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Introduction

The combustion of fossil fuels containing organosulfur
compounds leads to the emission of toxic gases such
as SOx, which contribute to environmental issues like
acid rain, photochemical smog, equipment corrosion,
and reduced fuel quality [1]. The most straightforward
approach to mitigate these problems is to reduce the
sulfur content in fuels. Among the most resistant
sulfur compounds are thiophenic structures such as
dibenzothiophene (DBT) [2]. Among the various
desulfurization methods, biodesulfurization (BDS)
is of particular interest due to its environmental
compatibility. In this process, microorganisms utilize
sulfur from organosulfur compounds for growth
through a specific 4S pathway, converting DBT
into 2-hydroxybiphenyl (2-HBP) and sulfite [1, 2].
Numerous bacterial strains have been studied for
their BDS potential, and recent research has reported
diverse findings [3]. This study focuses on modeling
and simulation of the biodesulfurization process to
quantitatively analyze key parameters such as biomass
concentration, substrate consumption, and product
formation.

Materials and Models

Modeling and Simulation of the Biodesulfurization
Process

Experimental investigation of the biodesulfurization
(BDS) process is often associated with high cost,
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extended duration, and significant uncertainty.
Accordingly, the development of accurate, dynamic,
and physically meaningful models serves as an
effective strategy for performance analysis, process
design, optimization, and control [4]. In this study, a
comprehensive modeling framework was established
to describe the kinetics of biomass growth, sulfur
substrate consumption, and product formation.
Bacterial growth was modeled using both exponential
and logistic formulations to capture the dynamic
behavior across the growth and death phases. To
estimate the specific growth rate (u), ten well-known
substrate-dependent kinetic models—such as Monod,
Haldane, Aiba, Andrews, and others—were employed
to represent the relationship between p and substrate
concentration accurately. Substrate consumption was
modeled based on the Luedeking-Piret equation,
accounting for biomass synthesis, maintenance,
and product formation. Product formation kinetics
were also formulated using a modified Luedeking-
Piret model that incorporates a product inhibition
term to account for the self-limiting effect of 2-HBP
accumulation during the process.

Two separate simulation packages were developed,
each consisting of ten scenarios corresponding to the
different p models. Each scenario comprised a set of
ordinary differential equations, which were solved
using the fourth-order Runge-Kutta method (ode45) in
MATLAB R2024b. Model performance was validated



using experimental data reported by Chen et al. [5],
in which Mycobacterium was cultivated on DBT, and
2-HBP production was monitored over 85 hours. Model
parameters were estimated through nonlinear fitting to
experimental data, and the predictive accuracy of each
scenario was quantitatively assessed.

Results and Discussion

All exponential model scenarios successfully
captured the overall process trends; however, the
Edward and Blackman models showed lower
predictive performance than the other models. This
underperformance may be attributed to the linear
structure of the Blackman model and the purely
exponential formulation of the specific growth rate
in the Edward model. Moreover, the other nonlinear
models demonstrated satisfactory predictive accuracy.
For a more precise comparison, the SSE was calculated
for the biomass, product, and substrate concentrations
in each scenario. Based on the SSE values, the models
were ranked in terms of accuracy as follows: Webb >
Aiba > Andrews > Monod > Yano > Haldane > Moser
> Hinshelwood > Edward > Blackman.

Overall, the exponential simulation package
outperformed the logistic simulation package, with
the Webb model identified as the optimal choice for
modeling the process. This model effectively captures
variations in substrate concentration and the inhibitory
effects of the substrate on bacterial growth and death.
Although the simulations were based on a specific
bacterium and substrate, the framework can be
extended to other biodegradation processes involving
different microorganisms and substrates.

Conclusions

Biodesulfurization is an efficient, cost-effective,
and environmentally friendly method for removing
thermally resistant sulfur contaminants. Modeling
serves as an essential tool for evaluating key process
parameters such as biomass growth, pollutant
degradation, and product formation. The results
demonstrated that all proposed models effectively
predicted the overall process trends, however,
exponential models exhibited higher accuracy
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compared to logistic models. Among the exponential
models, the specific growth rate model by Webb
showed the best performance with the lowest error.
These findings provide valuable insights for the
design and optimization of both laboratory-scale and
industrial biodesulfurization processes.

