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ABSTRACT KEYWORDS
The effects of glaze, potassium metabisulphite and vacuum treatments Anchovy;
were investigated on physical (thaw loss, cook loss, pH), chemical (TVB- Glaze;
N, TBA), microbiological (total mesophilic, physcrophilic bacteria; total M etabisulphite;
Enterobacteriacea) and sensory properties of anchovy stored at -30°C for Vacuum;
180 days. Frozen storage;
The number of total mesophilic and physicrophilic bacteria showed Packaging.

aterations (2.95-3.75Log CFU/g and 2.50-3.68 Log CFU/g, respectively)
and Enterobactericea were not observed in any samples during frozen
storage period for all groups. Treatments with vacuum, glaze and
metabisul phite showed positive effect on the protection of sensory
properties of anchovy stored at -30°C for 180 days. All the sensory and
chemical results show that the shelf life of anchovy stored at -30°C after
packed (control), glazed+packed (B), dipped in metabisulphite
solution+glazed+packed (C) and vacuumed (D) were 90, 150, 90 and 180
days, respectively. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION freezing aswell asother factorsduring freezing, cold

storage and distribution. Variousfactors, suchasqua-

Theaim of cold storagein seafood isto extend its
shelf lifeand tolimit microbiologica and chemica dete-
rioration. Freezingisboth widely used to prevent mi-
crobial spoilageand to slow chemical and enzymatic
reactionsinfish muscle. However, deterioratesinfish
muscle during frozen storage, largely because of the
myoafibriller protel nsundergo denaturationsand aggre-
gation™¥. Freezing and cold storageisan efficient method
on seafood preservation but it must be emphasi zed that
it does not improve product quality. Thefinal quality
depends on the quality of the seafood at the time of

ity of theinitial raw material, storage conditionsbefore
freezing, freezing temperature, the rate of freezing,
vacuum packaging or packaging materialsand preven-
tion against oxidation (light and oxygen) can affect fro-
zenfish quality™. Lipid oxidation of fish can be pre-
vented or reduced by |ow storagetemperature®, glaz-
ing and vacuum packaging in order to remove oxygen
and treatment of antioxidantg*®.

Numerous studieshavefocused on quality related
with processesoccuring in thetemperatureinterva be-
tween 0and -30°C, anditiswell knownthat storage at
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-20°C or higherisinsufficient in kegping ahigh quaity!®.
Burgaar and Jergensen!® reported that after 18 months
of frozen storage at -30°C, theva ues of thiobarbituric
acid reactivesubstances(TBARS) inrainbow trout were
gtill below what had been reported asthe sensory detec-
tionlimit. Andthey recommended that based ontheover-
al behavior of thequdity-related parameters, tempera
ture of frozen storagefor rainbow trout is-30°C or be-
low. Inaddition, frozenfish quality depends on amount
of weight lossby dehydration, oxidation degree, chemi-
ca and microbiological spoilageof fish muscle. Espe-
cidlyweight losshy dehydration and lipid oxidation are
connected with the surface area of fish where contact
with coldarflow. Thesenegdtiveeffectscan beprevented
by covering the surfacewith glaze and packaging mate-
ridsor usngfoodadditiveslikemetabisulphite, dtricadd,
ascorbic acid and phosphates.

About 75% of theworld’s total seafood is used for
human consumption, 25%isconvertedintofishmed and
other nonfood products, 40% is consumed aswet fish
without any further technol ogical processing or preser-
vation, about 20% isconverted into deep frozen prod-
ucts, 8% istransformed into cured products, and an-
other 8% into canned products™. Anchovy (Engraulis
encragcolus) iscommercidly animportant fishin Tur-
key. Total seafood productionin Turkey wasreported
as 644852 tonsin 2012. A significant portion (about 25,
43%) of thisharvest isanchovy!®. Theamount of total
export andimport of seafood were 74000tonsand 65334
tonsin 2012, respectively. In 2012, whilethe amount of
fresh and chilled anchovy exported was 204 tons, frozen
anchovy amount was 356 tong¥. Asseen asabove, itis
commonly consumed asfresh besidesitisexported to
other countriesasfrozen. In savera researcheshavebeen
investigated the effect of frozen storage conditionsand
somefactorsonfrozen seafoodsqudity (2, 6, 10-17).
Inaddition, thereislittle studiesrelated to frozen an-
chovy at different temperatures®2,

Theobjectivesof thisresearch wereto observethe
effectsof (i) glazing, (ii) potass um metabisul phiteand
(i) vacuum packaging on physical, chemica and mi-
crobiologica changesof frozen anchovy during frozen
storage (180 days).

