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Abstract: The paper discussed the current research on the applicability of biosorbents for the 

purification of biogas, particularly the decrease of H2S by using encapsulated or embedded 

biological biomass. This study investigated the potential of alginate-yeast biosorbent (AlgY) 

for biogas purification, focusing on hydrogen sulfide (H2S) removal. A biogas column test 

was conducted to compare the biosorption efficiency of AlgY and pure alginate beads. Using 

Response Surface Methodology (RSM), the effects of column length, acquisition time, and 

biosorbent type were evaluated for CH4, CO2, and H2S removal. Results depicted significant 

H2S reduction, with AlgY achieving a p-value of < 0.0001 and a high correlation coefficient 

(R2 = 0.9518). The relatively high correlation coefficient (R2) of the tested quadratic model of 

all the responses were recorded (R2; 0.5560, 0.5048, and 0.9518 for CH4, CO2, and H2S 

respectively). According to the studies’ preliminary findings, the type of biosorbent has a 

significant role in determining the biosorption effectiveness. The ANOVA of model terms 

depicted a significant p-value (p < 0.05) indicated a potential alginate-yeast (AlgY) biosorbent 

for H2S purification or reduction. 
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1. Introduction 

The article reported the previous and ongoing research works on biobased 
materials that are biofiller and biosorbent adaptable for pollutant reduction through 
the encapsulated microbial biomass and embedded yeast biomass respectively. The 
findings broaden the green process technology approaches and help to minimize the 
secondary pollution problems in addressing environmental sustainability. The other 
part of the article presented the findings of the biosorbent preliminary study 
synthesized from dry yeast and maize silage biomass. 

Various materials including microalgal biomass olive pomace [1], and banana 
fiber [2] have been previously examined for this purpose. Ciapponi [3] investigated 
how renewable fillers influence the mechanical properties of plasticized gluten. The 
findings revealed that incorporating microalgal biomass, which resulted in a modest 
enhancement of surface sensitivity to water. However, despite this increase in surface 
sensitivity, the biomass contributed to a reduction in water absorption kinetics and 
were assessed for materials in the presence of different flexibilities. 

Consequently, biomass that derived from microalgae emerges as a compelling 
and sustainable resource for developing gluten-based materials, particularly for 
enhancing mechanical properties without compromising thermal stability or water 
resistance. Current research predominantly focuses on the progression of Polymer 
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Matrix Composites (PMCs), which are strengthened with various fibers (both natural 
and synthetic) and supplemented with fillers (both organic and inorganic). This 
emphasis is due to the inherent in these composites is a wide range of characteristics 
and attributes [4,5].  

The possibility of yeast (Saccharomyces cerevisiae) biomass was encapsulated 
or immobilized in the calcium alginates beads. The findings of calcium alginatere 
beads encapsulated with yeast biomass for hydrogen sulphides (H2S) and carbon 
dioxide concentration are presented. As mentioned in other sources, the majority of 
yeasts exhibit robust growth within the pH range of 4.5 to 6.5. However, virtually all 
species demonstrate the capability to thrive in media with either more acidic or 
alkaline conditions. Saccharomyces cerevisiae for instance, the primary species 
employed in industrial bioethanol production achieves optimal growth under pH 
conditions ranging from 4.0 to 6.0 [6]. Fungi growth is regulated by various factors, 
among them signalling molecules like hydrogen sulphide (H2S), traditionally 
considered a toxic gas devoid of physiological function. Enzymatically and 
endogenously produced in numerous species, H2S acts as a gaseous signalling 
molecule, playing a crucial role in various essential biological functions. A surface, 
intersurface, metabolism reaction could be a possible mechanism which occurs 
during the treatment process [7]. The experimental design incorporated the use of 
Response Surface Methodology (RSM). RSM offers a structured statistical design 
methodology for investigating the collective impact of two or more variables 
employed in an experiment [8]. 

Drawn from enzymatic reactions, particularly those originating from in vivo 
CO2 metabolic processes, this approach could offer a more efficient and 
environmentally friendly method for CO2 conversion. This is attributed to its 
elevated stereospecificity and enantioselectivity [9]. In principle, the 
biomineralization processes can employ carbon dioxide (CO2) to produce CaCO3 
particles, and this preparation is recognized as an environmentally conscious and 
eco-friendly method for carbon dioxide sequestration [10]. The CO2 catalytic 
conversion into CaCO3 particles using calcium alginate (CA) occurs through three 
distinct stages. 

