANG TAQAYWYNS ®aL AdVVAUIG
dLa0eaT|c TOUG 0TV AYOQA MG VOTTEIV.

YAIKA KAI MEGOAOI

Kdmvion xa zovoegPomoinon pudiov

Ta uidier ouAAEXONraY amd pudorarhépyeita ms Ava-
Tolnrtic Bahdooiag eLoync Tov Oepuaizol ®xSATov, 1) -
Tolo VUMV LE TOUS GROUS RO TLS TEOUTOOETELS TV O-
My 91/492 won 91/493 EEC yapaxtnoiletor wg Lovn
A’. H petagod Toug 0To £QYAOTHOLO TQOYUATOTOW Onxe
puéoa oe 1 dpa og woobepund doyela e TAyorVOTELS.
“Eva uépog o’ avtd yipw ota 300g xonowwomoniOnuay
YL TLG oTapaitTes poratartrés eetdoeis. To Pdoog

INTRODUCTION

Mussels, fresh or processed, constitute a nutritious
food. Their meat contains proteins with a high biological
value and a small amount of fatty substances with a high
content of polyunsaturated fatty acids with more than 20 C
atoms (Miletic et al. 1991), as well as fatty soluble and wa-
ter-soluble vitamins and lots of microelements (Papanasta-
siou 1988) with iron foremost. (Holland et al. 1993). Mus-
sels are also considered as a low-fat and low cholesterol
food (Connor and Lin, 1982; King et al., 1990; Holland et
al., 1994).

During the last 5 years more than 100,000 tons of mus-
sels were produced in the mussel cultures of Thessaloniki
prefecture. Almost 90% of these were exported to Spain
and Italy alive and with their shells. In the Greek retail mar-
ket, mussels are distributed into plastic pouches of 500g or
1000g in drinking water. Mussel meat stored at refrigerating
temperature (3-4°C) has a shelf-life restricted to 4 days
(Kastanidou-Manousou et al. 1982). Vasakou et al. (2002)
reported that the shelf-life of shucked mussels under cold
storage, packaged into plastic pouches with water, was
about 5-6 days, but their shelf-life was extended to 8 days,
by using 0,35% potassium sorbate.

Canning continues to be one of the most important
methods of food preservation. In Greece, the canning of
mussels has not been accomplished yet and particularly the
canning of smoked mussels’ meat in tomato sauce. Also, in
market research in Thessaloniki, similar products from oth-
er countries have not been found. One can only find mus-
sels of the species Mytilus edulis from Sweden in glass or
cans, which are steamed and canned in their natural juice.

The objective of this research was the development of
the proper technology for the canning of smoked mussels
of Mytilus galloproincialis in tomato sauce for better utili-
sation of fresh mussels during periods of high production,
which are unable to be distributed to the market.

MATERIALS AND METHODS

Smoking and canning of the mussels’ meat

The mussels were harvested from approved fishing wa-
ters in an area of the East cost of Thessaloniki of the Ther-
maikos bay, which is an area A (Directive 91/492 and
91/493 EEC). The mussels were transported to the labora-
tory within an hour of harvesting in isotherm vessels with
ice packs. One part of these mussels, about 300g, was just
used for the necessary primary tests. The process of the
production appears in Figure 1.

Live mussels were washed in running water and the
byssus was removed. The mussels were steamed at 80°C for
10 min, so that the shells opened and their meat was re-
moved. In order to define suitable temperature/time con-
ditions for steaming, four combinations were studied
(Table 1). Then, the meat was salted in brine with 4% salt
for 15 min. In order to define the salting conditions, 10
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Zwvtovd pidia
Fresh (live) mussels

IM\Gowo pe téouo vepd
Washing in running water

Agaipeon fvooov
Removal of byssus
s
Ayvion otovg 80°C yia 10 Aemtd
Steaming at 80°C for 10 min

Amopdxouvon xeMiQpmv
Removing the shell
4
Aldmion o dhun 4% Yo 15 hemrd,
(Avaroyio pududv / dhung 1:2)
Salting in a brine with 4% salt for 15 min
(Mussels to brine ratio 1:2)

Aguddrwon otovg 60-80°C yua 13 hemrrd
Drying at 60-65°C for 13 mins
4,

Kdstvion otovg 65-80°C yua 17 hemrd
Smoking at 65-80°C for 17 min
s

TomoBEmon pudLdv otovg TEQLENTES
Placing of the mussels in cans
\!
ITpooBun adAtoag
Addition of sauce

4

Khelowwo tmv meglextav

Hermetic sealing of cans

Amootelpmon orovg 110° C gl 21 hemrd
(Fo = 4 hemtd)
Sterilization at 110° C for 21 min
(Fo =4 min)

4,

TayeioPign
Very quick cooling
s

Zvvtijonon oe Bepuoxpaoia dwpartiov
Preservation at room temperature

Awdyeappa 1. Zrtddia xovoepPomoinons Twy xamvioTdy uvdtdy.

Figure 1. Canning procedure of smoked mussels.

%d.0e mopTidas firav 40 Kg pidia ue néhugog. Xt ouvé-
yela axohovBotoe M mapaywywn dradwmacia, n omola
paivetor oto Avdryoapua 1.

