
958

Jtnrrnal o.l'Food ProÍection, Wtl. 70, No. 1. 2007, Puges 958-96ó
Copyright .O, International Association for Food Protectlon

, t  L .

.t

a)'\ \

Microbial Population, Physicochemical Quality, and
Allergenicity of Molluscs and Shrimp Treated with

Gobalt-60 Gamma Radiation
VASSILIA J. SINANOGLOU, ANTHIMIA BATRINOU, SPYROS KONTELES, aNo KONSTANTINOS SFLOMOS*

lnboratory of Food Chemisîry, Departmenî of FoodTechnology, Technolctgic'al Educational Institution of Athens, Ag. Spvridonos, t2210,
Aegaleo, Greece

MS 06-381: Received l7 July 2006/Accepred 9 November 2006

ABSTRACT

Frozen molluscs (squid, octopuses, and cuttlefish) and crustaceans (shrimp) were irradiated using a cobalt-60 gamma
source, at different doses, in order to investigate the effects of gamma radiation on their microbial population, organoleptic
characteristics, lipid profile, and tropomyosin content. Irradiation of shrimp and squid with either 2.5 or 4.7 kGy reduced
mesophilic bacteria contamination to low or nondetectable levels, respectively, whereas irradiation of octopus and cuttlefish
with the same doses reduced the bacterial population. Irradiation treatment had no significant (P > 0.05) effèct on the total
lipid content and the major detected classes of polar and neutral lipids, whereas it significantly (P < 0.05) increased the
contents of neutral lipids in octopus mantle and in shrimp muscle and cephalothorax samples. The total fatty acid content and
the ot-3:or-6 fatty acid ration was not affected. A dose-dependent signiflcant (P <0.05) decrease in the ratio of polyunsaturated
fatty acids:saturated fatty acids was observed. With the increase in radiation dose, redness (c) and yellowness (A) values
showed a variation, whereas the lightness (l) value was significantly (P < 0.05) decreased in mollusc mantles and shrimp
muscle and increased in shrimp cephalothorax. The total of color changes (AE; increased (P < 0.05) as the dose increased.
Significant (P < 0.05) changes in textural properties were observed with radiation treatment in octopus tentacles and in squid
and cuttlefish mantle. The amount of tropomyosin, which is the major mollusc and crustacean allergen in the irradiated
organisms, was reduced by gamma radiation, depending on the dose.

Gamma radiation processing has been demonstrated to
be a safe and ef-fective method for controlling, reducing, or
eliminating biological hazards in foods (36). Radiation
treatment, depending on condition of irradiation and the
kind of tood, can effectively eliminate potentially patho-
genic bacteria, including Salmonelld spp., Staphylococcus
aure us, C ampy loboc te r, and Liste ria monocyto,q e ne s. This
is due to the damage of nucleic acids in the microorganisms
from suspected fbod products, without affecting their nu-
tritional and organoleptic values (10, II). Radiation dose,
processing temperature, and packaging conditions strongly
influence the eff'ects of irradiation treatments on both the
microbiological and nutritional quality of irradiated foods
(34). Gamma radiation in aqueous model solutions leads to
a nonenzymatic browning reaction (carbonyl amino reac-
tion) sitnilar to those induced by heating. This reaction may
influence the changes of the color in inadiated foods (2ó).

Proteins, carbohydrates, and fats are not significantly
affected by radiation doses up to l0 kGy. Ionizing radiation
causes damage to membrane lipids and lipoproteins, mainly
through lipid peroxidation of their unsaturated fatty acid
constituents (30). The lipid and tatty acid composition is
important for nutritional value, flavor, and textural proper-
ties of the food and significantly affects the acceptability
of a product. There is only a limited amount of infbrmation
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on the gamma radiation effect on the fatty acid composition
of molluscs and crustaceans. Several studies have shown
that the lipid profiles of the above items display high con-
centrations of polyunsaturated fatty acids (PUFA), espe-
cially highly unsaturated fatty acids from the o-3 series (/J,
32,). Nutritionists have focused on the type of PUFA and
the balance in the diet between or-3 PUFA fbrmed from
linolenic acid (18:3) and c'r-6 PUFA formed from linoleic
acid ( 18:25 as the high ratio of to-6:o-3 PUFA is a risk
factor fbr cancer and heart disease IJS).

Control of food allergens is increasingly important in
the fbod industry, and crustaceans such as shrimp and crabs
and molluscs such as squid and octopus are among the fre-
quent causes of food allergy mediated by immunoglobulin
E (IgE) antibodies. Immunoblotting studies showed that
many crustacean-allergic patients are IgE specific only for
tropomyosin. Even if tropomyosin is degraded to peptide
fragments, some of these fragments may have lgE-binding
epitopes. Epitopes on the allergens are structurally altered
by gamma radiation, and IgE antibodies do not recognize
sufficiently antigen-determinant sites on allergens. There-
fore, irradiation processing is a potential technique for the
reduction of the allergenicity of fbods (5).

The study of the molluscs and crustaceans is of in-
creasing nutritional, commercial, and financial importance,
as these seafoods are some of the commonly consumed
food. The objective of this project was to evaluate the ef-
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f icacy of ioniz. ing radi i i t ion from cobalt-60 to el iminatc

pathogenic bacteria of rnol luscs and crustaceans. which are

commonly contamin:"ìtecl with some pathogenic and spoi l-

age bac:teria (such as Sulnnrtcl lu spp. and Vihrio) (10),

without affèct ing their organoleptic and nutr i t ional charac-

t t ' r is t ics .  Emphasis  was g iven to  the analys is  o f  the i r  l ip ic l

profì le and fatty acid compclsit ion, as these seafbotls are

known to have a favorable <o-3:o.r-6 rat io. Moreover, the

application of gamma irracl iat ion for the redLrct ion of al ler-

genic activi ty of tropomyosin was evaluated in order to

procluce hypoallergenic rnol lusc ancl crustacean fìrods.