MATERIALSAND METHODS

Raw material and sampling
Fresh Black Seaanchovy (Engraulisencrasicolus)

were purchased total 37kg from alocal market and
transported to thelaboratory onicewithin 5 hour after
the harvest. All the fish were washed with tap water
severa times. After, fish weredivided into four groups
(A, B, C,and D). Theexperiment was performed with
two replicate. Fish in A and B groups were put into
polystyrene dish. Fish in C group were dipped into
potass um metabi sul phite sol ution (50ppm for 1kg) for
2 minutes. Thesethree groupswere packed with shrink
film. Fishin D groupswere vacuum packed into ori-
ented polyamide-polyethylene 30cm x 18cm bags
(thickness 98um, oxygen permeability of 47.6 ml/m?/
24h at 23°C and water vapor permeability of 3.48 g/
m?/24h at 23°C). Bagswere sea ed using Abant pack-
aging machine (Abant MG 42, Adapazari, Turkey).

In experiment, 48 polystyrene disheswereused that
had 751+0.23g anchovy. All the fish (A, B, C and D
groups) were frozen in freezer at -35°C. For fishin
groupsof B and C, theglazing was carried out by dip-
ping of fishinto acontainer of cold water (0°C) for 6-8
sec. Then all thefish were packed and stored at -30°C
for 180 days.

Proximateanalysisin fresh anchovy

For proximate anaysis, about 1 kg anchovy were
used. Analyseswere carried out on the homogenized
muscleof theraw materid. Themoisture (925.10) and
crude ash (923.03) contents were determined as de-
scribed by AOACY and crude protein content
(960.52) was calculated by converting the nitrogen
content determined by the Kjeldahl method
(Nx6.25)!#, Crudelipid content (991.36) was deter-
mined by acid digestion prior to continuous extraction
using petroleum ether (b.p. 40-60°C) in a Soxtec sys-
tem, Energy value was calculated by Atwater
method®!, Theanalyseswererunintriplicate.

Preparation of fish samplesfor analysis

Two packed frozen fish were sel ected from each
group for each sampling day and thawed in microwave
(160W, 7min).

Quality analysis
Thaw drip, the cook loss

After thawing process, each package were
weighted and percent drip loss cal culated according to
thefollowingformuld®:

%drip loss=(initial weight raw material-weight at sampling)/
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(initial weight raw material) x 100

After driplosscdculated, the percent water lossin
cooking was determined using the method described
by Varlik et al.?¥, For thisanalysis, 200g fishweredi-
vided to glassjar. After cooking for 30 minin boiling
water, theglassjar werekept in cool until decreaseto
50°C; thefish tipped on strainer and kept for 20min.
Filtratewasweighted and the water |oss (%) in cook-
ing was cal culated with proportion.

After, therest of thawed fish were homogenized
for other anaysis.

pH determination

pH wasdetermined us ng the method described by
Manthey et al [,

Determination of total volatilebasic nitrogen

Anaysiswascarried out according to the Liicke-
Geidd method modified by Antonacopoulus®!. Results
wereexpressed asmg TV B-N/100g.

Determination of lipid oxidation

Thedistillation method of Tarladgiset al.[? was
used to determinethe degree of lipid oxidationinfish.
TBA vaueswereexpressed asmg of maondiadehyde
(MDA)/kg of sample.

Microbiological analysis

For microbiologicd andyss, samplingwascaried
out aseptically. Ten g of samplediluted with 90 ml of
peptone sat solutionfor each microbiological andysis.
Then, sampleswere homogenized for 2 minand pre-
pared seria dilutesneeded for plating. Thefollowing
mediaand incubation condition wereused. Microbia
countswereexpressed asL ogCFU/g. Totd mesophilic
aerobic bacteria(TMAB) weredetermined using Plate
count agar (PCA, Merck code: 105463.0500) after
incubationfor 2 day at 37°C'%, Tota psychophilic bac-
teria(TPB) wereenumerated on PCA and incubated
at 7°C for 10 dayd?. Total Enterobacteriacea were
enumerated onViolet Red Bile Dextrose (VRBD-Merck
code: 1.10275) and incubated for 24h at 37°C1?9,

Sensory analysis of cooked fish

Sensory analysis of cooked fish was determined
by themethod of Varlik et d 124, Theattribute of cooked
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fish (odor, texture, taste) (3-2.7=very good, 2.7-
2=good, 2-1= medium, <1= spoilage) were eval uated
by el ght experienced judges.