CO2 + H2O ↔ CA HCO−3 + H+ (1) 

HCO−3→ H+ + CO2
−3 (2) 

Ca2+ + CO2
−3→ CaCO3 (3) 

Of the mentioned reactions, step (1) is the least rapid, signifying that it serves as 
the rate-limiting step. Of the mentioned reactions, step (1) is the least rapid, 
signifying that it serves as the rate-limiting step [11]. The core concept is that CA 
catalyzes the swift conversion of H2O and CO2 into H+ and HCO3

− ions initially. 
Following this, the HCO3

− undergoes an easy transformation into CO3
2−, 

subsequently reacting with the introduced Ca2+ to yield CaCO3 [12]. Bioassimilation 
refers to the mechanism through which organisms assimilate specific elements, 
compounds, or particles from their surroundings, incorporating them into their own 
physiological structures. It holds a crucial function in diverse living systems, 
manifesting both advantageous and adverse impacts on species and ecosystems 



Materials Technology Reports 2024, 2(2), 1762.  

3 

[13,14]. Adsorption is defined as the alteration in the density of a molecule at the 
surface layer of a solid material in comparison to the bulk phase per unit surface area. 
The term sorption is a comprehensive expression encompassing both absorption and 
adsorption processes [15]. These terms are often confused. Absorption is the 
incorporation of a substance in one state into another of a different state (e.g., liquids 
being absorbed by a solid or gases), i.e., into a three-dimensional matrix [16]. 
Biosorption or bio-adsorption may be simply defined as the removal of substances 
from pollution matrix of phases by biological materials [17].  

The precise binding mechanisms may range from physical, i.e., electrostatic 
interactions, van der Waals forces, hydrogen bond, to chemical binding, i.e., ionic 
and covalent. Some of the reported mechanisms include absorption, (surface) 
adsorption, ion exchange, binding or surface complexation, (surface) precipitation or 
microprecipitation, and mineral nucleation. Biosorption is a property of both living 
and dead organisms, and their components. While most biosorption research 
concerns metals and related substances, the term is now applied to particulates and 
all manner of organic substances as well. Practically, all biological material has an 
affinity for metal species [18]. However, the term “biosorption” refers to the passive 
or physicochemical attachment of a sorbate to a biosorbent, essentially the binding of 
a chemical species to biopolymers. The definition, thus, specifically excludes 
metabolic or active uptake by living, metabolizing cells. In the literature, the term 
“biosorbent” includes the usage of dead biomass such as fibres, peat, rice hulls, 
forest by-products, chitosan and agro-food wastes as well as living plants, fungi, 
algae (unicellular microalgae, cyanobacteria, multicellular macroalgae) and bacteria. 
Biosorbents represent cheap filter materials often with high affinity, capacity and 
selectivity, and they are abundant and already available in most places [19–21]. 

2. Materials and method 

2.1. Experimental setup and preparation of yeast-alginate bead 

The experiments were conducted in a controlled laboratory setting. The 
experimental setup of the biosorbent preparation and the biogas purification column 
test are illustrated in Figures 1 and 2 respectively. 

A calcium alginate bead and yeast-alginate beads/biosorbent were prepared as 
described by [22] with minor modification. Alginate solution was firstly performed 
by stirring sodium alginate (Fisher Scientific) in warm distilled water. Yeast-alginate 
beads were prepared by mixing Saccharomyces cerevisiae with sodium alginate, 
followed by crosslinking with CaCl2. Crosslinking agents were selected based on 
their ability to enhance bead stability and biosorption capacity. The 3.5 g dried yeast, 
Saccharomyces cerevisiae was mixed with 8 g of sodium alginate and added to 400 
mL warm (50–60 ℃) distilled water and stir on the heater-magnetic stirrer for 5–10 
min to obtain a yeast-alginate slurry. Later the heater was switch off and the calcium 
alginate (control) and yeast alginate slurry were kept under gentle stirring until the 
mixtures are mixed completely. The immobilization of Saccharomyces cerevisiae 
biomass was carried out in a 1 L beaker containing 0.1 M CaCl2 solution with the 
agitation speed of 450 rpm. The prepared slurries were added drop-wise in a CaCl2 
solution using an appropriate dropper manually. The bead size (3 ± 0.3 mm of 
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diameter) formed was stirred in the CaCl2 solution for 20 min at room temperature to 
allow complete gelation. The spherical beads were washed several times to eliminate 
the remaining CaCl2. 