N,IATERIALS AND METHODS

Reagcnts, chemicals, and sampling. The standarcl lipids
rrsed (puri ty )L)8(/o) were cardiol ipine. phosphatidylchol ine, phos-
phaticlylethanolumine. phosphatidyl inositol,  lysophosphatir lylclro-
l ine sph ingomyel in ,  cho lestero l ,  s tear ic  ac id .  and t r io le in ,  a l l  pur -
chased frorn Sigma (St. Louis, Mo.).Fatty acicl methyl esters used
iìs gas chromatographic standards rvere lauric i ic id M-E, L7212,
r ' i . r - ,5 .8 .1  I  ,14.17-e icosapentaenoic  ac id  M-E,  E20l  2 ,  and c i , r -
. 1 .7 .  10 , l l , 16 .  l c ) -docosahexaeno i c  ac i c l  M -E .  D26 .59  (pu r i t y
r-c)l ì( , /n). ln at ldit ion, Matreya Bacterial Acid Methyl Esters CP
Mix ancl SLrpelco 37 Conrponent FAME Mix (both purchased
fnlnr Signra) were usetl .  z\ l l  solvents used t irr  sample prepali .r t ion
were of analyt icerl  grade f iom Merck (Dannstaclt .  Cennany). Dou-
ble cl ist i l lecl water was used throughout this work, and al l  reiìgents
used were of analyt ical grade, purchased l ì trn Sigma. For thcr
quant i t l t i ve  analys is  o f ' the crL ls tacean t roponryos in  res idues in  thc
sanrples. a cor.r lmcrcial ly uvai lablc assay fr<lrn h,LISA Systcms
(Brisbane, Austral ia) was used. The crustacoan trop()myosin res-
icluc kit  ( lot nurlber CRLiRD0.5-0-52) is a doLrble-antibocly (sarrd-

wich)  cnzynre- l inked i rnmLrnosorbent  assay (ELISA) ,  u t i l i z ing an
arrt i- tropomyosin inhibitor coated onto nricrowells. The immuno-
assoys werc pertbrmecl in 96-well  rnicrot i ter plates, using the Mul-
t iskan MK3 ELISA reader (Thermo LabSystems, Waltharn,
Mass.  ) .

Froz.en adult octopus (Octopus vulgori.s), squid ('fodnrutdes
stt14ittrtttts\, cuttlefìsh (Scpio o.ft'icirulis). and shrimp (Perurctt.s

nt r t t t t \ l t ,n  t  t . ì0  i rdu l t  spcc inrens per  spcc ies.  s ix  compr ts i tc  s : " r r t tp lcs .
ancl f  ive organisnrs pcr compositc) wcre bou-uht dLrr ing 200-5. They
were weighctl  and stored in the fì-cezcr (* l t ì ' 'C) Lrnt i l  the day of
irradiat ion. The water content of nrol lusc mantles and shrimp rnus-
cle ancl ccphakrthorax parts was measLrrecl by drying in an ovcn
at 105"C unti l  constant weight was reached.

Radiatinn process. For gamrna radiation. a cobalt-ó0 solrrcL'
irradiatur was used. The strength of the source was l-50 kCi, with
a dosc rate capacity of I  kGy/h. The samples were viìcuum pack-
agecl in low-density polyethylene ba-es, kept in packed ice. placed
in polyethylene plates (22 by 22 by 4 crn). and irradiated r"rnder
air atnrosphere. Dosimctry was perfbrmed using a polymethyl-
me thac ry l a te  dos i rne te r  (PMMA lns t rumen ts ,  [ I a rwe l l ,  LJK )
placcd on the irradiated samples surfhce. ' Ihc 

ckrses applied were
2.5 and 4.7 kGy. 

' fhe 
ternperature dr,rr ing the irradiat ion treatrnent

was maintained at approximately 0 + l ' 'C. lrnrnetl iately af ier ir-
radiat ion. thc treatecl samples were stored with thc: controls at 0
-r- l 'C. Four composites samplc's (two per dose). each including
fìve adult organisms, were, irradiated, and two corxposite samples
were taken as controls.

Microbiological analysis. Al l  samples were mixecl and ho-
mogcnized in a blender (Ultra-Turax, T-15. IKA-VERGE. Ger-
many). Elcven gri ìms of the mixture was fìrrthcr honrogenized in
a Lab-blcnder :100 stomachcr ([ .aboratory Ecluiprnent. London
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LíK) f ì ;r  I  min in a stontacher hag eontaining 99 ml of rtcr i lc '
tbuf fered)  peptone water .  E lcven rn i l l i l i te rs  o f  each sarnp le  mi r -
ture was serial cl i lutet l  in 99 r l l  o1' tbul ' f 'ered) peptone wÍìter
(Merck) ,  anr l  then I  ml  o f  cach d i lu t ion was p la ted on t l rc  appro-
priate rnediurrr.

Molluscs ancl shrimp werc pour platecl on plate c{runf 1o;1y
(Difìo, Becton Dickinson, Sparks, Nld.) ancl analyzetl  f ìrr  aerobic
niesophil ic bacteria. The plates were incubate(l  at 30'C fbr , tr t i  h.
T'he cnunreration of mesophil ic bacteri i ì  was erpressed as CFU
per gram.