Nomenclatures
DBT: Dibenzothiophene
BDS: Biodesulfurization
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Table 2 Models considered for estimating the value of p
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Fig. 3 Variations of the 2-HBP product concentration over time based on the predictions of the exponential package.
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Table 4 SSE, RMSE, and R? values for biomass, product, and substrate concentrations in the exponential (S1) and logistic (S2)

simulation packages
Model Aiba Edward
Scenario
S1 S2 S1 S2
Statistical Metric
SSE, RMSE, RZX 0.024 | 0.085 | 0.978 | 0.042 | 0.078 | 0.967 | 0.064 | 0.096 | 0.964 0.15 0.146 | 0.924
SSE, RMSE, RZP 0.067 | 0.093 | 0.949 | 0.195 | 0.167 | 0.882 | 0.258 | 0.192 | 0.854 0.45 0.254 | 0.742
SSE¢ RMSE R2S 001/.0 | 0.015 | 0.998 | 0.025 0.06 0.98 | 0.036 | 0.071 | 0.975 | 0.106 | 0.123 0.94
SSE,, | RMSE_, | R% | 0.092 | 0.166 | 0.975 | 0.264 | 0.305 | 0.943 | 0.358 | 0.359 | 0.931 | 0.706 | 0.523 | 0.869
Model Haldane Hinshelwood
Scenario
S1 S2 S1 S2
Statistical Metric
SSE, RMSE, sz 0.019 | 0.052 | 0.982 | 0.032 | 0.068 0.97 | 0.037 | 0.072 | 0.962 | 0.039 | 0.074 | 0.973
SSE, RMSE, RZP 0.078 | 0.105 | 0.932 | 0.17 0.156 | 0.891 | 0.079 | 0.106 | 0.937 | 0.181 | 0.161 | 0.897
SSE¢ RMSE RZs 0.002 | 0.017 | 0.998 | 0.023 | 0.057 | 0.983 | 0.019 | 0.052 | 0.985 0.27 0.196 | 0.752
SSE,_, | RMSE_, | R% | 0.099 | 0.174 | 0.971 | 0.225 | 0.281 | 0.948 | 0.135 | 023 | 0.961 | 0.49 | 0431 | 0.874
Model Monod Blackman
Scenario
S1 S2 S1 S2
Statistical Metric
SSE, RMSE, R2X 0.023 | 0.057 | 0.977 | 0.038 | 0.074 0.97 0.14 0.142 | 0.839 | 0.244 | 0.187 | 0.846
SSE, RMSE, RZP 0.071 | 0.101 0.94 | 0.187 | 0.164 | 0.887 | 0.296 | 0.206 | 0.795 | 0.592 | 0.291 | 0.684
SSE¢ RMSE RZs 0.002 | 0.016 | 0.998 | 0.021 | 0.054 | 0.984 | 0.067 | 0.097 | 0.952 | 0.083 | 0.109 | 0.934
SSE,. | RMSE_ | R | 0.095 | 0.174 | 0.972 | 0.246 | 0.292 | 0.947 | 0.503 | 0.445 | 0.862 | 0.92 | 0.587 | 0.821
Model Moser Andrews
Scenario
S1 S2 S1 S2
Statistical Metric
SSE, RMSE, R2X 0.025 0.06 | 0968 | 0.072 | 0.101 | 0.918 | 0.021 | 0.054 | 0.981 | 0.058 | 0.091 | 0.946
SSE, RMSE, RZP 0.081 | 0.108 | 0.938 | 0.225 | 0.179 | 0.832 | 0.067 | 0.098 | 0.941 | 0.218 | 0.176 0.86
SSE RMSE st 0.004 | 0.024 | 0.996 | 0.06 0.093 | 0.958 | 0.002 | 0.016 | 0.999 | 0.041 | 0.076 0.97
SSE- | RMSE- | o 1011 | 0.192 | 0.967 | 0357 | 0373 [ 0.903 | 0.09 | 0.168 | 0.974 | 0317 | 0343 | 0.922
total total
Model Webb Yano
Scenario
S1 S2 S1 S2
Statistical Metric
SSE, | RMSE_ | R% | 0.01 |0.038 | 0.987|0.173 | 0.157 | 0.813 | 0.035 | 0.071 | 0.969 | 0.04 | 0.076 | 0.958
SSE, | RMSE, | R?, |0.074 | 0.103 | 0.942 | 0.365 | 0.228 | 0.697 | 0.057 | 0.09 | 0.948 | 0.179 | 0.16 | 0.88
SSE¢ | RMSE, | R% |0.002 | 0.019 | 0.998 | 0.128 | 0.135 | 0.91 | 0.001 | 0.014 | 0.999 | 0.031 | 0.066 | 0.977
SSE- | RMSE- 1 g2 10,087 | 0.16 | 0976 | 0.666 | 0.52 |0.817|0.094 | 0.175 | 0972 | 0.25 | 0302 | 0.938
total total