Satistical analysis

Differences between the sampleswere eval uated
by MINITAB 13 by one-way and two-way analysis of
variance(ANOVA) usngasignificancelevel of p<0.05.
Tukey’s test was used for significant differences.

RESULTSAND DISCUSSION

Theresultsof proximate anaysisof anchovy are
shownin TABLE 1. Proximate composition val ues of
anchovy have been reported by Ayas® were as
19.56% crudeprotein, 4.72% crudefat, 73.80% mois-
tureand 1.39% crude ash. Hefound different results
from our resultsexcept for crudeash vaue. In Novem-
ber, proximate composition of anchovy in Black sea-
Turkey was stated as 66.34% moisture, 15.68% crude
fat and 1.48% crude ash®4. Ozden reported that
protein, lipid, ash and water contents of anchovy were
18.02%, 10.32%, 1.62% and 69.76%, respectively.
Contentsof crudeproteinand crudelipid of anchovyin
Sinop region-(Black Sea) in November, December and
January wasdeclined 17.24%, 17.36%, %016.94% and
18.57%, 15.91%, 15.57% respectively*3. Proximate
compositionisinfluenced by season, water tempera-
ture and spawning cyclewhich aso determined by spe-
cies®,

Changesin physica and chemical parameters of
anchovy stored at -30°C weregiveninFigure 1.

Theresultsconcerningwiththaw dripslossesarein
Figure 1(a). Therewere no differences (p>0.05) be-
tween the metabi sul phite+glaze group and vacuum
group during the storage period. Thethaw dripslosses
of both groupswere higher than glaze group after the
day of 30". During the storage, the thaw drip losses
regularly increased inthe control and metabisul phite
groups. In vacuum group, drip lossesfirstly increased
to 1.86% at 60" day and then decreased to 1.80% but
thedifferencesbetweenthemwereinggnificant (p>0.05)
at that days. Theminimum drip lossinthethawing was
found in glaze group (0.60%) at the day of 60" This

TABLE 1: Proximate composition of anchovy

Moigure (%) CrudeFat (%) CrudeProtein (%)

Crude Ash (%) Carbohydrate (%) Calory (kcal)

62.86+0.03 10.64+0.04 22.71+0.04

1.48+0.01 2.31+0.08 195.88+0.25
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decrease may befrom effect of glazelayer coveringthe  result were similar with control and vacuum groups
fish. At the end of the storage, maximum drip loss (p>0.05). Theseresultsindicated that metabi sul phite
(3.47%) wasfound in metabisulphitegroup and this  and vacuum treatments on thaw drip losswere not &f -
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fect aswell asglazing process. Santosand Regenstein®®
reported that white hake and mackerel packed with
vacuum, both treated and untreated antioxidant (ery-
thorbic acid), gavesignificantly higher valuesthan other
groups (with or without erythorbic acid and packed,
with or without erythorbic acid and water glazed). Turan
et a.[*® dsoreported that using of food additive (phos-
phate) may not be moreimportant than glazing+packing
treatmentsof rainbow trout intermsof driploss.

Thewater lossesin cooking are shownin Figure
1(b). At the beginning of the storage (0" day), the cook-
inglossvaueof fresh anchovy was15.72%indl groups.
Thisvaueregularly increased during thestorage. At the
day of 30", cooking lossvd ueof metabisul phite+glaze
groups was lower according to the 0" day (p<0.05).
Thewater lossin cooking of glaze and vacuum groups
were not important (p>0.05) after the day of 60" and
90" days. At the end of the storage, cooking lossval-
uesof groups(A, B, C, and D) were 28.75%, 26.03%,
30.47% and 27.44%, respectively. Only glaze process
was moreeffectivethan the other applications.

At the beginning of the storage, thepH valuewas
determined as5.92indl groups. Orak and Kayisoglu®!
reported that theinitia pH value of whole, gutted and
filleted anchovy (Engraulisencrasicolus) were 6.50,
6.51 and 6.51, respectively. Thesedifferencesmay be
from thefreshnessdegreeof fish. Theinitia low pHis
owingto thehigh amount of lactic acid, whilethein-
creaseinthepH at theend of the storage period isdue
to the production of basic components caused by the
enzymatic spoilage of thefish muscle. Ingeneraly, the
pH values of all the groups except for
metabisul phitet+glaze group regularly increased (p<0.05)
during the storage. The pH value of fish packed with
only stretch film (control) increased to 6.41 at theend
of thestorageperiods. pH valuesof fishin glazegroup,
metabi sul phite+glaze group and vacuum group were
6.31, 6.25, and 6.18, respectively. During storage, mini-
mum pH valuewas measured at vacuum group (5.82)
at 60" day, al so a the end of the storage minimum pH
valuewasmeasured at vacuum packed anchovy. Infish
stored in aerobic conditions, theincreasein pH may be
owing to the production of volatile bases by aerobic
spoilagebacteria. Thisspoilageand production of vola-
tile bases can be prevented by vacuum packaging. As
shownin Figure 1(c), pH valuesof control and glaze
groupswere statistically ssimilar (p>0.05) during 180

