Optimization of Blocatalytic Conversion of Rice Husk to Single Cell Protein Using
Bacterial Fermentation

ABSTRACT

The mcreasing global demand for protein has prompied a search for sustamable and cost-
effective alternatives to traditional animat and dary sources. Single-cell protem (SCT) produced
from microorgamism’s offers 3 promismg solution due to o high protein confent and rapd
growvth rates. This study addresses the challeage of utilizing nice busk, apn sbondant vet
underutilized agnicuttoral weste tn Nigenz, as e substrate for SCP produchon Tlxu.rmdv:lm
n@mzedtthnﬁ:cﬁnqnfﬁf? vetng Bacillus gp. AT.53 and Bacilhe 5@ CMF [2 s modal
organiams. Molecular identificatzon through 165 (RNA sequencing confirmed Bacilhes sp. AT-
b3 and Baciliur sp. CMF 12 as the most potent 1solates for SCP production Optimization studies
ware conducled using the One-Factor-at-a-Time (OFAT) method to determine the ideal
fermentation conditions. The results showed that the optimal temperatore for SCP production
was 40°C, with Baocllhe sp AT-BF demonstrating :m_pﬂiut production  efficiency. pH
cptimtization revealed that neutral pH (pH 7) was idsal ‘for maximizing SCP production, with
Bacillur 1pp. AT-53 outperfomming Baciliur 5p CHF [2°a this pH Substrate concentration
studies mdicated that 2.0% was optimal for SCP production, and meobation time optmization
mdicated 48 hours a3 the optimal penod Tor maumum weld. Amuno aod profiling of the SCP
produced showed sigmficant variations between the two solates. Sacille sp CAF [ was ncher
mn essential amino acids like Arpnine and Methionine while Barilfus 5p A7.53 had a hegher
Glycme content at (p<0.03). The findings of this study sugpest that both strams have potential
I.ﬁ_:ll.tl::-d.'l.ﬂns in mutritional sepplements, with Bariilus mp. AT.53 bemnp particularly soited for
industral-scale SCP production. This study conclodes that Baciliur sp AT-B3 13 an efficient SCP
producer vader optimal condihons of neutral pH, moderate temperature, and appropnate
substrate. concentration Further research is recommended to explore pilot-scale production
alternative substrates, and comprehensive safety assessments

Keywords: Optintization, Single Cell Protein, Bacterial Isolations, Bincatalvtic Conversion,
Rice Husk.

1. INTRODUCTION
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The increasing global demand for protemn has prompted a search for sustamable and cost-
effectrve alternatrves to traditional anmal and dawy sources Smgle cell protem refers to the
protetn obtamned from macrobial cell mass. ot develop when microbes ferments waste matenals
(including wood, straw, canary and food processins wastes, ressdues from aleohol production
hydrocarbons, orf homan and animal excreta) [1] These microbes can be bactena, veast, fung or
micioalgae [1]. The production of SCP from noo-waste sources acheeved industrial-scale
production m the 1970s but was not econommcally competitrve with other proteit supplements
Recently. interest 1 SCF has been renewad, pastly because of the deatfication of new, less
expensive production procesass. but largely doe to the realization thet SCP production has vast
potential environmental benefits over traditional protem supplements in animal feed [3].

Microorganisms have capability to vhlize agnoultoral waste to produce biomass, rich i protein
and amino acids. SCP production i3 a good way to ‘overcome envirommental pollution by
utlizing waste matenals. It i3 an efficient tood to transform agncultural waste such as nce hulls,
rice straw, starchy ressdues and masmore ms a4 substrate toto usefil products [4]. Several

microcrganitms have beefi used m SCP prodoction nsing vaniety of substrates

The goal of this research iz to investigate the broconversion of rice husk to single cell protetn
psing bactesia ssolated from rice processing site and optimization of the SCP produced by these
effective utilization of rice husk and production of valuable bicmass (ie SCP).

