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Abstract

To increase the utilization of catfish (Clarias gariepinus) obtained from Wadi El Rayan Lake, Fayoum Governorate, Egypt
that not preferred by consumers on their fresh status, ready to eat fish burgers and fingers were prepared with using essential
oils (EOs); (0.5%) thyme (Thymus vulgaris) and rosemary (Rosmarinus officinalis) individually as antioxidant and antimicrobial
agents and enhancement the sensory quality attributes of raw catfish burgers and fingers products. Catfish burgers and fingers
treated with tested essential oils and untreated (control sample) were packed in polyethylene bags and stored as raw products
in a deep freezer at -18°C for three months. The analysis of physicochemical properties; pH, total volatile basic nitrogen
(TVB-N), trimethylamine nitrogen (TMA-N) and Thiobarbituric Acid (TBA) value and Microbiological aspects; Total Bacterial
Count (TBC) and yeast and mould (YM) counts were carried out on treated and untreated raw fish products at zero time and
periodically every 15 days during storage period. The obtained results showed that all investigated analysis parameters; pH,
TVB-N, TMA-N, TBA value, TBC and YM counts were gradually increased during storage period in all raw catfish burgers
and fingers products by different ratios depending on the kind of tested essential oil, the increases of these parameters were
significantly higher (p<0.05) in the control sample than samples treatment with EOs. The investigated essential oils caused a
significant (p<0.05) improve the quality of fish products through retarded the spoilage and enhancement the physicochemical,
microbiological and sensory quality attributes for raw fish burgers and fingers during frozen storage, as compared to the control
sample. In conclusion, the addition of essential oils showed a positive effect on the product quality and shelf-life as antioxidant

and antimicrobial; so, catfish products are of high quality and high acceptance even after the storage period is over.

Keywords: Ready to eat catfish products; Quality parameters; Thyme;
Rosemary EOs; Frozen storage

Introduction

Fish and fishery products contain high-quality protein and other
necessary nutrients; they are low in saturated fatty acids and contain a
high content of unsaturated fatty acids [1]. A fish meal could be a major
protein source in food diets. There are essential amino and fatty acids
that are present in the fish meal but not present in tissue from plants or
animals [2].

Catfish (Clarias gariepinus) is mainly freshwater fish species that
are well adapted to enclosed waters and resistance to handling and
diseases. It’s produced in large quantity along with the Nile fisheries
especially Nasser's Lake, in the first pond in Wadi El-Rayan Lake and
along with the fish farming and other freshwater Lakes. Catfish is
highly nutritious that contains high amounts of unsaturated fatty acids,
vitamins, proteins, and minerals [3]. However, it is unacceptable from
most consumers in the fresh form. Therefore, there have been many
studies about the production of the fishery fast food products that high
quality including fish cake, fish crackers, fish fingers, fish balls and fish
burgers [4]. Also, in recent years, the increases of civilization have led to
consumer's preference to ready-to-eat foods [5]. Fish burgers are one of
the secondary minced fish based products and are popularly distributed
frozen for longer shelf life [6].

Freezing has been considered the most popular method of
conservation and successfully employed to retain the quality of food
products, especially fish and other seafood, over long storage periods
[7,8]. Freezing minimizes microbial and enzymatic activity and hence
preserves the flavor and the nutritional properties [9].

Despite fish and fish products have the high nutritional value, these
products have a short shelf-life, this is due to the vast amounts of free
amino acids and volatile nitrogen bases and higher final pH that limits
the useful life of the product being highly susceptible to oxidation of
unsaturated fatty acids and this can affect the flavor, taste, texture,

aroma, and shelf-life of fish and fish products [10].

To prevent and delay the quality changes caused by lipid oxidation
in foods and seafood, various synthetic antioxidants have been used
[11]. However, with growing concerns regarding the safety of synthetic
antioxidants, natural antioxidants have been suggested as a safe
alternative to synthetic antioxidants to retard oxidative processes and
to improve the quality of fish. This ability is due to their potential as
free radical scavengers which may terminate radical chain reactions
and display antibacterial effects against bacterial pathogens [12]. Spices
and herbs have been added to food since ancient times, not only as
flavoring agents but also as folk medicine and food preservatives [13].
Furthermore, certain spices and herbs were used as green materials,
plant extracts; essential oils (EOs) and powders for enhancing the
storage life of foods by preventing rancidity through their antioxidant
activity or through bacteriostatic or bactericidal activity, also to food-
borne pathogenic bacteria [14]. Essential oils (EOs) contain a mixture of
compounds, which includes terpenes, alcohols, acetones, phenols, acids,
aldehydes, and esters are mainly used as food flavorings or functional
components in pharmaceuticals [15].

