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	 Biodegradable polyhydroxyalkanoates (PHAs), consisting of monomers and 
heteropolymers, this is an alternative for polymers generated by fossil fuels. Halophilic archaea 
produced polyhydroxyalkanoates (PHAs) as intracellular granules reserves energy in response 
to nutrients scarcity. Nevertheless, there is a scarcity of comprehensive understanding of these 
processes and the capacity of halophilic archaea to accumulate PHAs. This study focused on 
isolation of haloarchaea from Saudi Arabia's Red Sea solar saltern and investigate their growth 
and synthesis of polyhydroxybutyrate (PHB) under varying pH levels, temperatures, and NaCl 
concentrations. In addition, the study aimed to assess the accumulation of polyhydroxybutyrate 
(PHB) under nutrient-limited conditions utilizing cost-effective sources of carbon, like 
carboxymethyl cellulose (CMC), glycerol, glucose, starch and sucrose. Identification of candidate 
strains was achieved via 16S rRNA genome sequencing. Subsequently, the sequences were 
added to the NCBI GenBank and given accession numbers OQ366239-OQ366242.Haloferax 
sp. strain HSM17 produced the greatest quantity of PHB (50.94%) when starch was the only 
source of carbon. The best growth was shown at 65°C, a pH 7, and 10% salinity. The chemical 
combination of the biopolymer was evaluated by applying GC-MS. Hemolysis was then measured 
to determine the cytotoxicity of the extracted PHB towards red blood cells. The results showed 
a considerable decrease in damage to human red blood cells parallel to the positive control 
(P<0.05). Haloferax sp. strain HSM17 has great potential as a producer of polyhydroxybutyrate 
(PHB) using cheap carbon sources.

Keywords: Biodegradable materials; Cytotoxic assays; Extremophiles;
Halophilic archaea; Microbial biopolymers; Saltern ecosystems.

	 Undegradable plastic pollution is a 
significant universal problem needs urgently 
process. The high demand for plastic products, 
lack of proper recycling after use, and widespread 

environmental pollution require a fundamental 
change in plastics technologies to tackle this 
huge challenge.1,2 Bioplastics are composed of 
many elements and typically emphasize the use 
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of renewable resources such as starch, cellulose, 
or bioethanol.3 Bioplastics are biopolymers that 
microorganisms store as carbon reserves for 
energy in the shape of intracellular granules.4  
Polyhydroxyalkanoates (PHAs) are naturally 
occurring polyesters that accumulate as storage 
granules inside microorganisms. They possess 
physicochemical properties that are comparable 
to those of petrochemical polymers.5  The most 
popular PHAs are polyhydroxybutyrate (PHB) and 
polyhydroxybutyrate-co-hydroxy valerate (PHBV) 
because of their outstanding optical properties 
and remarkable UV resistance.6  These polymers 
exhibit distinctive characteristics and have been 
widely utilized in several industries, such as 
medicine (e.g., medical devices and medication 
delivery systems), food, agriculture, biofuels, and 
packaging.6 Polyhydroxyalkanoates (PHAs) are 
extensively produced by different organisms, such 
as bacteria, cyanobacteria, and archaea, as well 
as eukaryotes such as algae and plants. Among 
these Haloarchaea, which thrive in hypersaline 
environments, are characterized by their ability 
to thrive without requiring sterile conditions and 
uses of lower in cost substrates, making them 
more economical.7 Two haloarchaeal species 
from the Natrialbaceae family have the ability to 
manufacture PHB and PHV.8 
	 Halophilic microorganisms represent a 
unique group of extremophiles that have recently 
attracted considerable interest in biopolymer 
research due to their ability to grow in hypersaline 
environments with minimal contamination risks 
and without the need for costly sterile conditions.4 
Compared to conventional microbial producers such 
as bacteria, cyanobacteria, or algae, haloarchaea 
offer significant advantages, including tolerance 
to extreme salinity, utilization of inexpensive 
substrates, and robustness in large-scale cultivation. 
The Red Sea, in particular, provides a distinctive 
ecological niche characterized by high salinity, 
elevated temperatures, and unique nutrient 
compositions, making its native haloarchaeal 
strains genetically and physiologically different 
from those reported in other saline environments.5 
These natural adaptations render Red Sea isolates 
highly promising for the sustainable and economical 
production of polyhydroxybutyrates (PHB) and 
polyhydroxyalkanoates (PHA).
	 Accordingly, the aim of the current 