 
Figure 1. Illustrated the research flowchart of the study. 

 
Figure 2. Schematic diagram of the biogas purification column test set up. 

2.2. Design of experiment for biosorption test column 

A Central Composite Design (CCD) was employed to investigate the effects of 
column length (15–45 cm), acquisition time (5–20 min), and biosorbent type (control 
and AlgY). Table 1 summarized the CCD design of experiment depicted the three 
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levels of the two numerical parameter variables, column length and acquisition time. 
Two different types of scrubbers/biosorbents that is sodium alginate and 
Alginate-yeast were selected as categorical variables. Statistical analyses using RSM 
were conducted with Design Expert software, evaluating model adequacy through 
p-values and R2. The effects of these parameters on the ability of alginate-yeast 
encapsulation on the methane, carbon dioxide and hydrogen sulphide concentration 
of the maize silage anaerobic digester were discussed based on the response surface 
methodology (RSM) central composite design (CCD) and fitted model looking at the 
factor’s interaction.  

The experimental data were analyzed by RSM using the Design Expert 11.0 
trial version (STAT-EASE Inc., Minneapolis, USA). The response surface was 
applied to describe the effects of different factors on yeast alginate biosorption. The 
16 runs in a single block were designed to study the effects of three factors on three 
response variables. The Fisher’s test (F-value) and p-value at 95% confident level 
was used to evaluate the statistically significant of the model equation and the model 
term. Table 2 illustrated the summary of CCD experimental design selected for the 
experiment. The quality of the model fitted to the quadratic regression equation was 
determined via the coefficient of determination (R2). The fitted equation was 
presented in contour and 3D plots to explain the relationship between the responses 
and the experimental levels. The results depicted the response variables of yeast 
alginate biosorbent with the control. 

Table 1. Range of numerical and categorical variables used in the RSM central 
composite design. 

Factors Unit Type Symbol codes 
Coded levels 

−1 1 

Length of column cm Numeric X1 15 45 

Acquisition time minute Numeric X2 5 20 

Type of biosorbent - Categoric X3 Control AlgY 

Table 2. Summary of RSM central composite design carried out in the study. 

 Factor The experimental response data 

Run Column length Acquisition time Type of biosorbent CH4 CO2 H2S 

 cm Minute - % % ppm 

1 30 5 Control    

2 45 5 AlgY    

3 15 12.5 AlgY    

4 30 5 AlgY    

5 45 20 AlgY    

6 45 12.5 AlgY    

7 15 12.5 Control    

8 30 20 Control    

9 45 12.5 Control    

10 15 20 Control    
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Table 2. (Continued). 

 Factor The experimental response data 

Run Column length Acquisition time Type of biosorbent CH4 CO2 H2S 

 cm Minute - % % ppm 

11 15 20 AlgY    

12 45 5 Control    

13 15 5 Control    

14 45 20 Control    

15 30 20 AlgY    

16 15 5 AlgY    

3. Results 

3.1. Performance of the preliminary study of the alginate biosorbent 

The results of the preliminary study were depicted in Tables 3 and 4 for the 
descriptive statistic of the biosorbent performance and the experimental response data 
(CH4, CO2, H2S) towards the factors studied respectively. The results exhibited a 
promising reduction in H2S concentrations for the alginate-yeast (AlgY) biosorbent. 
Alginate-yeast was observed to improve CH4 purification compared to control of the 
overall experimental runs. Similar trend occurred in CO2 concentrations reduction. 