Ta Covravd uidio Thidnray pe Téouo vepsd rat ard
T0 r00€va EexmpLotd agarpénre o fooog, EAroviag ra-
TAMNAQL UE T YEQL.

AxohovBotoe 1 dyvion Twv pudiudv otovg 80°C yua 10
Aemtd, wote v avolEovy ta rehign »al v’ agpaleedel 1
adona Tovg. o Tov #afooLous Tmv ovvOnrov g dyvi-

IMivaxag 1. ZvuvBnueg dyviong podidv.
Table 1. Conditions of the steaming of the mussels.

Aoxipy O¢gguoxgaocia °C Xoovog o€ LemTd
Treatment Temperature (°C) Time (min)
1 80 15
2 70-75 10
3 80-81 8
4 79-80 10

combinations of time/brine ingredients were studied
(Table 2).

The salted mussels were dried at 60-65°C for 13 min.
To define the conditions of drying and smoking, 8 combi-
nations of temperature/time were studied. (Table 3 and 4).
Smoking was done by exposing the mussel meat to smoke,
which was produced by the smouldering hard sawdust.
During smoking, the temperature of the mussel meat was
recorded by using a thermocouple (Ellab cmc 821, Den-
mark).

The preparation of the sauce

Next the sauce was prepared. It was consisted of peeled
tomatoes in concase cans into which black pepper, hot green
peppers, "feta" cheese, garlic, oregano, sunflower oil, soya
and mustard were added. After the preparation of the two
basic products (smoked mussels and sauce), the cans were
filled with 60% tomato sauce and 32% mussels and a vac-
uum of 8% was left (Georgakis 1986).

The sterilization of the cans was carried out in a labo-
ratory sterilizator. During the sterilization, automatic mon-
itoring of temperature occurred by placing the thermocou-
ple of the sterilizator in the coldest spot of the can (Table
5). At the end of the sterilization process, the cans were
quickly cooled with iced water.

After drying the cans, they remained under environ-
mental conditions for 15 months.

Control of sterilization

Directly after the canning, a number of cans were tak-
en and incubated at 37°C for 7 days and a similar number
at 55°C for 10 days. The aim of the incubation of the cans
was to control the right sterilization based on the destruc-
tion of mesophile sporogene bacteria.

Sensory evaluation

An experienced five-membered panel was used to e-
valuate the sensory attributes of the final product. The pan-
ellists were members laboratories of Food Hygiene and
Food Technology of Animal Origin of the Department of
Veterinary Medicine of Aristotle University of Thessa-
loniki. The selection of the panellists was based on their
previous experience in the sensory testing of foods. Prior
to the testing, the panel thoroughly discussed and clarified
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IMivaxrag 2. ZuvOnixes ahdTiong Twv pudidy.

Table 2. Conditions of the salting of the mussels.

Aovipy Xgovog Xvotatixd Avahoyio puowdv Treatment Time Ingredients Mussels
WE VEQD (min) water ratio

1 300 a) E6du=3% Bdgog /Gyxo 1 30" a) Vinegar=3% Wt/V

) NaCl=2,27% b) NaCl=2,27%

) Zanxaedtn = 16,36% 11 ¢) Sucrose = 16,36% 1:1
2 300 ) E6du=1,5% Bdgog/ Gyxo 2 30" a)Vinegar=1,5% Wt/V

B) Tahantind 0&6=1,5% b) Lacticacid=1,5% xa&

) Zanxaedtn = 16,36% ¢) Sucrose = 16,36%

8) NaCl=2,27% 1:1 d)NaCl=2,27% 1:1
3 300 a) E0du=3% Bdgog /Gyxo 3 30" a) Vinegar=3% Wt/V

) Aaxtévn Tov YAU#OVIXOU 11 b)Glucono-Delta-Lactone 0,25%  1:1

05£€06 0,25%. 4% 2" a)NaCl=4%
4% 2 a) NaCl=4% b) Brown sugar=16,36%

B) Zdxyaon rogpé=16,36% ¢) Vinegar=3% Wt/V 1:1

) E081=3% Pdpog / Gynog 1:1 5 2" NaCl=2% 1:1
5 2" NaCl=2% 1:1 6 15" NaCl=4,5% 132
6 15 NaCl=45% 12 7 15" NaCl=5% 12
7 15" NaCl=5% 1:2 8 30" NaCl=6% 1:2
8 30 NaCl=6% 1:2 9 15" NaCl=4% 1:2
9 15" NaCl=4% 1:2 10 20" NaCl=4% 1:2
10 200 NaCl=4% 1:2

* Ztn doruun} 4 To dtdhvpa eixe Bepuongaoia 4°C. X 6houg Toug dhhoug
ouvduaonovg Ta dtahipara elxov T BEQUORQACTN TOV XMHQOU TAQML-
oxrevrig (20-25°C).

ong uekemdnrav 4 cvvdvaopoi Bepuorpacioc-yodvou
(ITivarag 1). H odona oty ovvéyera totobettnre oe G-
un ue 4% yhworovyo vdtowo yia 15 hemrd. T tov naboot-
oud v ovvinrav ahdtiong puehemOnray 10 ovvdvaouol
yeovov-ovotatrdv dhung (Iivarag 2).