research is to examine halophilic microorganisms 
from the Red Sea capable of producing PHB/PHA, 
to optimize their growth conditions for maximal 
biopolymer production, and to determine the 
biosafety of the extracted polymers through in vitro 
cytotoxicity assays. Ultimately, this study seeks to 
contribute to reducing environmental contamination 
by producing eco-friendly, biodegradable plastics 
that are both economically viable and safe for 
public health, with the added advantage of being 
derived from renewable sources that do not harm 
the environment

Materials and Methods

Site description and sampling 
	 Samples of brine and sediment have been 
collected from a solar saltern in the Kingdom of 
Saudi Arabia’s Red Sea. Located at Al-shaeiba 
(20°48’06.6"N 39°27’40.2"E), Alkurnayash 
Southern (21°19’50.5"N 39°06’37.3"E), (saltern) 
located (21°10’16.04"N 39°11’5.94"E), Obhur 
Alshamaliyah (21°44’52.7"N 39°07’56.3"E), 
Thuwal (22°16’17.7"N 39°05’09.7"E) and 
King Abdullah Economic city (22°23’06.4"N 
39°05’48.6"E), Via plastic bags and bottles with a 
5-meter distance between each sample. All samples 
were stored at a temperature of 4 OC upon arrival. 
	 The selection of these specific sites 
was based on their ecological diversity, as they 
represent different hypersaline environments 
along the Red Sea coast that vary in salinity, 
temperature, and organic matter availability. Such 
environmental variations increase the probability 
of isolating novel haloarchaeal strains with distinct 
physiological traits and enhanced biopolymer 
production capabilities. Moreover, sampling from 
both brine and sediment niches ensures a broader 
representation of microbial communities, thereby 
providing a more comprehensive assessment of 
haloarchaeal diversity and potential for sustainable 
bioplastic production.
Isolation and culture conditions
	 The samples were enhanced through 
cultivation in a medium for PHA accumulation 
reported by 9 which involves BM (per liter; KH2PO4, 
37.5 mg; FeSO4.7H2O, 50 mg; MnCl2.4H2O, 0.36 
mg; MgSO4.7H2O, 0.1 g; KCl, 2.0 g; Trisodium 
Citrate,3.0 g; Na2CO3, 8.0 g; NaCl, 200 g; and yeast 
extract, 1 g;  pH regulated to 9.7), the medium was 
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complemented with glucose 10/ g/L as the carbon 
source, and cultures were vibrated on 180rpm at 
37/ ° C for 14/ days. In order to isolate halophilic 
archaeal strains that accumulate PHA/PHB, a 
serial dilution method was performed. 1 ml of each 
dilution was then placed onto BM medium. Pure 
isolates were obtained by serial cultivation on BM 
and kept on the same medium.
Screening for PHAs-producing haloarchaeal 
strains
	 A total of four distinct haloarchaeal 
isolates labeled with (HSM17, HSM20, HSM35, 
HSM38), obtained after two weeks of incubation 
at 37oC, were screened their capability as PHB/
PHA producers through Sudan Black B staining 
as described by.10 The cells were smeared then 
heat-fixed on a sterile glass slide, from early 
stationary phase of growth, and stained for 10 
minutes by a 3% (w/v in ethanol 70%). Nile blue 
stain 1% was applied for 10 minutes to all purified 
isolates, then wash the slides with tap water. After 
that Immerge the slides in Glacial acetic acid 8% 
solution for 1min.  washed with tap water afterward 
check in microscope. Sudan Black B (Sigma), 
then the slides submerged in xylene till totally 
decolorized.11 The slides were counterstained with 
a 5%/ (w/v) aqueous safranin solution (Sigma) 
for 10/ seconds, followed by a gentle rinse and 
air drying. Specimens were then examined using 
phase contrast microscopy (Nikon, Japan), and 
cells appearing blue black were identified as PHB/
PHA positive strains.12,13 Escherichia coli was used 
as a negative control strain.
Identification of the potential PHAs-producing 
haloarchaeal strains 
	 Genomic DNA was isolated from each 
candidate strain using two different extraction 
protocols; a modified protocol from “Experimental 
Techniques in bacterial genetics” as described by,14 
and using a HiPurA® genomic DNA purification 
kit (HiGenoMB, MB505, India) as manufacturer’s 
instructions. Invitrogen (USA) primers were 
used to amplify the 16S rRNA from the archaeal 
isolates. These primers targeted the Escherichia 
coli 16S rRNA gene sequence at locations 6-25 and 
1540-1521.15 PCR amplifications were performed 
in 50ìL reaction volumes over 30 cycles With 
the following specifications: a 5-minute first 
denaturation at 95°C, followed by a 1-minute cycle 