1. MATERIALS AND METHODS
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2.1 Isolation of and Characterization of the Bacterial Strains

The Isolatron and Molecular Charactenzation of Industnally Sienificant Bactenia Obtained from

Rice-Husks Dumping Sites capable of cellolose utlization was done as reported by [3]

2.2 Molecular Identification

2.2.1 Identification of Bacterial Strain Using 165 rRNA Gene Sequencing

1.1.2 DXNA Extraction

The presumptive isclates were sub-cultured on nutrient agar and incubated for 24 hoors at 37 °C.
[6]. Part of the bactenal colony was picked with a stenle wire loop and suspended in 200 ul of
TE buffer in crder to prevent the DINA from degradation, at pH 8 containing FNase {30 ng 'ml),
then 400 m! of lyms buffer was added followed by mixmg welland mcobation for 15 min at 37
“C with intermittent shalmg for every 5 min Immediately chloroform and iscamyl-alcohol in the
ratio (24:1) was taken and muxed by mrversion. Tubes was centrifuged at 10000 rpm for 5 mn,
supernatant was transfarred carefilly bo mmother pucre-centrifise wbe. To the supernatant 0.1
vol 3 M sodiom acetats (pH = 5.21) and 0.6 vol isopropancl was added. mixed well by inversion
and kcept i the ice for 10 min followed by centrifogation 2t 1000 rpm for 10 min. The pellet was
washed with 70% ethanol with gentle shakimg and cemirifiged at 10000 rpm for 3 mun
Supernatant was removed and pellet was air dned Fxtracted DNA was vunalized m 0.8%

azarose pel electrophorests and images were documented [7].

1.1.3 Amplification of the Bacteria 165 rRNA gene
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The reaction master-mix for each sample was prepared using 165 nbosomal RNA gene specific
nosversal primers 27F 30.AGA GTT TGA TCC TGG CTC AG-30 and 1492R 30.GGT TAC
CTT GTIT ACG ACT T-30 (Sigma), the 165 (RNA gene was amplified wrth 2.5 ul of PCR
master mix (Biolabs), 3.5 ul of Nuclease free water (Biolabs®), Sul of DNA template and 1pl
of each 165 forward primer and reverse pnmer 926R. The amplification was camed out i an

Applied ogystem 9700 thermo-cycler using the following protocol:

Initial denaturation at 95 'C for 5 minutes followed by a 36 cveles of denaturation 2t 94 °C for 1
minute, annealing at 55 °C for 1 minute, extension mt 72 °C 1 mimute 30 s=conds and final

extension 72 °C for 10 minutes

2.2.4 Agarose Gl Electrophoresis

The electrophores:s was done vsing 1.5% agarose gel and stamed with ethidiom bromade DNA
Geel stain {Sipma Aldnich Missouns USA) and 1X TBE buffer according to standard (§3V, 3.004,
300W) for 43 mimutes. The cast and comb was set. the gel was poursd and allowed to soldify
Posttive bands were checked on the pel vnder UV-hight using Bio Rad gel imager. Ampheons of
the positive samples wese sent 10 Ingaba Baotechmical Industries Thadan which was fisrther
transported tothe indostry’s maim branch m Pretoria, South Africa for sequencing

.15 Sequencing

PCR products was purified using a Monarch PCR. and DNA clean uwp kst (Biclabs) following the
mstruchons of the manofactures DNA (10-100 ng) was sequenced mn only forward direction wath
2 Big-Dye terminator version 3.1 cyele sequencing kit (AppliedBiosystems). Sequence studio

genetic analyzer, (ApplhedBiosystems) using the PCR. primers (IDT) as sequencing prmers

Pagedof22



2.2.6 Bioinformarics Analvsis

Bazic Local Alygnment Search Tool (BLAST) was ueed to deterrmine sequence idemtities and
guery cover. The obtamed sense and anhi-sense saquences was submutted for qualily evaluation
pang Phul's Read Edror {(Phred) online application [8]. The sequences were assembled together
with the Cap-Conting application in Bio-adit 7.0.2.0 software. Multiple Seguence Comparison
with Log Expectation (MUSCLE) was used to align the sequences with the reference sequences
downloaded from Natiomal Center for Bictechmology Imfermation (NCBI) datsbase as
recommended by [9] vamg MEGA 7 software [10]. The software was weed to construct a
nocleotide Phylogenstrc tree (Newghbor- jownme. 1 000 bootstrap rephcations).