To ahatiouéva pidia agudatdvoviay otovg 60-65°C
yia 13 Aemttd pé€oa 0To ROTVIOTI|OLO RO RATVICOVTOV [UE
Beoun vdmvion otovg 65-80° C ya 17 Aemrtd. Tua tov vabo-
QLOUS TV CVLVONRAY AgpudGTOONS ROl RATVIONG LELETY-
Bnrav aviiotovya 8 ovvdvaouoi Bepuoxrpaciag xat G-
vou (ITivaxec 3 nan 4). H »dmvion ywvétav pe mv €xbeon
TOV WTOREMPOUEVOV PUOLDV O€ RATTVE TTOV TAQAYSTOV
a7td ™y atehn raion oxAneadv EGAwY tapovoio 0eBuoTog
€00 21 OLAQRELD THE RATIVLONG YWVOTOY ROTOYQOPY] THG
Bepuorpaciag ot odera TV uudidv pe ™ Poribeia Bep-
poortotyeiov timov Ellab cme 821 (Denmark).

Iogaoxev oditoag

31 ovvéyelo mopaorevaldtav N odhtoa. H pdon g
odAtoog rav 1 vioudto og ®ovogppa «Kovraoé» oty o-
stola TEOOTEOMraY xou avauelyOnray To cvoToTLrd wo-
00 TUTEQL, TEAOLVY ROVTEQN TUTEQLE, TVQL PETA, ORGEOO,
otlyavn, nAéhato, oéyLa ot povotdeda. Metd Ty oo~
oreV1] TV 80 Paordv TEOIGVIWY (ramTviotd pidLa no
OGATOQ) OL TEQLERTEC TTANEWON®RAY 08 T0000TS 60% U
odhtoa xow 32% pe podia, agrivovrog xevo 8% (I'ewyd-
%G 1986).

Aro0hoOn0e 1) aTo0TEIRMON TV ROVOEQPHYV OF €QYaL-
omotaxd amootelpwtioa (Sterilclav 75, R. ESPINAR).
2 SLAQRELD TS OTTOOTEIQWONG YLVOTOV CUTOUOTH HOTOL-

* In trial 4 the solution had a temperature of 4°C. In all of the other
combinations, the solutions had the temperature of the preparation
room (20-25°C).

Iivaxag 3. ZuvBnureg Exjpavong tov puduwv og oxEon Ue mv
V1 now T oVoTAOoN.

Table 3. Conditions of the drying of the mussels.

Aoxupry  Oggpoxgaoia (°C) Xedovog  Y¢n-Lvoraom

Treatment Temperature (°C) Time Texture-
consistency
1 40-60 20’ 2
2 50-60 10’ 2
3 60-70 15’ 4
4 60-65 15’ 4
5 60-70 15’ 3
6 60-65 24’ 3
7 60-65 20’ 32
8 60-65 13’ 5

each attribute to be evaluated. The valuation took place as
following:

- First the panellists evaluated the sauce and in partic-
ular:

a) The separation of the oil in the sauce

b) the composition of the sauce related to the density
and

¢) the flavour

- Then, the panellists evaluated the texture of the
smoked mussels in the sauce.

- Finally, they evaluated the overall acceptability of the
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Mivaxag 4. ZuvOireg ®ATVIONG TOV LUILDV OE OXEON UE TO 0QYAVOANTTIRA, Y UQARTNOLOTIHA TOV TEMHOY TQOIGVTOG.

Table 4. Conditions of the smoking of the mussels.

Aoxipun B¢opoxgacia’C  Xgovog “Evraon xamvov Ooun-yevon Yog1i- ovotaon Xoopna- engpdvion
Treatment Temperature®C Time Smoke intensity Odour and taste = Texture-consistency Colour - appearance
1 80-100 1 wpo/hour 7 1 2 1
2 85-105 30’ 7 1 1-2 1
3 80-95 45’ 7 1 1-2 1
4 78-85 40’ 6-7 1 1-2 1-2
5 70-85 25’ 6-7 1 1-2 1-2
6 70-90 20’ 6-7 1 1-2 1-2
7 70-73 30" 5 3 4 4
8 65-80 17’ 4 5 5 5
yoag ™ Bepuorpaociag ue v TomoHETon Tov Bepuo- product.

OTOLYEIOV TOV CUTOOTELQMTHOO OTO YUY ATEQO ONUEID WG
rnovoépfag (Iivaxag 5). Zmn ovvéyela yvetoy yonyoea
YOEN TV novoePav e vepd Bepuoxrpactac 0°C amtd Mm-
uévo mdyo. O xovogpPeg netd to otéyvoua dratneron-
®nav og ovvOrec mepLdhhovtoc yua 15 pujvec.