of denaturation at 94°C, a 1-minute annealing 
at 60°C, and a 1-minute 30-second extension at 
72°C. A final extension was performed for ten 
minutes at 72°C., followed by a hold at 4°C. After 
purification, the PCR products were produced at 
50ng/ìl concentration for further analysis.
Phylogenetic tree construction and Accession 
numbers for nucleotide sequences
	 A phylogenetic tree was constructed using 
16S rRNA gene sequences that closely matched the 
isolates, obtained from the NCBI database. The 
partial sequences were aligned through Multiple 
alignment CLUSTAL-W and neighbor joining 
tree was subsequently with MEGA X software 
package.16,17 All nucleotide sequence databases 
from this study with 16S were uploaded to the 
NCBI and GenBank databases.
Optimizing growth condition for haloarchaeal 
strains
	 A 100/ µL sample of each PHA-producing 
haloarchaeal strain in the exponential phase was 
used to inoculate 100/ mL of BM medium. Growth 
in the PHA-production medium was monitored 
spectrophotometrically at 600/ nm every 48/ hours 
over a two-week period. To assess the effects of 
different conditions on isolate growth, experiments 
were conducted in PHA/PHB production medium 
under varying; pH levels (5-9); temperatures (4, 
20, 37, 45, 55, and 65 °C); Sodium chloride (NaCl) 
concentrations (100, 150, 200, 250, 300, and 350/ 
g/L); Carbon sources (glycerol, carboxymethyl 
cellulose (CMC), starch, glucose and sucrose).
Biopolymer (polyhydroxybutrates) extraction 
	 PHAs were regained from desiccated cells 
applying sodium hypochlorite method as stated 
by.18 The gained pellet was sequentially rinsed with 
distilled water, acetone and ethanol. then dissolved 
in warm chloroform (60-65°C) until vaporization. 
The percentage of PHB in the dried extract was 
calculated using the formula.19,20

%PHB/PHA accumulation= (PHB extract dry 
weight (g/ml) × 100)/(biomass (CDW))

Cell dry weight (CDW) = Falcon tube weight 
included dried pellets - Clear falcon tube weight.