165 fRNA pene ssquence from all relevant reference strams available mn GenBank (NCBI) was
psad for comparizon. The tres was nsed W determine the genotvpe of the s2quenced 1463 (ENA
strains The evolutionary distances were computed uvsing the Maximom Composite Likelthood
method [11]. All possisons contening gaps and mussing daia were eliminated so that the total

poutions m the finsl dataset will be indscated.
2.1.7 Phylogenetic Analysis

The phylogenetsc tree of the BLAST sequences and the evolotionary history were mferred vamg
the Neipghbor-Joinine method [12]. The percentape of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches [13]. The
tree #5 dravm 1o scale, with branch lengths in the same vniis 25 those of the evolotionary

distances used to infer the phylogenstic tree. The evolutionary datances were computed psing
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the Maximum Composie Likelibood method and are m the umits of the avmber of base

mbatrtutions per sse” [10-11],

The Neighbor-Joining methed was chosen for constrocting the phylogenstic trees because if is
fast, computationally effictent, and easy to mplemant It worls well with large datesets and 1
particularly veeful for preluminary analyses snd when resources are linited and it generates trees
guckdy by vung a distence-based approach, makng it vdeal for a broad view of evolutonary

relationships without reqiirmg complex stahstical models

1.} Optimization of Conditions for Single Cell Protein Production

1.1.1 Preparation of the Rice Huzk

Rice hosk was obtained from Kofar-Eade rice processing company Sokoto. The sample was
washed with cleansd water, dnied, pulvenged with pestle and moctar. and then sieved to tmy

particies.
132 Pretreatment of the Rice Huzk

At least 50g of the pulvenzed nice husk was mixed with 200mlof 2% NaOH and shacked unnl it
homogensred, the solution was coversd with cotton wool and aluminum foil and then allowed to
suck for 2dhrs; the mixture was filtered vang Whatman filter paper Nol. Washed with distilled

water and dried [14].
2.3.1 Single cell protein production

Smngle cell profein production was carnied oul vsmng submerged fermentation in a regulatory
meubator shaker at 150 rpm. Minimal salt media was prepared tn 100ml comical flasks and 1.0

ml of 0 5% Mec.Femand standard of the hacterisl solates vwras nzed a2 the moculoma

PageBof22



2.3.4 Determination of Optimum Temperamre for Maximum SCP Production

Optimum temperature for SCP production was determened in an incubator shaker at 30, 33, 40,
45 and 50 *C according to [13]. 30 ml of minmmal salt media (MSM) was added m 100ml comcal
flasks 1n triplicate, astoclaved and moculated with 1.0 mi of freshly prepared culture of the

bacterial zolates; the pH waz set af 7.5 and 150rpm in an incobator shaker

1.1.5 Determination of Optimum pH for Maximum SCP Production

The experiment consists of five conical flasks of 100 mi capacity, in sach of the flasks 50ml of
mitimal salt media was added and the pH was adpusted accordinglv with pH meter vang 1.0M
NaOH and 1.0 M NaCl The fermentation was done ina shaker incobator at 150 rpm for 2 penod

of 48 bouss to evaluate the optimum pH [15].

236 Determination of Oprimum Carbon Source Concemiration for Mazimum SCP
Production

Different concentrations of mee hoale @05, 1.00 1.5, 2 0end 2.5% (wev) 0.5% (wr) was prepared
by measuring 05 sramy of rice husk and placed in a conical flask containing 100 ml of minimal
salt media The samie procedurs was myvolved m prepaning other concentrations The pH was

adjusted accondingly and incubated at 150 rpm for 43 hes

11,7 Determination of optinum incubation time for maximum SCP production
Incubaton time on SCP producton was stodied by settins the cultrvation at different penod of

tirne for 24, 48, 72 and 96 hours. The best range of meubation penod was identified [146]

1.4 Determination of Biomass
The biomass protein was determined m terms of dry weight in mg's. An aliquot of the caltired

bacteria was cenirifoged af & 000 rpe for 10 min, and the pellst was washed with distilled water
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and transferred to a fresh centrifuge tube and left for an hour 1o seftle the cell mass The cell
mass that was left m the tube was dried at 80 °C overnight and weighed for the dry mass of the

bactertal cultures st room temperature with 3 sensrbve balence:

1.2 Estimation of Total Protein by Lowry Method.

Principle

Under slkcalne condition, divalent copper 1on forms 2 complex with peptide bonde 1siwhich it 15
reduced to ¢ momovalent ion. Monovalent copper 1on and the radscal groups of tyromne.
tryptophan and cysteine react with Folin reagent to produce an unstable product that becomes

redused to molyvbdennm tengsten blos

Method

The biomass obtained after each ophwmzation was seconstitited 1 2.0ml of distlled water.
viortexed and centrifized at 000 rpm for 10munutes Then 50 0ul of the supematant was taken
u3ing micropipette into a test ube 0. 5ml of 1:2 dilution of Follin's reagent was added rapudly
mifc @ test tube containing the supernatant and mixed thoroughly. After keeping for 30 minutes at
room tetperatnre the optical densfty was measured maing spectrophotometer st 660 nm. Protem

concentration Wias estimated nsane the following foemula:

Concentratson of Protein = Optical Denaity (OD) Test / Bowine Serum Albomun (BSA) =

contentration of the standard.
2.6 Total Protein Determination:

A mmall amount (113mz) of ground sample was weighed, wrapped m Whatman filter paper
(I¥0.1) and put in the Kjeldahl digestion flask Concentrated solphuonic acid (10ml) was added
Catalvst mixture (0.5g) contaimng sodivmn sulphate [Nax30s), copper sulphate (Ce30:) and
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selensum oxide (5e07) in the ratio of 10:5-1 was added into the flask to facilitate digestion. S

peces of ant-bumping granules were added

The flask was then put in Kjeldsh! digestion apparatus for 3 hours vntil the liguid tumed light
green  The digested sample was cooled and difuted with dastilled weaver to 100mi tn standard
volumetric flask. Aliquot (10mi) of the diluted solution with 10ml of 43% sodium hydroxide
was pat imto the Markham distillabon apparatus and distilled mto 10ml of 2% bonc acd
contaiming 4 drops of bromocresol green/methy] red mdicator until about TOmT. of distillate was

collected
The distillate wwas then titrated with standardize (.01 N HClto grev colonred end pomt

R Ve Mo Dp14x DF
'!,,' -
" Miwrog TWelzht of rample X meof diszsred

Eq. 3.5
Where, Va=Volume of acid (TV)

106G

N =Normality of HCI vsed for the titration
DF = Dilufice fictor for the sample after digestion
0.014 = MDlls- eqoivalent werzht of mtrogen

CF = Conversion factor (6.16)

1.7 Amino Acids Profile Analysiz
I‘hcﬁ.mmu:d profiling was done using Mode! 120A PTH smmo acid Analyzer (HPLC) which
mtomatically analyzes phenyl-thichvdantoin (PTH) ammo acds derived from Edman

depradation of proteins and peptides
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Procedure

The ameno acids profile wmn the sample was deterrmined uang methods deseribed by Pesce and
[17] 0.2g of the digested sample was weighed mto giass ampoule. 7 ml of 6N HCl was added
and oxygen was expelled by passing adrogen into the ampoule (To avoid posuble cadation of
some aming acids during hydrolysis such as methionine and cystme), The glass ampouls was
then s=aled and put in an oven preset &t 105 °C = 5 °C for 22 hours. The filtratz was then
evaporated to dryness namg rotary evaporator.  The ressdoe was dssclved with 3ml of acetate
buffer (pH 2.0) and stored 1n plastic spacimen bottles, which were kept 1 the freszer. Then 60 ul

was loaded mto the Applied Biosystems PTH Ammo Acid Analyzer

The amino acids valve was calculsted sutomatically by an wtegraior attached to the anahzer

which measnres peaks of absorbance.
Statistical Analysis

The data were presented as mean =5EM A 168t was conducted to compare differences between
groups, with statistical significance defined at a p<0.05, while Graphpadinstat software (version
3.0) was vsed for the t-test Kolmogorov-Smurnov and Anderson-Darling tests were performed

nang stats miodel hibranes to confirm the data mests the assumptions required for t-est.
3. RESULTS

3.1 Molecular Identification

The polvmerase chain reaction (PCR) amplificanon of the 165 nibosomal RNA gene produced

amplicons of approxmately 400bp on agarose gel electrophoresss. The sequencen identified by
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NCBI BLAST indicate that the two isolates belonged to genera Saciifiz gp. with variation at

rpacies level Thesr percentage hit similerty 1s ebove 909 as shown n Table 1.