The Central Composite Design (CCD) of RSM was operated to analyse the three 
parameters; column length (X1), acquisition time (X2), and type of biosorbent (X3) for 
biogas purification. The three independent factors were studied at two levels (−1, 1) as 
stated in Table 1. The CH4, CO2 and H2S sorption efficiencies were noted as response 
values; Y1, Y2 and Y3 respectively. Each experiment was the average of the triplicate. 
The 16 runs were randomly performed to analyse the process variable (Table 2). For 
Central Composite design, an appropriate fitted quadratic model was established to 
illustrate the effect of each factor and their quadratic interaction, which is determine in 
the following Equation (1). 

Y = a0 +  +  +  + ℇ (1) 

where Y is the predicted response, xi and xj are independent factors, a0 is intercept, ai is 
linear coefficient, aii is quadratic coefficient, and aij is interaction coefficient, 
respectively whilst, ℇ is the random error or uncertainties between predicted values. 
Table 3 is the presented results (descriptive statistic) of the study outcomes/findings. 
It is not a data from any references. 

Table 3. A descriptive statistic of the biosorption performance. 

Response Unit Minimum Maximum Mean Std. Dev. 

CH4 % 51.3157 64.1025 55.9976 2.3037 

CO2 % 29.8682 40.9008 38.0869 3.0642 

H2S ppm 0.0000 0.0045 0.0019 0.0014 
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Table 4. Experimental response data of the CCD. 

 Factor The experimental response data 

Run Column length Acquisition time Type of biosorbent CH4 CO2 H2S 

  cm Minute - % % ppm 

1 30 5 Control 54.0805 41.1018 0.0031 

2 45 5 AlgY 55.7741 40.3798 0.0000 

3 15 12.5 AlgY 55.6839 33.0012 0.0000 

4 30 5 AlgY 61.5787 27.3164 0.0000 

5 45 20 AlgY 57.7003 38.2491 0.0000 

6 45 12.5 AlgY 56.1015 39.9914 0.0000 

7 15 12.5 Control 51.5724 31.4814 0.0024 

8 30 20 Control 55.3274 40.1459 0.0037 

9 45 12.5 Control 55.3609 40.1261 0.0034 

10 15 20 Control 55.7223 39.7518 0.0042 

11 15 20 AlgY 55.9157 39.2705 0.0007 

12 45 5 Control 55.5904 39.9123 0.0037 

13 15 5 Control 55.9445 39.7251 0.0045 

14 45 20 Control 55.1074 40.1981 0.0032 

15 30 20 AlgY 57.3776 38.0508 0.0000 

16 15 5 AlgY 56.0173 36.0266 0.0015 

Response surface methodology (RSM) analysis of central composite design and 
model fitting were depicted in Tables 5 and 6. The experimental data, methane (CH4), 
carbon dioxide (CO2) and hydrogen sulphide (H2S) in Table 4 were utilized to develop 
the statistical model using multiple regression analysis fitting the quadratic model 
according to Equation (1). Table 5 exhibited the fitted quadratic equation a significant 
model representing the relationships between H2S and column length (X1), acquisition 
time (X2) and type of biosorbent (X3). Among the tested model term H2S depicted a 
significant response of the quadratic model with the p-value of 0.0006 suggesting a 
H2S purification was significant at 95% (Table 6) in comparison to CH4 and CO2. 
Alginate-yeast (AlgY) recorded a p-value of < 0.0001 indicates the type of biosorbent 
is an importance factor which determine the biosorption efficiency. The relatively high 
correlation coefficient (R2) of the tested quadratic model of all the responses were as 
follows; R2 = 0.5560, 0.5048 and 0.9518 for CH4, CO2 and H2S. 

The Predicted R2 of 0.7493 for H2S is in reasonable agreement with the Adjusted 
R2 of 0.8968 and the difference is less than 0.2. Whereby adequate precision measures 
the signal to noise ratio. A ratio greater than four (4) is desirable thus the ratio of 
10.817 for H2S indicates an adequate signal and suggested the model can be used to 
navigate the design space compared to CH4 and CO2 with recorded ratio of 3.6937 and 
3.1679 respectively. Therefore, the H2S results of the statistical analyses indicate the 
high adequacy of the tested quadratic model to represent the desired response of the 
parameter variables in this preliminary study of the biogas purification through 
biosorption with alginate-yeast biosorbent. 



Materials Technology Reports 2024, 2(2), 1762.  