PHB extract dry weight = Filter paper with dried 
filtered PHB weight – Clear filter paper weight.
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Charac ter i za t ion  o f  the  b iopo lymer 
(polyhydroxybutrates)
Gas chromatography–mass spectrometry 
(GC–MS)
	 GC-MS analysis of the extracted 
PHB/PHA polymers was conducted using the 
methodology described by Ojha and Das.19 To 
determine the sample’s PHB content a thermo 
scientific Trace GC1310-ISQ mass spectrometer 
(Austin, Texas, USA) was attached to a TG-5MS 
direct capillary column (30 m x 0.25 mm x 0.25 
µm film thickness). The oven temperature of the 
column was first kept at 50°C, then increased by 
5°C every minute to 230°C, where it remained 
for two minutes. To attain the final temperature of 
290°C, it was elevated by 30°C each minute and 
held there for two minutes. The temperatures of 
the MS transfer line and injector were kept up at 
260°C and 250°C, respectively. The helium carrier 
flowed at a steady 1 ml/min. A µL diluted split 
sample was automatically injected with a solvent 
delay of three minutes using the Autosampler 
AS1300 in split mode with GC. EI mass spectra 
were obtained in complete scan mode spanning the 
m/z 40–1000 range at ionization voltages of 70 eV. 
The ion source temperature was set at 200 °C. The 
identification of components was accomplished by 
comparing their mass spectral profiles and retention 
times with those in the WILEY 09 and NIST 11 
mass spectral databases
Cytotoxicity testing (Hemolytic Activity)
	 Hemolytic assay, as described by,21 was 
used to assess the cytotoxicity of the HSM17 
biopolymer. To create an erythrocyte suspension, 
A volume of 1 milliliter of freshly obtained blood 
was centrifuged at a rate of 10,000 rpm for a period 
of five minutes. 5ml of a normal saline solution 
containing 0.9% NaCl was mixed with 200ìl of 
the erythrocytes precipitate. Subsequently, the 
concoction was centrifuged at 4000/ rpm in 15/ 
minutes. The liquid portion was discarded, and 
the procedure was repeated three times. Finally, 
the washed red blood cells were combined with 
a normal saline solution (0.9% NaCl) to create 
a cell suspension with a concentration of 5%. 
HSM17 biopolymers were prepared using a 10% 
solution of DMSO at six distinct doses (3.125, 
6.25, 12.5, 25, 50, 100ìg/ml). Three replicates 
were used to test each concentration of HSM17 
biopolymer. 500ìl aliquots of HSM17 biopolymer 

were aseptically transferred into a microcentrifuge 
tube. Subsequently, 500ìl of RBC suspension and 3 
ml of normal saline were added and gently mixed. 
For 60 minutes, the samples were incubated at 
35°C. They were then centrifuged for 10minutes 
at 2500 rpm and 4°C. At a wavelength of 540 
nm, the absorbance (Abs) of the supernatant was 
measured.  As a positive control, 500ìL of a 5% 
blood suspension combined with 3mL of distilled 
water demonstrated 100% hemolysis, whereas 
normal saline without any hemolysis served as the 
negative control. The formula was used to calculate 
the percentage of hemolysis which provided by 22.

% Hemolysis= [(Absorbance (test)-Absorbance 
(control) )/(Absorbance (control))]  ×100

Statistical analyses
	 The information was analyzed with 
statistical software SPSS (IBM Corp., New York, 
USA). According to the process outlined by Faizi 
and Alvi. To assess group differences, the study 
used a one-way analysis of discrepancy (ANOVA). 
Duncan’s multiple range test, as described in,23 was 
used to investigate pairwise comparisons between 
groups in more detail.

Results

Morphological characterization for haloarchaea 
strains 
	 Four isolates were selected based on 
their strong similarity to the recommended 
minimum standards for haloarchaea, including 
cell appearance, motility, pigmentation. The strains 
that grew on BM agar plates were small, circular, 
convex, and viscous. Additionally, some colonies 
exhibited pink-red coloring, while others were 
colorless. 
Screening for PHB/PHA-producing haloarchaea 
strains
	 The ability of all the Haloarchaea strains 
to accumulate PHB/PHA was examined. Nile 
Blue A and Sudan Black B staining revealed that 
only four strains (HSM 17, HSM20, HSM35, and 
HSM38) were promising strains (Figure. 1 and 2) 
Effects of carbon sources, Temperature, pH and 
Salinity on Growth of Potential Halophilic PHB 
/PHA Producers
	 The growth patterns of the promising 
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Fig. 1. Positive PHB/PHA-producing haloarchaea strains with Nile Blue A

