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The aim of the present study was to determine the changes in the chemical composition and physicochemical
properties in mackerel (Scomber scombrus) occurring after marinating and subsequent refrigerated storage of the
marinated products in vegetable oils. Samples from raw mackerel, freshly marinated (0 day) and stored for 30 and 60
days in sunflower and linseed oil were taken. The chemical composition of the processed fish showed decrease in the
content of lipids and increase in the minerals. No considerable changes were observed in the water, dry matter and
proteins. The changes observed in the physicochemical parameters were connected with augmentation of the water
holding capacity (WHC) and reduction in the water activity due to the higher chloride concentration and lower per-
centage of free water. Similar trend was observed in the products during storage in the vegetable oils and this led to
the relatively long shelf-life of 60 days. The ratios n-6/n-3 and PUFA/SFA were below 4 and about 2 respectively,
showing favourable fatty acid profile in the studied fish products.
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XEMUCKHU COCTAB I MACHOKHUCEJIUHCKH ITPO®UJI HA MAPUHUPAHU CKYIIN
(SCOMBER SCOMBRUS) BO BPEME HA IPEPABOTKA U YYBAIBE

Ilenta Ha OBa HcTpaKyBame Oellle Ja ce ONpeselaT IPOMEHHTE BO XEMHCKHOT COCTaB M (PU3MUKO-XEMUCKHTE
CBOjcTBa Ha cKywa (Scomber scombrus), HaCTAaHATH N0 MApPUHHPAE U MOCIECJOBATEIHO JIA/ICHE, IPH YyBamke Ha
MapHHHPaHUTE IPOM3BOIY BO PACTUTEIIHN Macia. 3a aHain3a Oea 3eMeHH MpoOH 0J1 CypoBa CKyIa, 0] CBEXO MapH-
Hupana (0 1eHoBH), 1 01 YyBaHa 3a BpeMe o 30 u 60 1eHa BO COHUOIIIEAOBO U JICHEHO Macio. XEMHCKUOT COCTaB Ha
npepaboTeHara puda IMoKaka HaMallyBambe Ha COAPXKMHATA Ha JIMIUAUTE M MOBUCOKO KOJIMYECTBO Ha MUHepanu. He
Oea 3a0enexaHn 3HAUMTEIHU IPOMEHHU BO COZIP)KMHATA Ha BiIara, CyBa MaTtepuja u nporeutu. [Ipomenure 3adernexa-
HM BO (PU3MYKO-XEMHCKHTE CBOjCTBa Oea BO BPCKa CO 3TOJIEMYBAH-ETO Ha KANALMTETOT Ha 3aJpiKyBame Ha BoJaTa
(K3B) u HamanyBame Ha aKTHBHOCTA Ha BOJATa ITOPAJH IIOBUCOKATA COAPKUHA Ha XJIOPHIM M MTOHUCKHUOT MPOIEHT
Ha ciobonHa Boga. Cimden TpeHy Oemre 3abenexaH BO IPOM3BOAUTE 3a BpEMe Ha TyBarbeTO BO PACTUTEIHHUTE Macia,
IITO JIOBEJIC JI0 MOJOJT POK Ha Tpackwe Ha npousBoaute on 60 aeHa. Coognocure n-6/n-3 u PUFA/SFA Gea non 4 u
OKOJIy 2 COOJIBETHO, ITOKA)XyBajKH MOBOJIEH MAaCHOKHCEINHCKH MTPO(UII BO UCIIUTYBaHHUTE ITPOU3BOIM O puda.

Kity4ynu 360poBH: CKyIIa; MApHHUPAEbE; XEMICKH COCTaB; MACHH KHCEIIMHMI; POK Ha TPackHke

INTRODUCTION minimizes the waste of the seafood. It is very im-
portant for prolonging the shelf-life of these foods

Sea food is very important for the healthy and hence leads to reduced economical loss [1].
human diet. It might be consumed raw, frozen, Marinated fish products are made of fresh,
canned, smoked, marinated, cured or dry. Their proc- frozen, cured or parts of filleted fish after treatment

essing meets different consumers’ preferences and with organic acids, salt, spices, pickles, sauces,
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creams or oils. The aim is to prevent the microbi-
ological and enzyme processes, as well as increase
of the nutritional value [2].