“/AYF RMSE,_ = +/\$ SSE_ = +/*AY L g Jos

iy g Las ol e o0 534S (6l ,ls Rmean=

ot Al oo B ioles] slmesls a4 sllal

_x_..,T)s ey 5o gy L sldail 5 o, Slas
NBlse ;) Ojs—o

<dggliac jaec ylalle <gil <ogige < g il <luT <y

oSy <o lgal



oy g ol yins o bai s

Al gl s gl o sl plyeay
oo So 09 Jums D9 (Brme (S (21059,
Ly (S90S Loyl S cl andly sl 2
am |y ol )l e S o g 0y 018
Llad ot (S sl LSl 070 & )50
od—bz Ml glad i lg—edy Jos ) 0S8 o
Lo 1 oo ol jo 09t el ladle Jos
Sy—bso hogi g S BlE I (2B plgeas
g (S90S oo o 5l 50595 1 Lo Ll
2 ) Sl 5 a8ly L8 o 14C s/Ki)
Cojo doled oo 550 1) | inguw calizee slacdle
ol (] 5o Lo el 4 Comd g Jooo Lo

sloondy plojes Sy oy 4 L84S
S rmriyilhnil L g S0 oo 5 sl
4 0y Jae (il (g il e Y
D8 53, S Bl og o0 )5 a Sl g Ll (Sary
e S oMol O jgoas g (S90S s
o=l e il anly o aulaag La Jow plow

25—a> )0 (29N Iby oyl )0 Yoy Jos
Cidgo Cwlodhaid So g o pf Slal i g
3,5~ (DBT) (gomws (slyimigs j5-2> ;3 15530 Jos
oo 4T a3 a0t gl (5o sl
@il ) (e (QUlE (il L5 51 o
Lo 6,5k o) 25 = Limge (S8 e ]
Slg lwa > Sla sl , SSaya¥ o)l
oS lrmg 5 6 Sh sl cabissluesly
2ol Olesen |y o5 ol Ll iads (5lwars
Lo Sk plas 1550 45 G jon 55 slaan 8
I e 2zl o,m)lSa ais bal s 5
aloz gy 030,55 il p 1 155 Jslse
s pH Lo

SKCH JC L GCEIWPS I KW

)_3|)'3 SSEtotal l_’ s P U—MSL 9 o)‘ﬁo‘ Guu“)""
<I¥Y0 ¢ /YO L ,ul o RMSE | /0 5 «/YOA L
Aib oo JAFY o +/AYY L ol R?mean o

B 5 (S2) St (st £
Aol i 50 gl kil g o, Slee
tlbes ) Sy—e

pig—e Smg— il <l <ol <ogise <pladle
oS <o gl <y <ogel e

4_’l) — dy)b_w ‘ba_bsnodio FELY GJQ_EULQ.Q
sRMSE = +/YAVSSE _ =-/YYOL oladls Jos
o= iYL g Ll 5oy 5050l 5 R?mean= < /AFA
el o953 5 B _iolejl slsosls 4y 3Ll
Lol jo (olad (gilwand an L alin jsbay
SSEtotal
9 +[OYY l—t )_3‘).1 RMSE