“ELeyy0¢ A®OOTEIQOONG

Apéomg petd v rovoepfomoinon Aapfavitav vag
aLBude rovoeppv row erwaldtav otovg 37°C ent 7 v-
uépec naw évag idroc apLBuds otovg 55°C exl 10 nuépes.
Zr0mOS TNG ETDAONS TWV XOVOEQPRMV NTaV 0 ELEYYOS TS
OWOTHG OITOO0TELRWONS Ue BAon To peodpLha oroQoydva
Boxtioua.

Ogyavoinmrinn aEloAoynon

T va extun 0el m doponoBnoio Tov teMxot TEoidvTog
emAEBre oudda 5 (évte) donLpaoTdY atd T EQYUOTH-
ota Teyvohoyiag nat Yyrewnig ITpoldvimv Zawxrvg ITpoé-
hevong tov Tujuatog Kmmviatouriic tov AILO. H gmho-
1 TV doRWAOTAY €yLve ue PAOY TV TEONYOUUEVT) €-
ureLicl Toug 0TV oQyavolnttuxt aELoAGYNom TeOPpimY.
TTow a6 #dBe aELohdynon yvdtay oulimon yio Tov 106-
70 aELordynong xau dtevrpivion g ndbe xhinonag alo-
Mynong v tagouétomv. H aElohdynon ywvdtav pe myv
eErjc oelpd: O doruaotéc aElohoyovoay T oditoa divo-
viog Wiaiteen faimra o) 0To AL mOLOUS TmV MITOQMY
™G 0dAToas, B) T OVOTOON CUTHS MG TTEOS TNV TTURVATNTO
%o Y) To domua. Ztm ovvéyela agloloyoloay Ty v Tmv
RATVLOTEV PUdLHV %o, TEAOS, aElohoyovoay ) yeviry a-
710d0Y1] TOV TEOLGVTOG.

H aE1ohGynon Tov Tagamdvem YoQoxTnOLOTLRMY YLvE-
Tav pe fdomn tg egrjc xhipones.

1) Zdiroa:

a) Aoy werouds ehaiov:

S=o0uooyeveég, 4=moh) Wret OVYREVTOMOT dLaymEL-
OUEVOV MITOQMV, 3=UETOLA OUYREVTOMOT) ALY MOLOUEVMV
MITAQ@V, 2=LeYdAn OUYREVTOMOT LY MOLOUEVAY MITAUQMDV,
1=mos peydhn ouyrévipmon Lo mOLOUEVMV AMITAQMV.

() Zvotaon odhtoog:

5=naMj ocboTtoom, 4=m10A0 ehapodg apa, 3=eha-

- The following scales were used for the evaluation of
the above characteristics.

1. Sauce:

a) Separation of oil in the sauce: 5= homogeneity,
4=very little separation of oil in the sauce, 3= average sep-
aration of oil, 2=large separation of oil, 1= too much sep-
aration of oil.

b) Composition of the sauce: 5=good composition, 4=
very slightly thin, 3=slightly thin, 2= average thin, 1 = very
thin, O=far too thin.

¢) Odour: 5=very good, rich scent, 4=good scent,
3=average scent, 2=very faint scent, 1= far too faint scent,
0= no scent at all.

2. Texture of the mussels:

a) Succulence-hardness of the mussels: 5= very good
succulence-tender, 4=very slightly tough, 3= slightly tough,
2= average tough, 1= very tough, 0= completely tough.

b) Sensation of grainyness during chewing: 5= absence
of grainyness, 4= very slight sensation, 3= slight sensation,
2= average sensation, 1= high sensation, 0= very high sen-
sation.

3. Overall acceptability of the product:

5= very good, 4=good, 3= average, 2=acceptable,
1=unacceptable, 0= totally unacceptable.

Statistical analysis

In total, 3 repetitions of the canning of smoked mussels
were accomplished from February 1998 to March 1999.
The results of the sensory evaluation were analysed by
ANOVA.

RESULTS AND DISCUSSION

Steaming of the mussels

The object of steaming was to open the shells of the
mussels sufficiently, so that their meat could be easily re-
moved without its disintegration or sticking to shells and so
the mussels were succulent and tender without overhan-
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PEWS o, 2=pétoLa aponr], 1=mold apowrj, 0=mrdoa o-
A0 apoun.

v) Agwpa-oow:

5=molV ®ahS, TAOVOLO YeEVIRA domua, 4=rahS GO®-
ua, 3=ehapoag adivoro, 2=moh) adivaro, 1=mndoa mo-
M advvaro, 0=evteldc advvaro.

2) Y1i tov pudiav:

a) Yni tov puduav:

5 = oAU o] OVVERTIROTNTA - TQUPEQD, 4 =m0V &-
Moo ovAnEd, 3 =ehapag oxined, 2=uétoLo oxAneo,
1=moh% orAned, 0=eviehig ovANQO.

3) AioOnon roxrmdovs VeHg ®oTd T Hdonon:

5 = ammovolo ROrXMOOVS VPGS RATA T pdonom, 4= mo-
AU pron alobnon,3 =ehaged aiobnon,2=uétola aiodn-
on,1 =peydin aiobnon, 0=eEapeTind ueydin aiotnom.

3) I'evirtj asodoyi:

5= 7ol oAb, 4 = %ohd, 3=uétELo, 2=0amT0deUTS,
1=pun amodextd, 0 = amapddexto.