3.1.1 Phylogenetic Analvsis of the Bacterial Tsolates
Picture | szhows the phylogenetic tree mdicating the evolutionary relationzhip among the
sdentified species and other species based cn ssmilanities and differences in their evolobionary
zenetic charactenistics as compared with thewr related species from the database of the GenBank

KCBL

Molecular charactenzation of the most potent bactenal solates revealed the two molates as
Bacillus zp. AT-b3 and Barilluz sp. CMF 12, The ootnmence of all these isolates in rice sk
contamimated s0il could be attributed to the abundance of microorgamsms found m the soil and
thewr ability to utilize or deprads the carbonsoures present i that sl

Table 1. Molecular identification of Sinsle cell production bacteria msolated from soil of rice
husk dumping site at Kalambaina Area of Sokoto state

isokates O ganisns Strain code Percentage NCBI
Identity Accession
{%a) Number
KLB2B  Bacilhs zp Stramn Ath3 91.45 MHI4E9T)
KLB IE Bacillus 5p. Strain CME 12 Lo 73 CPO83382
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Picture 1: Phyfogenetic Tree for Sacilius spp 4733 and Bacilius sp. CMF 17 based on 165
rENA Sequence usmg Nesghbor Jommg Mathod.

3.2 Optimization of Fermentation Conditions for Maximum Single Cell Protein Production
One Factor a1 a Tame (OFAT) method was employed in determining the effect of different
conditions {_IHII]:IH‘-I.IIJIFE pH, carbon source concentration and mcubation time) on Baciliuz Ip
(Figure 1, 2.3 and 4)

1.2.1 Effect of Temperamure on SCP Production )

Figure | shows the effct of tempersture range of 30 o 30 'C on mngle cell production. The
result indscates that for Bacillur sp. AT-53, the haghest %8CP was observed at 43 *C whereas the

maxmmum %S5CP concentration was at 40°C for Bacillur 3p CMF 12
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3.2.2 Effect of pH on Single Cell Protein Production.
Figure 2 shows the effect of pH range of 5 10 @ on SCP production. The result shows that pH
ngnificantly affects the 26SCP concentration The highest %SCP for both Bacifiur sp CMF 12

and Bacillus sp. AT-53 was observed at pH 7.
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Figure 1: Effect of Temperaiure on SCP Production
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Figure 2 Effect of pH on Smgle Cell Protein Producticn
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3.2.3 Effect of Carbon Source Concentration on S3CP Producrion,
Figure 3 shows the effect of carbon source concentration of 0.5% to 2 5% on SCP produoction

The result shows that the optemom carbon source comcentration for Baciffur 1p AT.5A3 and

Bacillys sp. CMF 1.2 was observed at 2%,
124 Effect of Incubation Time on SCP Production.

Figure 4 shows the effect of incubation period of 12 to 96 hours on SCP production for Beaciflu:
ip. AT-b3 and Bacllius sp. CMF 12 From the resilt, the optimal mcubation time for both the o

wolstes was obhsarved after 48 hours

|
e m bacilius sp Ak
i I W baciflan o cmf 12
E

1 5 1 45

E

SL1 W [mg frnl

[E}

Suberrans Donesniraton (%)

Figure 3: Effect of Carbon Source concentration on SCT Productzon
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Figure 4: Effect of meubation time on SCP prodoction.