L e i oSl 5 9,10l sla o 4y
GAY 5 VS L
Ablge t/AYY 5 ¢ /AR L ,l R?mean g «/OAY
la o ) USCie glngy slius 45 sl zly SlS
b il di 93 58 )3) e Sl 5 3,150
1y gl plw 4 S (Seiad

total

25 el ol a3 il iy 50 S
o=l bt cale I (LS sl e e S Joe
Ol 0 g e BBlE L s BLS,| 5 Jos
Smale ;- bl wslyi oo )lg0l Jume yo 5 0l Jus
Sy Hloie i 50 Joo il ol Dl
S35 Ao Glysier bslinlp aBl ojg 0l
6 a6 iz sl a5 Lla e
wlowbiol olose , $68 o018 L) o i
S 5, Slae 5l it L Ja L L
Jooz o eabal )l mols an asgi L o lo 65
g o0 3l ol a s lag b v oo i F
S Ay Glogy by S (6,50 Glkal]

S e g 9By gy (59, loimg b aSlg e oS
ool gl o oo oibarils Lacs Sty
Shes it 5 0,8 Bl L 1 acdlhas ol o
Oy orizen Slodrwgi Jslse ol S g
S99 g e slagl 5l Ll ol

WS o LIV, pa s o bilee a5
— Sl 8 ol A glag lw L
O D508 g Jnily 5 YL Sl g Joe 4y



. FA &
VEY-IVA doio NP+ Cuiguadyl g 09859,8 IFF 6los ;,M/
*

RMSE,_= +/YAY SSE__ = +/YY0 L s asly
oo s L o 5eS 5l Rfmean = +/AFA 4
Seylo e B iolesl slmesls a5l
00,5 et i el wody 7ol el
Sl g e85l plod Joams din sladmin
Joe A Glo i A Cand 5,5V
Sy G mld o o935 S
Sl = (2led s, 9250 55l Joe Sl
sloossdy Glojed AiSeap oy Ly 0y Jo
2 b 2Uls g (oS e 5 Coeli
Olsise sulim ol 310l BDS w3 (i iy
sloaohly J,—u5 5 gilwaige (> lb ez
JIDBT sy e Smio 5 (2Rile]

Sy (hod glacss

Lailis ¢ oM

(mM) Jypame chile @Sl :C
(mM) |yisgu dale :C

(MM) |yisgu clale 2Slas C
(L) oy cidale :C)

(L) eogcun;y cdale Sl :C
(g/L) Yano <ol :K

(day-2) b, St S e ool K,

bS—is Gl I (Sos)lbil el K
(gL)  (G—mjo0s

(gL) Jypazme JuSis Cailon ol 2K

(/L) couclill ans <ol K,

(1) Jsko 50655 i m

(8/8) Jyaze 003l oy oY

(2/2) 2byStodsl coyo Y

Ay 5l S Je—ame JoSid 00l oy po i
() eloys

() s,

FENTIUER

e alp o 1y o S sle sl ol
b os—boe Slp—iy il yegdle gLl
505 Lyl b i ;YL DBT gl glacbile
SySbos 548,518 o)l 05 (Frio eloie
g (o) 2 |y Ll () o eaBioleiin sl Joe
sloJoe Jolts cwlbosiz Lo Jos 3l ool
sloJow Swp e Jlasl ca s Jlal
mile =50k (S Sl o5, 5 5L
Ly G 50 65 ST sla Sl a il o
Sy Lo tmles 50 il (s (230,558
4o Ole (oo iy Ol )0 s ddl)] szl ]
L polie (63,555 SlaeS 5 pnlw Bds 0y, (o)
ieSaiis it ek ikiie Jy Slga sLanssha
ed s e 5| G Ssg e e 5F