Lipid extraction and separation of neutral from polar lip-
ids. Afier the measur-erì lenI of the total we ight of wet t issues. the
mollusc rnantles and the shrirnp rnusclc and ccphalothorar parts
were hornogenized separately in a rnixture of chlorotìrrm and
rnethanol (2:1, vol/vol) and were extr i . ìctcd fbr total l ipids accord-
ing to the Bl igh and Dyer methotl  (2). ,After phase equil ibrat ion.
the lower chlorol 'orrn layer (total l ipids) was reln()ved and dried
in a rotary evaporator. The extracted l ipids were wcighcd to de-
tennine thc total l ipid, then rcdissolved in chlorotbrnr-methanol
(9:1, vol/vol).  ancl f ìnal ly storecl at i ì  ternperature of 0'C. After-
ward, total l ipids were seprrated in ncutral and polal l ipids on
prewashecl -500-nrg si l ic ic acid colunrns (Kieselgel 60, Merck) by
sol id-phase extraction. using the modifìed method of Mastroni-
col is et al.  (24). Neutral l ipid fract ions were quanti tatet l  hy weight
afìer being eluted t iom sol icl-phase extraction columns.

HPTLC of total, neutral, and polar lipids. The total lipid
as well  i ìs thc polar ancl neutral l ipid tscparated by sol id-phase-
extraction) cortrposit ion was determined by single-dimensional
h igh -pe r fo rm i ìnce  t h i n - l aye r  ch ron ra tog raph i c :  ana l ys i s  ( lD -

HPTLCI), clrr icd out on precoatetl  si l ica gel ó0-C I{PTLC platcs
(s ize:  l0  by I0  crn ,  layer  th ickness:  0 . f -5  rnm;  Merck) . ' Ihe fo l -
lowing developntent solvcnt systenls werc- usecl:  solvent A tf ìrr
total l ipids), chlorolbrrn-methanol-water ((r,5:25:4, vol/vol/vol) l
solvent B (for polar l ipids). chloroform-methanol--qlrrcial acetic
acid-water (-50:2-5:6:2, vol/vol/vol/vol):  and solvent C' (f ìrr neutral
l ipids), petroleurn ether-diethylether-glacial acetic acicl 170:30:4,
vol/vol/vol).  VisLral izat ion of spots was effècted by exposure to
iodinc vapor, tbl lowerl by spraying with the phosphornolybdenum
bf ue reagent-detecting phospholipids (7). Lipid spots wcre also
visr"ral ized with copper sr"r l fate spray ancl heating at l t ìO'C fìrr -5
min (29).

(ìas chromatographic analysis of fatty acid methyl esters.
Methyl esters of the fìr t ty acids contained in the total l ipid frac-
t ions of the stLrdiet l  mollusc rnantles and shl imp musclc: and ccph-
alothorax piìrts wcre prepared by the pnrcedule described by Sin-
anoglou and Miniadis-Meimaroglou (32). Quanti tat ive and quali-
tat ive analysis were performed on an HRGC Mega 2 Series 8560
MFC u00 (Fisons Instruments, San Carlos, Cali f .)  sas chromrto-
graph equipped with an EL 9tl0 CE lnstrr"rments FID (f lame ion-
ization detector) (Hellenic L.abware, Athens, Greece). A fused si l-
ica capi l lary column of high polari ty was used (60 rn by 0.32-
mrn inside diameter :rnd 0.2-prn fr lm thickness; Supelco SP 2340,
Supelct 'r ,  Bel let irnte. Pa.). This polymeric stat ionary phase was a
nonbonded polytbiscyanopropylsi loxane). T'he carr ier gas was hy-
clrogen at a pressLrrc of l-5 lb/ inr. The rnake-up gas was atmo-
spheric air at a pressure of l5 lh/ inl ,  i rnd hydrogen was supplied
to the FID at a pressure of 9 lb/ inr. The tenrperature of the injector
was 230' 'C ancl of the cletcctor was 250'C. The ternpeli Ì ture was
progranìmecl at 150'C fbr l-5 nrin, raised frorn l-50 to 170"C at a
rate 2oC min I,  held constarnt at 170"C for l0 rnin. raisecl from
170 to  21,5"C'a t ;1" 'C rn in  I ,  an. l  hek l  a t  21.5 'C f ì t r  l -5  rn in .  The
ciurat ion of the analvsis was 62 min. ln the gas chronratographic
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lAltl'l:' I The totul irulígenous mesophilic aerobic microfor ( cFU/g)" of mollusc mantles ant! crustaceat muscle treeted v)íth Baîùna

Radiation
dose (kGy)

Toda ro} e s .t e gilt(tttts

(  squ id )

Octopu,s vulgari,s
( octopus)

Sepia tfficinalis
(cuttlefish)

Pcnetcus monodon

(shr imp)

103 -f

102  *

l 0 r  *

0
2.5
4.7

5 . 0 1  x  1 0 3  - f  0 . 1 2
5 . 0 0 x 1 0 r + 0 . 1 5

NGb

1.00  x
1 . 2 5  x
5.00 x

0.23
0.08
0.06

1 . 0 0 x 1 0 3 + 0 . 1 7
1.00 x 101 + 0.22
5 . 0 0 x 1 0 r  + 0 . 0 7

2 . 5 1  x 1 0 3 + 0 . 1 9

NGl,
NGó

" All experiments were performed in triplicate, and the clata are given in mean values.
ó NG, no growrh ar derecrion l imit (<10 CFU/g).

method, the fatty acid methyl esters were identified by comparison
with the standard mixture of fatty acid methyl esters. The total
fatty acid content was fbund by the use of lauric acid methvl ester
as the internal standard.

