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Comparative Studies on Quality Changes of Air
Blast and Plate Frozen Mackerel (Rastrelliger

kanagurta) During Frozen Storage
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Mackerel (Rastrelliger kanagurta Cuvier ) frozen in commercial plate and air blast freezers
were studied to compare the quality changes during frozen storage (-180C)/ The frozen fish
were sealed in polythene bags of food grade Linear Low Density Polyethylene (LLDPE), 120

gauge thick conforming to IS: 9845 - 1981) then packed in 5-ply corrugated fiberboard carton
and were analyzed for changes in quality during storage at -180C. The moisture and protein
content in air blast frozen samples were decreased (p<0.05) at the end. There were no
significant difference (p>0.05) in PV of both the samples. TBA of air blast frozen samples
showed an increasing trend (p<0.05) than plate frozen samples. There was an increasing trend
in FFA in both the samples but were not significantly different (p>0.05). The TMA-N and
TVB-N of both the samples showed an increasing trend but air blast frozen samples showed
little higher values (p<0.05) than plate frozen samples. The total plate count decreased
significantly (p<0.05) in both the samples. The samples frozen in plate freezer were established
to be superior (p<0.05) compared to air blast freezer with regard to sensory attributes like
appearance, odour etc., and overall acceptability. The present study indicated that plate frozen
samples were slightly better than air blast frozen samples in quality because of quick freezing
effect but mackerel frozen by both plate and air blast freezer were acceptable even after 3
months of storage at -18°C.
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Processed marine products are of great
economic importance. During processing
and storage, fish quality may decline due
changes in chemical, physical, bacteriological
and histological characteristics of the muscle.
These quality changes are influenced by
many factors, the most important of which
is temperature. Low temperature preserva-
tion is considered an excellent process,
which has been widely used to retain
sensory and nutritional properties of fish.
(Pigott & Tucker, 1987; Erickson, 1997). But
the freezing conditions like type of freezers,
time taken to freeze the materials etc., have

influence on the quality of the final product.
Studies on mackerel (Rastrelliger kanagurta) of
medium (4%) and high (11%) lipid contents
quick frozen individually (IQF) and as blocks
(BF) and stored at -230C showed that block

frozen mackerel had higher frozen storage
shelf-life than Individually quick frozen
samples based on sensory evaluation (Nair
et al, 1987).

Presently, a variety of freezers are
available in the market, viz., refrigerated
contact surface type or drum freezers,
immersion or spray freezers, sharp or coil
freezers, air blast freezers, fluidized-bed

freezers, plate or contact freezers, and liquid
nitrogen freezers. Among these, the freezers
that are most widely used commercially, are
air blast freezer and contact or plate freezer.

The purpose of the present work was
to find out the difference in the character-

istics of mackerel, a fatty fish of commercial
importance, on freezing as IQF plate freezer
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and air blast freezer. Studies were also

conducted to find out the effect of freezing
equipment and freezing time on the quality
characteristics* during frozen storage.

Materials and Methods

Mackerel (Rastrelliger kanagurta), which
were in the early stages of rigor were
procured from the fish landing centre,
Cochin, India. The average length and
weight of the fish were recorded as 20±0.75
cm and 160±1.0 g respectively.

The fish were immediately iced and
taken to commercial fish processing plant.
The fish were de-iced and washed with

water containing 2 ppm chlorine. It was
divided into two lots. The first batch was

individually quick frozen in Plate freezer
(PF) (horizontal type) and the second was
individually quick frozen in Air blast freezer
(ABF) (batch type). The frozen fish after
glazing were packed and sealed in food
grade Linear Low Density Polyethylene
(LLDPE) sheets of thickness 120 gauge
conforming to IS: 9845 - 1981, and then in
5 ply corrugated fiberboard carton and
stored in the cold storage at -180C. The fish
were drawn as a representative sample once
a month and analyzed to evaluate the
quality. The analyses were done in tripli-
cates.

Moisture and total nitrogen were esti-
mated by the AOAC (2000) procedure,
Thiobarbituric Acid value was measured by

Tarladgis et al. (1960) method, and Peroxide
value was determined by AOCS, (1999)
procedure. Free fatty acid was estimated by
the method of Link (1959), Tri-methylamine
nitrogen and total volatile base nitrogen
were estimated by Conway

's micro diffusion

method (1950), Total plate count was carried
out by the method Hitching et al. (1995).

Sensory evaluation for cooked fish was
conducted for various sensory characters
such as appearance, texture, odour and
flavour etc. Score was given based on a 10-
point hedonic scale by 10 trained taste
panels, as per the guide lines given by IS:
6273(11) - 1971. Scores 9-10, 6-8, 4-5 and 1-
3 were taken for excellent, good, fair and
poor respectively for each of the sensory
characteristic.

The SPSS (2000) Statistical Package was
used for analysis of the experimental results.
Analysis of variance (ANOVA) was used to
calculate significant difference (p<0.05) be-
tween samples. Mean separations were
determined by Duncan multiple range test.