& 5 4o
g olail o Sge gy S (S 20305
slpoan¥l Bio (6l Cmylare Lo 5L
by Gl e a4 plie 63,5
e L by §) pailS g Seo
slopasr o))l cnr silwand 5 il
Olimee aozr Jli s (21959,555 a8 ot
byl g (Sl 58 Jlahe oagiinnj o,
DSl 6 Sge B Al o0 g DY g
oa—bel)l (gilmarned lag )l 5 bty ol
o ol )0 olei—iay slaoe bl
auld ol Jelse (5 as) (it e oL
(S jodgs slacdale ;i S (ploye S8
Shebsly ol o asog oy Js—ame 5 g
Sl i )3 05290 Slag b (oled ol
SSE = </ AV L 05 Jomo auly 1 (590 )l o oo
o— i3S lyls R?mean= +/4Y# g RMSE, = +/\# ¢
AEtalojT glmeols amy Lokl oy 5 i 9 Las
slag )l (olod Ol oz oz Ge 50 35
69y« Sod (g3l Joe Ay )0 oo iy xS



oy g ol yins o bai s BVA IO TR W I

(h) oy 02y &5 Al u,,,, (h1) (2L Sh ofrg o) uepoo 2l it

&l
[1]. Azeez, M. O., & Ganiyu, S. A. (2023). Review of biomass derived-activated carbon for production of clean
fuels by adsorptive desulfurization: Insights into processes, modifications, properties, and performances. Arabian
Journal of Chemistry, 16(10), 105182. https://doi.org/10.1016/j.arabjc.2023.105182
[2]. Masoumi, M. Y. (2023). Investigation of the adsorption behavior of cobalt-based metal-organic frame-
work nanosheets in the desulfurization of model oil. Petroleum Research, 33(1402-4), 123—136. https://doi.
org/10.22078/pr.2023.4983.3222
[3]. Humadi, J. I., Shihab, M. A., Ahmed, G. S., Ahmed, M. A., Abdullah, Z. A., & Sehgal, S. (2024). Process
modeling and kinetic estimation for desulfurization of diesel fuel using nano-ZnO/AI1203. Chemical Industry and
Chemical Engineering Quarterly, 30(2), 151-159. https://doi.org/10.2298/ciceq230208020h
[4]. Naderi Khomartaji, M., Dehghani, M. R., & Banisharif Dehkordi, F. (2017). Oxidative desulfurization of
thiophenic compounds with Dawson-type polyoxometalate supported catalyst. Petroleum Research, 26(95-6),
57-65. https://doi.org/10.22078/pr.2017.717
[5]. Ahmad, A., Zamzami, M. A., Ahmad, V., Al-Thawadi, S., Akhtar, M. S., & Khan, M. J. (2023). Bacterial
biological factories intended for the desulfurization of petroleum products in refineries. Fermentation, 9(3), 211.
https://doi.org/10.3390/fermentation9030211
[6]. Sadare, O. O., & Daramola, M. O. (2023). Bio-catalytic degradation of dibenzothiophene (DBT) in petro-
leum distillate (diesel) by Pseudomonas spp. Sci Rep 13: 6020. https://doi.org/10.1038/s41598-023-31951-8
[7]. Yaseen, M., Ullah, S., Ahmad, W., Subhan, S., & Subhan, F. (2021). Fabrication of Zn and Mn loaded ac-
tivated carbon derived from corn cobs for the adsorptive desulfurization of model and real fuel oils. Fuel, 284,
119102. https://doi.org/10.1016/j.fuel.2020.119102
[8]. Alahyari, S., Mehrabi, M., Rahemi, N., & Tadayyon, S. (2019). Oxidative desulfurization of DBT using
tri-metallic Ni-Mo-W nanocatalysts based on different natural zeolites: Mordenite, ferrierite, and clinoptilolite.