Texture measurement. Instrumental texture analysis was
performed using a Texture-Analyzer, moder rA-xr2i (stable Mi-
cro Systems, Bìackdown Rural Industries, Suney, UK) with a load
cell lHeavy Duty Platform/90) of 25 kg. A blade (60' knifè-edge)
probe with a thickness of 0.75 mm and wiclth of 70 mm was used
at a velocity of 2 mm/s. The force-tirne graphs were recordecl by
computer and analyzed using Stable Micro System software <Je-
signed fbr use with the 'rA-xr2. 

The fbrce (newtons) required to
cut the sample, the fìrmness (,g per second), antl the slope (new-
tons per millimeter) were determined.

Color measurement. Color values such as L llightness), a
(redness), and b (yellowness) values were measured with a tri-
st imulus chromatometer (Minolta, Tokyo, Japan, model CR_210)
calibrated with a red standard (no. 482, Bureau communitaire de
Reference). Three random readings per sample were taken and
averaged. color change, a4 which represents the cornprehensive
contributions fiom the variations of three color indexes, was cal-
culated according to the equarion AE -- 

[(a - ur;l t (b - h)2
+ (L - Lr)l1tt:. The values of nonirratJiated samples were used
as control values.

The values , (red-green) and b (yeilow-blue) were useti to
calculate the metric chroma rc), according to the equation c -
(rÌ  + 1rt1t12. which provides infbrmation about rhe color ini lex ol
the samples (25) .

sandwich ELISA. Afìer the extraction of tropomy.sin fiom
the samples, 100 pl of the sample extr i ìct was addecl in each well
and incubated fìrr 30 rnin at room temperature. A wash step
(ELISA system ready to use wash buffer) was repeated f ive t imes,
ancl then 100 pl of enzyme conjugate was adcled rn the wells fbr
an incubation of l5 min at room temperature. Afier a second wash
cycle, 100 pl of the substrate solut ion was atjded in each well  ancl
incubated fìrr l0 rnin at room rcmperi.ìture. Afìer the completion
of the l ìnal incubation, 100 pl of stop sorution was added in cach
well. and the absorbance was measured at zr-50 nm with the ELISA
reader (Thermo LabSystents).

statistical analysis. All measuremcrnts were obtainetl (at
least) in triplicate, and values were averaged and reported along
with the standard deviation. Data were analyzed with one-way
analysis ol '  variance post hoc tests, and pairwise rnult iple com-
parisons were conducted with the Tukey's honestly signitrcant tlif-
ference test. Linear trends were tested with one-way analysis of
variance contrasts. Al l  data were analyzecl with the SpSS 13.l
stat ist ical sofiware (SPSS. Chicaso. l l l . ) .

RESULTS AND DISCUSSION

Microbial quality of irradiated moiluscs and crus-
taceans. Data on the microbiological quality of mollusc
mantles and crustacean muscle treated with radiation are
shown in Thble l. The init ial mesophil ic microbial popu-
lation in the molluscs and crustaceans was about 103 cFU/
g. Radiation d.ses up to 4.7 kGy reduced the mesophil ic
microorganisms in squid mantle and shrimp muscle to non-
detectable levels, although these doses did not completely
eliminate aerobic microorganisms in octopus and cuttlefish
mantìes. The results indicated that the microorganisms pre-
sent in the studied molluscs and shrimp might have a dif-
ference in radiation sensitivity; therefore, the radiation re-
sistance of mesophilic microflora may depend on the irra-
diation dose and the kind of the species. A radiation dose
of' 4.7 kGy to frozen shrimp and squid clecreased the bac-
terial population from 103 cFU/g to nondetectable levels,
whereas the same radiation dose to octopus and cuttlefìsh
resulted in a 1.3-log cycle reduction (from 103 to 5 X l0l
CFU/g). Irradiation rreatmenr at doses of 4 and 6 kGy in
fiozen Malaysian shrimp had becn proved cf'Íectivc in re-
duction of the aerobic psychrotrophic and rnesophil ic col-
ony counts by about 3 and 4log cycles,  respect ivcly (27),
which is in agreement with the above results. lrradiation of
ficrzen precooked shrimp (p. monorktn) fiom Thailand at
doses 1.8 to 3.6 kGy reduced the indigenous microfl.ra,
resulting in shelf--l i fè exrension of more than r 4 days (19).
Radiation microbiology studies in fishery products indicat-
ed that gamma radiation with doses up to 4 kGy to control
and elirninate pathogenic population could be very ef-fective
with frozen fishery products such as moiluscs and crusta-
ceans originating from polluted aquatic environrnents (t0).
A dose as low as I kGy is sutfìcient to erirninate vihri '
parahaemol,-t icus. the leading causative agent of bacterial
-gastroenteritis from fìshery products ancr fiozen seafbod
(10). Therefore, irradiation of fìsh and shellf ish can be con-
sidered as part of good manuf.acturing practices or hazard
analysis crit ical control point processing.

