
g@MTIsfl '%Pl
gag 58Poslt0$ HANDLlNG AND STORAGE OF BLUE

AAUSSELS 1N SHELLt�ggt COPY O<~"
Bohdan M. Slabyj and Carolyn Hinklee

ACK fOWLKDGMKM'

MAINE SEA GRANT
Technical Hepotl ....: ......�...,

>.A4

This work is a result of research sponsored in part by NOAA Office
of Sea Grant, Department of Commerce, under Grant �" 04-5-158-39.
The U.S. Government is authorized to produce and distribute reprints
for governmental purposes notwithstanding any copyright notation that
may appear hereon.

The authors are grateful to 3ohn M, Hogan  University oi Maine,
Orono! for helpful discussions and correction of the final draft.

Suggestions given by Robert Dow  Maine Department of Marine
Resources!, ou an early draft of this manuscript, are also gratefully
acknowledged.

Off the coast of Maine more than 20 million. pounds of blue mus-
sels  Myri tts edtttis! in shell have been estimated to exist in commer-
cially exploitable beds  Scattergood and Taylor, 1949a!. The average
annual harvest for the four year period of 1943 through 1946 was 9.5
million pounds  Scattergood and Taylor, 1949b!. 1n subsequent years
production declined rapidly as a result of reduced market demand. One
of the reasons responsible for loss of the marl'et was considered to be
inferior packs of canned musscls svhich tended to discourage future
sales  Scauergood and Taylor, 1949b!. A small, but well established,
market for fresh mussels in sheU still exists in metropolitan areas, In
1974 the l;inded volume  in . hen! of blue mussels in Maine supplying
this market v as L2 million pounds  Wallace and Dow, 1975!. Fxpan-
sion of the present market appears to be dependent upon increasing the
supply through utilization of new mussel beds and/or aquaculture, as
well as upon intprovcd quality and extended shelf life through improved
handling procedures.

State of Maine agencies have been promoting blue mussels since
the early 1900's, and various improvements in harvesting and handling
have been implemented during this period  Dosv and Wallace, 1954!.
Pole cultivation of blue mussels svas investigated in the late 1940's by
the Department of Sea and Shore Fisheries  Wallace and Dow, '.975!.
At present, the Spanish technique is being evaluated at the University
of Maine, Darling Center  Lutz, 1974!.

Blue mussels are not commercially cultivated to any extent in the
State of Maine, but are pulled, raked, or dredged from existing beds�
and placed in one-bushel quantities in burlap or plastic mesh bags. They'
are then ready for shipment to the market by truck  with or wltbotst
refrigeration! or are immersed in the sea on rafts for one or more days
awaiting shipment. Under existing practices the shelf life of the bitte
mussel is considered to be about 3 to 4 days � a period of time which
limits the market area, l
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Freezing mussels in shell and storing at -23.3'C   � 10'F! for the
purpose of extending the shelf life has proven unsatisfactory  Slabyj,
et al., 1974!. Such mussels are difficult to shuck upon thawing and
steaming, and their meats are tough, especially the adductor muscle.

Storing blue mussels in ice has significantly extended the shelf life
of this mollusk and the results of such experiments are presented in this
report.

Materials and Methods

All blue mussels used in this research were obtained from a com-

mercial fisherman. They were harvested primarily from muddy flats at
low tide or subtidally. The mussels were forked onto a Hat bottom skiff
and taken lo the boat, There the muddy mussels, attached to one an-
other by their byssus threads, were washed until clean and well separated
using a grader-washer  drum-cage!. Mussels smaller than 2 inches in
length were returned to the bed and the remainder packed in one bushel
quantities using burlap or plastic mesh bags.

The mussels were then taken directly olF the boat to the laboratory
or immersed in the sea on rafts for 1 or 3 days before being transported
to the laboratory  a disiarice of 90 miles requiring 2 to 3 hours travel
time!. To insure low ternpcratrrres in transit, especially during the sum-
rner months, the mussels contained in burlap or plastic mesh bags were
placed in 25 gallon plastic cans and covered with 50 pounds of crushed
ice.