Petroleum Research, 29(107), 22-24. https://doi.org/10.22078/pr.2019.3540.2614
[9]. Jalali, M. R., & Sobati, M. A. (2018). An investigation of the effect of interfacial tension on the ultra-
sound assisted oxidative desulfurization (UAOD). Petroleum Research, 28(99), 6-9. https://doi.org/10.22078/
pr.2017.2732.2260
[10]. Seo, J. S. (2012). Multiple pathways in the degradation of dibenzothiophene by Mycobacterium aromativ-
orans strain JS19b1T. Journal of the Korean Society for Applied Biological Chemistry, 55(5), 613-618. https://
doi.org/10.1007/313765-012-2106-5
[11]. Koyunoglu, C., & Karaca, H. (2023). Microbial desulphurisation of coal: a review. International Journal of
Sustainable Energy, 42(1), 1-24. https://doi.org/10.1080/14786451.2023.2167998
[12]. Akhtar, N., Ghauri, M. A., & Akhtar, K. (2016). Dibenzothiophene desulfurization capability and evolution-
ary divergence of newly isolated bacteria. Archives of microbiology, 198(6), 509-519. https://doi.org/10.1007/
$00203-016-1209-5
[13]. Awadh, M., Mahmoud, H., Abed, R. M., El Nayal, A. M., Abotalib, N., & Ismail, W. (2020). Diesel-born
organosulfur compounds stimulate community re-structuring in a diesel-biodesulfurizing consortium. Biotech-
nology Reports, 28, e00572. https://doi.org/10.1016/j.btre.2020.e00572
[14]. Anwer, A., Shahzadi, A., Nawaz, H., Majeed, M. 1., Alshammari, A., Albekairi, N. A., ... & Akhtar, N.
(2024). Differentiation of different dibenzothiophene (DBT) desulfurizing bacteria via surface-enhanced Raman
spectroscopy (SERS). RSC advances, 14(28), 20290-20299. https://doi.org/10.1039/d4ra01735h
[15]. Etemadi, N., Akhavan Sepahi, A., Mohebali, G., & Yazdian, F. (2019). The isolation desulfurizing na-
tive thermophilic bacteria Bacillus thermoamylovorance and optimization culture medium. Petroleum Research,
29(98-5), 119-131. https://doi.org/10.22078/pr.2019.3557.2659
[16]. Gunam, I. B. W,, Sitepu, A., Antara, N. S., Triani, I. G. A. L., Arnata, I. W., & Setiyo, Y. (2021). Bacterial
desulfurization of dibenzothiophene by Pseudomonas sp. strain KWNS5 immobilized in alginate beads. Jurnal
Teknologi (Sciences & Engineering), 83(2), 107-115. https://doi.org/10.11113/jurnalteknologi.v83.15080
[17]. Rout, P. G., Singh, A., & Behera, S. K. (2024). Insights into the Kinetics of the Microbial Degradation of
Dibenzothiophene (DBT) by Acidithiobacillus ferrooxidans. Geomicrobiology Journal, 41(4), 451-458. https://
doi.org/10.1080/01490451.2023.2245378
[18]. Mohebali, G., Ball, A. S., Rasekh, B., & Kaytash, A. (2007). Biodesulfurization potential of a newly isolat-
ed bacterium, Gordonia alkanivorans RIPI90A. Enzyme and Microbial Technology, 40(4), 578-584. https://doi.
org/10.1016/j.enzmictec.2006.05.012