strains were examined in PHA production medium 
at various temperatures, salinities, pH levels, and 
carbon sources.  The effects of these parameters 
were examined in order to increase the PHA yield.  
The temperature range in which the four strains 
grew was 4–65°C.The optimum temperature for 
growth by four strains was 65ÚC, 37oC,45oC, and 
45oC for Strain HSM17, Strain HSM20, Strain 
HSM35 and Strain HSM38 respectively (Graph 1). 
The pH variety for growth of all HSM17, Strain 
HSM20, Strain HSM35 and Strain HSM38 strains 
was 5–9 with an optimum 7,7,9, and 8 respectively 
(Graph 2). With an optimal growth at 15% (Graph 
3), the four strains were able to support NaCl at 
concentrations ranging from 20% to 35% (w/v). 
Additionally, strains HSM17, HSM20, HSM35, 
and HSM38 show the highest growth and PHA 
yield when using starch as the sole carbon source, 
with respective yields of 50.94%, 23.83%, 33.4%, 
and 27.29%. These strains are able to grow in 
a variety of carbon sources, including starch, 
carboxy-methyl cellulose (CMC), sucrose, glucose, 
and glycerol. This suggests that strain HSM17 

has higher PHB/PHA yields and maximal specific 
growth ratios than other strains.
Molecular identification of the potential 
haloarchaeal strains 
	 BLAST was used to identify the DNA 
sequences and compare the results with information 
from the NCBI GenBank database. According to 
phylogenetic analysis based on incomplete 16S 
rRNA gene sequences, the most promising strains 
belonged to the genera Haloarcula and Haloferax 
and exhibited sequence similarity of e”95%. The 
NCBI and GenBank nucleotide sequence databases 
have received the 16S rRNA gene sequencing, and 
the accession numbers range from OQ366239 to 
OQ366242 (Figure.3).
Characterization of the biopolymer by Gas 
chromatography–mass spectrometry (GC–MS)
	 Gamma-aminobutyric acid, phenol, 
2,4-bis(1,1-dimethylethyl)-, dodecyl acrylate, 
2-propenoic acid, 2-methyl-,1,5-pentanediyl 
ester, hexadecenoic acid, cis-vaccenic acid, oleic 
acid, 9-octadecenoic acid (z)-, butyl citrate, and 
isochiapin b were among the ten constituents 
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Fig. 2. Positive PHB/PHA-producing haloarchaea strains with Sudan black B.

identified by GC-MS analysis of the extracted 
polymer’s chemical structure to ascertain its 
monomeric composition. (Table1) 
In vitro cytotoxic effect of PHB/PHA extract 
(Hemolytic Activity percentage)
	 The hemolytic activity of the PHB/PHA 
extracted from Haloferax sp strain HSM17 is 
presented as percentage hemolysis and reported 
as mean ± standard deviation of three duplicates. 
All concentration showed significantly lower 
hemolytic impact toward human Erythrocytes 
liken to positive control (P<0.05) (Figure.4). 
Cytotoxicity was examined against erythrocytes, 
at concentrations differ from (62.5 to 2000µg/ml). 
The findings showed that hemolysis accelerated 
with increasing PHB dosage, reaching 0.633% at 
62.5µg/ml and 3.517% at 2000µg/ml.

Discussion 

	 Archaea have earned considerable 
attention and research interest owing to their 
unique characteristics and remarkable capabilities. 
particularly their ability to produce bioplastics. In 
addition, the high salt concentration in the culturing 

medium means that not necessarily difficult sterile 
conditions. Furthermore, recovery of PHA/PHB 
granules is facilitated by the fact that haloarchaea 
cell walls and membranes can be disrupted simply 
by employing distilled water.5 Thus, it was thought 
to be a good model for creating biotechnological 
processes that would allow microorganisms to 
be employed as large-scale cell factories for the 
manufacturing of bioplastics.24 This study utilized 
low-cost carbon sources and Nile Blue A staining 
to screen haloarchaea isolated from the Red Sea 
in Saudi Arabia for their ability to produce PHB/
PHA.11 demonstrated the effectiveness of this 
screening strategy for detecting PHA-producing 
species in the Archaea domain. 
	 Haloarchaea have been the subject of 
numerous studies aimed at identifying the ideal 
circumstances for the highest possible yield of 
bioplastic. Optimizing the culture conditions for 
polymer formation in the potential strains HSM17, 
HSM20, HSM35, and HSM38 were the goal of this 
investigation. When starch was the only carbon 
source, strain HSM17 produced the highest yield 
(50.94%). followed by a yield of 40.51% when 
the only carbon source utilized was glycerol. 
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Graph 1. The impact of temperature on the conditions under which the possible strains that produce PHB/PHA 
proliferate (a). strain HSM17, (b). Strain HSM20, (c). Strain HSM35 and (d). Strain HSM38