Results and Discussion

Table 1 gives the changes in proximate
composition viz., moisture, fat and protein
of mackerel frozen as IQF in plate freezer
and air blast freezer. During freezing, the
plate frozen samples showed 1.65% decrease
in moisture and air blast frozen samples
showed 1.81% decrease, which are signifi-
cant and protein content of both the samples

Table 1. Changes in moisture, fat and protein (g %) of R. kanagurta during frozen storage at -18 "C

Time MOISTURE (g %) FAT(g %) PROTEIN(g %)
(mo.) PF** ABF*** PF** ABF*** PF** ABF***

Fresh 72.60iQ.99 a 3
.
44±1.02 a 23.31±0.05 »

0 70.95±1.03b 70.79±2.31 b 3
.
20±0.05 b 3

.
13±0.14b 23.38±0.04 b 23.51±0.15 b

1 70.69±1.32 b 70.74±1.38 b 3
.
30±0.02b 3

.
30±0.03 b 22.70±0.12 c 23.37+0.10 ':

2 70.49±2.31 c 70.51±1.85 " 3
.
54+0.01* 3

.
49±0.011 ' 22.44±fl.24 < 22.88±0.11 c

3 70.38±1.25 d 70.15±1.66 c 3
.
60±0.053 3

.
57±O.09' 21.91±0.11 c 21.85±0.12 c

'

Each value is represented by the average ± standard deviation of at least 3 replications.

a,b,c,d,o Mean in a column with the same superscript letters are not significantly different (p>0.05)
** Plate freezer; *** Air blast freezer.
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also showed significant changes. During
frozen storage the changes in moisture, fat
and protein were not significant. The
decrease in moisture was more in air blast

frozen samples, which may be due to
dehydration caused by the cold air flow over
the samples during freezing.

The Peroxide value (PV) of fish before
and after freezing by plate and air blast
freezers were found negligible (Fig.l). It
increased significantly during storage in
both the samples and reached the maximum
value in the third month, the increase could

be attributed to the peroxidation of PUFA in
the presence of atmospheric oxygen.
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Fig. 1. Changes in peroxide value of R. kanagurta during
frozen storage at -18"C
*Each value is represented by the average ±
standard deviation of at least 3 replications.

The TBA value also showed overall

increase during frozen storage for both the
samples (Fig. 2). The TBA content was found
to increase slightly in air blast frozen
samples during frozen storage. At the end
of the 3rd month the TBA values were

observed to be 5.2 and 6.8 mg of
malonaldehyde/kg of fish in plate freezer
and air blast freezer respectively, which
could be attributed to faster freezing rate
and the increased concentration of trace

metals in the frozen storage which in turn
could lead to non-enzymatic lipid oxidation.
The trace metal ions like iron, copper and
cobalt which serves in vivo, the bound forms

of iron like haeme, non-haeme iron and

chelation complexes like histidine-iron may
play an important role in catalyzing lipid

oxidation. SchonmuUer, (1968) reported that
maximum level of 5 mg of malonaldehyde/
kg of TBA value indicates the good quality
of chilled and frozen fish, while the fish may
be consumed upto the level of 8 mg of MA/
kg of fish. TBA values of both air blast and
plate freezers were in acceptable limits
during frozen storage.
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Fig. 2. Changes in thiobarbituric acid value of R.
kanagurta during frozen storage at -18"C
*Each value is represented by the average ±
standard deviation of at least 3 replications.

The FFA levels increased steadily dur-
ing the storage with no significant difference
(p>0.05) between samples (Fig.3). Changes in
the lipid fraction of fish showed that the
lipid slowly underwent hydrolysis that
might have increased the FFA content during
frozen storage. According to Nair et al.
(1976), the hydrolytic changes in the lipids
of mackerel (R. kanagurta) during storage at
-180C indicated that FFA production was
mainly associated with the phospholipid
hydrolysis.
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Fig. 3. Changes in free fatty acid value of R. kanagurta
during frozen storage at -180C
*Each value is represented by the average ±
standard deviation of at least 3 replications.
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The TMA-N value of plate and air blast
frozen samples increased slightly up to 2
months. The TMA-N values increased fur-

ther in air blast samples while plate frozen
samples showed a decrease on 3rd month

(Fig. 4). The minor changes in the TMA-N
values may be attributed to the variations in
the samples. All the values were well below
the limits in both the samples.
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Fig. 4. Changes in tri-methylamine nitrogen of R.
kamgurta during frozen storage at -18"C
*Each value is represented by the average ±
standard deviation of at least 3 replications.

TVB-N showed increase (p<0.05) in both
the samples and the values were within the
limit (Fig.5). Studies by Joseph et al, (1989)
showed that irregular Jiangcs on TVB-N
values during frozen storage (-20oC) of

Kalawa (Epinephelus spp.) were due to the
elimination of dissolved volatile constituents

through drip. Fluctuations tending to in-
crease on TVB-N values were also reported
in the studies of Cakli et al. (1997) in sardine
stored at no-frost conditions.

The Total plate count (cfu/g) was
noticed to be reduced exponentially during
freezing and frozen storage in both plate and
air blast frozen samples, (Fig.6). The decrease
in microbial load may be due to cold shock
at low temperature for long duration. This
is in agreement with reports of Nickelson et
al (1980).
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Fig. 5. Changes in total volatile base nitrogen of K.

kanagurta during frozen storage at -18"C
*Each value is represented by the average ±
standard deviation of at least 3 replications.

