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Abstract

In this study three types of fried fish balls from whiting (Merlangius merlangus euxinus, Nordmann, 1840) were
assessed for sensory and chemical quality changes over a period of 15 days of refrigerated storage at 4°C. The total volatile
basic nitrogen (TVB-N) content, thiobarbituric acid (TBA) and trimethylamine (TMA) values increased significantly
(p<0.01), while sensory attributes decreased during storage. TVB-N and TBA results for products remained under the limit
for edibility. However, the TMA values of fried fish balls made from both plain mince and surimi reached the upper
acceptability limit on the 10" day of storage. Sensory values showed that fish balls from plain mince had the shortest shelf
life of 9 days, while the products originating from pre-cooked mince showed the longest shelf life, 11 days. Use of different
types of mince in the fish balls had a significant effect on the quality of the products during the storage period (p<0.05).
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Introduction

Fish, in comparison to other meat types, has
several important nutritional characteristics in its
favor, as well as certain health benefits-principally,
that it is low in cholesterol, high in good-quality
protein, and it contains unsaturated fatty acids,
including the omega-3 type, which are reported to
help prevent several human illnesses (Baker et al.,
1977; Kinsella, 1987; Nettleton, 1992).

Fish paste products, such as fish balls and fish
cakes, are believed to have originally come from
China with fresh fish used as the raw material. Fish
paste products are now widely consumed in the Asian
region. The fish ball-cake industry has been reported
to be growing since the early 1980s in countries such
as Singapore, Malaysia, China and Thailand.
Manufacturers are also looking at the export market,
especially for frozen fish balls and cuttlefish balls, to
Australia, Japan, and the United States. Several
manufacturers in Singapore have also invested
overseas and have established fish ball-fish cake
factories in Malaysia and China (Morrissey and Tan,
2000). FAO reports also show that fish balls are
marketed and consumed around the world (FAO,
2003).

Several fish species around the world such as
threadfin bream and bigeye snapper have been used or
studied for making fish balls. The main method of
producing fish balls is called surimi, and some
countries use automated lines for production of fish
balls from surimi (Morrissey and Tan, 2000). Surimi
technology originated in Japan, and is commonly

produced from Alaskan pollack as well as from
whiting (Sonu, 1986). It is usually produced from
white-muscled fish species, especially those of the
Gadidae family, due to their white color and ability to
produce a good gel. Although traditional surimi-based
products are not well known in Turkey, they are
consumed regularly in other parts of the world,
including Japan and the USA.

The traditional method for producing fish mince
in Turkey is either plain mincing or mince production
after recovery from boiled fish (Metin et al., 2002;
Akkus et al., 2004). Therefore, it is important to know
the shelf life and quality changes of different types of
fish balls produced by different mincing methods.
This can make contribution to seafood industry in
selecting appropriate methods for producing ready-
made seafood such as fish balls.

Gadoid fishes, such as hake, cod, haddock, and
blue whiting constitute a large group of lean species
commercialized both fresh and frozen in Europe
(Rey-Mansilla et al., 1999). Pacific whiting has been
used widely in surimi production since 1990 after the
use of protease inhibitors solved the problem of
muscle protease in the myofibrillar flesh rapidly
breaking down myofibrillar proteins, preventing the
formation of a surimi gel (Morrissey and Tan, 2000).
Whiting has been also suggested to be a good raw
material for surimi production and has been
investigated by several researchers (Aguilar et al.,
1989; Lee et al., 1990; Hastings et al., 1990; Park,
2000).

Whiting (Merlangius merlangus) has been
reported to be a common fish in the North Sea and in
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parts of the Atlantic Ocean. The smallest subspecies is
called M. merlangus euxinus, N. 1840 and has a
maximum length of about 20 cm. This species is
found off European shores from the Barents Sea and
Iceland to Gibraltar, and in the western parts of the
Baltic, Black, and Mediterranean Seas (Bristow,
1992). This species was reported in 2000 to be the
fourth most commonly caught and consumed type of
fish in Turkey, with a production total of 18,000 mt
(DIE, 2003). However, whiting is not processed for
domestic consumption in Turkey, as it is only
consumed fresh throughout the year, mainly in coastal
areas.