Lipid content and polar and neutral lipid profile of
irradiated molluscs and crustaceans. Folrowing the ina-
diation, l ipids were extracted from the mcrilusc mantles and
shrimp muscle and cephalothorax parts separately, to eval-
uate the radiation ef-fèct. Total lipids of the cephalopod mol-
lusc L .sagittatu.s (squid), O. t,ul,qaris (octopus), and S. oJ'_
fc' inuli,s (cuttlefìsh) nonirradiated mantle constituted 1.g0.
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TABLE 2. Total lipid (TL), neutral lipid (NL) and Íatry acid (FA) composition (wt/wt, ak) of molluscs and crustaceans stored at

0 ! 1"c,

Samplcs Parameters 0 kGy 2.5 kGy 4.7 kGy

Todarotles s0ggita-
tas (squid)

Octopus vulgari.s
(octopus)

Sepia rffir:inali,s
(cutt lef ish)

Pencteus monodon
(shrimp muscle)

P. monotlon (shrimp

cephalothorax)

TL % of wlwt
NL 7o of TL
Vo FA of TL

TL Vc of wt/wt
NL Vo of TL
Vo FA of TL

TL o/o of wt/wt
NL o/o of TL
Vo FA of TL

TL o/o of wt/wt
NL o/o of TL
Vc FA of TL

TL 7o of wlwt
NL 7o of TL
%o FA of TL

1 .80  - f  0 .18  nà
28.9 -+ 0.21 p,

46.5 -t 0.55 n

2 .32  ! -  0 .1 I  n
15.6 -r 0.28 e,
54.4 -+ 0.38 n

1 .55  - f  0 .17  e
3ó.8 -i- 0.26 n
46.9 -r O.l4 e

1.30 - '_ 0.09 e
25.4 -+ 0.29 t
7 l . l  - +  0 .49  n

2.75 -+ 0.28 n
53.8 - f  0 .53 n
8 2 . 0  l . l 2  n

1 . 7 6  !  0 . 1 1
29.2 -r 0.31
46.4 -r 0.62

2.24 -F 0.09
46.3 -'- 0.31
54.3 -r 0.47

1 .52 - f  0. l  l
37.I - '- 0.09
46.7 'r 0.41

1.30  - f  0 .12
25.7 ' r  0.15
70.8 -r  1.08

2 . 7 0  *  4 . 1 3
54.5 -+- 4.27
81.7 '+ 0.77

A

A

A

A

B

A

1.70 -r- 0.26 n
29.7 -r 0.45 e
46.1 -r 0.73 a

2 . t6  -+  0 .2 t  s
41 .4 -+ 0.19 c
54.0 -f 0.64 n

1  .48  -+  0 .13  n
31 .7  - r  0 .15  e
46.3 -r 0.56 n

1 . 2 2  - r  0 . 1 8  n
26.3 -r 0.32 e
70.2 -+ 0.62 e

2.59 -r 0.25 e
55.4 -+ 0.36 e
81.2  1-  0 .33  n

A

A

A

A

A B

A

A

A B

A

" Data reported as means + standard
including f ive adult organisms.

r 'Means in the same row with unl ike

deviations of the determinations in triplicate of two composite samples per radiation dose, each

letters differ significantly (P < 0.05).

2.32 and 1.55o/o of the wet tissue, respectively. The lipid

contents of P. monodon nonirradiated muscle and cepha-
lothorax was 1.30 and 2.75Vo respectively. At doses of 4.1

kGy, mollusc mantle showed a loss of the total l ipid content

of 4.5 to 6.9a/o, and in shrimp muscle and cephalothorax,
the decrease was 6.2 and 5.87o respectively. in comparison
with the nonirradiated samples (Table 2), but all changes
were not statistically signifìcant (P > 0.05). This reduction
of total lipid content could be due to a decrease of the
phospholipids and cholesterol levels, because gamma-radi-

ation processing leads to their oxidation as described by
Kanatt et al. (15). Neutral l ipid components of the octopus
mantle and of the shrimp muscle and cephalclthorax showed

a signifìcant (P < 0.05) increase afier irradiation treatment,
at the close of 4.7 kGy (Table 2).

The total of polar and neutral l ipids from nonirradiated
and irradiated mollusc mantles and shrimp muscle and
cephalothorax were determined on analytical lD-HPTLC to
investigate if there was any change in the l ipid profìle due
to in'adiation. The identifìed polar lipid classes were car-

diolipine, phosphatidylethanolamine, phosphatidylinositol,
phosphatidylcholine sphingomyelin and lysophosphatidyl-
choline, and the neutral l ipid classes were triglycerides, free
fatty acids, and sterols. In irradiatecl sarnples, a dose-de-
pendent decrease in the intensity of the phospholipid and

cholesterol spots was observed. At 4.7 kGy a considerable
increase in the intensity of the free fatty acid spots was

obtained, and this is in agreement with the increase of the
neutral l ipid proportion. Previous studies have shown that
irradiation of phospholipids such as phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, and phos-
phatidylglycerol, containing either saturated or unsaturated
fatty acid ch:rins at9.66 kGy and 0 to 4"C in aqueous sus-
pension. resulted in phospholipid disappearance and pro-

duction of two radiolytic products, phosphatidic acid and
the lysophospholipid (30, 34). Sirnilar studies in food items

with high l ipid content. l ike egg yolk, showed that irradi-

ation caused a significant (P < 0.01) increase in the con-
tents of free fatty acids, indicating the liberation of some
tiee fatty acids due to inadiation (1).

