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Abstract
To get rid of harmful effects of synthetic preservatives and develop new ones from natural sources,
extracts of microbial �lms from extreme habitats of geothermal spring and hypersaline lake in Western
Desert, Egypt, were used for chilled Atlantic chub mackerel, Scomber colias, preservations. The aqueous
extracts of extremophilic microbial �lms showed considerable contents of total phenolic and �avonoid
contents and good antioxidant activity. The cytotoxicity test of 2% w/v concentrations on normal cells of
liver and colon showed very weak effects and the cell viabilities ranged between 95.09 and 98.14%, while
the cell viability of carcinoma cells was in the range of 88.74–98.9%. We tested the effect of aqueous
extracts of these �lms on microbial and biochemical characteristics changes of chilled Atlantic chub
mackerel. Concentrations of 0.5, 1.0, 1.5 and 2.0% w/v were applied. Total plate count (TPC), pH, value
and acid value (AV), total volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-N) content,
thiobarbituric acid value (TBA) and free fatty acids (FFA) were investigated for 8 days of storage at 5°C.
Principal component analysis (PCA) showed good understanding of the effect of extremophilic microbial
�lms on biochemical features of chilled Atlantic chub mackerel and revealed that the best evaluated TPC
and other biochemical characteristics were found at extremophilic microbial levels of 1.0 and 1.5% w/v
till the 8th day.

Introduction
Atlantic chub mackerel, Scomber colias, is a popular pelagic �sh widely distributed in the continental
shelf of the Atlantic, the Mediterranean and its adjacent Seas- Aegean, Black and Adriatic Seas. The
Mediterranean landings of chub mackerel had averaged 13,979 tons in 2016–2018 (FAO, 2020). In Egypt,
the chub mackerel landings had an average of 806.667 tons in 2017–2018 (ICCAT, 2020). Atlantic chub
mackerel is a semi-fatty �sh, has high nutritional value not only due to its high protein contents (Bimbo,
2013) but also its high contents of essential amino acids (Motta et al., 2021) and poly unsaturated fatty
acids, speci�cally DHA and EPA required for human nutrition (Ferreira et al., 2020). Moreover, S. colias
characterized by compounds with major physiological roles as vitamin D, potassium, phosphorous and
zinc (Bimbo, 2013). Despite, chub mackerel is mainly consumed as canned �sh (Ferreira et al., 2020),
fresh S. colias is considerably utilized.

Fresh �shes can easily deteriorate after being captured due to the endogenous enzyme and rapid
microbial growth naturally present in �sh and/or from contamination (Jiang et al., 2018). Changes in
composition during �sh decay led to protein degradation and lipid oxidation, as well as changes in �sh
odor, �avor, and texture (Shahidi & Zhong, 2010). Developing effective treatment methods to extend the
shelf life of �sh has become mandatory (McElhatton & Amaral, 2012). At the same time, �sh industry is
always looking for new preservation methods to provide consumers with the best quality in terms of
sensory and nutritional levels (Rey et al., 2012).

As a result of increasing public awareness about the harmful effects of synthetic preservatives, the food
industry has been prompted to develop new preservatives from natural sources. Natural preservatives are
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available from a variety of sources including plants, animals, bacteria, algae, and fungi (Ghanbari et al.,
2013; Hassoun & Coban, 2017). Algae and bacteria exhibiting antimicrobial and antioxidant activities
could be served as potential natural preservatives as they can produce a wide range of bioactive
compounds, including carotenoids, polyunsaturated fatty acids, polysaccharides, ormycosporine-like
amino acids, and phenolic compounds (Rao et al., 2006; Li et al., 2007; Heller et al., 2016). Rodrıguez et
al. (2014) studied the effect of the incorporation of spirulina on nutritional quality of dried pasta,
concluding that these samples of pasta exhibited higher phenolic content and antioxidant capacity
compared to control sample. Microbial �lms from extreme habitats in the Western Desert, Egypt, have not
been studied yet for food preservations, although they have been reported as antimicrobial and
antioxidant agents and good sources of bioactive compound (Abd El-Karim, 2014; Atwa, 2021). Moreover,
dried microbial �lms from geothermal springs and hypersaline lakes could stimulate tilapia growth in
indoor trials for three months experiment. The results indicated that the �nal body weight, weight gain,
speci�c growth rate, and protein e�ciency were improved by increasing microbial �lms’ powder level in
the experimental diets compared to the control diet (Abdelkarim et al., under prep). Moreover, the
microbial �lms from geothermal springs and hypersaline lakes of Western Desert, Egypt, successfully
increase artemia and daphnia growth rates in toxicity test experiment (Abdelkarim et al., under prep). This
study aims at testing the quality and shelf life of chilled Atlantic chub mackerel, S colias, treated with
extremophilic microbial �lms extracts from hypersaline lake and geothermal spring. Total plate count
(TPC), pH, value and acid value (AV), total volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-
N) content, thiobarbituric acid value (TBA) and free fatty acids (FFA) were investigated at time intervals of
two days for 8 days of storage at 5°C.