Troatiotizn avdivon

IMpayuatomouifnrav ovvolurd 3 emavalfpers ®ov-
oePoTomong ®amvIoTaV puddv Ty eEiodo amrd 1o Pe-
Boovdoro 1998 we 1o MdpTo 1999. Zta dedouéva g 0o-
YOVOANTTTLRY|C AELOAGYNONG TV ROVOEQPOTOMNUEVDY (-
SV €yve avdhvon ™mg TAQOAAKRTRGTNTAS TOUC.

AITOTEAEZMATA KAI XYZHTHXH
Ayvion pudiav

Zt6y0g ™ dyviong fitav v’ avolEouy ot Bupideg Tov po-
OL0U LROVOTIOTRA (HOTE 1) GAQROL TOUS VA, ATTOUOXQUVETAL
eUnoA YWOIE vo tepayitetan v va elvan *OANuéVN eTdvm
otg Oupideg. Emtiong, va elvor ouverTirt ®ow yupdong xa
va unv oAGTEL PE TOUS YELQLOUOUE TO TYTUeL TS. AxSua
®OTA TN UAONON VAL EIVOL UUHOONE TG00 HOTE RO PETA TNV
RATTVLOT VO TTOQOUEVEL YUUHONS ®al pohaxtd. Amd tg 4
drapopeTnéc ouvbijres dyviong mov egaguootnray (TTi-
vorag 1) dramotdOnray ta eErjg amoteléouara:

Sy pdtn doxuuy otovg 80° C yua 15 hemrtd to #péag
TOU udLoY agudatwtnxze molv. Ztovg 70-75°C et 10 Ae-
qttd now otovg 80-81°C yua 8 hemrd dev dvolEav nahd ot
Bupidec. Ztovg 79-80°C et 10 Aemrtd T, uidio wopovoio-
Cav 10l TEOGOORMDUE VO ATOTELEOUATOL TTOV AVOPEQBNHRAY
TTOLQOITAV®.

Aldtion

O 07016 ™S AAGTIONG 1To 0’ EVOS 1) 0GR TOV (V-
0100 vaL YiveL TEQLOOGTEQO CUVEXTLRT] AL 0P’ ETEQOV V’ O
to%aTaoTo0El T0 AhdTL T 0TO{0 ATTOUARQUVENXKE e TO VeE-
06 TG AYVIONGS UE ATTOTELEOUA T LOdLAL G TTQOG T YeUo
TOUg va. elvol MM avaiata. e 0QLOUEVES OORLUES
oty dAun TEOOTEBNHAY ®oL dALeC OVOTeC pE OROTTS TV
srddon tov pH raw ™ Peltioon g yevong. Ané tov ogya-
volmruns €heyyo mou yvotay oto pidla uetd astd »dbe
doxrur| ahdtiong (Mivaxrag 2) dwaumotdOnroy to eEfg a-

dling. Also, during chewing, they should be succulent e-
nough and remain so, after smoking. Four different steam-
ing conditions were studied (Table 1) and the following re-
sults were established: in the first treatment at 80°C for 15
min, the mussels’ meat was too dehydrated. At 70-75°C for
10 min and 80-81°C for 8 min, the shells could not be easi-
ly removed. At 79-80°C for 10 min,s the mussels present-
ed the best results.

Salting

The object of salting was, on one hand, for the meat of
the mussel to firm up and, on the other, for the sodium
chloride, which had been eliminated by steaming, to be re-
placed. In some treatments, some other ingredients were
added to the brine, in order to reduce the pH and to im-
prove the taste. The following results were established
from the studied conditions of salting (table 2). The mus-
sels in treatment 7 had the proper sensation of sensory at-
tributes, according to saltiness, tenderness of tissue and
flavour. Treatments 1, 2, 3 and 4 were rejected by the pan-
ellists, because the sensory attributes of the mussels had
been altered. Treatment 5 gave an unsalted product. Treat-
ments 6, 8 and 10 gave saltiness above the normal. The
mussels of treatment 9, which was salted for 15 min in brine
with 4% sodium chloride, were evaluated by the panellists
as the most acceptable for their saltiness.

Dehydration and smoking

The object of the dehydration after the saltiness of the
mussels was to dry the surface, so that the absorption of the
substance of the smoke would be better during smoking.
From the 8 studied treatments of the dehydration (Table
3) the best results, according to the texture of the mussels,
were given by treatment 8, in which the mussels were pre-
served at 60-65°C for 13 min.

The smoking of the mussels took place in order to im-
prove the preservation and the sensory attributes of their
meat. The smoke contains substances with antimicrobial
and antioxidant activity that contribute to the better p-
reservation of smoked products and substances that give
these products their special flavour ( Horner 1992; Geor-
gakis and al. 2000).

From the various conditions of smoking which were s-
tudied (Table 4), the results of sensory attributes showed
treatment 8 as the most appropriate. In that treatment, the
mussels after dehydration were smoked at 65-80°C for 17
min and showed acceptable intensity of the smoke and the
highest scores of sensory appreciation related to flavour,
texture and appearance (colour) of the mussels.