Rosemary (Rosmarinus officinalis) oil is well known as a common
spice which is extensively used in the food industry. Antioxidant
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efficiency of rosemary extract or oil is due to the high content of phenolic
compounds; monoterpenes (etheric oils), diterpene phenols (carnosic
acid, carnosol, rosmanol, epirosmanol, isorosmanol, methylcarnosate),
phenolic acids (rosmarinic acid), flavonols and triterpene acids
(ursolic acid, oleanolic acid, butilinic acid) which break free radical
chain reactions by hydrogen atom donation [16-18]. EO extracted
from thyme (Thymus vulgaris) has received much attention from
researchers and food processors as a potential natural antimicrobial and
antioxidant agent as a result of its high content of phenolic compounds
[19,20]. Many studies were carried out to prove the effectiveness of the
combination of frozen and essential oils on extending the shelf-life of
fish and fish products [21]. Thus, the aim of the present work was to
evaluate the effect of individually (0.5%) thyme and rosemary essential
oils on physicochemical properties and microbiological aspects for raw
catfish burgers and fingers during frozen storage at -18°C for 3 months.

Materials and Methods

Catfish burgers and fingers processing

Fish samples: Fresh catfish (Clarias gariepinus) (1600 g to 2000
g weight, 64 cm to 77 cm long) were obtained from Wadi El-Rayan
Lake, El-Fayoum Governorate, Egypt during April 2016. Fish samples
were transported in an ice box with ice pieces directly to the Laboratory
of Fish Processing and Technology in Shakshouk Research Station,
National Institute of Oceanography and Fishers (NIOF), El-Fayoum
Governorate.

Ingredients: The ingredients included essential oil (EOs); thyme
(Thymus vulgaris) and rosemary (Rosmarinus officinalis) obtained
from El-hawag factory, Badr city, Cairo, Egypt. Sunflower oil, table salt,
wheat flour, powdered spices, starch, onion, garlic, and other additives
were obtained from local markets in El-Fayoum city.

Fish mince preparation: Catfish samples were beheaded, gutted
and washed with tap water to remove all viscera, black membranes,
swim bladder and blood. Skin and bones were manually removed to
produce pure fillets. The yield of flesh was about 47%. Flesh parts were
cut to fillets. The fillets were dipped in 1.0% chilled brine solution
contained 0.5% acetic acid for 5 min. to clean and remove any fishy
odor, and fillets were drained. The drained fillets were minced by a
kitchen meat mincer using a 3 mm diameter holes plate.

Processing of catfish burgers

Minced catfish was mixed with other additives that is incorporated
in (Table 1) as mentioned by Al-Bulushi et al. [22] and essential oils
(EOs) using the Varimix kitchen machine. Essential oils (EOs); 0.5%
individually rosemary or thyme oils were added to formulas of catfish
burgers. Accordingly, processed raw catfish burgers were three types;
fish burger (control, free EOs), a fish burger with (rosemary) and a fish
burger with (thyme). Every formula of prepared catfish burgers were
divided separately into equal pieces (50 g weight) and placed between
two sheets of transparent casings and pressed gently to give the burger
the required texture (I c¢cm thickness and 8.5 cm diameter) using
manually operated forming machine (NOAW-Affetacrane, Italy).

Processing of catfish fingers

Catfish fingers were prepared according to Salik et al. and Tokur et
al. [5,23]. Part of minced fish was mixed again with other ingredients
(Table 1) to prepare control catfish finger (without EOS) and another
part of minced fish was mixed again with other ingredients and 0.5%
essential oils of rosemary or thyme oil each separately using the Varimix

Page 2 of 7
Burgers Fingers

Ingredients % |Spices mix." % |Ingredients %

Fish mince 75.0 |Black pepper| 42.0 |Fish mince 93.5
Sunflower oil 9.0 |Cumin 23.0 |Salt 1.5
Starch 8.0 |All spices 18.0 [Sugar 1.0
Salt 2.0 |Clove 2.0 |Wheat flour 3.0
Sod. bicarbonate | 0.4 |Coriander 5.0 |Cumin 0.24
Onion 2.5 |Cubeb 2.0 |Onion 0.24
Garlic 08 |Cardamon 2.0 |Garlic powder 0.24
Polyphosphate 0.3 |Red pepper 1.0 |Black pepper 0.24
Spices mix." 2.0 |Ginger 5.0 |Thyme 0.02

Table 1: Formulation of fish burgers and fingers.

kitchen machine as is the case in the preparation of burgers to produce
control catfish finger (without EOS) and two treatments by adding 0.5%
EOS (rosemary or thyme each separately) to formulas. The prepared
formulas were shaped into fingers (10 x 2 cm) separately.