Materials And Methods
Raw material

During August, 2020, a total of 30 kg of Atlantic chub mackerel, S. colias, caught from the Mediterranean
Sea in Alexandria, Egypt, was directly purchased from local �shermen, then delivered under refrigerated
conditions to the laboratory. S. colias averaged weight was 186g and average length was 20cm.
Microbial �lms were collected from hypersaline lake (Zieton Lake) and geothermal spring (55°C), Western
Desert, Egypt during summer 2020. All samples were kept in icebox till returning to the lab.

Extraction method

Microbial �lms were dried in an air circulated oven at 35 °C until reached a constant weight then grinded
in an electric mill and sieved to a 63-mesh size and kept at -20 °C until use. For the proposed
concentration, dried-sieved microbial powder was sonicated in deionized water for 30 minutes and was
shaked overnight. All extracts were �ltered on a Whatman �lter paper (No. 1), centrifuged and stored in
glass vials at −30 °C.

Estimation of total phenolic and �avonoid contents and the antioxidant activities
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Total phenolic and �avonoid contents in concentration of 20% w/v of microbial �lms were determined
using Folin-Ciocalteu’s reagent method (Machu et al., 2015) and aluminum chloride colorimetric method
(Magalhaes et al., 2012), respectively. Total phenolic concentrations were expressed as gallic acid
equivalents mg GA/g, whereas �avonoid contents were expressed as quercetin equivalents mg QE /g,
respectively. The free radical scavenging activity of the extracts was evaluated with DPPH by the method
of Brand-Williams et al. (1995). The antioxidant activity was estimated as percentage of inhibition: %
inhibition = [(Absorbance of control – Absorbance of sample)/(Absorbance of control)] X 100 (Yen & Duh,
1994).

Cytotoxicity evaluation

Cell lines and cell culture

Cell Line cells were obtained from American Type Culture Collection. Cell Line cells were cultured using
DMEM (Invitrogen/Life Technologies) supplemented with 10% FBS (Hyclone), 10 µg/ml of insulin
(Sigma), and 1% penicillin-streptomycin. All of the other chemicals and reagents were Sigma.

Cytotoxicity measurement

Hypersaline lake and hot spring microbial �lm concentrations of 2, 5,10, 15, 20% w/v, were prepared as
mentioned above, and staurosporine (was used as reference compounds) were prepared in DMEM and
sterilized. Cell viability was evaluated using a modi�ed MTT colorimetric assay. Plate cells (cells density
1.2 – 1.8 × 103 cells/well) in a volume of 100µl complete growth medium per well in a 96-well plate were
cultured for 24 hours. After treatment of cells with different concentrations of the compounds to be
tested, plate cells were incubated for 48 h at 37ºC, then the plates were examined under an inverted
microscope and proceed for the MTT assay. The absorbance was measured at a wavelength of 450 nm
and at a background of 630 nm in the appropriate type of plate reader. The cell viability percentage for
each concentration of the aqueous extracts of microbial �lms was calculated. The IC50, concentration of
extremophilic microbial �lm causing 50% inhibition of viable cell number, was determined graphically. For
IC50 calculation, 5 different concentrations of 0.4, 1.6, 6.3, 25.0 and 100µg/ml of the extremophilic
microbial �lms were prepared from 20% w/v concentration and were tested in triplicates in two
independent experiments.