At the laboratory the iced mussels in the original containers were
placed iir a 1.7'C �5'.F! room, or with the ice removed, stored at
predetermined temperatures of 18.3'C �5'F!, 7.2'C �5'F! and
1.7'C �5'F!. Relative humidity was not controlled, but was observed
to Huctuate between 20 and 40% at 18.3'C, between 55 and 65% at
7.2'C and between 75 and 85% at 1.7 C. During storage, mussels in
ice were regularly checked, the water drained, and the melted ice re-
placed.

Sampling was performed by removing the required number of in-
dividuals from the bag, Gapers that did not close when examined were
considered dead  Loosanofl' and Engle, 1943! and the percent mortahty
of the sample recorded. Analyses were performed only on mussels that
did not gape. These were scrubbed under cold running water using a
vegetable brush and shucked. This procedure was accomplished usually
in less than 5 minutes.

Preparation for microbiological examination involved homogeniz-
ing the mussels  meats and liquor! with an equal weight of phosphate

buffer  American Public Health Assoc., Inc. 1970!. Total viable count
was obtained by surface inoculation or pour plate technique using Plate
Count Agar {Difco!. Fungi were detected using Sabouraud Dextrose
Agar  BBL!.

The volume of liquor associated with mussel meats was determined
by shucking the mussels onto a sieve and draining for 10 minutes into
a graduated cylinder.

For sensory evaluation, about one dozen mussels were steamed
at each sampling for six minutes and the meats removed. These were
presented once as a group of coded samples to a panel of seven judges
for odor evaluation. Reference samples consisted of steamed meats stored
in plastic bags at � 23.3'C   � 10'F! which were thawed as required. The
judges vvcre instructed to record their responses as better than the refer-
ence sample  -1!, no difference �!, slightly off  +1!, ofF  +2!,
bad  +3!, or very bad  +4!. The average response of the seven judges
involved was used as the odor score.

Results aud Discussion

Blue mussels when harvested from existing mussel beds tend to
trap some mud as they close the shell when disturbed. Routine washing
does noi rcmove the mud which is trapped in the mantle cavity. Further-
more, tumbling of mussels to break up clumps and to grade not only
causes damage to the byssus, but also results in the lass of some body
liquor. When such mussels are immersed in the sea for one or three
days prior to shipment, they tend to cleanse themselves of the trapped
mud and recover lost liquor. During the brief holding in the sea, Myrilus
edulis will often regeirerate damaged or tom byssus threads, Develop-
ment of these threads generally is not sufficient to detract from the quali-
ty of the product. Mollusks, being filter feeders, are known to concen-
trate bioh~gical and chemical polluianis  Clem. l973!. Therefore, mus-
sels, if immersed in the sea in areas other than the harvest area, must
have prior approval by the Maine Department of Marine Resources
 Hurst, 1972!.

The volume of liquor associated with blue mussels is inversely re-
lated to the size of the meats. Blue mussel meats are minimal irnmedi-
ately after spawning but continuously increase in weight throughout the
year reaching maximum size prior to spawning. Consequently, there is
more liquor per unit weight of shucked meats after spawning than be-
fore. As mentioned earlier, some of this liquor will be lost during wash-
ing and grading, but may be recovered by the blue mussels when held
immersed in the sea. Typical results for initial liquor content and its
subsequent loss upon storage in ice can be seen in Figure 1. All the ex-



pcrimcnts for which results arc shov nwere performed usi; mussels
«hich IutrI been placed ' I»~rtati bag»  cxccpI thc Jiily ripcri»!cnt ft>r
wliicli plastic mesh bags:-crc used! and had been immer co;n the sea
for two days  except th' June experiment for which the mussels werc
held in thc sea tor one da .!,

