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Abstract

Background and Objectives: Bacillus velezensis and Bacillus subtilis are bacteria commonly
used as probiotic microorganisms in animal feed formulations due to their effectiveness in
controlling and inhibiting pathogenic microbes. Additionally, they can produce beneficial
enzymes that aid animal digestion, including proteases and amylases. Solid-state fermentation
(SSF) is a widely adopted process for probiotics production and is also known to enhance the
nutritional value of animal feed. However, previous studies have shown that using a single
microbial strain in SSF often results in incomplete utilization of nutrients from raw materials
at the end of the fermentation process. Therefore, two probiotic strains, B. velezensis and
B. subtilis, were selected to enhance the efficiency of nutrient utilization from a raw material.
This dual-strain approach is expected to improve probiotics production efficiency from
agro-industrial by-products, specifically palm kernel cake, which is a residue from the palm
oil production industry.

Methodology: This study employed SSF with B. velezensis and B. subtilis at the ratios of 1:1,
1:2, and 2:1 with palm kernel cake as the fermentation substrate. Fermentation was carried

out over a period of 7 days at 37°C. Samples were collected on days 0, 1, 3, 5, and 7 for
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the analysis. Changes of various parameters were monitored throughout the fermentation
period, including total viable count, soluble protein content, protease activity, amylase
activity, reducing sugar content, moisture content and pH. The objective was to determine
the optimal condition for probiotics production.

Main Results: The results of the study on the optimal ratio for fermenting palm kernel cake
with B. velezensis and B. subtilis at ratios of 1:1, 1:2 and 2:1 reveal that the total viable
microbial count reached its peak on day 3 for all tested ratios. Similarly, the protease and
amylase enzyme activities in the fermented palm kernel cake reached their highest levels
on day 3, corresponding with the peak in total viable microbial count. The samples with
the ratios of 1:1 and 2:1 exhibited higher protease activity compared to the one with the
ratio of 1:2; the 1:1 ratio showed the highest amylase activity among all the treatments.
Conclusions: Utilization of palm kernel cake as a substrate for SSF to produce probiotic
microorganisms and to enhance nutritional value was investigated using two probiotic strains,
B. velezensis and B. subtilis. A ratio of 1:1 was identified as the optimal condition at the
laboratory scale.

Practical Application: The present findings can serve as a basis for scaling up the process

to pilot-scale production and can be further developed into a commercial application.

Keywords: Solid-state Fermentation, Palm Kernel Cake, Probiotics, Protease Enzyme,

Amylase Enzyme

Introduction

9aun3d Bacillus spp. waneviafeninunldludiunaulnslulofnduazUiuusnmainig
nvuzuesonsdad [1-2] ilesnnifudunidiannsoadvadeiimunusennuiou nseuus
nsgesamumeteulel wagn1EnIAtuNIENIzeIs TaNflinnuaunsalunisasieansiu
BUYFY uaznAnLouluiing o fvefiunsgesovnsvesdnd wu loulu WeRleauazeyluiaa [3-5]
Qauvsfunaulalungudl 1éun Bacillus subtilis uay Bacillus velezensis \iosniduqauns
Tnsluledndiinantdlugaavinssusing 4 uinine uagldiumssensulagiluituaende (Generally
Recognized As Safe, GRAS) [5] nsuangauviadinslulafndlutlagtuduiivanevians™s Tnevdsly
Fitou fo mslinszurumsusinuuuemsuds (Solid-state fermentation) s zidunszuaunis
Alfunulunsuaniuaylsinandngs [6] Tgavdnlngiivhunldnmsnandrunaiusvmsdnife
nsrIunsEnuuue I ulsinidutanwiefimemsinuasuazgaamngsy wu mnueludnUd
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(palm kernel cake; PKC) Wuduy
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Sovar 6 Tnpiwiin 8] Inennilelundatduduingiuiifisagn uavgauluseansemseg 4
fanunsothufidudunauluomnsdnd Toud Tusiu weewdsonu dedu Tutgiu Sedeani
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unsvane sludeidn dadifendewuasdainssnaien ednlsiny mslinnidelussa
Unauiieeag1ahgian9liansemsuegsliiisanedennunan1svesdnd Jalinisuinsyuiu
miwﬁﬂLL'UUa'nmiufﬁﬁiﬂa"rﬂ:dSﬁWQﬁuqu%’UU§aﬂmﬂﬂW%aQﬂﬁﬂLﬁaTuLuﬁﬂﬂﬁéu Minawati
uazAnlg [9] 118911 msthnnwdaluhdusvsingae B. subtilis ieiinannmvesUIuaems
91nsvesmMnanluUdmin aunsaufisiinalusiuneiu (Crude protein content) aglusesiu
Usznaidosaz 25 windlunAdeinunvesidelunsuinlagldauniduinges wui asems
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Materials and methods
AU