VEY-IVA azio VFed Caligudyl 9 (295958 VFF o ylod &&-’/}’; b3y allie
*

[19]. Furuya, T., Kirimura, K., Kino, K., & Usami, S. (2001). Thermophilic biodesulfurization of dibenzothio-
phene and its derivatives by Mycobacterium phlei WU-F1. FEMS Microbiology Letters, 204(1), 129-133. https://
doi.org/10.1111/j.1574-6968.2001.tb10875.x

[20]. Martinez, I., Mohamed, M. E. S., Santos, V. E., Garcia, J. L., Garcia-Ochoa, F., & Diaz, E. (2017). Meta-
bolic and process engineering for biodesulfurization in Gram-negative bacteria. Journal of biotechnology, 262,
47-55. https://doi.org/10.1016/j.jbiotec.2017.09.004

[21]. Bhanjadeo, M. M., Rath, K., Gupta, D., Pradhan, N., Biswal, S. K., Mishra, B. K., & Subudhi, U. (2018).
Differential desulfurization of dibenzothiophene by newly identified MTCC strains: Influence of Operon Array.
PLoS One, 13(3), €0192536. https://doi.org/10.1371/journal.pone.0192536

[22]. Kiragosyan, K., Klok, J. B., Keesman, K. J., Roman, P., & Janssen, A. J. (2019). Development and valida-
tion of a physiologically based kinetic model for starting up and operation of the biological gas desulfurization
process under haloalkaline conditions. Water Research X, 4, 100035. https://doi.org/10.1016/j.wr0a.2019.100035
[23]. Hirschler, A., Carapito, C., Maurer, L., Zumsteg, J., Villette, C., Heintz, D., ... & Ismail, W. (2021). Biode-
sulfurization induces reprogramming of sulfur metabolism in Rhodococcus qingshengii IGTSS8: proteomics and
untargeted metabolomics. Microbiology Spectrum, 9(2), €00692-21. https://doi.org/10.1128/Spectrum.00692-21
[24]. Kumar, A., Singh, A. L., Kumar, R., Rajak, P. K., & Singh, P. K. (2022). Desulphurization of dibenzothio-
phene by different bacterial strains: an eco-friendly approach to obtain clean fuel from coal. Geomicrobiology
Journal, 39(6), 477-486. https://doi.org/10.1080/01490451.2022.2035020

[25]. Kashif, M., Sang, Y., Mo, S., ur Rehman, S., Khan, S., Khan, M. R., ... & Jiang, C. (2023). Deciphering
the biodesulfurization pathway employing marine mangrove Bacillus aryabhattai strain NM1-A2 according to
whole genome sequencing and transcriptome analyses. Genomics, 115(3), 110635. https://doi.org/10.1016/j.
ygeno.2023.110635

[26]. Silva, T. P, Paixdo, S. M., Tavares, J., Paradela, F., Crujeira, T., Roseiro, J. C., & Alves, L. (2024). Stream-
lining the biodesulfurization process: Development of an integrated continuous system prototype using Gordonia
alkanivorans strain 1 B. RSC advances, 14(1), 725-742. https://doi.org/10.1039/d3ra07405f

[27]. Sadare, O. O., & Daramola, M. O. (2024). Kinetics of biodesulfurization of South African diesel using Pseu-
domonas aeruginosa. Materials Today: Proceedings, 105,213-219. https://doi.org/10.1016/j.matpr.2023.08.319
[28. Thakur, K., Patil, S., Praveen, K. R., & Bhardwaj, U. (2025). Exploring the Potential of Microbial Consortia
for Biodesulfurization in Petroleum and Fuel Applications. Natural and Engineering Sciences, 10(1), 479-489.
https://doi.org/10.28978/nesciences. 1660356

[29]. Akimbek, A. O., Jamalova, G. A., Yernazarova, A. K., Kaiyrmanova, G. K., Yelikbayev, B. K., Pagano, M.
C., ... & Rafikova, K. S. (2025). Biodesulfurization of high-sulfur oil from the Karazhanbas field of Kazakhstan
with deep eutectic solvents. Heliyon, 11(2). https://doi.org/10.1016/j.heliyon.2025.e41877

[30]. Naeij, H. B., Etemadifar, Z., Kilbane, J., Karimi-Jafari, M. H., & Mofidifar, S. (2025). Unraveling the met-
abolic landscape of Exophiala spinifera strain FM: Model reconstruction, insights into biodesulfurization and
beyond. PloS one, 20(1), e0317796. https://doi.org/10.1371/journal.pone.0317796

[31]. Khoshdel, A., & Mahmoodzadeh Vaziri, B. (2016). Novel mathematical models for prediction of microbial
growth kinetics and contaminant degradation in bioremediation process. Journal of Environmental Engineering
and Landscape Management, 24(3), 157-164. https://doi.org/10.3846/16486897.2016.1142446

[32]. Akbari, L., & Vaziri, B. M. (2017). Comprehensive modeling of photo-fermentation process for prediction of
hydrogen production. International Journal of Hydrogen Energy, 42(21), 14449-14457. https://doi.org/10.1016/j.
ijhydene.2017.04.119

[33]. Chen, H., Cai, Y. B., Zhang, W. J., & Li, W. (2009). Methoxylation pathway in biodesulfurization of mod-
el organosulfur compounds with Mycobacterium sp. Bioresource technology, 100(6), 2085-2087. https://doi.
org/10.1016/j.biortech.2008.10.010

[34]. Fanaei, M. A., & Vaziri, B. M. (2009). Modeling of temperature gradients in packed-bed solid-state biore-
actors. Chemical Engineering and Processing: Process Intensification, 48(1), 446-451. https://doi.org/10.1016/j.
cep.2008.06.001