Frozen storage of raw catfish burgers and fingers

Raw catfish burgers and fingers treated with tested essential oils
and untreated (control samples) were packed in polyethylene bags and
stored as raw products in a deep freezer at -18°C for three months.
The physicochemical, microbiological analyses were carried out
immediately after processing (at zero time of storage) and periodically
every 15 days until the end of storage period.

Physicochemical analysis

Total volatile basic-nitrogen (TVB-N) was determined by macro
distillation method [24] and the results obtained were expressed as
mg TVB-N/100 g fresh sample. Trimethylamine nitrogen (TMA-N)
was determined [25] and the results were expressed as mg TMA/100
g sample. Thiobarbituric Acid values (TBA) were determined
spectrophotometrically according to the procedure described by
Pearson [24]. TBA content was expressed as mg of malonaldehyde
(MDA)/kg sample. The pH value was measured as follows: 10 g of the
minced sample was homogenized with 100 ml of distilled water and
the mixture was filtered by using filter paper [25]. The pH value of the
filtrate was measured using a pH meter with a combined electrode.

Microbiological analysis

Samples of raw fish products were analyzed for the microbial profile
using standard procedures [26] for Total Bacterial Count (TBC) (30°C,
3 days), yeast and mold (YM) counts on potato dextrose agar (21°C, 5
days). The results were expressed as log, cfu/g of sample.

Statistical analysis

The statistical analysis of the obtained results was carried out
according to SPSS version 16 software program 2007. Means and
Standard Deviation (Mean + SD) measured using the least significant
difference test (L.S.D) at (p < 0.05).

Results and Discussion

Physicochemical changes of raw catfish burgers and fingers as
affected by essential oils (EOs) during frozen storage at -18°C

pH value: Changes in pH value of different catfish burgers and
fingers samples as affected by essential oils (EOs) and frozen storage
are shown in Figure 1. It was observed that pH values of finger samples
were higher than those of burger samples, the initial pH values for
burgers and fingers samples ranged between 6.30-6.38 and 6.41-6.55
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Figure 1: Changes in pH values of catfish products like Burger and Finger during frozen storage (-18°C).

respectively at zero time of storage. These variations may be due to
the differences between the ingredients used in the preparation of fish
burgers and fingers, the same observations were noticed by El-Lahamy
etal. [27].

Also, it was noticed that pH values were significantly (p < 0.05)
higher in control samples of all catfish burgers and fingers than that
of samples treated by EOs and higher in samples treated by rosemary
than that treated by thyme EOs. The changes in pH value during
frozen storage of catfish products showed a gradual increase as the
storage period extended by different rates, which might be due to the
proteolytic enzymes that hydrolyzed fish protein to simple proteins,
polypeptides, amino acids, ammonia and trimethylamine and other
volatile bases [28]. The highest incremental rates were found in control
samples than treated by EOs may be due to the effectiveness of these
EOs as an antimicrobial agent so, it can be used as a way of combating
the growth of common microorganisms causes of food poisoning [29].

pH values for burgers; control and samples treated by thyme and
rosemary EOs were 6.38, 6.30 and 6.33, respectively at the beginning
of frozen storage period increased to 6.78, 6, 61 and 6.69 at the end of
storage period by about 6.2%, 4.7%, and 5.4% respectively, the same
trend was found for finger samples; pH values of control and samples
treated by thyme and rosemary EOs were 6.55, 6.41 and 6.50 increased
t0 6.92, 6.70 and 6.83 by about 5.3%, 4.3%, and 4.8%, respectively.