Sterilization of the mussels

From the temperatures taken during sterilization in the
coolest spot of the can (Table 5), the value Fo applied to
the product was calculated according to the general
method described by Brennan et al., (1990); Fellows (2000)
and Bloukas (2001). The results showed that the commer-
cial sterilization applied to the mussels was equal to Fo=4,
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Figure 2. Effect of the storage time on the characteristic of the sauce.

motehéopara: Ta pidia g donuric 7 elyav v moorypa-
T AloBNON TOV 0QYUVOIMTURGY YAQAXTHOWY TOU PUIL-
0V MG TEOS TNV AAATOTHTA, CUVEXTIXGTNTO LOTOU %Al OOUN
%o yevon. O doxruéc 1, 2, 3 nou 4 amoeipnray astd Tovg
SORLUAOTES YLOTE AAAOLIVOVTOY OL OQYAVOANTTTLROL YOO
%tieeg Tov pudiov. H doxun 5 €dive avdhato mpoidy. Ou
donpéc 6, 8 wow 10 €duvav ahpuedmta TAVe amd ™V ®o-
vovirr]. To pidie g doxpnic 9, ta omola chatiobnray yuo
15 hemred og dhun pe 4% xhmELoUY 0 VATELO %Ol OE OVaLO-
yia pududv/diung 1:2, aEloroydnray o tovg doxrua-
OTEC ¢ T TAEOV ATTOOEXTA MG TTEOG THY AMWQEGTNTA TOVC.
A@uddroon xor xdmvion

Zr07t6¢ TS ApuIATMONE TV LUILADY UETA TV AhdTIOoN
MNTOV TO OTEYVOUO. TG ETLPAVELAS TOUS, DOTE VO TTQOTQO-
PHOOVY ROUAVTEQX TOL CUOTUTRA, TOV %OTTVOU OTO OTAOL0 TG
rAmviong. Amé tig 8 donués auddtmong (Iivaxag 3) mov
€yvay, dlomotdinure L Ta RAAUTEQM ATTOTELECUOTOL UE
Bdon mv ven tov pududv €dwae 1 doxur| 8 xatd Ty o-
moloL oL pidiar drartnenOnxray otovg 60-65°C yio 13 Aemtd.

H »dmvion v pududv yivétay pe onomd ag’ eveg mv
ROAGTEQY CUVTHENON TOV TTEOIGVTOC XL o’ ETEQOV ™) Peh-
TIOON TWV OQYUVORTTTRAY XOQAXTOLOTIRGY TOVE. O na-

IMivaxag 5. Zuvthireg amooteipmwong pudiwv
Table 5. Conditions of the sterilization of the mussels.

Xgo6vog Oeguroxrgacia Ty L**
oe hemrd* nverjva og °C
Time in min* Temperature of the Value L**
coldest spot (°C)

59 100,3 0,01
60 101,5 0,01
61 102,6 0,02
62 103,7 0,02
63 104,6 0,02
64 105,5 0,025
65 106,4 0,035
66 107,3 0,04
67 108,0 0,05
68 108,8 0,06
69 109,5 0,065
70 110,2 0,08
71 110,8 0,09
72 111,4 0,11
73 112,0 0,12
74 112,5 0,14
75 113,0 0,15
76 113,4 0,17
77 113,8 0,19
78 114,1 0,20
79 114,3 0,21
80 114,5 0,22
81 114,6 0,22
82 114,6 0,22
83 114,6 0,22
84 114,4 0,21
85 114,2 0,20
86 113,9 0,19
87 113,6 0,18
88 113,2 0,16
89 112,6 0,14
90 112,1 0,13
91 110,1 0,08
92 109,3 0,06
93 107,0 0,04
94 103,7 0,02
95 101,4 0,01

4,125

* ARG T oTry i Tou 1) 0EQUORQAOTN OTO YUYQEOTEQO ONUETO TS HOV-
ogopag dwotnenfnxre oe TLuEg vypnAdteges amd 100°C.

** T L1j ovvreheotig Bvnowndmnrag avIitgoomteveL To XQOVo oe
Aemtrd otov omoio 1 O€puavon Tov oidvtog otoug 121° C empepet
TNV (910 ROTAGTQOPY] OTO UHQOOQYAVIOUS avapoQds e BEpuavon
oty twxaia Ogpuoxpaoia yia 1 hemwtd waw z=10 (Brennan xouw ovv,
1990; Mmhotxag, 2001).

* From the moment that the temperature in the coldest point of tin was
maintained in values, higher than 100°C.

**Value L or factor of mortality represents the time in minutes in which
the heating of the product at 121° C involves the same destruction of
the micro-organism reported with heating at random temperature for
1 minute and z = 10 (Brennan et al., 1990 Bloukas, 2001).
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TIVOC TTEQLEYEL OVOTES UE AVTUMXQOBLOKT HOL AVTLOEELOW-
Trt} dpdom wov cuufdhhovy 0TV ®OAITEEN CUVTHENOT
TOV ROTTVIOUEVOY TROIOVTWV ®a0MS eTioNg o OVoTeg Tov
7o0ddovv ota meoidvta cwtd Wwaltepo dowua ( Horner,
1992; Tewpydung »xow ouv. 2000 ).