8 

Table 5. The fitted model equations showing coefficients in terms of coded factors. 

Response Fitted model equation  

H2S 
0.0009 − 0.0002X1 – 0.0001X2 – 0.0016X3 + 0.0001X1X2 – 0.0001X1X3 – 0.0001X2X3 

+ 0.0005X1
2 + 0.0008X 

2
2 

Table 6. Summary of analysis of variance (ANOVA) of fitted model. 

Factors 
Responses fitted to the quadratic model. 

CH4 (%) CO2 (%) H2S (ppm) 

 F-value p-value F-value p-value F-value p-value 

Model 1.10 0.4586 0.8919 0.5666 17.30 0.0006Sig 

X1-Column length 0.4902 0.5064 1.97 0.2030 2.30 0.1732 

X2-Acquisition time 0.0723 0.7958 0.6445 0.4485 0.2555 0.6288 

X3-Type of biosorbent 4.90 0.0625 1.56 0.2512 129.53 < 0.0001Sig 

X1X2 0.1006 0.7604 0.2015 0.6671 0.1380 0.7213 

X1X3 0.0159 0.9032 0.0056 0.9425 0.5007 0.5021 

X2X3 0.1828 0.6818 0.8011 0.4005 0.0920 0.7705 

X1
2 0.8611 0.3843 1.06 0.3383 2.25 0.1770 

X2
2 1.15 0.3198 1.52 0.2578 4.91 0.0623 

R2 0.5560 0.5048 0.9518 

Adjusted R2 0.0485 −0.0612 0.8968 

Predicted R2 −1.3315 −1.3656 0.7493 

Adequate Precision 3.6937 3.1679 10.8167 

3.2. Effect of parameter variables on bead stability 

The fitted quadratic equation of CH4, CO2 and H2S were presented in response 
3D surface plots as illustrated in Figure 3a,b, Figure 4a,b and Figure 5a,b to 
describe the relationship between the factors studied (column length, acquisition time, 
type of biosorbent). The interaction between sodium alginate and CaCl2 solution, lead 
to a Ca2+ substitution with the Na+ ions and later cross-interact with carboxylate 
groups (-COO-) and negatively polar groups (-OH) [23]. The process progressively 
integrates Saccharomyces cerevisiae into the gel formation. In addition, the yeast 
biomass was successfully encapsulated within the gel beads. The study applied the 
best reported conditions of sodium alginate and CaCl2 concentrations, gelation time 
and mixing rpm from the published literature to obtain the beads stability. Figure 3a,b 
to Figure 5a,b illustrated the hydrogen sulphide, carbon dioxide and methane 
biosorption contour profile at different acquisition time and column length of 
alginate-yeast (AlgY) and Control respectively. 
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(a) (b) 

Figure 3. Hydrogen sulphide biosorption contour profile at different acquisition time and column length. (a) AlgY; (b) 
control. 

  
(a) (b) 

Figure 4. Carbon dioxide biosorption contour profile at different acquisition time and column length. (a) AlgY; (b) 
control. 

  

(a) (b) 

Figure 5. Methane biosorption contour profile at different acquisition time and column length. (a) AlgY; (b) control. 
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The results exhibited the good absorption for H2S compared to CO2 and CH4 with 
the encapsulated yeast beads as biosorbent. In addition, the effect of acquisition time 
and length of column insignificantly affected the biosorption and recommended 
further experiment should be incorporated the concentration of the encapsulated yeast 
biomass to correlate growth profile of the Saccharomyces cerevisiae during the biogas 
purification. The ANOVA of model terms in Table 6 indicated only the factor of type 
of biosorbent represented a significant term (p < 0.05), suggesting the type of 
biosorbent variables of alginate bead could be considered to have a primary influence 
on gas biosorption. Varying a CaCl2 and sodium alginate concentration will be added 
in the future work for cell encapsulation stability and efficiency.  