Therefore, the treatments by thyme followed by rosemary oils
were more effective in delaying the rate of increasing pH value as
antimicrobial agents compared with control and prolong shelf life
period during the frozen storage. pH values of investigated fish
products were very acceptance until the end of the storage period,
where it were between 6.3-7.0 that proposed as acceptance limit of
fish and fish products, whereas values above 7.0 were considered to be
spoiled. Similar findings were reported by Aref et al., El-Lahamy et al.,
Ibrahim et al., and Rani et al. [21,27,30,31].

Total volatile basic-nitrogen content (TVB-N): The impact of
the individual tested essential oils; (0.5%) thyme or rosemary oils on
TVB-N values during frozen storage of raw catfish products was shown
in Figure 2. It could be noticed that TVB-N contents of fingers products
were higher than that of burgers products also TVB-N contents were
higher in burgers and fingers control samples than that in samples
treated with essential oils (EOs). The values of TVB-N content in raw

catfish burgers and fingers stored at -18°C were gradually increased
significantly (p<0.05) during the frozen storage period. These
increments may be attributed to the breakdown of proteins as a result
of the activity of microbial strains and proteolytic enzymes [32] or may
be the result of deamination of free amino acids, oxidation of amines,
and degradation of nucleotides by autolytic enzymes and microbial
activity [33]. The highest significant (p<0.05) incremental of TVB-N
values was recorded in control samples compared with samples treated
by rosemary and thyme EOs, respectively. TVB-N value was 9.22
mg/100 g on weight basis (w.w.) for control burger samples while were
8.00 and 8.36 mg/100 g for samples treated with thyme and rosemary
oils, respectively at zero time of storage increased to 15.55, 11.25 and
12.60 mg/100 g after 90 days of frozen storage. Also, TVB-N values
were 10.05, 8.86 and 9.35 mg/100 g at zero time of storage increased to
16.34, 11.86 and 13.90 mg/100 g at the end of storage period for control
fingers and samples treated with thyme and rosemary oils, respectively.

Therefore, samples treated by EOs; thyme followed by rosemary
oils were more effective in delaying the rate of increasing TVB-N
compared with samples of control burgers and fingers products during
the frozen storage period, where the rate of increasing the TVB-N
were 41%, 30% and 33% for burger control sample and burger samples
treated by thyme and rosemary, respectively and were 38%, 25% and
32% for finger control sample and finger samples treated by thyme and
rosemary, respectively. This may be attributed to the role of such oils on
microbial population and bacterial growth as antimicrobial agents [34].

However, at the end of the frozen storage period, the TVB-N
values for all burgers and fingers samples did not reach or exceed the
acceptability limit (35 mg/100 g) stipulated and mentioned by Lang [35]
and high quality of raw catfish burgers and fingers samples. These results
are in agreement as reported by El-Lahamy et al., Mahmoudzadeh et al.,
Vanitha et al., and El-Sherif et al. [27,36-38].

Trimethylamine nitrogen (TMA-N) content: The changes in
TMA-N of the different raw catfish burgers and fingers products
during frozen storage at -18°C for 3 months are shown in Figure 3.
From obtained data, it could be observed that TMA-N contents of
fingers products were higher than that of burgers products. TVB-N
contents were higher in burgers and fingers control samples than
that in samples treated with essential oils (EOs). TMA-N values were
gradually increased significantly (p<0.05) during the frozen storage
period. TMA-N contents of fish burger samples were 1.35, 0.92 and
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Figure 2: Changes in total volatile basic nitrogen (TVB-N) contents of catfish products during frozen storage (-18°C).
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Figure 3: Changes in trimethylamine nitrogen (TMA-N) contents of catfish products during frozen storage (-18°C).

1.06 mg/100 g of control and samples treated with thyme and rosemary
oils, respectively at the beginning of storage increased to 3.60, 2.05 and
2.45 mg/100 g sample after 3 months of frozen storage (end of storage
period). Also, the same trend was found for fish fingers, TMA-N
contents were increased from 1.70, 1.27 and 1.42 mg/100 g at zero time
of storage for control and samples treated with thyme and rosemary oils
to 3.95, 2.40 and 2.90 mg/100 g sample at the end of the storage period,
respectively. Such increment of TMA-N of catfish burger and finger
products during frozen storage may be due to the conversion of TMAO
to TMA by the non-enzymatic process, or by native tissue enzymes or
by bacterial enzymes (TMAase) which are not completely inactivated
by low temperature [28].

However, it has been mentioned that all catfish burgers and fingers
products were considered as good quality and regarded within the
acceptable limits less than 10 mg to 15 mg TMA-N/100 g until the end
of storage period as reported by Connell [39].