Ozden (2005) [3] reported for insignificantly
lower content of polyunsaturated fatty acids in
marinated anchovy and rainbow trout when com-
pared to the fresh fish. Also no considerable differ-
ence was found in the content of the saturated and
monounsaturated fatty acids in the raw and mari-
nated product. In the fresh and marinated fish the
predominant saturated fatty acid is palmytic acid
(C16:0) and the most abundant of all is the mono-
unsaturated oleic acid (C18:1 n-9). Large amounts
of polyunsaturated fatty acids (PUFA) — eicosapen-
taenoic acid (20:5 n-3) and docosahexaenoic acid
(22:6 n-3) are also found [3]. Both fresh and mari-
nated fish contain these n-3 PUFA and hence
might be favourable for reducing the risk of car-
diovascular diseases and certain kinds of cancer
[4].

Sea food is an excellent source of nutrients,
affecting the health and quality of life. It has been
known that 98% of the total weight of sea food
consists of water, proteins and lipids. The ratio
between these components differ for the different
fish species and the kinds of fish processing [5].
The changes in the nutrients occurring as a result
of the processing must be clarified since they are
important for the human health [6]. Mackerel is
one of the most preferred fish in Bulgaria. It could
be consumed as roasted, fried, smoked or mari-
nated.

The aim of this work was to examine the
changes in the chemical composition and physico-
chemical properties of mackerel subjected to mari-
nating and storage.

MATERIAL AND METHODS

Technological processing of fish

The processing of the mackerel (Scomber
scombrus) was carried out in the fish processing
factory of “ECOPROM” Ltd. in Sliven, Bulgaria.
The mackerel originated from the Faroer Islands.
After defrosting the fish were eviscerated, washed
and cut into steaks of 10-15 mm. Batches were
prepared, each containing 5 fish. The marinade
was prepared according to a recipe of the factory
of “ECOPROM” Ltd. and the ratio fish/marinade
was 1/1. The fish was marinated for 48 h at 12°C.
At the end of the process the steaks were drained

for an hour, placed into plastic boxes and covered
with the necessary quantity of sunflower or linseed
oil. Thus prepared the fish was stored in refrigera-
tor (04°C) for 60 days. In order to study the
changes occurring in the fish related to the mari-
nating and during the storage, samples were taken
from the raw fish, immediately after marinating, at
the 30 and 60 days of storage of the marinated fish.
All the samples were transported in cooling bag to
the Laboratory block in the Trakia University,
Stara Zagora. The samples were then minced and
homogenized and parts of them were transferred to
the Department of Ecology and Quality of Animal
Production in the Institute of Animal Science,
Kostinbrod for determination of the fatty acid pro-
file.

Physicochemical properties

The water holding capacity (WHC) of the fish
was determined using the method of Grau and
Hamm (1953) [7], as described by Zahariev and
Pinkas (1979) [8], modified by Petrov (1982) [9].
Water activity of the raw material and the products
was determined by HYGROLAB ROTRONIC de-
vice. The content of chlorides was determined
through argentometric method [10]. Rancidity of
the fats was measured by Kreis test.

Chemical composition

Meat samples were prepared according to
AOAC (2006; method 983.18) [11] and subjected
to determination of water content using air drying
(AOAC, 1997; method 950.46) [12]. Crude protein
content was calculated by converting the nitrogen
content, quantified by Kjeldahl’s method, using an
automatic Kjeldahl system (Kjeltec 8400, FOSS,
Sweden). Lipid content was determined by the
method of Soxhlet, using an automatic system
(Soxtec 2050, FOSS, Sweden). Ash content was
investigated by incineration in a muffle furnace
(MLW, Germany) at 550°C for 8 h. Crucibles were
brought about the room temperature and weighed.