Graph 2. The impact of pH on the conditions under which the possible strains that produce PHB/PHA proliferate 
(a). strain HSM17, (b). Strain HSM20, (c). Strain HSM35 and (d). Strain HSM38

HSM20, HSM35, and HSM38 produced the highest 
yields (23.83%, 33.4%, and 27.29%, respectively) 
when starch was the sole carbon source. In a 
similar with,25 demonstrated that the Haloferax sp 
strain NRS20 could create 23.83% of bioplastic 
when starch was used as the carbon source. 
Additionally, found that Haloarcula tradensis 
also exhibited this capability.26  This superior yield 
obtained from strain HSM17 may be explained 
by its enhanced metabolic flexibility and efficient 
carbon channeling mechanisms under hypersaline 
conditions. Haloarchaea are known to redirect 

excess carbon into intracellular PHB granules as 
a protective strategy against osmotic stress and 
nutrient fluctuations.8 In the case of HSM17, the 
organism demonstrated a stronger ability to utilize 
starch and glycerol compared to the other isolates, 
which likely increased the metabolic flux toward 
acetyl-CoA and subsequently to PHB biosynthesis. 
Previous studies have suggested that such high-
yielding strains may possess elevated activity of 
key enzymes involved in the PHA pathway, such 
as â-ketothiolase, acetoacetyl-CoA reductase, and 
PHA synthase, which collectively contribute to 
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Graph 3. The impact of NaCl concentration on the conditions under which the possible strains that produce 
PHB/PHA proliferate on the growth conditions for the potential PHB/PHA-producing strains (a). strain HSM17, 

(b). Strain HSM20, (c). Strain HSM35 and (d). Strain HSM38

Fig. 3. Using 16S rRNA gene sequences and maximum likelihood analysis, a phylogenetic tree was produced. 
Using information from the GenBank database, the goal was to comprehend the evolutionary links between the 

most promising haloarchaeal strains and their closest relatives
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Table 1. Components information of the extracted PHB from HSM 17 occurred by GC-MS 

NO.	 RT	 Compound name	 Area %	 MF	 Molecular	 MW
					     Formula

1	 13.36	 Gamma-Aminobutyric acid	 8.24	 958	 C4H9NO2	 103
2	 17.19	 Phenol,2,4-bis(1,1-dimethylethyl)-	 4.60	 945	 C14H22O	 206
3	 21.39	 Dodecyl acrylate	 1.48	 895	 C15H28O2	 240
4	 23.46	 2-Propenoic acid, 2-methyl-,1,	 4.04	 669	 C13H20O4	 240
		  5-pentanediyl ester
5	 27.00	 Hexadecenoic acid	 7.16	 910	 C16H32O2	 256
6	 30.29	 Cis-Vaccenic acid	 11.72	 885	 C18H34O2	 282
7	 30.38	 Oleic acid	 2.16	 865	 C18H34O2	 282
8	 30.73	 9-octadecenoic acid (z)-	 2.38	 808	 C18H34O2	 282
9	 31.00	 Butyl citrate	 56.35	 925	 C18H32O7	 360
10	 38.94	 Isochiapin b	 1.87	 825	 C19H22O6	 346