Thc highest initial ! quor voluinc of shell contents   
%! was
present ii! ntusscts harves'. d in January and the lowest in those harvested
in May �5 Jr !, Russets narvestcd in July also had rclat!rely higt! li-
e!un! colllcnt   S<',i ! since ! h;it year ii!iti;il spa«»ing «f most bc�» took
place sonictirnc in Mav inrou ~h Junc, Lotver than anticipated liquor
conten! {45%! of thc '.iiarctt experiment could be due to failure of
the mussel» to retain liquor after being immersed in the sca as a result
of excessive tumbling duri;ig washing and grading, 1=xcessitc tumblin
dura!< washing and gradin ha» been observed to be detriment;il to
M! >itns edtitis  data not shown!.

Mason �972! quotes Wiborg and Bohle �968! as reporti!!g that
m!i»rats cultivated on ropes, are not accustomed to regular opening and
el<ising of the shells ttith thc tide and thu» tend to lose water in transit
and die tvithin a few da>s. Drinkwaard �972! also reported loss of
water � to 7% ! in cultivated mussels when in transit.

Blue mussels in storage werc observed to lose their liquor  Figure
I !. Thc liquor los» «as rapitl ii! ih» initial stages of s!!ira 0 for n!u»scl»
that had maximum liqiior volume, Thi» stage divas followed I7> 0 gradual
loss of liquor until death occurred. Thc loss was more gradual through-
out storage in mu»set» harvested in May, when the meats v cre at their
ntaximum and the liquor 0! its n!inimum. Similar rc»ponse tva» observed
in thc March cxpcrin!cnt «herc tt!» shelltiah did not hase maxin!um
ant.'clpated liquor con!ci!'.. Tl!is perhaps indicates that once the liquor
content drops to a ccrtair. icvel the n!otlusk «ill tend to conserve the
re!naining liquor,

Significant mortality   I !'.r ! i» nu»! experiment» occurred when
tiquor concentration dropt~cd to between 23 and 32~/o of thc shell con-
tent except in the May experiment when it reached 14%!. Although
loss of liquor has been reported to contribute to mortality  Mason,
1972!, it docs not appear to be the primary factor responsible for death
in experiments reported. Thi» is especially evident in aii experiment
conducted at 7.2-C �5 F!. 1n this instance  Figurc 2! one mussel
population  with regenerated byssus! exhibited significant mortality at
41% liquor content and another  with byssus not regenerated! at 24%.

1t is logical to anticipate morc rapid loss of liquor in blue mussels
stored at elevated than at lower temperatures. Loosanoff and Engle
�943!, observed increased loss in weight with increased temperature
'.or mussels stored at � 1.] 'C �0 F! to 21.1=C �0'F!. To determine

Figure l. Shell 1:.;~or volume of blue isussels harvested at different
st,;;d ie iee:  v! .bine 3.'73,  e! am ary 17.'74,

 i! '.!are, ts/7 ', �! '!av !,'74,  e! du! y 23/74.
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Figure 2. The effect of byssus repair on shell liquor volume of blue
mussels harvested Juiy 20/7» and stored ;t 7.2"C�5oF!;
 o! byssus regenerated,  e! byssu: not regenerated.
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the cfTect of a temperature on liquor retention and elTcctive storage peri-
o i, mu~. rls i» hurl»0 bags immersed in th: sea for three days after
harvcsti»g sverc used. Results of tlicse tests  F>gure 3! do not indicate
a significant diffcrcnce in liquor volume for mussels stored at tempera-
tures of 7.2 C �5'F!, l.7'C �5'F! or in ice. It is important to note,
however, that musscls stored at 7.2-C �5 F! reached significant mor-
tality in 14 days v hile those stored at 1.7'C �5'F! did not reach the
same stage until after 3 l days. Liquor loss at 18.3'C �5'F! was notice-
ably faster than at ihc hnicr tc~npcraturcs exa»»»cd «nd sampling v as
terminated atter 7 days, lt should be stressed that time-temperature ef-
fects arc generally cumulative. Thus, holding mussels for 24 hours at
18,3"C �5'F! during tra»sportation would be expected to reduce
markedly subsequc»t shel!' life at 0' to 1.7'C �2' to 35'F!.