Fatty acid composition

Fatty acid composition was analyzed in the
Laboratory of Lipid Analysis in the Department of
Ecology and Quality of Animal Production, Insti-
tute of Animal Science, Kostinbrod. Total lipids of
the muscles were extracted according to the
method of Bligh and Dyer (1959) [13]. Methyl es-
ters of the lipids, isolated by preparative TLC were
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obtained, using 0.01 % solution of sulphuric acid
in dry methanol for 14 h, as described by Christie
(1973) [14]. The fatty acid composition of total
lipids was determined by GLC analysis using chro-
matograph C Si 200, equipped with capillary col-
umn TR-FAME (60 mx0.25 mmx0.25 pm) and
hydrogen as a carrier gas. The oven temperature
was first set at 160°C for 0.2 min, then raised until
220°C at a rate of 5°C/min and hold for 5 minutes.
The temperatures of the detector and injector were
230°C. Methyl esters were identified, comparing to
the retention times of the standard (triarachidin).
Fatty acids are presented as percentages of the total
amount of the methyl esters identified [14] .

Statistical evaluation

The statistical evaluation was performed us-
ing JMP v.7 software [15]. The influence of mari-
nation was examined by one way ANOVA and
Dunnet test, as raw fish was considered control

group.

RESULTS AND DISCUSSION

Table 1 presents the results of the chemical
analysis of the raw and marinated mackerel during
storage (mean and standard deviation). The con-
tents of water, proteins, lipids and minerals in the
raw material were in the normal range for the spe-
cies. The values determined were as follows: water

Table 1

— 51.1744.04%, protein — 17.22+0.49%, lipids —
30.64+1.84% and mineral content — 1.08+0.05%.
The lower water content and the higher dry matter
content are due to the fact that frozen mackerel
was used, after defrosting before the processing.

No significant differences in the water content
were observed in the marinated fish. Our results
are not in line with those of Rodger et al. (1984)
[16] and Ozden (2005) [3], who reported that the
higher concentration of acetic acid and salt in the
tissues of marinated fish leads to lower water con-
tent. It could be suggested that our results are due
to the freezing of the fish, whereas the authors
above have used fresh fish. The protein content
was lower in the marinated and stored fish, signifi-
cant for the mackerel stored 60 days in sunflower
oil (P<0.01). The lipids also decreased as the dif-
ferences were significant for the fresh marinated
fish (P<0.01), as well as for the mackerel stored in
linseed for 30 and 60 days (P<0.001). This could
be explained with the extraction of part of the lip-
ids and their transition into the marinating solution.
However the lipids in the fish stored in sunflower
oil were higher than those in the fish marinated in
linseed oil and this is probably due to the better
penetrating ability of the sunflower oil. Consider-
able increase (over 3%) was observed in the min-
eral contents (P<0.001) for the marinated products
except the fish stored for 60 days in the linseed oil.
NaCl in the marinating solution that entered the
tissues contributed to this higher content.

Chemical composition of raw and processed (marinated) mackerel during storage ()_c + SD)

) Marinated mackerel

Traits Raw mackerel (0 day) (30 days) (60 days

In sunflower oil In linseed oil In sunflower oil In linseed oil
Water, % 51.17+4.04 50.60+1.14 48.04+1.93 50.88+0.49 49.9440.52 49.95+0.50
Proteins, % 17.22+0.49 17.62+0.86 16.14+0.31 16.84+0.34 15.73+0.26** 16.52+0.29
Lipids, % 30.64+1.84 26.55+0.28 ** 29.50+1.27 26.51+£0.50*** 29.63+0.92 26.22+40.39***
Dry matter, % 48.50+3.72 49.40+1.14 51.96+1.93 49.12+0.49 50.06+0.52 50.05+0.50
Minerals, % 1.08+0.05 4.17+0.19 *** 3.69+0.20%*** 4.25+0.11%** 4.40+0.17%** 4.11+£0.03

**% P <0.001, ** P <0.01

The changes in the physicochemical properti-
es of the raw and marinated mackerel during stor-
age are presented in Table 2. Water holding capac-
ity of the raw fish was 30.43 %. After marinating it
decreased to 26.04%. This was due to NaCl enter-
ing in the fish tissues. After the 30 and up to the 60
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days of the storage of the marinated fish WHC de-
creased significantly in all the stored products
(P<0.01). The same relation was observed for the
water activity (ay,). Its initial value was 0.958 in the
raw fish and reached 0.910 after marinating. To-
wards the 60 days the values of this trait decreased
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and reached 0.880. The reduced a,, suppresses the
microorganism development that is the main aim
of the processing of this kind (marinating and cur-
ing).