—=> RegUlOr Peper

days. pH values of glaze and metabisul phite+glaze
groups (B and C) weresignificantly different (p<0.05)
at 60th day but they weresmilar inother days (p>0.05).
pH vauesof C group dipped potass um metabisul phite
solution weregenerally higher than control and glaze
group between the 30th and 90th days. Similar results
were reported by Omart!” that the pH was dightly
higher in frozen shrimp treated ice/dipped sodium
metabisulphite. ThepH changesinvacuum, control and
glazegroupsgroup werestatistically smilar during 60"
days (p>0.05). During the storage, athough the pH
vauesinal thegroupsincreased and noneof themdid
not exceed the consumability limit valuesreported as
6.8-7.0%1, The pH of livefish muscleiscloseto the
value 7.0, |t hasto be supported by other chemical
and sensory anadysis?.

At the beginning of the storage, as expected, the
TVB-N leve waslow (1.35mg/100g) infresh anchovy.
Kose et al.B™; Orak and Kayisoglu® reported that;
TVB-N values of fresh anchovy were4.24 and 16.1
mg/100g, respectively. TVB-N vaue of anchovy used
inour study was approximately 3 and 12 timeslower
thanthosesintheseliteratures. TVB-N isdocumented
asaquality index of fish freshness. TVB-N value of
somefish speciesisrelated to non-protein nitrogen con-
tent of fish, which ischanges depend on type of fish
feeding, season of catching, fish sizeaswell asother
environmental factors. Alsoitisdirectly related to mi-
crobia activity inthefishtissug®. All groupsshowed
anincreasein TVB-N vauesafter 30" day (p<0.05)
Figure1d. TVB-N vauesof dl groupsweresimilar on
30" and 60" days (p>0.05). TVB-N vauesof vacuum
group weresgnificantly higher (p<0.05) than the other
groups at the day of 60" and 90". TVB-N value of
control group was 15.98 mg/100g (p<0.05) whilethe
TVB-N vaue of other groups did not exceed 10.67
mg/100g in 120" day. In the 150" day, TVB-N value
of control group reached to 27.86 mg/100g, the same
day TVB-N valuesof B, Cand D groupswere 16.67,
20.04 and 14.05 mg/100g, respectively. At the day of
150", the TV B-N valuesof all groupsweredifferent
statisticaly (p<0.05), moreover thisdifferenceswent
ahead after 150th day. At the end of the storage, the
lowest TVB-N value was determined in glaze
(27.19mg/100g) and vacuum (26.16 mg/100g) groups
(p>0.05). Thelevel of 35 mg/100g has been consid-
ered asthemaximum limit, which abovefishery prod-
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uct are considered spoiled®!. Only control group ex-
ceed thislimit vaueat theend of thestorage (180 days).
Similar results for anchovy!?®2%, for other fish spe-
cies®4: and for mussd (Gokoglu et al., 2000), stored
frozen have been previoudy reported by theresearches.

TBA number can beused inthelipid oxidation de-
termination of the products having extractableor not
extractableoilssuch asmeat products“. TBA values
of anchovy areshownin Figure 1(e). Initia value of
TBA was2.68 mgMDA/kg for fresh anchovy whereas
final values of TBA were 20.62 (control), 9.35 (B),
15.38 (C) and 4.80 mgMDA/kg (D). Accordingto the
Varlyk etal.®™, TBA vdueof 5mgMDA/1000g of fish
flesh areusually regarded asagood value. At 30" day,
TBA vaueof dl groupsweres gnificantly different from
each other (p<0.05). The lowest TBA value (0.78
mgM DA/kg) wasfound invacuum group. TBA vaue
of glazegroup (B) firgly increasedto 7.57 mgMDA/kg
(30" day) and then decreased to 5.27 mgM DA/kg (60"
day). Changes in these days can be affected by the
amount of glaze covering thefish surface. Because af -
ter the 30" day, TBA va ues of glaze group werefound
fewer and dowly increased when compared control and
metabi sul phitetglaze groups (p<0.05). TBA valuesof
anchovy vacuumed wered owly increased and had the
minimum TBA va uesduring storage period. Potassum
metabi sul phite solution did not affect fat oxidation. It
has been proposed that maximum TBA value is 5
mgM DA/kg, whilethefish may be consumeduptoa
level of 8mgMDA/kgin TBA value*. Control, glaze
and metabisul phite+glaze groupsexceed thislimit vaue
at 90", 150", and 90™, respectively. However, vacuum
group did not exceed good value (5 mgM DA/kg) dur-
ing storage period. It can be said that optimum meth-
odsfor frozen anchovy werevacuum and glazeinterms
of lipid oxidation. Similar to our result, Santos and
Regenstein® wasreported that the use of vacuum pack-
aging or glazing resulted inlessoxidative deterioration
than the use of the antioxidant and packing thesample
inthe bagswith no vacuum.