I«creased Aaccidity of the foot and progressive dehydrated appear-
ance of the meats werc observed to be associated with the toss of body
liquor. No physical differences in appearance, however, could be noticed
upon stca ming.

Thc bacterial tou»t for freshly harvested blue mussels varied be-
twern 5xl 0» and l xIO','ml regardless of season or container used  bur-
lap vs plastic mesh bags!, or whether or not the mussels were immersed
in tlie sea after harvesting. Since highest counts were obtained by incu-
bati»g huindatrd plates at room temperature �2 C!. tis compared to
7'- oi 35 C   I abjr l >, room tcmpcraturc divas adoptrd for rout«te exami-
nation,

Generally, the viable bacterial count increased slowly throughout the
storage period at all temperatures examined reaching 2x l 0' to 2x I 0"/rnl
at the thtic thc expcri«ients had to bc terniinatcd  Tables l a»d 2!. This
increase in bacterial population is probably re!ated to thc niultiplication
of bacteria on the shell surface which is constantly bathed with liquor
that is lost by thc mollusk, as well as, in the shell contents. Gross exami-
nation of bacterial isolates indicated qualitative changes in population
which may be responsible lor the off odors in latter stages of storage.
Although bacterial multiplication in these tests was minimal, and not
apparently related to mortality, it is possible that bacterial activity may
contribute to the death of the shelKsh. Further investigation into micro-
bial activity ui stored musscls is being conducted iitcluding organisms
of public health significance.

In freshly harvested mussels fungi ranged from below detectable
level    IO/ml! to I,OOO/m1 and showed no tendency to increase in
numbers during storage.

%hen harvesting mussels during periods of sub-zero temperatures,
precaution should be taken to prevent freezing of the mollusks. Despite
the fact that blue mussels exhibit some resistance to freezing  %'illiams,



Table 1

<Wtusscts ~tore<5 in

}!is!<ub kene<icI,<tc<

7'C Count O'C C<:un' 55'C Coun!7
Su."i. I «<c. Pui'«' 1'1;<tc ipour Ptiiie

9 3,7
33 3.3
3.6 4.1
I.!! 4.92

4.U 4.2
5.7 5,5
5.9 5.6
6.1 5,8

ice

B!~ius N<<t kegencr;<ted
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urf. lnoc. P<iur Pl'itc Pour Plate

t3<<1::
S air cii
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Figure 3. The effect of storage temperature on shei1 liquor volure
of blue «<ussols harvested Dec< tiber q/74 n<E<t stored und<'r
difierent tondit i<tns<  h! i«<t,  Al 1.7<'i �3os!,  el
7 2oc�5oF! s�d  st! 18 3oc�5oF!

Vii<t<tc t<<<c!<.'i t,l <,'o<ii'll  to' tnt ! ut blue nius!<cl < ti<tfveblc<5 in !uty ill!d
store<5:<t 7,2'C �5'F! or in ice.

1'!, 11<1 <iiilss<:1, li;iri usted at -23.3    -lO l. !  J,'iiiu;ir! 1 i, T'!blc 3!
e.L I'II E! I<.'d hi ''1'I I'I!i!I'Li<lIti 11Eri! .'glE !tlt stot'age ] liege !lit!sSclS ive i. !11SO
oboe.ved t<o coiittiii. rel;Itivel! l',tt!e liquor �g,o! and 1"mained rt uddy
despite the f;tc', <hat:fiey i<,c!e immersed!» tl!e se for!v.o clays befor"
bein' take:5 to thc lah<nra i!rv..'vlussels harvested for the Jar,uari 17tli

exiicr<IEIC<IE iv<', c als<i <iht;li!Ecii ! Ii suo-7ci'0 ive!I!l!er 1- 3.9 C; -1 1 F},
but thc fibherr,;an toOk special preCautiO!i tO prOteC' iliS harVeSt frOm
wind and frost rcs!Iltiii< in an apparently improved product,