Technological methods

Fish samples were washed, drained under hygienic condition. Three �shes were analyzed for freshness
and initial day parameters. The remaining �sh samples were divided into nine equal lots, eight lots were
soaked in the aqueous extracts of geothermal spring and hyper saline microbial �lms with concentrations
of 0.5, 1.00, 1.5 and 2.00% o for 20 minutes under ambient temperature. the 9th lot was soaked in distilled
water and assigned as control. All treatments were packed in polyethylene bags and stored in refrigerator
at 5±1ºC. Samples were analyzed at intervals of two days for quality parameters.
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Analytical methods

Quality indices of preserved �sh; pH value, acid value (AV) (AOAC, 2007), total volatile basic nitrogen
(TVB-N) and trimethylamine nitrogen (TMA-N) (AMC, 1979), thiobarbituric acid value (Tarladgis et al.,
1960) and free fatty acids (Egan et al., 1981) were determined. Microbial total plate count (TPC) was
examined (APHA, 2001). All analyses and experiments were triplicated and mean with ±SD were given.
One way ANOVA at signi�cant level of P ≤ 0.05 and PCA were performed using XLSTAT 2016.

Results And Discussion
Antioxidant activity and chemical composition of microbial �lms extract 

Total phenolic and �avonoid content of aqueous extract of microbial �lms were 1.5 and 4.23 mg GA /g
and 6.23 and 5.62 mg QE /g for both geothermal spring and hypersaline lake, respectively (Table 1). The
antioxidant activities were 26.87 and 39.97% for both geothermal spring and hypersaline lake,
respectively. These amounts were lower than the values obtained by Atwa (2021). This may be due to
that the author used polar and non-polar organic solvents.  

Table 1. Phenolic compounds, �avonoids and antioxidant activity of water extracts of microbial �lm 20%
w/v.

Microbial �lm   Phenolic contents

(mg/g GAE)

Flavonoids contents

(mg/g QE)

Antioxidant activity

(%)

Geothermal Spring 1.5 6.23 26.87

Hypersaline Lake 4.23 5.62 39.79

Effect of aqueous extracts of microbial �lms on normal and carcinoma cells of liver and colon 

The cytotoxicity of aqueous extracts of extremophilic microbial �lm from hot spring and hypersaline lake
were examined on normal (THLE2 and FHC) and carcinoma cells (HepG2 and Caco2) of liver and colon,
respectively. Cell viabilities of tested cells were concentrations-dependent (Fig. 1a and b). The least
concentration of 2% w/v showed a nonsigni�cant decrease of cell viability compared to the control. Cell
viability of normal and carcinoma cells under the effect of concentration of 2% w/v averaged 96.8% and
94.56%, respectively. On the other side, the highest concentration of 20% w/v exhibited a highly
signi�cant inhibition of cells viability; ranged from 55.072 to 37.066% for normal and carcinoma cells,
respectively. The IC50 results showed that carcinoma cells of liver and colon were slightly susceptible
compared with normal cells. The liver cells were highly resistant compared with the colon ones. IC50 of
extremophilic microbial �lm against normal and carcinoma cells of the colon, except the effect of
hypersaline lake against FHC, were weak (50-100 µgm/ml), while their effect against liver cells, HepG2
and THLE2, showed very weak effect (>100 µg/ml). The IC50 values of the aqueous extracts of hot spring
microbial �lms against HepG2, Caco2, THLE2 and FHC cells were evaluated as 160.68±8.14, 52.06±3.0,
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171.08±8.17 and 92.62±4.7 µg/ml, respectively, while they were 183.05±9.03, 74.27±4.06, and 203.9±10.
7 and 112.7±6.49 µg/ml for the aqueous extracts of hypersaline lake’s microbial �lms after 48h. Many
cyanobacterial species showed very toxic effect regardless of their habitats. The IC50 of the methanolic
extracts of freshwater cyanobacteria Anabaena oryzae, Oscillatoria sp and Stigonema ocellatum were
44.4, 130.7 and 59 µg/ml, respectively, against MCF-7 cell (Seddek et al., 2019). Soil cyanobacterial
species; Oscillatoria acuminata, O. amphigranulata and Arthrospira platensis exhibited strong cytotoxicity
activity (IC50) in the range of 8.43-41.07 µg/ml against HepG2, HCT-116 and FHC (Gheda and Ismail,
2020). IC50 values were 8.03 µg/ml for marine cyanobacteria Cyanobium sp., and 17.17 µg/ml for
Synechocystis salina, after 48 h (Freitas et al., 2016).