Table 2 shows the changes in sensory
quality of the plate frozen samples. Freezing
had affected the fibrousness of the samples
while other parameters were not so signifi-
cantly affected. Frozen storage for a period
of 3 months did not significantly affect the
colour and appearance where as the flavour
and texture was affected significantly. Table
3

, showed the changes in sensory quality of
the air blast frozen samples. The changes in
air blast frozen samples were almost similar
to that of plate frozen samples but flavour

Table 2. Changes in sensory quality of plate frozen R. kamgurta during frozen storage at -18"C

Time Appearance Colour Odour Taste Flavor Texture Overall
(mo.) acceptability

Firmness Fibrous- Succule- Tough-
ness nee ness

Fresh 9±0.21a 9.2*0.12* 9±0.25 a 8.9±0.11a 9±0.17' 8.9±.0.16 a 8.8±.0.19 a 9.2±.023 a 8.8±.027 a 8.97±0.25 -

0 8.6±0.15b 8.510.41 b 8.6±0.35 b 8.6+0.33 b 8.3±0.34 a 8.5±0.19 b 7.8+0.53 b 8.7±0.24 b 8.2±0.15 b 8.42±0.18 b

1 8.3±0.14 c 8.5±0.14b 8.1±0.53 c 8.5±0.26 b 7.9+0.25 b 8.0+0.22 c 7.3+0.28 c 8.2±0.37 c 7.8±0.45 c 8.06±0.25 c

2 8.0+0.23 d 8.2±0.26c 7.9±0.53 c 7.0±0.40 c 7.2±0.16 c 7.6±0.30 d 7.1±0.17 c 7.0±0.15 d 7.0±0.37 d 7.44+0.37 d

3 8.0±0.24d 7.8+0.17 d 7.2±0.56 d 6.8+0.27 c 7.0±0.58 c 7.0±0.27 * 6.9±0.19 d 6.6±0.17 < 6.8*0.28 e 7.1+0.38 d

'

Each value is represented by the average ± standard deviation of scores given by 10 taste panel members.
All traits measured on 10-point scale with 1 being least and 10 being the most.
a,b,c,d,e Mean in a column with the same superscript letters are not significantly different (p> 0.05)
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Table 3. Changes in sensory quality of air blast frozen R. kanagurta during frozen storage at -18 "C

53

Time Appearance Color Odor Taste Flavor Texture Overall
(mo.) acceptability

Firmness Fibrous- Succule- Tough-
ness nee ness

Fresh 9±0.21 J 9.2+0.12 3 9+0.25 J 8.9+0.11 a 9+0.17 J 8.9±.0.16 J 8.8+.0.19 ' 9.2±.023 " 8.8±.027 a 8.97±0.25 a

0 8.6+0.25" 8.7+0.12 b 8.5±0.20 b 8.8+0.41 J 8.2±0.42 b 8.5±0.32 b 7.9±0.14 b 8.5±0.21 b 8.0±0.52 b 8.41±0.27 b

1 8.4±0.12 b 8.4±0.45 bc 8.0±0.48 b 8.4±0.24 b 7.8±0.40 c 8.1±0.12 c 7.5±0.24 c 8.0±0.23 c 7.6±0.24 c 8.02±0.27 c

2 7.9±0.32 c 8.1±0.59 c 7.8±0.52 b 6.8±0.42 c 7.5±0.19 d 7.5±0.15 d 7.0±0.21 d 7.1+0.21 d 6.9±0.19 d 7.4±0.18 i

3 7.9±0.41b< 7.5±0.21 d 7.0±0.14 c 6.0±0.35 d 6.7+0.15 6.6+0.31 e 6.5±0.23 « 6.5±0.41 c 6.3±0.20 <-' 6.7±0.42 c

"

Each value is represented by the average ± standard deviation of scores given by 10 taste panel members.
All traits measured on 10-point scale with 1 being least and 10 being the most.
o,b,c,d,c Mean in a column with the same superscript letters are not significantly different (p> 0.05)

and texture showed a significant difference
when compared to plate frozen samples.
This may be attributed to the formation of
secondary lipid oxidation products or carbo-
nyl compounds during frozen storage, which
are prone to react with proteins and affects
both the flavor and texture. Furthermore, the

cold air flow that passes over the samples
during freezing dehydrates the sample
which in turn affects the textural quality.
Hence the overall acceptability and sensory
quality for the plate frozen samples were
judged higher (p<0.05) than air blast frozen
samples.
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Fig. 6. Changes in total plate count of R. kanagurta
during frozen storage at -180C
*Each value is represented by the average ±
standard deviation of at least 3 replications.

The present study indicated that plate
frozen samples were slightly better than air
blast frozen samples in quality, which could
be attributed to the faster freezing rate in
plate freezer, nevertheless the quality of

mackerel (R. kanagurta) frozen by both plate
and air blast freezer were acceptable even
after 3 months of storage at -18°C.
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