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Table 2 - Results of corpse freezing process on farmed A. persicus during ice storage

Index End of rigor Start of rigor  Temperature Capture (cm) Length Mean of
mortis mortis (°C) time (kg) weight
farmed Acipenser 15 (Afternoon) 11 (Monitoring) 20-24 8 60 1.8

persicus

(Monitoring)
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Table 1 - Results of nutritional value in A. persicus treatments before (control) and after the stage of rigor mortis
(Experimental) (percentage)

Experiment Ash Moisture Fat Protein
Treatment
Control 1.47+1.432 76.15+1.932 4.02+1.38? 18.36+1.342
Experimental 2.89+1.322 75.34 £1.592 3.78+1.37 2 17.99+1.252

The same letters in the same column and row show no significant difference (P> 0.05)
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Table 3 - Results of measuring the profile of fatty acids (percentage) in frozen A. persicus fillets before and after the
rigor mortis process (percentage)

Treatment Frozen fillets before the Frozen fillets after the rigor
Fatty acids rigor mortis process mortis process (Experimental)
(Control)

Lauric acid 1.82+0.89° 1.76+0.93?
Myristic acid 1.39+0.172 1.32+0.872
Palmitic acid 34.16+2.35° 33.67+1.59°
Stearic acid 2.74+1.492 2.39+0.992
Oleic acid 26.51+2.622 25.42+3.68%
Linoleic acid 29.37+2.542 28.21+2.452
Arachidonic acid 0.42+0.192 0.29+0.182
Eicosapentaenoic acid 0.34+0.212 0.25+0.122
Docosahexaenoic acid 6.78+2.732 6.12+2.512
Other fatty acids 1.86+2.312 1.59+1.562

The same letters in the same column and row show no significant difference (P> 0.05)
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Table 4 - Results of microbial characteristics of farmed A. persicus fillet after rigor mortis compared to control
during storage for six months in freezing conditions

Treatment Control samples (before of rigor mortis) Experimental samples (After rigor mortis)
Experiment Staphylococi Total bacterial Pseudomonas Staphylococi Total bacterial Pseudomonas
Storage time bacteria counts bacteria bacteria counts bacteria
(logCFU/qg) (logCFU/qg) (logCFU/qg) (logCFU/qg) (logCFU/q) (logCFU/qg)
First day 2.57+0.54%A 3.16+0.27°A 1.24+0.13"A  2.57+0.52% 3.27+0.320A 1.24+0.25°A
1 month 1.48+0.814 3.24+0.73%A 1.36+0.216A  1.96x0.75%° 3.35:0.85% 1.67+0.18%A
2 month 1.38+0.75A° 3.42+0.91b0A 1.78+0.39%A  1.57+0.48Abc 3.59+0.47cd” 1.99+0.5949A
3 month 1.11+0.724b 3.65+0.420A 2.11+0.42%9A  1.18+0.95%¢ 3.79+0.58"A 2 38+0.631°A
4 month - 3.7420.5120A 2.35+0.57A - 4,11+0.3220A 2.71+0.81°A
5 month - 3.95+0.728A 2. 64+0.76%A - 4,23+0.49A 3.12+0.47%A
6 month - 4.17+0.83%2 2.98+0.14% - 4.35+0.912A 3.54+0.79%

The same letters in the same column and row show no significant difference (P> 0.05).
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Table 5 - Results of physicochemical characteristics of farmed A. persicus fillet after rigor mortis compared to control during storage for six months in freezing

conditions
Treatment Control samples (before of rigor mortis) Experimental samples (After rigor mortis)
Experiment pH TVB-N Free fatty TBARS Peroxide value pH TVB-N Free fatty TBARS Peroxide value
Stgrage (mg/100g) () acids (mg/100g) (meg/kgoil) (mg/100g) () acids (mg/100g) (meg/kgoil)
time
First day " 10.26+1.36%  0.08:0.14%A  0.06+0.114° 0.08+0.2140 ” 10.24+157A¢  0.08:0.13%%  0.06:0.114°  0.08+0.154
6.82+1.34 o T AN AN 6.82+1.27 B AR AR AN