There is a growing interest in producing ready
made seafood products in Turkey such as fish balls,
and several studies have been conducted to investigate
the quality changes of such products. One of these
was performed by Akkus et al. (2004) on fish balls
that were prepared using boiled and raw anchovy.
They determined that the shelf-life of the fish balls
was 9 days at 4£1°C. Gokoglu (1994) used sensory,
physical, chemical, and microbiological analyses to
study fish balls made from mackerel that were
prepared using the boiling (pre-cooking) method and
stored at refrigerated temperature. In that study a shelf
life of up to 8 days and spoilage after 10 days were
reported for fish balls stored in refrigeration. Metin et
al. (2002) found that trout burgers wrapped in gas
barrier film had a shelf life of 21 days in cold storage.
Baygar et al. (2002) conducted a study on stuffed
trout under cold storage conditions and reported a
shelf life of 5 days. Some studies were also carried
out in other countries on either similar or different
fish species. Baker et al. (1977) investigated the effect
of mince from different fish species (mullet, cod,
pollock and flounder) on acceptability to consumers.

There is insufficient data on the quality changes
of whiting balls stored under refrigerated conditions
and the effect of processing methods on the products
shelf-life. Borderias et al. (1980) conducted an
investigation on the storage properties of blue whiting
after mincing by different methods. They advised
using the cutter method for those fish species that
could be filleted industrially, and reported that this
allowed the addition of chilled water and other
additives during the preparation of the minced fish,
resulting in a fine texture. Our earlier study showed
that each type of whiting mince prepared by using the
surimi, plain mincing, and a pre-cooking method had
7 days of storage life according to sensory results
(Kose et al., 2006). However, the products were not
tested for their quality changes when different
ingredients were added to the mince prior to storage
under the same conditions.

Therefore, this study aims to investigate the
quality changes of fried whiting balls made from
mince that is produced by three different methods and
stored under refrigerated conditions.

Materials and Methods
Fish Samples and Ingredients

Whiting (Merlangius merlangus euxinus, N.
1840) was caught daily from cost of south-eastern
Black Sea using research vessel and gill net. The fish
were iced on board. They were brought to the
laboratory as soon as landed. Fish size varied between
11.0 and 16.2 cm, and average weight was 18.9 g.
Other ingredients used were vegetables (garlic,
parsley and onions), herbs (mint, red and black
peppers), eggs and salt. They were provided from
local markets.

Preparation of Products

Three types of fish balls were produced and their
shelf lives under refrigerated condition were
compared to each other. Each type of fish ball
contained whiting mince produced using a different
mincing technique. One of the methods was the
surimi technique, which is commonly used in the
USA and Japan. The surimi technique involves
washing and dehydrating steps before addition of
other ingredients and the product is known as “surimi
fish balls.” The second type of product is made by
adding ingredients to the plain whiting mince without
washing steps. This method is currently used in
Turkey for other fish balls that are marketed. In both
methods, mincing was carried out in this study using a
kitchen food processor with a pore size of 5 mm. The
third method was taken from a rarely known Turkish
fish dish recipe that is not marketed commercially.
This technique involves pre-cooking of the fish in
boiling water for 1-5 minutes or more, depending on
the fish size and the amount of fish placed in the
water. After the heading and gutting fish were boiled,
they were taken out of the water and left to cool. It
was then easy to separate the flesh from the bones
manually, with some of the fish separating by
themselves after cooking. The procedures of the three
techniques are shown in Figure 1.

After separating the flesh from the headed and
gutted fish by either mincing or pre-cooking, other
ingredients were added and mixed. The products
contained about 77% of fish, 13.2% flour, 3.6%
onions, 2% parsley, 1.8% garlic, 0.7% hot pepper,
0.6% red pepper, and 1.1% salt. Eggs were used in
these mixtures only to bind the pre-cooked products.
When eggs were added to pre-cooked products, less
flour was used. The amount of flour for plain minced
products was slightly higher with reduced amounts of
onions and parsley in these products. After addition of
the ingredients and mixing, the products were shaped
into fish balls weighing approximately 25 g each.
They were fried in small amount of vegetable oil until
slightly brown and removed as they turned brown. All
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Figure 1. Processing outline of the products.

of the fried products were stored under refrigeration at
4+£1°C and analyzed for sensory and chemical quality
during the storage.