Fatty acid composition of total lipids. The data on

the main fatty acids for total lipids of the studied cìepha-
lopod molluscs and crustaceans are given in Table 3. Fatty
acid profìles had a diff-erence in the proportions rather than

in the variety of fatty acids. The major saturated fatty acids
found in all the organisms' total lipid fiactions were pal-

mitic (Cl6:0) and stearic (Cl8:0) acid, and the most abun-

dant monounsaturated fatty acid was oleic acid (C18:1, or-

9). Eicosapentaenoic acid (C20:5, or-3) and docosahexae-
noic acid (C22:6, c,-r-3) were identif ied as the major poly-

unsaturated or-3 fatty acids, whereas arachidonic acid (20:

4, or-6) was detected in higher amounts in shrimp muscle

and cephalothorax. Myristic (Cl4:0), hydroxy myristic (2-

OH-C l4:0),  myr istoleic (C l4: l  ,  or-5),  palmitoleic (C l6:  l .

c' l-7). heptadecanoic (Cl7:0). branched heptadecanoic (istr

Cl7:0),  cyclo heptadecanoic (17:0 cyclo).  heptadecenoic
(Cl7:1.  t ' r -7) ,  l inoleic (Cl8:2,  t ' l -6) ,  ct- l inolenic (Cl8:3,  o-

3),  f - l inolenic (Cl8:3.  to-6),  e icosanoic (C20:0).  e icosa-
enoic (C20:1, c,r-9), eicosadienoic 1C20:2. t, l-6), docosapen-

taenoic acid \C22:5, or-3), and tetracosenoic (C24: l, to-9)

acids were also fbund in lower or modest amounts. Similar
results were also reported for cephalopod mollusc and ctus-

tircean total l ipid fatty acids in previotts studies (13, 33).

The main results observed between nonirradiated and irra-

diated mollusc mantle and shrimp muscle and cephallotho-

rax total lipid fatty acids were (i) the proportion of saturated

fatty acids was significantly tP < 0.05) increased at 2.5

and 4.7 kGy. along with a significant (P '< 0.05) l inear

decrease of PUFA: (ii) the monounsaturated fatty acid con-

tent showed no significant (P > 0.05) variation; (i i i) the
PUFA:saturated fatty acids ratios were significantly (P t-
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TABLE 4. lVloi.snre (wt/wt,

tttincd ut 0 -' I "C"

%,) ttf ' rrutl luscs ttntl trusÍuceons rc'

Samples 0.0 k(ìy 2.5 kGy 4.7 kGy

Trilarodcs .su,g-
iltcttus
(squid) 0.ti2 r- 0.09 er'

Octopus v'ulg,ar-
l .s (octopus) 0.80 + 0.0Ó e

Sepia tllficinuli's
(cut t le f ish)  0 .83 t  0 . l l  n '

Penaeus m0n0-

r/on (shrimp

muscle)  0 .74 *  0 '13 n

P. morutdon
(shrimp cePh-
alothorax) 0.70 -1- 0.05 e

0.93 + 0 .05 e 0 .84 - f  0 .1  I  n

O.tJl -1- 0.04 n 0.82 -f  0.07 e

0.84 t  0 .12 a 0 .85 +-  0 .08 ,4 .

0 .75  ' *  0 .10  e  0 .16  - r  0 . l l  n

0.71 -r- 0.04 n 0.73 + 0.09 a

,,Data reported as means + standard deviations of the determi-

nations in triplicate ttf two composite samples per radiation dose,

each including five adult organisms.
/,Means in the siìme row with unlike letters differ significantly (P

< 0.05).

0.05) decreased in a linear trend with the irradiation treat-

ment; and (iv) the proportion of o-3:6-6 fatty acids showed

no significant differentiation in all the cases, with the ex-

ception of cuttlefish muscle at the higher dose (signifìcant

increase. P < 0.05), so irradiation did not aff-ect the positive

impact of high or-3:co-6 ratios (Table 3). Previous studies

have shown that the decreaso of unsaturated fatty acids after

irradiation treatment was mainly due to oxidative decay

(14). Kanaft er al. (15)reported that fatty acid profi les of

total lipids from the rib and leg regions of lamb meat did

not show significant changes, whereas they also found a

significant decrease in the ratio of PUFA to saturated fatty

acicis of phospholipids with the irradiation treatment ̂t2.5

and 5.0 kGy. Dogan et al. (8) reported that the unsaturated

acyl chain concentration for high-dose irradiated samples

of hazelnut tissues decreased. Badr (/) reported that gamma

radiation at a 3.0-kGy dose had no significant effects on

TABLE 5. Values of texture porameter,s measurcd reîained at 0 X l"C''

Samples Parameter

GAMMA RADIATION OF EDIBLE MOLT-USCS AND CRUSTACEANS
()63

fatty acicl profiles of liquicl eg-u yolk lipids, which mainly

consisted by saturated fatty acids (35Vo). monounsaturated

fatty acicls é5.2Io), and linoleic acid (Cl8:2, ro-6; l6'8ok)'

organolectic characteristics of irradiated molluscs

and crustaceans. Irracliation at levels of 2.5 and 4'7 kGy

caused no signifìcant (P > 0.05) change in the moisture of

irradiated molluscs and crustaceans (Table 4). The pglyeth-

ylene-packaging material used retained the moisture content

of the product (1ó). Changes in textural properties were

observed afier radiation treatment. Cutting strength and

firmness of organisms subjected to radiation processing

were lower (P < 0.05) only for molluscs as compared with

rhar of nonirrarjiared samples (Table -5). Kanatt et al. (16)

reported the reduction in cutting strength in inadiated mar-

inating shrimp, whereas Lacroix et al. (20) teported that

irradiation at 1.8 to 3.6 kGy did not impair the firmness of

shrimp. Gamma radiation of crustaceans in Thailand with

2.2 kGy did not significantly (P > 0.05) affect the texture

of the organisms ( 10). During radiation treatment. breakage

and po lymer iza t ion  o f  macromolecu les  was observed,

which influenced the mechanical properties of the food

(/ó). Since slope is related to the apparent elastic properties

and expressed the measure of stitfness (6), it is demonstrat-

ed that the cuttlefish muscle and octopus tentacle slope had

a 44Vo diminution at the higher dose (4.7 kGy), whereas

squi<l slope represented a 277o diminution. Kye et al ' (18)

observed that the textural change is clearly related to the

myofibrillar protein degradation, which may be promoted

by the irradiation treatment. Firmness also depends on the

distribution of fat and protein and the structural deteriora-

tion of the tissue (ó).