1month 6.83+1.25  11.16+1.851 0.19+0.2140 0.14+0.2140 0.29+0.36"° 6.85+1.17A2  11.28+1.75A¢ 0.25+0.247° 0.21£0.1470 0.58+0.19Aa
2month  6.91+£1.194%  14.38+1.42%° 0.37+0.26"° 0.28+0.33 A 0.71+0.5942 6.93+1.34%2  15.46+1.89A°  0.48+0.17A%  (,36+0.18A® 0.93+0.68%2
3month  6.91£1.28%%  14.78+1.25¢ 0.58+0.28Aa0 0.37+0.41 Asb 0.68+0.52A2 6.93+1.59%2  15,.88+1.25A 0.66+0.29%2 0.49+0.23%2 0.87+0.52A2
4 month  6.92+1.874a  15.38+1.82A 0.68+0.9442 0.49+0.42A2 0.62+0.43A2 6.95+1.71%2  16.46+1.27A2 0.87+0.1142 0.58+0.3142 0.82+0.38"2
5month  6.94+1.974a 15.78+1.98A® 0.83+0.49/2 0.57+0.12A2 0.54+0.45%2 6.98+1.76%%  16.68+1.16"2 0.98+0.21A2 0.62+0.2742 0.69+0.4142
6 month  6.96+1.924a  1594+2.92A2 0.84+0.92A2 0.71+0.6242 0.38+0.32Aab 6.99+1.8472  16.83+1.1482 0.99+0.27A2 0.78+0.25%2 0.53+0.3442

The same letters in the same column and row show no significant difference (P> 0.05)
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Table 6 - Results of sensory characteristics of farmed A. persicus fillet after rigor mortis compared to control during storage for six months in freezing

conditions
Treatment Control samples (Before of rigor mortis) Experimental samples (After rigor mortis)
Experiment  Overall acceptance Taste Color Odor Texture Overall acceptance Taste Color Odor Texture
Storage time
First day 5+]1.297a 5+1.287a 5+1.73%2 5+].3442 5 +1.6452 5+1.9542 5+1.5642 5+1.9542 5+1.5942 5+]1.43A2
1 month 4.81+1.15% 5+1.4742 4.16+1.49%0 5+1.2744 4.85+1.4272 5+1.8442 5+1.4872 5+1.6842 5+1.3742 5+]1.58A
2 month 4.62+1.467® 5+1.2242 4.07£1.274° 5+1.1642 4,731,352 5+1.2742 5+]1.5342 5+1.3142 5+1.4942 5+1.9742
3 month 4.51+1.25R0¢ 5+1.5642 4+1.67A° 5+1.65% 4.65+1.2742 5+1.9142 5+1.3942 5+1.4942 5+1.23%2 5+].4472
4 month 4.14+1.194¢ 5+1.68A2 4+]1.5970 5+1.71A2 4.52+1.2140 5+1.8842 5+1.73A2 5+1.3244 5+1.4942 5+1.52Aa
5 month 3.62+0.79Ad 4.71+1.697% 350+1.82A° 4,95+1.51% 3.84+1.52A¢ 4,92+ 15742 4.72+1.82°%  4.86+1.797%  4.94+1.25°%  4.852 +1.84
6 month 3.49+0.835¢ 4.67+1.28°%  3.17+1.798¢ 4,80+1.95% 3.49+157B° 4.88+1.54B2 4.68+1.137%  4.69+1.59%2 4.81+1.387%  4,73+.914°

The same letters in the same column and row show no significant difference (P> 0.05)
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Introduction: Sturgeon is the common name for the 27 species of fish belonging to the family
Acipenseridae. The earliest sturgeon fossils date to the Late Cretaceous and are descended from other,
earlier Acipenser form fish which date back to the Early Jurassic epoch. The Persian sturgeon is a
species of fish in the family Acipenseridae. It is found in the Caspian Sea and to a lesser extent the
Black Sea and ascends certain rivers to spawn, mainly the Volga, Kura, Aras, and Ural Rivers (Zareh et
al., 2006). Rigor mortis is a phenomenon where the fish, after death, becomes stiff. The rigor will get
completed when almost all muscle fibers are contracted which lasts a while before it is resolved. The
muscle then becomes more and more tender in the stage called meat tenderization (Camacho., 2020).
This locking of the muscles, called rigor mortis, can be slowed down by chilling the fish immediately
after death. Rigor mortis starts immediately or shortly after death if the fish is starved and the glycogen
reserves are depleted, or if the fish is stressed. The mechanism behind this is muscle contraction due to
a shortage of ATP (adenosine triphosphate). However, ATP, carrier that provides energy to relax the
muscle again, is no longer present, so the muscles remain rigid (Shabanpour, 2012). Over time this
rigidity disappears, but by then the fish has significantly deteriorated. Post-mortem factors such as
glycolysis, pH, and rigor mortis have been shown to have profound effects on fish fillet texture. Rigor
mortis is dependent on the fish species, temperature and handling before slaughter, slaughtering stress,
the biological status of the fish, and the temperature of pre-rigor storage (Le et al., 2020). The method
used for stunning and killing the fish also influences the onset of rigor. Even when fishes are killed
under the same conditions, there can be a high variation in the time of onset of rigor mortis (Zareh et al.,
2006). Therefore, the present study aimed to investigate the effect of rigor mortis on the nutritional,
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fatty acid changes, chemical, microbial and sensory characteristics of farmed A. persicus fillets during
storage in freezing conditions.