Am6 tovg dudgopoue ouvduaouolc Bepuorpaoiag-
¥ e6vou rdmviong Twv pudidv (Mivarag 4) ta amotehé-
ouato T 0QyavolTTrts alohdynong €delEav Gt mhé-
ov ratdAnAn Hrav 1 doxyuri 8. =t doxun] auti to uidia
HeTd ™V apuddTmo ] Toug xamviomxray otovg 65-80°C yua
17 hemed, mapovoiaoay amodent] Eviaon ramvos oL Ty
VYNAGTEQN TLWT| OUYREVTOMONG 0QYAVOIMTTTLXYS AELOAG-
YNONG G TEOC TNV 00N %ot YEUOT), TNV VY| RAL TNV EUQJ-
vion (yedua).

A0o0TEIQOOT) pUOLHY

AT6 TI¢ 0eQUORQAOTES, OL OTTOTES RATAYQAPNRAY OTY
SLdErELaL TS ATOOTEIPWONG OTO YuxEOTEQO ONUElD TG
rovoépPag (Ilivarag 5) vrohoyiomre 1 tun Fo mov e-
papudodnxe oto TEoidv. O voloyiouds g turg Fo €yi-
ve ue Bdon m Pelnouévn yevirny uéfodo aELoAdynong mg
epaouotonevne Beouinnc emeEeyaoiag, 6w reQLyQd-
peton amd tovg Brennan zow ovv. (1990), Fellows (2000)
%o Mmhotrag (2001). Ta amwoteAéopata €detEav Gt e-
UTTOQLHY] ATTOOTERMON TTOV EQAEUGOON®E oTo PidLaL fita (-
on e Fo =4,125 hemed (ITivarag 5).

O amooTeLpWTEAS TTOV Yonowuomoinre diéBeTe emi-
O1G ROTAYQOPLRS GQYAVO TO OO0 RATEYQAPE T DEQUO-
%©Qaol0 0T0 YPuyEOTEQO oNueio e rovoépPag pue Bepuo-
otovyelo nat avtdpata vtoAdyle v i Fo. Me fdon ta
OToLY el QUTd EQPAQUATONRE EUTOQLUY] ATTOOTE (WO LOO-
dvvaun ue Fo=4,14 hemrd. H i cvt ovumimeeer oyedév
andlvta pe Ty Ty Fo mov vtohoyiotnxe (4,125 hemttd).

T draodhon g vyelag Tov ®oTavalmT ad T0
C. botulinum oo, novogQRoTONUEVA TTEOTOVTO aToUTETaL
Oeounn eneEepyaotia ton ue Fo=12D ;- =12x(0,1-0,3)
= 1,2-3,6 hemtd. (Fellows, 2000; Mmthotxrag, 2001). H Ogp-
] eteEeQyaoia mov epapuéodnxe ota pidia Fo=4,1
Aemtd Suaopahilel TANEME TNV VYEIR TOV RATAVAAWTY| -
716 1o Clostridium botulinum.

To ®ovoePomotuéva TEoidvTa Tov d€YoVTaL OVE-
TOQXY EUTOQLRY ATTOOTEIPMON RO ALATNEOVVTOL O TEQL-
Barlov pe Bepuonpaoies wrpdtepes amtd 40° C nivduvev-
ovv v 0AAOLmOOUV aItd Ta uETOPLALA OTTOQOYGVAL PaTh-
oo Tov etvan avlexrtindtepa and 1o C. botulinum, 6wg to
C. sporogenes. TIporeuévov vo, amogevy0el o #iviuvog av-
TOC EETEL VAL PAOUO0DET EUTTOQIXY] ATTOOTEIRWOT), ke Pd-
on 1o C. sporogenes, ton ue Fo=5D1,;-¢ =5x(0,7-1,5) = 3,5-
7,5 hemtd (Fellows 2000, Mmthovrag 2001).

H péywom nun Fo=7,5 Aemttd eivor xatd okt vyms-
teEn ot ) Ogouunti emeEepyaoia (Fo=4,1 hemtd) mov e-
papudotyre oty taovoa epyaoia. Katd ouvémeia dev
duaopoliCetan TAEE N wroPLoloyxy] otabepdtTa Tou
mpotdvTog. Ta artoteAéopota Sume amd TV ETOA0N TV
rovoeQPadv otovg 37°-55° Cywa 7-10 nuépeg €detEav 6t
EUITOQLXT] OTTOOTEIRWON TTOV EPAEUEOON®E HTaY AOPOATS

—@— MokakéTira-kKAnpéTTa
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—&— Ohiki} amodekTIKOTI|TO,

- 2] a
—_—

Khipaxe a&roréynenc
e

I e =

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Xpo6vog cuvtiipnong (Mijvec)

Awgyeappa 3. Exidoaon tov yoovov ouvtijonons otny ver twv
HVOLDY xat T Yevixrj amodoxd].

—@—Tenderness
—— Grain sensation

Sensory Scale

g T — —

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Storage Time (Months)

Figure 3. Effect of the storage time on the texture of the mussels
and the overall acceptability.