with the increase in irradiation dose, the a (redness)

values of squid and cuttlefish mantles and shrimp muscle

were not significantly (P > 0.05) affected, whereas a values

of octopus muscle and shrimp cephalothorax showed a sig-

nificant increase (P < 0.05). As doses increased, the b (yel-

lowness) value of the shrimp cephalothorax significantly

increased (P < 0.05). L (l ightness) values of the organism

muscles showed a significant (P < 0.05) decrease, except

0.0 kGy 2.5 kGy 4.7 kGy

Todarodes sagittcttus (squid mantle)

Oc'topus vul garis (octopus tentacles)

Sepia ofJtcinulis (crtttlefish mantle)

P. monodttn (shrimP muscle)

Cutting strength (kg)

Slope (N/mm)

Finnness
Cutting strength (kg)

Slope (N/rnm)

Firmness
Cutting strength (kg)

Slope (N/mm)

Firmness
Cutting strength (kg)

Slope (N/mm)

Firmness

2 . 5 5  |  0 . 2 1  n
8.62

1 , 7 5 4
t3.12 -r  0.55 n

1 6 . 3 4
3,268

5.91 - '_ 0.41 n
9.6s

984
1.19 4- 0.3,1 e

ì  î , {
L . L +

154

2.07 ' r  0.13 e
6.97

t .421
l l .2 l  - r  0.53 s

13.95
2 , 8 1 0

1.04 -F 0.10 s
6.ó0

613
1 . 7 3  ' r  0 . 1 2  n

2 . t 6
437

1 . 8 5  l -  0 . 1 2  e
6.24

1 .270
8.53 -f 0.89 c

9 . 1 5
1  1 ) 5

3.-10 -l 0.26 c
5 .39

519
1.38 -r-  0.32 e

1 . 7 2
350

" l)atiì reported íìs means + standard

including f ive adult organisms.
r 'Means in thc same row with unl ike

deviatigns of the cleterminations in triplicate of two composite samples per radiation dose, each

letters ditfer significantly (P ':- 0.05).
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TABLE 6. Color values of mollu.scs and crustacean retained at 0 X I"C"

J. Food Prot., Vol. 70, No. 4

Value 0 kGy 2.5 kGy .1.7 kcy

Todarodes sagittatus (squid;

Octopus vulgaris (octopus)

Sepia fficinalis (cuttlefish)

Penaeus monodon (shrimp muscle)

P. monodon (shrimp cephalothorax)

a

b
L

AÈ'
C
a
b
L

AE
C
a
b
L

AE
C
a

b
L

AE
C
a
b
L

AE
C

1.24 'F 0.57 eD
-0 .57  +  0 .15  n
52.95 -r 0.ó5 a

0 n
1.36 +-  0 .58 e
1.87 -f  0.45 n

-2 .15  +  0 .55  ae
50.08 -r 1.65 e

0 a
2 .89  -+  0 .13  n
0.96 -f  0.52 n

- 2 . 6 3  +  0 . 1 4  n
47 .38  +  1 .27  t

0 n
2.77 t- 0.06 e
3 .14  -+  1 .30  a
4.90 -r 0.88 n

50.26 + 1.64 a,
0 e

5.87 - '-  1.24 e
2.26 -r 0.30 n
4.91 -r 0.67 e.

48.12 + 0.33 n
0 e

5.41 - '-  0.73 t

1.65 - '-  0.23 n
-1 .49  +  0 .21  e
49.57 + 0.79 e
3.57 'r  0.60 s
7.22 '+  0 .16 e
2.26 t 0.24 e

-3.43 + 0.42 n
41.84 t  1 .37 s
8.34 *  1 .50 es
4 . 1 I  r -  0 . 3 1  n
l . l l  - +  0 .39  a

-3.69 + 0.46 ee
43.64 + 1.09 e
3 .93  ' r  0 . l l  e
3.89 -r 0.32 s
1.65 - f  0 .21 a
2.64 -r 0.52 s

46.41 'r  1.29 e
4 .83  - f  l . 6 l  s
3.09 -r 0.53 s
4.82 -r 0.26 s
7.13 ) -  0 .34 s

48.58 + l .(X) n
3.50 - f  0 .2 t  e
8.61 - '-  0.43 e

2.26 -r 0.35 a
-0.76 -r 0.43 aa
46.83 + 0.32 c
6.23 4 0.26 c
2.42 -r  0.19 s
4.08 r- 0.32 s

-1 .17  +  0 .76  s
40.11 + 0.86 e
9.59 -r 0.73 s
4.49 -r 0.32 e
1.66 -1- 0.91 e

-3.89 -r  0.68 s
41.90 + l .4 l  s
5 .74  -+  L18 c
4.26 -r 0.60 s
1.47 -r  0.52 e
3 .11  - f  0 .59  s

4 4 . 9 5  +  l . l l  s
5 .91  r -  0 .81  e
3.44 'r 0.76 s
4.98 -+- 0.98 n

10.16  - f  0 .74  c
5 3 . 1 9  +  1 . 3 5  s
7.81 - f  0.80 c

1 l .3 l  - t -  0.94 c

'r Data reported as means + standard
including five adult organisms.

r'Means in the same row with unlike

deviations of the determinations in triplicate of two composite samples per radiation dose, each

letters differ significantly (P < 0.05).