Material and methods: The fish were caught using a cone net, and killed by pulling them out of the
water. They were then transported to the laboratory by ice-containing units containing twice the weight
of the fish. The fish were washed with drinking water immediately after death. To spend the period of
freezing the corpse in the fish transport tanks (Chilled Sea Water), twice the weight of the fish was
covered with ice powder prepared from drinking water. The fish layers were separated by ice and
placed on the ice fish 5 cm thick. The water outlet valve of the CSW tank was left open during the
storage period to drain the water from the ice thaw. The rigidity of the A. persicus was measured by
dropping the tail from the edge of the table, and this stage ended with the softening of the fish muscles.
The fish were washed after the rigor mortis had frozen. The fish were then beheaded, eviscerated,
peeled, and washed again. The fish were filleted into 1-3 cm pieces weighing 250-200 g. The fillets
were packed in polyamide plastics under vacuum and frozen in a fast freezing tunnel (temperature -40 °
C) for 8 hours. The farmed A. persicus fillet was used as a control before passing the coffin freezing
and vacuum-packed. Experimental and control treatments were stored at -18 ° C for 6 months. Their
quality was evaluated using chemical, microbial, sensory, and physical tests. The total bacterial counts,
Staphylococcus, Pseudomonas, Coliform, Escherichia coli, and Clostridium were used for microbial
characteristics. For chemical properties of peroxide, thiobarbituric acid, free fatty acid, total volatile
nitrogen bases, polyan index, and the ratio of unsaturated fatty acids to saturated fatty acids were
investigated. The quality of experimental and control fillets was assessed through physical experiments
including pH and sensory such as tissue odor, color, taste and overall acceptance. Nutritional value and
fatty acid profiles were determined.

Results and discussion: The fish weight and length were 1.80 kg and 60 cm. In research and control
treatments: pH, microbial, chemical, and sensory factors showed significant changes during storage
(p<0.05). Pseudomonas, coliform, and Escherichia coli were not observed during the storage period.
Nutritional value was not significantly different (p> 0.05). Palmitic acid was the highest (33.67 —
34.16%). The polyene index decreased in the experimental treatment (0.18) compared to the control
(0.20). The ratio of unsaturated to saturated fatty acids in control and research treatments was 1.58 and
0.84, respectively. The shelf life of treatments was six months in freezing conditions. Color, texture,
and overall acceptance in the experimental treatment were evaluated better than the control (p<0.05).
Conclusion: Increasing the shelf life of seafood is important not only for the processing industry but
also for the companies that supply them. Freezing is currently one of the best fish preservation
techniques that leads to maintaining the safety and quality of fish. However, pre-frozen treatment of the
corpse and its storage in freezing conditions leads to the production of fillets with more contraction of
the fillet length and more secretion during thawing. Compared to pre-corpse filleting, post-corpse
filleting results in a threefold increase in efficiency, which is economically significant regardless of the
time required for the process. Considering that microbial and chemical properties are lower in post-
mortem fillets, but the sensory properties in these fillets are higher compared to fillets that have not
undergone corpse. Because sensory characteristics such as color, texture, and appearance influence
consumer decisions, Therefore, these properties are preferred over chemical and microbial agents.
However, post-mortem processing in the industry is not easy and enough time must be taken to pass
this stage, which leads to problems such as the need for a large pre-cooler as well as limiting the
capacity of the processing plant. However, due to the benefits of corpse freezing on the quality of
fillets, passing the corpse freeze is recommended for fish filleting.
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