Analytical Methods

Total volatile basic nitrogen (TVB-N) content
was determined according to the method of Liicke and
Geidel (Inal, 1992). Thiobarbituric acid (TBA) values,
expressed as mg malonaldehyde/kg, were estimated
using the method described by Smith et al. (1992).
Trimethylamine analysis was carried out following
the method proposed by Dyer (AOAC, 1990). All
analyses were carried out in triplicate.

Eight trained assessors judged the overall
acceptability of the samples on a five-point quality
scale according to a modified technique of Pedrosa-
Menabrito and Regenstein (1990). The scale points
were; excellent, 5; good, 4; moderately good

(acceptable), 3; poor, 2; very poor, 1. The biting
attributes of each product were tested using the ashi
test, utilizing a 10 point scale with higher point values
indicating higher quality (Sonu, 1986). The data
obtained were analyzed using analysis of variance
(ANOVA) and when significant differences were
found, comparisons among means were carried out by
using the Tukey test (Sokal and Rolf, 1987).

Results and Discussion

Results for sensory analyses and the ashi test are
presented in Table 1. The fish ball containing pre-
cooked mince was found to be the best-liked product
and had the longest shelf life (11 days) in refrigerated
storage compared to the others. Taste panel results
showed that fish balls containing surimi had the
lowest scores. In our earlier study, we found 7 days of
shelf life for all types of mince under refrigerated
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Table 1. Results (Mean+SD) for sensory analyses and ashi test

Test Type Plain Mince Surumi Pre-cooked
Ashi Test (10 points) 9+0.5 (8.6-9.4)* 9+0.3 (8.7-9.3) 8+0.2 (7.8-8.2)
Taste (5 points) 4.5+0.3 (4.2-4.8) 4+0.2 (3.8-4.2) 5+0.2 (4.8-5.2)
Shelf life-refrigerated (days) 9 10 11

* 95% confidence limit

conditions according to sensory values (Kose et al.,
2006). The current study showed an extended shelf
life for each type of fish ball originating from the
same type of mince used in the earlier study. It was
also found that ashi test results were higher for fried
fish balls, compared to the results obtained for the
three different whiting mince samples used in our
earlier study. The weakest product was fish ball
prepared from pre-cooked mince, which received 8
points on the ashi test. Akkus et al. (2004) found 11
days of shelf life for fish balls produced from boiled
and raw anchovy mince, according to sensory values
under refrigerated conditions. Their results support
the sensory values we observed with whiting balls
prepared from pre-cooked mince.

The changes in TMA-N, TVB-N and TBA for
fried fish balls from plain, surimi and precooked
mince during the 15-day storage period under
refrigeration at 4+1°C are shown in Table 2. TMA-N,
TVB-N and TBA levels of these products increased
significantly over time (p<0.01).

TMAO is generally present in marine fish and it
is the most commonly used chemical method for
assessing fish quality (Magnusson and Martinsdottir,
1995). TMA is produced by the decomposition of
TMAO due to bacterial spoilage and enzymatic
activity (Serdaroglu and Deniz, 2001). It is reported
that 10-15 mg TMA-N/100 g is generally regarded as
the limit of acceptability for human consumption
(Huss, 1988).

In this study, TMA content ranged from 2.32 to
21.80 mg N/100 g for fried fish balls made from plain
mince, 3.68-20.01 mg N/100 g for surimi, and 2.97—
16.94 mg N/100 g for precooked mince during the 15-
day period of storage. The highest TMA value for
each product type was recorded on day 15. TMA level
for samples containing plain mince and surimi
reached 16.23 and 15.25 mg N/100 g, respectively, on
the 10" day, whereas the samples containing pre-
cooked mince reached 16.94 mg N/100 g on thel5™
day. Based on TMA fried fish balls made from both
plain mince and surimi were not consumable by the
10™ day, while the products made from pre-cooked
mince were consumable up to the 14™ day of storage.