1.3 Amino Acid Profile of the Single Cell Protein

The aming acd profile of the selected bactenal 1olates 15 presented 1o Table 2. This stedy
revesled the presence of essential amino acids; Arginine, valine, histiding, is0levcine, leucine,
byeine, methionme, phemylalanine, threomine and tryptophan. The non-essential amino acids
detected are; proline. cystesne alanine ghrine slutamate aspartate serine and tyrosmne were

detected.
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Table 2. Amino acid profile of the single cell protein produced from nice husk using Sacilius 5p
AT.53 pnd Rarillus zp. CMF 12

Amino Aad Bacilluc sp. AT-33 Bacillus sp. CMF 12
(g 100z bsomans) (2/100g biomass)

Essential
Arginne 6.24=0 118" 8.40=0.302
Valine 64320 123" 8.07=0 002
Histidine 2.00=0.115° 2 640 105
Iaoleucine 44420 440° 5.30=0 266
Leucine 6.9520.134° 7.87=0.061°
Lysine 4070115 3.30=0.156°
Methionine 2.33=0 180 4 46=0 247
Phenylalanine 4.79=0 210" 5.31=0 247
Threomne 42220 283 4 58=( 260°
Tryptophan 1.80=0 020" 2370235
Non-essential

Proline 402=p 113" 73320 17T
Crateine 213=0 090% 3.71=0.1912
Alznine 5.5720 240 54520315
Glycme 761=0 312 5.57=0.331°
Glutamic acid 6.17=0.050° 19 03=0 340°
Aspartic acad T45=0 127" g7 3320
Serme 4580 261° 5.54=0118°
Trrosine 3.52=0230° 4250 109

Valuss are mean = 5D of three (3) rephcates: The mean bearing the same supersenipt are oot
significantly different at p<0.05
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4. DISCUSSION

Temperature optimization mdicates that 40 “C s the optimal temperature for %6 SCP production
for both Sactiits 5p. AT-B3 and Baclllus sp CMF 1] However, Baclllus sp. A7-53 has higher
production efficiency at thiz temperature, making it potentially more sutable for mdustrial
applications where SCP production i3 the goal. This izolate shows both higher oversll production

and a wider range of high efficiency temperatures.

Temperature 13 an smportant factor that affects the growth of microorganisms end was reported
by [8], while using whey a3 2 sample, that thermal stress at higher temperatures led to decreased
protemn synthesss m Bacilfur subrilic due to enryme denaturation and impaired metabolic
functions. Accordme to their studies, the optimum temperature for 5CTP production for Baciifus

subyiliz was reported at 37°C

The effect of pH on SCP production mdicates thet thers 15 a significant drop i *%SCP prodoction
at pH levels lower than 7 and higher than 7. The prodoction 1 mmimal at pH 3, mdicating that
acidic conditions are less favourable for Bacilfie 5p. AT-53. For Bacillus sp CMF 12, the % SCP
production also peaks af pH 7, although the peak is lower compared fo Bacifluz sp AT
b3 Smmilar 1o Bactiluz sp, AT-E3, Bacillus zp. CMF 12 exhibits a drop in %6 SCP production ar
pH levels outside the optimsl range (3 and 9), with the lowest production st pH 5. Barillus sp
AT-53 consstently shows higher % SCP production than Bacillus s CMF /2 2t pH 7 and 8. At
pH 6, Bocillis 5p. CMF 12 outperforms Racilluz sp. AT-53, mdicateng that Barillus sp. CMF 12
may be more tolerant to shightly acidic conditions Both isolates show minimal % SCP
production at pH 3 and 9, indicating that extreme acidic or alkahine conditions are unfavourable

for SCP production i both Bacilluz species. The graph indicates that pH 7 i3 the optimal pH for
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maxmmizing % SCP production for both Bacilfur 1p. AT-83 and Baciliur sp. CMF 12, with
Bacilluz sp. AL.53 showing supenor performance at this pH Baciliuz sp. CMF 12, however,
performe better at pH 6, mggeshing some tolerance to shghtly acidic condrhons. Mantanme a
neutral pH i3 essential for effective SCP production: wath Barillus sp AT-53 being the more
efficient producer in neutral conditions. At neutral pH, enrymes mvolved in metabalic pathwanys