Effect of storage conditions (at 5±2°C) on physicochemical quality indices

pH value

pH value of the fresh Atlantic chub mackerel averaged 6.20. At the beginning of the experiment, the pH of
the control was 6.65, whereas the treated �shes with extracts of geothermal spring and hypersaline lake
were slightly lower; 6.51, 6.41, 6.37 and 6.81 and 6.67, 6.53, 6.43 and 6.71, respectively (Fig. 2).
Decreasing of pH values after soaking in aqueous extracts could be explained by their organic acid
contents. Microbial �lm extracts of hypersaline lake and geothermal spring contains many organic acids
like; hexadecanoic, docosenoic, glutaranilic, chloropropanoic, methanesulfonylacetic and many
others (Abd El-Karim, 2014; Atwa, 2021). At the highest treatments (%2 w/v), decreasing of Atlantic chub
mackerel acidity compared with control may be due to the diminishing of bioactive compounds
absorbance at high concentrations. Under different treatments, pH
values progressively increased signi�cantly (P < 0.02) with increasing time under refrigeration. Chilled
Atlantic chub mackerel treated with microbial �lm extracts had lower pH values compared with control
sample, which increased at rates higher than the permissible levels after four days. Increase of pH values
may be due to the microbial growth which was suppressed in the treated samples by microbial �lm
extracts. Microbial �ora like Pseudomonas, Alcaligenes, Vibrio, Serratia and Micrococcus spp. (Gram and
Huss, 2000) can grow and the enzymatic spoilage resulted in the accumulation of volatile basic
compounds shifting pH from acidic to alkaline (Don et al., 2018). Increasing pH values relating to
unpleasant and unacceptable sensory characteristics such as �avors, odor, color, and texture (Dalgaard et
al., 2006; Apang et al., 2020).

Acid value (AV)

Throughout the experimental period, all extracted oils of control and different treatments exhibited
acceptable values (0.21-0.53 mg KOH/g of oil) (Fig. 3), much lower than the permissible value (7-8 mg
KOH/ml oil). Start values of AV of control and different treatments were < 0.3 mg KOH/ml oil. With the
trial progress, control and different treatments increased signi�cantly (P < 0.004, for all treatments) to
attained highest values at the experimental end. Effect of different concentrations of geothermal spring
microbial �lm extracts showed signi�cant difference (P < 0.01), whereas the effect of hypersaline
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microbial �lm extracts was non-signi�cant (P = 0.7). At the end of storage period, the least AV values
(0.27 and 0.39 mg KOH/ml oil) was found in Atlantic chub mackerel treated with geothermal spring
microbial �lm extracts of 1.0 and 1.5%, respectively. Roy et al. (2022) suggested that the composition of
the oil, extraction techniques, and the freshness of the raw materials, can affect the quality of �sh oil.
Increasing of acid value are mainly due to protein denaturation, formation of amino acids and free fatty
acids, which were produced during the storage period (Shen, 1996).