RT: retention time, MW: molecular weight

Fig. 4. Hemolytic activity of Evaluation of PHB/PHA extracted from HSM17 on human red blood cells (RBC).  
Values mean ± SD; the same letter indicates that there is no meaningful statistical difference between the 
averages. A statistically significant difference (p<0.05) between treatments is shown by different letters

superior polymer accumulation.20 Therefore, the 
high PHB yield observed in HSM17 is likely the 
result of both its environmental adaptation and its 
intrinsic enzymatic efficiency.
	 Regardless of the differences across 
strains, starch consistently proved to be the favored 

carbon source for promoting development. The 
finding aligns with prior studies that suggest 
glucose, when present at an ideal concentration 
of 25%, supports the highest level of bioplastic 
formation by haloarchaea.26-28 In contrast, strain 
NRS20 grew best at 15% and PH 7, with growth 
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observed at NaCl concentrations ranging from 
10% to 35% (w/v).25 Also, the study performed 
by Pramanik et al. in 2012, it was found that 
Haloarcula marismortui was able to create 
polyhydroxybutyrate (PHB) utilizing vinasse 
as a carbon source. Furthermore, it has been 
shown that additional species of Haloarcula are 
also capable of accumulating PHB.9  This study 
is the first to document the production of PHB 
and/or PHA by haloarchaea in a southern Saudi 
Arabian solar saltern. It is important to mention 
this fact. Moreover, the Haloarcula genus 
exhibits significant potential for biotechnology 
applications as a result of its well-studied genetic 
composition.26,29 Therefore, more research is 
required to investigate new species of Haloarcula 
that can manufacture PHB.
	 Additionally, Gas Chromatography Mass 
Spectrometry (GC-MS) is an influential analytical 
method which is frequently utilized to find and 
examine combinations in a range of samples. The 
method is based on using gas chromatography to 
separate the various components of a sample, then 
mass spectrometry to identify and detect individual 
molecules.30 By analyzing the mass spectra, the 
compounds present in the sample can be identified 
based on their characteristic fragmentation patterns 
and ion signals, this makes GC-MS a particularly 
useful instrument for identifying unknown 
compounds, investigating chemical reactions, and 
monitoring the purity tested material.31 Regarding 
GC MS analysis of biopolymer compounds 
extracted from were 10 compounds. The fact that 
biosafety is made from harmless components either 
human or environment made the biosafety of such 
evolved biodegradable polymers beside the nano-
safety of their composite still negligible. However, 
most components run through tests to ensure they 
are safe to consume. 
	 On the other hand, Researchers evaluate the 
toxicity of xenobiotics using newly gathered human 
erythrocytes through hemolysis or erythron-toxicity 
test.32 RBCs were selected for this investigation 
because they only have one membrane and no 
internal organelles, which makes them suitable for 
examining the fundamental relationships between 
chemical substances and cell membranes.33 
this study found that different concentration of 
PHB product significantly influenced hemolysis 
with the percent hemolysis does not exceed 5% 

hemolysis until concentration (2000µg/ml).34 
By determining the hemolytic activity of tested 
extract for human erythrocytes, it was observed 
that this extract has low toxicity.  As highlighted 
previously, haloarchaea have been identified as 
promising and valuable biotechnological platforms 
to produce industrially important compounds such 
as bio plastic PHAs.1,35 The most important goal 
is to protect and restore natural landscapes while 
also reducing plastic pollution, which is one of 
the world’s biggest threats, as well as protect and 
rehabilitate natural landscapes.

Conclusion 

	 Bioplastics provides a sustainable solution 
to the global challenge of plastic pollution. 
Extremophiles, particularly haloarchaea, represent 
promising microbial platforms due to their 
ability to thrive in hypersaline environments. 
In this study, four haloarchaeal isolates from 
the Red Sea (HSM17, HSM20, HSM35, and 
HSM38) were evaluated for their potential to 
produce polyhydroxybutyrate (PHB) and related 
polymers. All isolates demonstrated the ability 
to synthesize PHB granules under varying 
environmental conditions, with starch identified 
as the most effective carbon source. Notably, 
Haloferax sp. strain HSM17 exhibited the highest 
yield under optimized growth conditions and 
minimal cytotoxicity, confirming its promise as 
an eco-friendly and economical alternative to 
petrochemical plastics. These findings highlight 
Red Sea haloarchaea as valuable candidates for 
sustainable bioplastic production, while further 
studies are needed to explore additional strains and 
the use of industrial waste as alternative substrates 
to enhance yield and scalability.
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