Therefore, it was clear that the treatments by thyme followed by
rosemary oils were more effective in delaying the rate of increasing
TMA-N as antimicrobial factors and prolong shelflife period during the
frozen storage compared with control samples. Also, the same results
were found by Aref, El Lahamy et al. and Ibrahim et al. [21,27,30].

Thiobarbituric acid values (TBA)

The obtained results in Figure 4 revealed that the TBA values of
raw burgers products were higher than that of fingers products may
be due to the high-fat content of burgers samples. Also, the influences
of individually (0.5%) thyme and rosemary essential oils were noticed;
TBA values were significantly (p < 0.05) lower in all treated catfish
burger and finger samples than that of the control samples. From the
obtained results, it was found that TBA values were gradually increased
in all catfish burgers and fingers products. Therefore, although thyme
followed by rosemary EOs had significant (p<0.05) reduction effect on
the TBA values as antioxidants, there was an increase in TBA values
in all different fish burger and finger samples throughout the frozen
storage period by different rates affecting by kind of essential oil. At
the beginning of the storage period TBA values of burger control and
burger samples treated by thyme and rosemary were determined as
0.62, 0.38 and 0.47 mg malonaldehyde (MDA)/kg sample increased
to 2.00, 1.10 and 1.48 mg MDA/kg samples, respectively at the end
of storage period, while the values were 0.46,0.24 and 0.28 mg MDA/
kg samples for finger control and fingers samples treated by thyme
and rosemary, respectively increased to 1.89, 0.80 and 1.08 MDA/kg
samples, respectively at the end of storage period.

The incremental in TBA values for all fish burger and finger
samples with advancing the frozen storage time may be due to the
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Figure 4: Changes in thiobarbituric acid (TBA) values of catfish products during frozen storage (-18°C).

auto-oxidation of fats, bacteriological and/or oxidative rancidity or
may be due to ice crystals formed could injure the cell and cause the
release of pro-oxidation, especially free iron [40,41]. However, the TBA
values of all frozen raw catfish burgers and fingers samples were lower
than the permissible limit (4.5 MDA/kg) as reported by Bonnell [42].
Accordingly, the raw burgers and fingers samples treated with thyme or
rosemary and also control samples in the present study considered the
good quality and accepted until and after the end of the frozen storage
period. These results are in agreement with reported by Aref et al.,
Tokur et al., Ibrahim et al. and El-Sherif et al. [21,23,30,38].

Total bacterial count (TBC)

Figure 5 shows the changes of the total bacterial count of different
raw burgers and fingers samples during frozen storage at -18°C for 3
months as affected by the addition of essential oils EOs; 0.5% thyme
or 0.5% rosemary individually. From results, it was obvious that TBC
count of fish burgers was lower than that of fish fingers at zero time of
storage, control samples (untreated with EOs) showed the highest mean
counts of TBC comparing to other samples treated with essential oils
of thyme or rosemary that caused a significantly (p<0.05) reduction in
microbial count of treated fish products immediately after preparation
as antimicrobial. This antimicrobial activity of these essential oils could
result from the hydrophobic nature which enables them to partition in
the lipids of the bacteria cell membrane and mitochondria, disturbing
the structures and rendering it more permeable [43].

TBC count was fluctuation decreasing and increasing during
frozen storage until 60 days of storage then increased until the end
of the storage period, initially reduction in the microbial load could
be due to the freezing and the powerful antimicrobial properties of
food additives and EOs. The initial TBC (log,, cfu/g sample) values
for burgers; control and samples treated by thyme and rosemary EOs
were 3.22, 3.04 and 3.11 log,  cfu/g sample at zero time of storage then
fluctuation decreasing and increasing to 3.15, 2.70 and 2.90 log cfu/g
sample at 60 days of storage then increased to 4.05, 2.88 and 3.30 log
cfu/g sample, respectively at the end of storage period. While, the
values of fingers; control and samples treated by thyme and rosemary
EOs were 3.80, 3.22 and 3.55, respectively at zero time of storage then
fluctuation decreasing and increasing to 3.75, 2.80 and 3.16 log,  cfu/g
sample, respectively at 60 days of storage then increased to 4.90, 3.15
and 3.60 log,, cfu/g sample at the end of storage period. The increase
of TBC may be attributed to the increase in simple nitrogenous
compounds (amino acids and nucleotides) and fatty acids which were