for shrimp cephalothorax; the L value was higher (P <
0.05) at 4.7 kGy (Table 6). AE values (total color change)
compared with nonirradiated organisms, had a signifìcant
(P < 0.05) increase at the higher dose. C chroma, was
significantly (P < 0.05) higher after the irradiation treat-
ment in mollusc mantles as well as in shrimp cephalotho-
rax, whereas the opposite was observed in shrimp muscle
(P < 0.05). Farkas ( l0) reported that radiation treatment of
crustaceans in Thailand with 2.2 kGy did not significantly
(P > 0.05) affect the color and flavor of the organisms, but
had an effect (P < 0.05) on odor. The changes in c, L, and
AE revealed that as dose was increasing, mollusc mantles
increased in redness and decreased in lightness. However,
there are few scientifìc reports of the mechanism of the
change of the color in irradiated foods (26). The changes
rn a, L, and AE values in the studied invertebrates might
be influenced by the vacuum packaging as well as the pack-
aging material. Du et al. (9) reported that vacuum pack-
aging was helpful in preserving meat color. Luchsinger et
al. (23) reported that irradiated vacuum-packaged pork
chops appeared redder and were more stable during storage.
It is also observed that as radiation dose increased, the color
intensity of foods increased (17, 26) due to the fbrmation
of colored compounds, assisted by the Maillard reaction.
Therefore, irradiation leads to nonenzymatic browning re-
actions similar to those induced by heat treatment of foods.
Du et al. (9) reported that as radiation dose is increasing,
the rz values of irradiated chicken meat appeared redder

when compared with the nonirradiated samples. Liu et al.
(22) reported that a and AE values increased in chicken
breasts as a result of a 4.57-kGy dose of ionizing radiation.
These reports are in line with the results of mollusc mantles
and shrimp cephalothorax.

Allergenicity of irradiated molluscs and crusta-
ceans. Most allergens are reported as resistant to processes.
However, food-inadiation technology has been fbund to al-
ter the structure of epitopes on certain food allergens such
as egg, shrimp, and milk, therefore reducing their allerge-
nicity (4, 5, 2l ). The major mollusc and crustacean allergen
is tropomyosin, a muscle protein of about 35 kDa (31),
characterized by thermal stability and resistance to prote-
olysis. The latter is enhanced by an ability to bind ligands,
such as metal ions, lipids, or steroids (3,). Quantification of
allergens in inadiated molluscs and shrimp showed that the
amount of tropomyosin and its degraded peptide fragments
with the ability to bind IgE was reduced by gamma radia-
tion, depending on the dose of treatment (Table 7). The
initial concentration of allergen of the nonirradiated shrimp
sample was 0.10 ppm (mg/kg). After treatment with 2.5 and
4.7 kGy, the allergen could no longer be detected (values
were below detection limit of 0.05 ppm). Food-irradiation
technology was recently applied to shrimp and shown to be
considerably effective in reducing its allergenicity (4).
Zhenxing et al. (37) reported that irradiated shrimp (Pen-
aeLrs vannamei) protein extracts exhibited a decrease in al-
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TABLE 7. Concentration ppm (ntg/kg) oJ'tntpomyosin cletected b,- sunwich ELISA-husetl v,,ith IgE"
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Radiation dose

( k G y )

Tttdu rocl e,s .sa g iîtatu s

l s q u i d )

Ocîùpul; vulgaris

( octopus)

Sepiu tfficinuli,s
(cut t lef ish )

Penuett,s tnoruxlon

(shr imp)

t)
2 .5
4.7

0.25 +' 0.02
0. l -5 '1_ 0.01

_(

Ah

B

0 .13  - r -  0 .01  n
0.10 - l -  0 .01 e

I

0.41 r- 0.03 ,r
0..11 -f 0.03 a
0 .31  t  0 .02  s

0 .  l 0 0 .01-+-

I Data reported as means a standard deviations of the determinations in triplicate oî two composite samples per rùdiation dose, each
including f ive adult organisms.

/'Means in the same column with unlike letteÌs differ significantly (P < 0.05).
'Below detection l imit (<0.05 ppm).

lergenicity, measured by immunoblot and Ci-ELISA, when
the irradiation dose was increased. Shrimp muscle exhibited
an increase of allergenicity at a low radiation dose. More-
over, when the dose reached l0 kGy, the allergenicity of
shrimp muscle began to decrease. In this study, after treat-
ment with 4.7 kGy, the concentration of allcrgen decreased
to nondetectable levels in irradiated squid and octopus man-
tles and significantly (P < 0.05) reduced but sti l l  to de-
tectable levels in irradiated cuttlefish mantle. The results of
both the shrimp and the molluscs suggested that there was
a definite irnpact of food irradiation on the detectabil ity of
tbod allergens and indicated that epitopes on allergens were
structurally altered by gamrna radiation. IgE did not seem
to recognize sufficiently the antigen-determinant sites on
allergens. This can be explained by the fact that gamma
irradiation may either alter the structural conformation of
an allergenic protein or it may break it down to smaller
molecules, therefore deactivating some of the epitopes on
i ts surface (4,21).  Howcver.  i t  should be noted that some
consumers may be sensitive to allergens below the detec-
tion l imit of current testing methods, and therefore iÌ test
result cannot be taken as an indication that food is defìnitely
fiee fiom a specifìc allergen (12).

As a general conclusion, a 4.7-kGy close of gamma
radiation can be used as an effective dose fbr treating mol-
Ir-rscs and crustaceans to ensure their saf'ety and retain their
qual i ty character ist ics.
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