Figure 2 presents the total mesophilic bacteria
(TMB), psyrophilic bacteria(TPB) and sensory scores
of thefish. In our study, theinitial TMB count (2.95
LogCFU/qg) of anchovy wasfound very low and good
level accordingtotheinitia bacterialoads (7.2 LogCFU/
0, 4.2 LogCFU/g, 3.17 LogCFU/g) found by other re-
searches, respectively (18, 19). TMB counts of al

groupsdid not exceed to 3.76 LogCFU/g during stor-
ageperiod. During storage period, average TMB counts
of control, glaze, metabi sul phite+glaze and vacuum
groups were 3.23, 3.06, 3.04 and 3.01 LogCFU/qg,
respectively (p>0.05). At the end of the storage pe-
riod, the TMB countsintheall groups (A, B, Cand D)
were, 2.54, 2.68, 2.63 and 2.72 LogCFU/q, respec-
tively. It hasbeen recomended that the upper limit of
aerobic bacteriafor frozen fish should be 1x107/g“3l.
During the storage, al groupsdid not exceed thislimit
valuefor TAB. Karagam and Boran (18) reported that
total mesophilic bacteriacountsof wholeanchovy stored
at -18°Cwas 6.3x10° g* (3.79 LogCFU/g) at theend
of the 180" days. In our study TM B countswerelower
thaninthisstudy. Thismay behigher frominitia TMB
count and storing temperature.

At thebeginning of thestorage, initia TPB count of
anchovy was2.50 LogCFU/g. Indl groups, firstly TPB
countswereincreased until 60" day and then decreased
until theend of the storagetime. During storage, maxi-
mum TPB count (3.68 LogCFU/g) wasfoundin con-
trol group at 60" day. At 180" day, TPB counts of
groups (A, B, C and D) were 2.21, 2.33, 2.36 and
2.35LogCFU/g, respectively. At thebeginningand end
of thestorage (180 days), TPB countsof anchovy were
reported as6.07 LogCFU/g and 3.65 LogCFU/g, re-
spectively by Karagam and Boran!*8.,

Theinitia total Enterobactericea count of anchovy
was 0.98 LogCFU/g. During storage period,
Enterobactericea were not observed in any group.

Theresultsof sensory eva uation of anchovy arepre-
sented in Figure 2 (c). During Storage, sensory scores of
cooked anchovy inall groupsregularly decreased. At
the 30" day, the sensory scores of groups werefound
smilar (p>0.05). Thegroup with metabisulphite+glaze
wasstatistically smilar to control group during storage
period (p>0.05). Despite exceed the limit value (8
mgMDA/kg) the TBA values after 60" day of control
and metabi sul phite+glaze groups, both sensory scores
wereinacceptablelimitsand rancid odor/tastewerenot
sensed. At the day of 180", sensory scores of groups
(A, B, Cand D) were 0.95, 1.32, 1.26 and 1.64, re-
spectively. The sensory scoreof only control groupwas
decreased to under the one puan and this group was
found unconsumable. Especialy sensory scoreof vacuum
group was higher than the other groups (p>0.05) at the
end of the 180day. Treatments of vacuum, glaze and
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metabisul phite showed positiveeffect ontheprotection
of sensory propertiesof anchovy.

CONCLUSION

All theresultsof the research showsthat the shelf
life of anchovy stored at —30°C and frozen at -35°C
after packed (contral), glazed+packed (B), dippedin
metabi sul phite sol ution+glazed+packed (C) and vacu-
umed (D) are 90, 150, 90 and 180 days, respectively.
M etabi sul phitet+glaze trestment on anchovy stored at -
30°Cisnot effectivewhileonly glazetreatment iseffec-
tive. In our study, glazetreatment (B) hasincreased 1.5
timesthe shelf lifeof fish, also vacuum increased ap-
proximately 2 times.
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