produced by hydrolysis of protein and fat by natural fish enzymes
which consequently lead to suitable conditions for bacterial growth
[21]. However, these levels did not exceed the maximum limits (7 log
TBC/g) set for fresh and frozen fish products given by the International
Commission on Microbiological Specifications for Foods [44]. These
low values of TBC that found of raw catfish burgers and fingers indicated
that good hygienic conditions were implemented during the processing
of the products. Therefore the use of essential oils of thyme followed
by rosemary reduced the microbial load of raw catfish burgers and
fingers samples during frozen storage period compared to the control.
These results are in agreement with found by Ibrahim et al., Rani et al.,
Vanitha et al., El-Sherif et al. and Awad [30,31,37,38,45].

Yeast and mould (Y and M) count

Figure 6 shows the changes of yeast and mould count of different
raw catfish burgers and fingers samples during frozen storage as affected
by addition of thyme and rosemary EOs individually. Yeast and mould
was found of raw catfish burgers and fingers samples immediately after
processing (zero time of storage) by low numbers account 0.60, 0.30
and 0.48 log,, cfu/g of burgers control and samples treated by thyme
and rosemary, respectively while were 0.78, 0.48 and 0.70 log, cfu/g of
fingers control and samples treated by thyme and rosemary, respectively.

Freezing and EOs generally causes a reduction of yeast and mould
and not detected in any of the products during the primary period of
frozen storage through microbiological analysis after 15, 30 and 45 days
of frozen storage, while after 60 days of storage the yeast and mould
was appeared in raw control samples of burger and finger products by
numbers of 0.48 in control burger and 0.60 log,  cfu/g sample in control
finger. At 75 days of frozen storage the yeast and mould was appeared in
all burgers and fingers products by numbers of 0.70, 0.30 and 0.48 log, |
cfu/g for burgers control and samples treated by thyme and rosemary
increased to 0.90, 0.60 and 0.78 log, cfu/g sample, respectively at the
end of storage period (90 days), while were 0.85, 0.48 and 0.60 log,
cfu/g for fingers control and samples treated by thyme and rosemary
increased to 1.08, 0.70 and 0.85 log, cfu/g sample, respectively at the
end of storage period. This indicated that the yeast and mould was
significantly (p < 0.05) higher in control samples of all catfish burgers
and fingers than that of samples treated by EOs and were higher in
samples treated by rosemary than that treated by thyme EOs, may be
due to EOs have strong inhibitory effect against the growth of yeast and
mould count especially thyme higher than rosemary oils.
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Figure 5: Changes in total bacterial count (TBC) of catfish products during frozen storage (-18°C).
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Figure 6: Changes in yeast and mold (Y and M) of catfish products during frozen storage (-18°C).

These results are in agreement with found by Mohamed [46] who
found that the count of yeast and mold (Y and M) 10.6 x 10? cfu/g for
tilapia fish during zero time of frozen storage (-18°C) decreased after 60
and 120 days in frozen sample to 5.0 and 3.33 x 107 cfu/g, respectively
then sharply increased until the end of froze storage period (180 days)
reached to 9.0 cfu/g sample. Also, it was [46] observed that mould
and yeast recorded as 2.02 and 2.05 log, cfu/g sample for raw burger
and finger at the beginning of frozen storage at-18°C and not detected
during frozen storage until the end of storage period. While [47] it was
recorded that the yeast and mould number was 0.98 log cfu/g sample in
fresh fish fingers but not detected during storage period until the end of
frozen storage after 6 months.

Conclusion

The obtained results in this study showed the utilization of
unaccepted catfish flesh from consumers in its fresh form in the
production of good fish products; cold smoked catfish fillets, catfish
burgers and fingers products high safely, having good quality and better
acceptability with lowering the costs. The tested essential oils (EOs);
thyme, rosemary, and cumin had high effectiveness as an antioxidant,
antimicrobial and should be utilized for extending the shelf-life and
enhancing quality attributes of smoked catfish products during cold
storage and raw catfish burgers and fingers during frozen storage.
The chemical, physicochemical, microbiological, the sensory analysis
revealed that raw catfish burgers and fingers slightly affected by frozen

storage at -18°C until the end of the storage period (3 months). Catfish
burgers and fingers are of high quality and acceptance even after the
storage period is over.
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