function optimally, laading to enhanced bromass and protem production

The effect of substrate concentration on % SCP production mdicatesthat the s SCP production
by Boeiliuz sp AT-53 increases as the substrate concentration rises from 0:5% 1o 1 5%, peaking
at around 30% SCPat 1.5% substrate concentration. Bevond 1.5%%, the % SCP production begims
fo decresse, showmng a dechme #t 2% 2nd & significent dropat 2, 5% substrate concentration. The
highest efficiency m % SCP production 5 schieved at a svbhstrate copcentration of 2.0%
mdicating this as the optimal concentrafion for Bacilfus sp. AT-53 and Barillus sp. AT-53 wiich
generally produces 3 higher %0 SCP scross all substrate concentrations compared 1o Bocilius 5p.
CMF 12, except at 2.5%, where Bacilluz sp CMF 17 outperforms Bacilfur zp AT-H3. The
decline m *» SCP produchon af substrate concentrations sbove 1.5% suggests that hagher
concentrations might lsad to substrate mhibihon or other metabolic hmitations This finding
alisms with previous research by [19] which demonmstrated that am optimal substrate
concentration. i= ‘crtical for maximizing microbial growth and protein production, and that
excessive substrate can lead 1o inhibetory effects. The significant effect of substrate concentration
ont both biomass and SCP production can be attnbuted to the balance between nutnent
avmlability and metsbolic capacity. At optimal concentrations, the bactenia can efficiently nirlize

the sobstrate for growmth and protemn symthesis. However, beyvond the optimal pownt. excess
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sobstrate may cause metabobic mmbalances or toxic by-product accumulation, leadmg 1o reduced

biomass and protemn prodoction

For mcubdfion tme optimizabon, the highest % SCP prodoction fiw Bacilles species was
oheerved after 48 bours. Baeillur op AT-53 SCP production increases steadily, pesking at 48
hours wath a yield of sround 32%. After 48 hours, there i3 2 decline m SCP production, which

continnes to decrease through 72 and 96 hours.

Thesefore, for both wolates, the incubation period should be set to around 48 hours fo maximize
SCP weld before the onset of any decline mn production Bacillus gp AT.53 1 the better
performes mn terms of SCP yield across the moubation peniods tested. makng 1t potentially more

suitable for industrial applications where higher welds are deared.

After obimmmng the SCP, ammo acud profile was: performed. vanabons m concestration of
essential amino acids such as Arpinime Valine Histidine, and Methionine was observed
Bocilius 1p CMF 12 shows higher concentrations of Argmine and Methiomne compared to
Bacilluz mp. AT-83. There is also significant vanation in non-essential anmuno acuds. Bacilluz op
AT.63 has 3 high Glycine-content whereas Bacillur 3p CMF 1] 13 ncher 1in Glutemuc acd. The
ngnificant differences observed i the ammno acid profiles of Sacillur op AT-53 zed Bacillus zp.
CMF 12 highlights the diversity within Bacillus species in terms of their nutritional content
These findings are consistent with [20-22]. explained that different Sacillus strains can exhibit
prigue aming acd profiles, which can be optimized for specific apphcations in food and feed
mdustries Tha high content of easential gmmo acids such a3 Lencine and [soleucine n Baciifur

sp. CMF [2 suggests ris potentwal uhilty m suntonal supplements
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%, CONCLUSION
Ths research demonstrated the potential of Bacillus sp. for the production of Smgle Cell Protem
(SCP) namng rice husk as a substrate. The study solated and charactenzed vamous Bacillus
strains, particularly Bacilis sp. AT-33 and Baciliw sp. CMF 12, which showed sisnificant
capabilibies in SCP production. The optimal condibions for maxmuizmg SCP vield were identified
a2 pH of 7, a temperature of 40 °C, carbon source concentration of 1%, and an mcubation
penod of 48 hovrs &t 130 rpm. The amino acd profile anshvsas revezled that Sacilfus gp. CAF 12
had higher concentrations of essential amunc acids comparsd to Bacdllus sp AT-E3, making i 2
soperior candidate for SCP production. The essential amino acids detected included argimine
valine, histidine, iscleucine leucine lysine, methionime phenyialanine threomine snd
trypiophan. Non-sssaitial amino acids such as prolime, cvsteme, alanme, glvcme, glotamiac acid,
apariic acid, senme, and tyrosme were also present o smgmficant amounts. This research
reposted for the first tme, that smgle cell production using Bacilfus sp. can be smproved by

utilizing rice huale
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