The values presented here are higher than those
reported by others in several fish species, such as blue
whiting and trout, stored at chilled temperatures (Rey-
Mansilla et al., 1999; Chytiri et al., 2004). Similarly,
other researchers observed lower TMA values with
fish balls made from different fish species such as
mackerel and anchovy (Gokoglu, 1994; Akkus et al.,
2004). Rey-Mansilla et al. (1999) claimed that unlike

other fish species groups, Gadoids possess as a
distinguishing feature the ability to break TMAO
down enzymatically into dimethylamine (DMA) and
formaldehyde (FA). Although they observed lower
TMAOase activity with blue whiting, they reported
that higher values with other Gadoids by different
researchers. It was claimed that the reason for
differences was due to high intraspecific variability in
TMAOase activity. Varlik (1994) found that sardine
stored at 4°C lost its consumable properties after 7
days due to higher TMA level.

The concentration of TVB in freshly caught fish
is typically reported to vary between 5 and 20 mg
N/100 g, whereas levels of 30-35 mg N/100g flesh
are generally regarded as the limit of acceptability for
cold water fish stored on ice (Kyrana et al., 1997).
TVB-N levels in our present study were low at the
beginning of the storage period since all of the
products were prepared from fresh fish. The TVB-N
contents of the fried fish balls containing plain mince
ranged from 8.13 to 32.21 mg N/100 g, 9.54 to 26.53
mg N/100 g for surimi, and 4.24 to 28.02 mg N/100 g
for pre-cooked mince during the 15-day period of
storage at 4°C (Table 2). The values for the three
types of products remained within acceptable limits
throughout the storage period. The TVB-N results for
surimi and plain mince samples used in our earlier
study (Kose et al., 2006) were very high compared to
those obtained for fish balls made from the same type
of mince in our present work. However, slightly lower
results were observed in the pre-cooked mince in the
previous study. Therefore, it can be concluded that
frying may affect the TVB-N development in the
products. Kése and Erdem (2001) observed that fresh
whiting had 4 days of consumable quality based on
TVB-N values taken at refrigerated temperatures,
suggesting that processing whiting into fried fish balls
can improve its shelf life under refrigerated
temperatures. Akkus et al. (2004) obtained higher
values for the TVB-N of anchovy balls, and found
that the shelf-life of fish balls was 9 days at 4°C,
evaluating the results of the sensory, physical and
chemical analyses. Gokoglu (1994) studied the quality
changes of fish balls made from mackerel at
refrigerated temperatures and obtained TVB-N values
of 36.4 mg N/100 g on the 10" day, indicating
unacceptable quality.

TBA is widely used for the assessment of the
degree of lipid oxidation. TBA levels of fish balls
made from plain mince, surimi, and pre-cooked mince
increased throughout the entire 15-day storage period
and ranged from 0.19 to 1.89, 0.22-1.00, and 0.20—
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Table 2. Changes in TMA-N (mg N/100 g), TVB-N (mg N/100 g) and TBA (mg malonaldehyde/kg) values of three types of
fried whiting balls stored at refrigerated conditions (Number in parentheses represent (+) standard deviation) (p<0.01).