Fishcrmc!i have observed that spawning mussels are very sensitive
to h;indl<n" ani! v,licii immersed in the sea isiiile coiifined i» ba s vill

succumb very rcadilv. Harvcs'ting spawning musscls is, in fact, prohibited
in some countries  Waterman, 1963!. It is of interest that tnussels
harvestctl July 3, one month after tnitial spawning, had an acceptable
storage period in our laboratory  Tttbtc 3!, Further investigations are
beitig cai I!ed oil t to dcflllc 'tile cfTect of sp;Iiv!1!!1 ' oti tluality.

From Table 3 it is apparent that mussels harvested during the win-
ter months did not exhibit significant mortality until after 30 days of
storage in icc  O'C; 32'F!. The same level of mortality was reached
in 17 to 20 days for mussels harvested during the sutnmer months. In
other experiments  not shown! 10% mortality was reached in 14 days
for summer months, Elevated storage temperature {7.2'C; 45'F! ap-
peared to have a detrimental effect on the effective holding period. In



I I o I oHommocnw~ Table 3

Per cent mortality of blue mussels harvested at different times of year �974!
and stored at 7.2'C �5'F! or in ice.
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fact, n increase or about 5.6"C  l,O' F! reduced the holding period by
more than one-hali.II.I g IIIIII
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8
C

l'. is important to t.ote that loss in qua!ity  occurrence of bad odor!
nd mortality do not coir:"ide. Strong off odors, at times, can be detected

several days before signiAcan; mortaL'ty is observed  Tab!e 2!. Thus
stored mussels with lo;v observed mortality will not assure the customer
of an acceptable product.~%mar oar- wmCV

10

Although musse]s stored at l,7'C �5'F! and those packed in ice
did not ditTer s!g!ti,ttcanrty in storage life as judged by mortality or odor
score  Table 2!, s'.orage in ice generally has a beneficial eA'ect in most
exp rimcnts uritlt regard to delayed appearance of off odors. This may
be due to;educticn of bactcriai activity on the shell surface which is
contirtuo»sl! bathed with water froin thc melting ice. The, higher mois-
ture conditi.;n associated vvith storage in ice may also minimize dehy-
dration of rnusse'is.
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Significant mortality �0%! of blue mussels held at O'C �2'F!
and 1,7'C �5'F! occurred in about 2 weeks for mussels harvested
during the summer months and in about 4 weeks for musscls harvested
during the winter months. Best quality and longest shelf life were ob-
served for musscls immersed for a couple of days in sea water prior to
furtlter ha idling attd storage. Elevated stora >c tcmpcraturcs significantly
reduced kcepit! g time.

Blue mussels in shell lost body liquor throughout the storage period.
Liquor content, however, varied too much fiom one experiment to an-
other to be a reliable indicator of i<n> n>nc><t death. Bacterial pop'ulation
of commercially harvested musscls was observed to vary between 5x.iOs
and lx.l0'  ml and> i>ncrcascd i<> bc>vvcen 2xi0< and 2sl J" 'mi she!l "on-
tenis at ilie time 'he mussel population reach>cd <0;c, r!ortality. Although
loss of bod> liquor and bacterial count svere not apparently related to
rnol n<lity, storage ';cml>craturc al-pcarcd tr> bc a cri'tic;:1 .'<actor. Th»s,
incrcasin storage temperature from t!"C �2'F! to 7.2=C �5'F! or
18.3 C �5> F! rcd«c«d shelf life of blue rnusscls by a factor of about
tvvo and four, respectively.

Blue musscls in terminal stages ot storage hacf little body liquor
and;<ppcarcd dehydrated alien csamincd; h<>wcvcr, after stcammg t o
difference in physical appearance was observed. Objectionable odors
v erc frequently detected in stored mussels several days before significant
mortality occutrcd. Usc of crushed ice appeared to delay appearance of
bad odors in stc rage.
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