4. Discussion 

Alginate is presently employed across numerous industrial sectors, spanning 
biotechnology, bioengineering, biomedicine, clinical applications, pharmaceuticals, 
chemicals, textiles, packaging, construction, food and beverage production, 
aquaculture, dentistry, paper manufacturing, arts and crafts, as well as leisure 
activities [24]. Despite great potential in various applications, alginate exhibits some 
limitations especially when exposed to the physiological environment in sustaining 
the structure stability. As reported by [25] to address this issue, various materials 
have been introduced into the alginate structure, resulting in the formation of robust 
composite materials. For example, incorporating adhesive peptides, natural polymers, 
or synthetic polymers into alginate moieties yields an enhanced composite material. 
This material not only exhibits superior mechanical properties compared to native 
alginate but also offers additional healing capabilities and facilitates improved tissue 
regeneration for instance in medical applications and the food industry.  

The reported findings additionally suggests that the carboxylic groups present 
on the surface of TEMPO-oxidized nanocellulose (TOCN) may contribute to the 
formation of the structure of alginate-based films. The enhanced insolubility and 
mechanical strength, coupled with the decreased water vapour permeability of the 
crosslinked films, could significantly broaden the utilization of polysaccharides in 
diverse applications, particularly in food packaging [26]. Cross-linking also 
significantly enhances mechanical properties, along with the use of suitable 
plasticizers, which enhance film flexibility and broaden their potential applications 
[27,28]. A notable feature of alginates is their ability to interact with multivalent 
metal cations, particularly calcium ions, which create linkages between MM and GG 
blocks of the polymer, resulting in a three-dimensional network [29–31].  

The prevalent approach for removing hydrogen sulfide and carbon dioxide from 
gas entails subjecting natural gas to an alkaline solution. One widely recognized 
approach for hydrogen sulfide removal relies on the reaction between hydrogen 
sulfide and iron oxide, wherein the gas is directed through a bed of wood chips 
infused with iron oxide. Solid sorbents utilized in fixed bed reactors for H2S capture 
can operate through two distinct mechanisms that is physisorption which weak bonds 
form between H2S and the substrate. Chemisorption involves chemical bonds 
between the adsorbate and the substrate [32]. Biosorbents, originating from 
sustainable sources like plant-based materials, animal waste, and marine biomass, 
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can be conveniently tailored to enhance their adsorption capacity. This adaptability 
makes them exceptionally effective in tackling a wide range of pollutants [33,34]. 
Several studies have reported the biosorption efficiency of colour chemicals in textile 
wastewater using bacterial biomass [35]. The ability of bacterial biomass to adhere to 
dye particles is due to the presence of hydroxyl, carboxyl, amino, and phosphate 
groups within the peptidoglycan layer of the cell wall. As biosorption is a 
metabolically self-sufficient process, microbial cell growth does not necessitate 
additional nutrients. Utilizing a straightforward entrapment technique, 
Saccharomyces pastorianus, a representative yeast strain, was immobilized and 
subsequently microencapsulated in alginate for the purpose of eliminating cationic 
dye [36]. 

Numerous research groups have focused on employing the most prevalent 
biopolymers to adsorb hazardous heavy metal ions and other noxious pollutants. In 
recent studies, it has been found that the most effective polymers for adsorption are 
not cellulose or starch, but rather chitin, algae, and their primary derivatives, 
chitosan and alginate [37]. Among these polymers, alginate has garnered interest for 
its environmentally friendly nature and cost-effectiveness. Derived from brown algae, 
alginate can be readily shaped into beads or biofilm through uncomplicated 
immersion in a crosslinking agent, such as multi-valent cations. Typically, the 
process of alginate encapsulation includes forming spherical beads by introducing an 
alginate solution into a solution containing a crosslinking agent [38]. While alginate 
encapsulation offers numerous advantages, it has not been applied as an 
encapsulation polymer for dry yeast clay, specifically Saccharomyces cerevisiae, in 
the context of atmospheric pollutant adsorption. 

Encapsulated cells experience restrained replication, enhancing their ability to 
convert substrate into product more efficiently compared to planktonic cells. This 
limited replication also contributes to their increased stress resistance [39]. Typically, 
encapsulated cells demonstrate higher product yields than planktonic cells, as they 
direct less substrate toward the generation of new biomass [40]. This efficiency 
enables them to process feedstock more effectively. Additionally, alginate beads 
exhibit good reusability, maintaining their performance even after undergoing five 
rounds of simple sorption–desorption procedures. 