Free fatty acids (FFAs) content

Figure (4) presents the effect of storage conditions on the free fatty acids (mg/100 ml oil) of Atlantic
chub mackerel. The initial FFAs values were ≤ 0.21 for control and treated Atlantic chub mackerel with
extremophilic microbial �lm extracts. FFAs values were gradually signi�cantly (P < 0.002) increased for
treated and untreated �shes with extending storage periods up to 8 days. The intermediate geothermal
spring extract (1.0 and 1.5%) exhibited higher inhibitory effects (p < 0.0001) as compared to control and
hypersaline microbial �lm extracts from day two to eight. Hwang and Regenstein (1993) reported that
FFA and 1, 2- di acyl glycerol in minced mackerel increased during storage at 2-3ºC, particularly after 15
days of storage. The majority of lipolysis in most stored �sh originates from endogenous enzymes,
mainly phospholipase and triacyl lipase (Aryee et al., 2007). The exerted inhibitory effect of microbial �lm
could be due to their high contents of polyphenols. Thus, polyphenols extracts have shown to inhibit
pancreatic lipase during the development of in vitro experiments (McDougall et al., 2009; Gondoin et al.,
2010). Similarly, Miranda et al. (2016) found that marine alga Bifurcaria bifurcata extracts implied an
inhibitory effect on FFA formation in chilled megrim (Lepodorhombus whi�agonis), and they attributed
this effect to its contents of polyphenolic compounds.

Total volatile basic nitrogen (TVB-N) content

The content of total volatile bases is useful for estimating the freshness of lean �sh. The upper limits
suggested are 30-40 and 60 mgN/100gm (on fresh weight bases) for fresh water and marine �shes
(Connel, 1990). Effect of storage conditions on the TVB-N values of Atlantic chub mackerel are shown in
(Fig. 5). The results show that, TVB-N values increased signi�cantly (P < 0.001) in all treatments with time
at storage conditions. Initial values of TVB-N were 6.06, 6.06, 3.13, 3.13, 3.81, 4.95, 4.59, 4.55 and 4.90
mg/100g for control and different concentrations (0.5, 1.0, 1.5 and 2.0%) of geothermal spring and
hypersaline microbial �lm extracts, respectively. Compared with control (53.88), the lowest TVB-N values
(41.54, 42.13 and 42.69 mg/100g) were found in geothermal spring (1%) and hypersaline microbial �lms
(1% and 0.5% treatments, respectively) by the experimental end. However, extremophilic microbial �lm
extracts could control TVB-N (mg\100g) formation due to their potential antimicrobial activities. The
increase in TVB-N of Atlantic chub mackerel might be due to increment of enzyme action and microbial
content specify to fresh samples. These results are in accordance with those observed by Bennour et al.
(1991) and Baohua et al. (2006). Many investigators found that extracts of terrestrial and aquatic plants
can inhibit microbial growth and TVB-N. Arulkumar et al. (2018) found that the red alga Gracilaria
verrucose extracts suppress TVB-N values in Indian mackerel. Apang et al. (2020) postulated that
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Garcinia spp. extract can lower the levels of TVB-N in the treated Indian mackerel. Similarly, the ethanolic
extract of Mentha Aquatica have the ability to inhibit the microbial activity, consequently lower the TVB-N
in the rainbow trout (Amoli et al., 2019). Moreover, the phenolic compounds in rosemary extracts helped
to lower TVB-N formation in sardine muscles (Ozyurt et al., 2012). 

Trimethylamine nitrogen (TMA-N) content

Trimethylamine nitrogen (TMA-N) levels are used universally to determine microbial deterioration leading
to �sh spoilage. Initial TMA-N values were < 2.0 mg/100g in Atlantic chub mackerel for control and
different treatments of extremophilic microbial �lms (Fig. 6). Although, a progressive signi�cant (P <
0.001) formation of TMA-N values ensured in all treated Atlantic chub mackerel with microbial �lm
extracts, these values were much lower than the control (22.64 mg/100g) and the critical limits reported
by Malle and Poumeyrol (1989) after 6 days. Microbial �lm extracts, especially the intermediate
concentrations (1.0 and 1.5%), led to a remarkable inhibition of TMA-N formation in Atlantic chub
mackerel. Trimethylamine (TMA) is generally produced by the reduction of trimethylamine oxide (TMAO)
possibly by endogenous enzymes in �sh, but mainly by the enzyme activity of certain bacteria
(Aeromonas sp., Shewanella  putrefaciens and Vibrio spp.). In agreement with the present study, previous
works showed that lowering of TMA-N could be improved due to incorporation of natural preservation in
chilled storage of marine �sh. These studies included the use of rosemary extracts during chilled storage
of sardines (Ozyurt et al., 2012), and B. bifurcata extract applied during the chilled storage of megrim
(Miranda et al., 2016), and the red alga Gracilaria verrucose (Arulkumar et al., 2018) and Garcinia spp
(Apang et al., 2020) extracts used in the chilled storage of Indian mackerel. 