125 min (Table 5). The sterilizer, also, had an apparatus to
monitor the temperatures at the coolest part of the can and
automatically calculate the Fo value of the product. Ac-
cording to this apparatus, a sterilization process equivalent
to Fo = 4, 14 min was applied to the product. This value co-
incides almost absolutely with the calculated value Fo.

The thermal process applied to the mussels Fo=4,1 min
protects the health of the consumer completely from
Clostridium botulinum, which is the most dangerous patho-
genic mesophile bacterium. To protect the health of the
consumer from C. botulinum, a thermal process equal to
Fo = 12Dy,;-:¢ = 1. 2. 3. 6 min is required (Fellows 2000,
Bloukas 2001).

But products, which received insufficient commercial
sterilization and are kept in environmental conditions with
temperatures lower than 40°C, run the risk of deteriorating
from mesophile sporogene bacteria like C. sporogenes,
which are more thermal resistant, compared with the C.
botulinum.

To avoid the risk of deterioration of the product caused
by these bacteria, a thermal process based on C. sporogenes,
equal to Fo=5D 15;-:¢ = 3,5-7,5 min is required. (Fellows,
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a@oU dev domlotdinre og roulo TeQimTwon didyrmwon
TV 2ovoeQPuv. To yeyovig awtd pmopel va amodobel ag’
eVGC 0T0 XOUNAS trQoPLohoyLrd oETio TV puddv Tov
xonowpomotnxray wg ot Uiy (Kyriazi-Papadopoulou
%o ouv., 2002) %ot o’ ETEQOV OTOV RATVIOUS TWV VLDV
7oL amtd v ®ovoepPomoimon. Ta ovotatind Tov ®amtvoy,
oe ovvdvaoud pe ) Bepuny emeEeQyaoia Tov epaQUS-
obnxe, OLoAMiovy T Qo PLoroyry 0tafedTNTa TOU
TeEM®OD TEOLGVTOC.

Ogyavoinmtiny aELoAGyNoN TOV ®ovoegforotnuévay
pUdLHV

Ta amoteAéouata g 0yovolmrig alohdynong é-
delEav 61 1 0dhTon ToV TEOILGVTOC dLaTnErfnre oe oto-
dentd emimeda yia 15 prjvec. ‘Oha taL X AQORTOLOTIHA, TS
odAtoog, Mhadi 1 o0oTaoT, To EMUO %ol O SLoYWELOUGS
ehailov, elyav ®otd to 150 uijva ouvtienong Tée opya-
volmrtinnig aElohdynong peyaittepeg 1 (oeg pe 3 mov &l-
vou 1o 6pLo amodoyng (Avdyoauua 2).

H vgn tov pududv mg pog ) orinedttd toug maé-
UELVE O€ OTTOOERTES TWES »aTd T dudoreL TV 15 umvarv
oUVTHENOYS TOVS. ‘Oumg To pidLa ToQoVaToeay ®oxrMOON
V1 ratd ™ udonon petd to 130 uva ovveienong oe emnti-
meda pn arwodexrtd ot Tovg doruaotéc (Avdyoauua 3).

Télog, N ohrn} arwodoyn Tov TEOLGVTOC dratnEnOnxe
uéxortov 150 wijva ovvrjonong oe enimeda oo 1 EAapE®OS
HATATEQA ATTS TO GLO ATTodOYNS Ue FAon ™mv »Alpoxa a-
Elohdynong (Awdyoouua 3).

Katd cuvémeia, o vamviotd xovogpomomuéva pidia
uroEovv va drartnenBotv oe cuvBreg eplpdilovroc yio
13 unveg, ywoic morotxy vroPaduLon tov TEOIGVToS. [

2000, Bloukas, 2001).

The highest value Fo=7,5 min required is higher than
that applied (Fo=4,1 min). Therefore, according to these
data, the microbiological stability of the product is not en-
sured. However, the results from the incubation of the
canned product at 37°C and 55°C for 7 and 10 days re-
spectively and the preservation of them for 15 months in
environmental condition showed that the commercial
sterilization applied was safe, since no swelling to the cans
was observed. This fact can be attributed to the low micro-
biological content of the mussels that are used as raw ma-
terial (Kyriazi-Papadopoulou et al. 2002) and to the smo-
king of the mussels before canning. The components of the
smoke with antimicrobial action in combination with the
thermal process applied ensure the microbiological stabi-
lity of the canned mussels.

Sensory evaluation of the canned mussels

Results of the sensory evaluation showed that the sauce
of the product maintained its quality at an acceptable lev-
el for 15 months. All the characteristics of the sauce, name-
ly the composition, the flavour and dissociation of the fatty
substances were fine after 15 months of preservation and
had sensory scores higher or equal to 3, which is the limit of
acceptability (Figure 2).

However, the mussels showed a sensation of grainy-
ness during chewing at the mince after the 13th month of
storage with sensory scores lower than the limit of accepta-
bility (Figure 3). Therefore, the shelf-life of the smoked
canned mussels in tomato sauce stored at ambient condi-
tions is limited to 13 months. N
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