The chloride content in the marinated mack-
erel reached 9% and was in this range though out
the storage in the oils. The limit of 9% was also
pointed in the technological specification of the

Table 2

manufacturer. At this concentration of NaCl in the
marinated fish with the addition of the preserving
effect of the acetic acid, the product could be
stored up to 60 days.

The reaction of Kreis for the rancidity of fat
in the fish was negative on 30 and 60 days of the
storage in sunflower and linseed oil.

Physicochemical properties of raw and processed (marinated) mackerel during storage

Product WHC, Water activity Temparature, Chloride Rgncidity
% + SD (ay) t°C contents  (Kreis reaction)

Raw mackerel 3043 £3.28 0.958 20.9 ND’ ND

Marinated mackerel (0 day) 26.04 £3.05 0.910 20.7 9.0 ND

Marinated mackerel in sunflower oil (30 days ) 21.00 +2.86 0.889 18.5 8.8 negative
Marinated mackerel in linseed oil (30 days ) 20.86 + 6.27** 0.883 17.1 9.3 negative
Marinated mackerel in sunflower oil (60 days) 19.11 + 4.38%* 0.878 20 8.8 negative
Marinated mackerel in linseed oil (60 days ) 16.30 + 2.62%* 0.880 20 9.3 negative

ND’ - not detected, **P <0.01

The fatty acid composition of the raw, fresh
marinated and stored fish is showed on Table 3.
This analysis was done to characterize the lipid
profile of the fish products. The content of the
saturated fatty acids in the raw and marinated fish
(0 day) was 27.71% and 27.33% respectively, and
it was lower that the reported by Ozden (2005) [3]
in raw and marinated anchovy (31.2% and 33.44%
respectively). The same author reported that
content of SFA in raw and marinated rainbow trout
was 22.29% and 24.92% respectively. In the
course of storage of marinated fish, Ozden (2005)
[3] observed increase in the SFA content where as
in our study there was a contrary trend in both
mackerel stored in sunflower and linseed oil. The
content of SFA on the 30" day of storage was
26.48% and 24.83%, respectively for the fish in
sunflower and linseed oil. On the 60" day of stor-
age the amount of SFA decreased to approximately
23.50% in both groups of samples.

In our study the content of C14:0 was rela-
tively larger in the raw and in the marinated fish
(10.86% and 10.10% respecitively), as a compari-
son, in anchovy it was 4% and in rainbow trout —
7.50% [3]. The quantity of C14:0 in our research
decreased throughout the storage, while in the an-

chovy and the rainbow trout, it remained un-
changed. C16:0 was in amounts of 14.49-15.02%
in the raw and marinated mackerel. These values
are in accordance to those determined by Ozden
(2005) [3] in marinated anchovy and rainbow trout.
Both C14:0 and C16:0 are important for the human
healthy diet since they are hypercholesterolemic.
In this study we found the least content of these
fatty acids in the marinated mackerel, stored in
linseed oil. The stearic acid (C18:0) that is neutral
in regards to the cholesterolemia was determined
in the range from 1.42% to 2.65%, the lowest its
percentage was in the raw fish.

The eicosaenoic acid (C20:1) is the most
abundant of the monounsaturated fatty acids. Its
amount was the smallest in the marinated mackerel
stored for 30 days in sunflower oil — 6.29%, and
respectively the biggest in the raw mackerel —
14.39%. The percentage of C18:1 was increased
after marinating from 6.70% to 10.50%. This in-
crease of the percentage continues during the stor-
age in vegetable oils, as the highest it was on the
60 days. C16:1 was within the range of 3.13—
4.11%, the highest in the raw fish and the lowest in
the mackerel stored 60 day in linseed oil.
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The content of PUFA in the raw mackerel
was 47.09%, while in marinated fish it was
44.94%. The highest content of n-3 PUFA was
determined by the considerable amount of C20:5
and C22:6, 30.98% and 6.40%, respectively. Both
fatty acids remain in high quantities after marinat-
ing and during the storage of the products.