Thiobarbituric acid (TBA) value

Thiobarbituric acid value was used as index for lipid oxidation in �sh and �sh products. Fish and �sh
products of good quality will have a TBA value less than 2. Fish with TBA number greater than two will
probably smell and taste rancid (Bonnell, 1994). TBA values have been used to determine the secondary
products of lipid oxidation, especially aldehydes and decomposition products of hydro peroxides
(Thiansilakul et al., 2012). As shown in Figure (7), TBA amounts were signi�cantly (P < 0.002) increased
in all samples during the storage. However, the least TBA value was related to the treated samples with
the intermediate cyanobacteria microbial �lm (1.0 and 1.5%) after the 4th day, indicating that Atlantic
chub mackerel treated with cyanobacteria microbial �lm extract had lower TBA levels as compared to
control value. At the 8th of storage, the highest amount of TBA was observed in the control and least
concentration of cyanobacteria microbial �lm. These results are in agreement with Suthasinee et al.
(2018) who reported that the TBA values in refrigerated little tuna slice treated by freshwater macro algae
extracts increased slightly during the �rst 2 days of storage, thereafter, sharp increases in TBA were
observed in the control, followed by a decrease at day 8 of storage (P < 0.05). Ice systems including
oregano or rosemary extracts inhibited TBA formation in jack mackerel (Trachurus murphyi) (Quitral et al.,
2009). The plant extract of Portulaca oleracea and the alcoholic extract of marine alga Ulva intestinalis
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could inhibit TBA formation in �sh sausages compared with the control treatments (Tanha et al., 2021;
Jannat-Alipour et al., 2019). 

Microbiological quality

Total bacterial count (TBC)

Maximum bacterial load of fresh �sh speci�ed for human consumption is 7 log CFU/g (ICMSF, 1986).
Initial counts of TPC were < 5.0 log10 cfu/g for control and different extracts of geothermal spring and
hypersaline cyanobacterial �lm extracts (Fig. 8). Surprisingly, TBC were signi�cantly (P < 0.0001)
different at day 0 between different treatments. This initial difference was mainly attributed to
microbiological contamination of �sh prior to laboratory arrival. Similar explanation was suggested by
Arulkumar et al. (2018). Concerning microbiological quality of Atlantic chub mackerel, the increase in
(TBC) showed a signi�cant difference (P<0.002) between all samples during storage period. The
presence of extremophilic cyanobacterial �lm extract give rise to a signi�cant (P < 0.001) inhibition of
microbial growth as compared with the control at day 6 at the intermediate concentrations (1.0 and 1.5%
concentrations). The results of the present study corroborate many previous works. The extracts of B.
bifurcata (Miranda et al., 2016), rosemary (Quitral et al., 2009), Portulaca oleracea (Tanha et al., 2021),
marine red Alga G. verrucosa (Arulkumar et al., 2018) marine green alga U. intestinalis (Jannat-Alipour et
al., 2019), Amaranthus leaf (Kanatt, 2020) could inhibit bacterial growth in �sh muscles.

Principal component analysis

Principal component analysis (PCA) reduces confused and huge data to smaller groups, then reduce
noise effect and increase our interpretation of the underlying data. Moreover, using of sample means
make the resulting axes of PCs self-explanatory and increases the objectivity of the interpretation. The
relationships of the PCAs for variables and observations are further observed through the effect of the
microbial �lm concentrations of both geothermal spring and hypersaline lake, which showed the highest
scores at PCA1 for observations and at PCA2 for the variables for. 