Biosorption of alginate derived from brown algae widely employed for heavy 
metals removal in polluted water. The sodium alginate biosorbent possess high 
affinity through gelation [41] and rich in functional groups like carboxyl and 
hydroxyl, can effectively crosslink with cations [42]. The carboxyl group’s negative 
nature allows for electrostatic adsorption with heavy metal ions, leading to chelation 
simultaneously [43]. In other reported study Ca-alginate beads was addressed to 
portray a biodegradable property. They exhibit significant efficacy in removing 
uranium and thorium ions with high capacity, presenting a promising alternative for 
the biosorption of radionuclides from waste streams [44]. Thus, the efficacy of the 
biopolymers has yet to be explored to achieve sufficient selectivity for toxic gases 
abatement and gas purification. 

The limitation on using calcium alginate matrices for encapsulating cells in 
wastewater pollution abatement may stem from the existence of elevated 
concentrations of dissolved monovalent cations (mainly Na+, K+, and Mg2+) in 
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high-salt effluents. These cations have the potential to displace divalent cations, 
ultimately causing the degradation of the polymer matrix structure [45]. Typically, 
the formation of a three-dimensional polymer network is facilitated by the ionic 
interaction between alginate chains and calcium ions [46]. Strategies such as 
modification, immobilization, or encapsulation using various organic or inorganic 
materials could enhance the selectivity and stability of Ca-alginate beads. These 
microorganisms exhibit remarkable pollutant uptake capabilities, can self-regenerate, 
and incur minimal operational costs. Moreover, Versatility in utilizing a diverse 
range of carbon or nitrogen sources is evident in both pure and mixed bacterial 
cultures [47]. Finally, this study demonstrated the potential application of the dual 
function of biological biomass (i) biofilter and (ii) biosorbent incorporated with 
natural polymers suggestting a viable green material for pollution abatement that is 
able to minimize the carbon footprint. The possible mechanism of the AlgY 
absorbent in reducing the H2S concentration is through the alteration of H2S biogas 
to act as a signaling molecule. The signalling molecule promotes the growth of yeast. 
Gu et al. [48] reported the effect of the phenotypic or transcriptomic alternations on 
the fungal growth enhancement by H2S is exhibited in the intracellular association of 
H2S in their findings. 

5. Conclusion 

This research employs RSM to assess alginate-yeast (AlgY) performance under 
varying experimental conditions, bridging existing gaps in biosorption efficiency 
studies. The overall preliminary findings of AlgY as a biosorbent for biogas 
reduction especially for H2S, reveal a positive potential application and can be 
explored further. The significance of the screening model of AlgY biosorbent 
depicted the type of biosorbent variables of alginate bead influence the biogas 
sorption. The results exhibited the potential of AlgY for biogas purification, 
achieving significant H₂S removal (R2 = 0.9518, p < 0.0001). Hydrogen sulfide (H2S) 
is a common contaminant in biogas that poses environmental and operational 
challenges. Biosorbents such as alginate-yeast (AlgY) have gained attention due to 
their biodegradability, cost-effectiveness, and potential for gas purification however 
this preliminary work can be further explored to determine the compositions of the 
spent AlgY biosorbent. The spent AlgY biosorbent composition analyses will lead to 
the understanding of the H2S reduction mechanism as well as CO2 and CH4 
responses. AlgY offers a potentially sustainable alternative to traditional 
chemical-based methods and, open path for the physico-chemical and 
biological-based reaction mechanisms. The preliminary findings of the study are 
unable to explain the reduction mechanism of the tested gaseous which reflected the 
high removal efficiencies reported for H2S. It is best to run the Langmuir and 
Freundlich isotherms study to estimate the adsorption capacity of the AlgY 
biosorbent. Transmission electron microscopy (TEM) and scanning electron 
microscopy (SEM) can be used to further visualize any changes in the internal and 
surface structure of the AlgY biosorbent. 
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6. Recommendation 

Varying a CaCl2 and sodium alginate concentration can be considered in future 
work for cell encapsulation stability and efficiency. This can be entailed and 
explored in (i) optimizing CaCl2 and sodium alginate concentrations to improve 
biosorption, (ii) exploring alternative crosslinking agents like iron and (iii) 
evaluating the economic feasibility of scaling up AlgY biosorbents. 
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