Days Plain Mince Surimi Precooked
TMA-N TVB-N  TBA TMA-N TVB-N TBA TMA-N TVB-N TBA
0 2.32° 8.13% 0.19° 3.68° 9.54° 0.22° 2.97° 424 0.20°
(0.02) (0.03) (0.01) (0.02) (0.04) (0.01) (0.01) (0.02) (0.01)
: 3.21° 9.31° 0.27° 5.10° 10.57° 0.24° 4.11° 5.28° 0.22%
(0.01) (0.03) (0.01) (0.04) (0.04) (0.01) (0.02) (0.02) (0.01)
5 3.97° 9.71° 0.36% 6.32° 12.05° 0.32° 5.10° 6.02° 0.26°
(0.02) (0.02) 0.01) (0.05) (0.03) (0.02) (0.02) (0.03) (0.01)
3 4.12¢ 10.30¢ 0.37° 6.549 11.98° 0.48° 5.274 7.139 0.30°
(0.02) (0.03) (0.02) (0.02) (0.04) (0.02) (0.03) (0.02) (0.01)
P 5.16° 11.02° 0.40° 8.31° 13.25¢ 0.51° 5.69° 8.02° 0.394
(0.01) (0.03) (0.01) (0.02) (0.04) (0.01) (0.02) (0.02) (0.02)
5 6.56 11.88f 0.45° 10.56 15.77° 0.54° 6.13" 9.70" 0.51°
(0.03) (0.02) (0.01) (0.04) (0.05) (0.03) (0.03) (0.03) (0.02)
P 7.128 12.65¢ 0.48° 11.30¢ 16.09" 0.59¢ 6.96° 9.89¢ 0.56"
(0.02) (0.03) 0.01) (0.03) (0.04) (0.02) (0.02) (0.03) (0.01)
. 7.96" 13.86" 0.54% 12.62" 17.658 0.607 7.598 10.70" 0.56"
(0.02) (0.03) (0.01) (0.03) (0.04) (0.02) (0.02) (0.03) (0.02)
g 9.46% 13.80" 0.64° 12.70° 17.46" 0.649 951k 12.43% 0.602
(0.03) (0.02) (0.01) (0.03) (0.03) (0.02) (0.03) (0.02) (0.02)
9 10.717 14.34F 0.66° 14.54 21.01F 0.78° 10.71° 15.12" 0.73"
(0.03) (0.03) (0.01) (0.02) (0.03) (0.02) (0.03) (0.03) (0.02)
10 16.23™ 16.80" 1.019 15.25 22,71 0.90" 12.23™ 21.81™ 0.77™
(0.02) (0.02) 0.01) (0.02) (0.02) (0.02) (0.03) (0.04) (0.02)
1 16.24" 17.36™ 1.069 15.45™ 22.86" 0.90" 13.66" 22.96" 0.784
(0.01) (0.02) (0.01) (0.01) (0.02) (0.01) (0.01) (0.09) (0.04)
12 16.86" 19.21" 1.13¢ 15.88" 22.960" 0.91" 13.95° 23.16° 0.80'
(0.01) (0.04) (0.01) (0.01) (0.02) (0.03) (0.02) (0.02) (0.01)
5 17.35° 21.80° 1.219 16.34° 23.24° 0.95° 14.13" 23.79° 0.86™
(0.01) (0.02) 0.01) (0.01) (0.02) (0.01) 0.01) (0.01) (0.01)
1 18.08" 26.61° 1.40° 17.28" 2425 0.99¢ 14.89° 25.24° 0.97"
(0.03) (0.03) (0.01) (0.03) (0.04) (0.02) (0.03) (0.04) (0.03)
s 21.80° 3221° 1.89° 20.01° 26.53° 1.002 16.94° 28.02° 1.22°
(0.02) (0.02) (0.01) (0.02) (0.03) (0.01) (0.03) (0.05) (0.02)

Means with different letter within a column are significantly different

1.22 mg malonaldehyde/kg for plain mince surimi and
pre-cooked products, respectively.

TBA values above 3—4 mg malonalydehyde/kg
indicate quality loss in the fish products (Scott et al.,
1992). The results showed that oxidative rancidity
remained relatively low in all samples throughout the
storage period. Similarly, low TBA values have been
reported for different types of species such as whole
and filleted rainbow trout (Chytiri et al., 2004) and
farmed sea bream (Kyrana et al., 1997), stored on ice.
However, Kose and Erdem (2001) found higher TBA
values for fresh whiting stored both at refrigerated
and ambient temperatures. Their results showed that
the products had unacceptable quality after 2 and 4
days at ambient and refrigerated temperatures,
respectively.

Several methods exist to assess seafood quality
and deterioration. However, there is much variation
between species, as well as different products of the
chemical, bacteriological, and sensory changes,
depending on storage temperature and conditions,
whether the product is fresh or processed, and the
type of processing that is carried out. Therefore, the

acceptable limits for each quality criteria may vary
greatly for each type of product (Huss, 1988; Botta,
1995; Kose and Uzuncan, 2000).

In this study, the processing method affected all
chemical  parameters  significantly  (p<0.05).
Significant differences occurred (p<0.05) between the
product types for TBA, TVB-N and TMA values
during the storage period. This study, thus
demonstrated that mince produced by incorporating
different mincing techniques into fish ball production
affected their product quality as well as their shelf life
at refrigerated conditions. The fish balls made from
pre-cooked  samples had  higher  consumer
acceptability and shelf life. It was concluded that the
shelf life of whiting can be increased when processed
into fish balls or similar products. The type of mince
used in ready-made fish products, such fish balls is
important in relation to product quality and shelf life.
Most studies on the shelf life of fish balls or burgers
were carried out using products that were not fried
before storage. Hence this study provides new
information on the shelf life of fish balls at
refrigerated conditions.
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