The mackerel marinated and stored in linseed
oil for 60 days displayed very high amount of
C18:3n-3 (9.20%), while in the product stored in
sunflower oil for 60 days the content of C18:2 was

8.07%. These contents could be explained by the
fatty acid composition of the linseed and sunflower
oil. Both C18:2 and C18:3 are precursors for the
synthesis of long chain n-6 and n-3 PUFA. On the
other hand despite increasing the PUFA content
(mostly n-6) marinating had no negative influence
on the ratio n-6/n-3. It remained below the recom-
mended limit of 4. Also in all the studied products
the ratio PUFA/SFA 1is about 2, while the recom-
mended minimal value is 0.4 [17].

Table 3
Fatty acid profile of raw and marinated mackerel (%)
Raw Marinated mackerel
Fatty acids mackerel (0 day) (30 days) (60 days)
- in sunflower oil  in linseed 0il | in sunflower 0oil  in linseed oil

C14:0 Myristic 10.86 10.10 10.17 8.84 8.34 7.38
C15:0 Pentadecaenoic 0.60 0.18 0.59 0.49 0.46 0.33
C16:0 Palmitic 14.49 15.02 13.76 13.62 12.79 12.84
C16:1 Palmitoleic 4.11 3.89 3.60 3.96 3.49 3.13
C17:0 Margaric 0.33 0.27 0.53 0.16 0.27 0.24
C18:0 Steraic 1.42 1.75 1.43 1.72 1.67 2.65
C18:1 Oleic 6.70 10.50 10.95 10.14 12.22 12.46
C18:2 Linoleic 1.35 2.02 5.35 3.36 8.07 6.02
C18:3n-6 y-linolenic 0.36 0.13 0.13 0.13 0.13 0.13
C18:3n-3 o-linoleic 1.50 1.58 1.68 3.62 2.12 9.20
C18:4 4.71 3.87 5.88 3.61 4.03 3.51
C20:1 Eicosaenoic 14.39 13.35 6.29 14.18 11.60 10.15
C20:2 Eicosadienoic 0.18 0.21 0.20 0.21 0.20 0.17
C20:3 Eicosatrienoic 0.21 0.24 0.23 0.24 0.20 0.16
C20:4 Arachidonic 0.11 0.39 0.13 0.11 0.13 0.12
C20:5 Eicosapentaenoic 30.98 29.22 29.81 28.78 26.34 23.12
C22:5 Docosapentaenoic 1.28 1.25 1.21 1.31 1.31 1.13
C22:6 Docosahexaenoic 6.40 6.02 8.04 5.52 6.61 7.25
SFA 27.71 27.33 26.48 24.83 23.54 23.45
UFA 72.29 72.67 73.52 75.17 76.46 76.55
MUFA 25.20 27.74 20.85 28.29 27.31 25.75
PUFA 47.09 44.94 52.67 46.88 49.15 50.81
n-6 222 3.00 6.05 4.04 8.73 6.60
n-3 44.87 41.94 46.63 42.83 40.42 4421
n-6/n-3 0.05 0.07 0.13 0.09 0.22 0.15
PUFA/SFA 1.70 1.04 1.99 1.89 2.09 2.17
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CONCLUSIONS

The analysis of the chemical composition of
the processed fish mackerel (Scomber scombrus)
showed that during marinating the lipids decreased
while the mineral content increased. The contents
of water, dry matter and protein do not undergo
considerable changes. During storage the water
holding capacity of the marinated mackerel stored
in vegetable oils increased, whereas the water ac-
tivity decreased as a result of the augmented chlo-
ride concentration and the reduction of the per-
centage of free water. During the storage this ten-
dency remained as this contributed to the relatively
long shelf-life of 60 days. All the products had ra-
tion n-6/n-3 below 4 and PUFA/SFA ratio above
0.4 which makes them useful for a healthy human
diet.
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