Effect of geothermal spring microbial �lm

The �rst two eigenvalues of PCA for geothermal spring microbial �lm were 5.55 and 0.959, explaining
93.15% of the total variation. The �rst component (PC1) responsible for 79.32% while the second one
(PC2) covered 13.83%. According to the PCA biplot, TVB, TMA, TBA, TBC, FFA and AV had high positive (r
= 0.90 – 0.99) association with PC1, whereas the microbial �lm level had high positive (r = 0.94)
correlation with PC2. The long line of the explanatory variable indicates that it is highly correlated with
PC2 (Fig. 9a and b). As clearly revealed in the PCA biplot, the best biochemical characters and longest
shelf-life of the Atlantic chub mackerel were those containing geothermal spring extracts at the levels of
1.0 and 1.5 g/100 g.
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The �rst two eigenvalues of PCA for hypersaline lake microbial �lm were 5.62 and 1.05 and they explain
95.27% of the variation. The �rst component (PC1) responsible for 80.31% while the second one (PC2)
connected to 14.96%. According to the PCA biplot, TVB, TMA, TBA, TBC, FFA and AV had high positive (r =
0.93 – 0.987) association with PC1, whereas the microbial �lm leveling had high positive (r = 0.986)
correlation with PC2. The long line of the explanatory variable (hypersaline lake extract) indicates that it
is highly correlated with axes 2. As clearly revealed in the PCA biplot (Fig. 10a and b), the best
biochemical characters and longest shelf-life of the Atlantic chub mackerel were those containing
geothermal spring extracts at the levels of 1.0 and 1.5 g/100 g. 

Conclusions
Microbial �lms from extreme habitats of geothermal spring and hypersaline lake were used for chilled
Atlantic chub mackerel, Scomber colias, preservation. Aqueous extract of microbial �lms from geothermal
spring and hypersaline lake can control the growth of microorganisms in the chilled Atlantic chub
mackerel for 6 days-storage. Accordingly, microbial �lms extract effectively increased the shelf life of
chilled Atlantic chub mackerel up to 6 days. Microbial �lms extract was able to control the increase of pH
and the measured biochemical changes; FFA, AV, TVB, TMA-N and TBA. PCA can extract useful
information and offer an easy and talented way for the description of properties of chilled Atlantic chub
mackerel samples. The best biochemical and shelf-life properties were observed in the samples
containing 1% and 1.5% w/v extremophilic microbial �lms extract. This study highlights augmentations
with natural effective preservatives from extremophilic microbial �lms in �sheries industry to exclude
harmful effects of synthetic preservatives and develop new preservatives from natural sources to achieve
a healthier diet.
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Figure 1

Effect of aqueous extracts (w/v) of extremophilic microbial �lm, a) hot spring and b) hypersaline lakes on
normal and carcinoma cells of liver and colon.
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Figure 2

Effect of different levels of extremophilic microbial �lm extracts on pH value of refrigerated Atlantic chub
mackerel (5±1°C).

Figure 3

Effect of different levels of extremophilic microbial �lm extracts on acid value (AV, mg KOH\ml oil) of
refrigerated Atlantic chub mackerel (5±1°C).
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Figure 4

Effect of different levels of extremophilic microbial �lm extracts on free fatty acids (FFAs, mg \100ml oil)
of refrigerated Atlantic chub mackerel (5±1°C).

Figure 5

Effect of different levels of extremophilic microbial �lm extracts on TVB-N (mg\100gm) content of
refrigerated Atlantic chub mackerel (5±1°C).
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Figure 6

Effect of different levels of extremophilic microbial �lm extracts on TMA-N (mg\100gm) content of
refrigerated Atlantic chub mackerel (5±1°C).

Figure 7
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Effect of different levels of extremophilic microbial �lm extracts on Thiobarbituric acid (TBA, mg MDA\kg
sample) value of refrigerated Atlantic chub mackerel (5±1°C).

Figure 8

Effect of different levels of extremophilic microbial �lm extracts on Total bacterial count (TPC Log cfu/g)
of refrigerated Atlantic chub mackerel (5±1°C).
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Figure 9

PCA showing properties of shield Atlantic chub mackerel containing different levels of geothermal spring
extremophilic microbial �lm extracts; the numbers next to the symbols on (9b) show the geothermal
spring microbial �lm level. 
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Figure 10

PCA showing properties of shield Atlantic chub mackerel containing different levels of hypersaline lake
microbial �lm extract; the numbers next to the symbols on (10b) show the hypersaline lake microbial �lm
level. 