1. ﬁgauw%a’laﬁuﬁ Bacillus velezensis (1131nN13 reidentified Qauvﬁ'é Bacillus licheniformis
TISTR 013 Tvial) a1nannduideinemansiazmalulagwisusemalne (TISTR, Thailand Institute
of Scientific and Technological Research) vl 35 ‘1/133"17‘1' 3 WALUSIHE FTUARARIYN B ILNBARDIN
gNARDIEN JIAUNNSIE 12120 wazqduvsdanesiug Bacillus subtilis (carry) 9N Tummu
uazFlnousulssnuiuLuy (@su.) iTingndomaluladnszeund suys (1es.) (U1syuiiiew) v
49 FRELTIEUNELA 25 DUUUNYUTIBU-YIENZLA WUIVINTIH WAUNYUTEY NFUNNUNIUAT 10150
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osrnwaifia Ay 1.5 Jaud/maaia Wunan 15 il minduseligamgiivesemamziss
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AruiEa 200 seusteudt luindesugngnzdie Wunm 24 Falus mnifuthansuiuassvesnd?
FoyaunidusarialuinAmmanandunasiininueniaiu 600 wiluiuns (OD600) 91 1.0£0.010
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nIvgin

nswseaiiagan Nl lumAnUIsNLAZNTZUIUM I NLUUB WSS
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sUvuyrIn 250 addns Usuanudumedniesweamanududy 100 Tadluas illanuay
aglugsUszanaiosas 50-60 uaven pH agluyis 6.0-7.0 Mntuthlusindesigineamietmig
auleuniigamnll 121 esmwalded AU 1.5 Yous/meeils Wunan 15 wiil selvisedaduy
Y =< o v X a a B L. oA A [P Py |
s dndhunldiiieqdunsd B. velezensis uay B. subtilis Mwseuld Beildnsidiu 1:1 1:2 uag
2:1 ienududuesar 10 (Usunssieumiin) Uanwingurunmendrduasaquimesgiiillounssd
llunfigamgll 37 esmwalua wazndnuuudiialy (static) Wunan 7 1w neiiudegeiud
0135 uag 7 Wielnsizriesrusznousng q lutisnarlunisudnluunay Juniiudieeng

A5 AT1TYRsAUsEnaUlnaUszanal (Proximate analysis)
mMyinzesdUsznaulnelszann [10] esnnileluwdaduiliiluingdv ldun Usua
TUsAu Auau w1 Ity nnueu waganslulewmsangeyla

nstiudsanaqaun3d (Total viable count)
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9 fiaddns WeaansavanguavanaIsazaleldesung 100 lulasdns Tdasuuaueims
waﬁaﬁﬁmmﬁu YPD vhmsnszagluanunizite mﬂﬁ?uﬁwmuwazl,%alﬂﬂuﬁqmugﬁ 37
ssrwaded Wuan 24 Hlus Tusnulalailuauemszdenilalad 25-250 Telail wan
UuAuIuniA1 CFU Aiansuvedsiegie (CFU/g sample)

nsUsNlUsAu (Soluble protein)

U3aadlUsiudeds Bradford [11] Tnedannideludnrdunsnuium 5 nfumauiui
n&uU31IRS 50 fiadans 9t luwgnd 200 seudeunit WWuna 15 it gransarateiogng
U3ums 1 fiedans asluvaoalulaswunsing vua 1.5 Sadans udathluuwiesd 11,500 souse
it 1unan 5 it igaumgiivies uaviharsazanednlaildanmstumiswsueg 10 lilasang
wamuans Bradford assay solution U303 200 lulasans raslidhdudunan 15 witfigungd
04 uayInmnsganauuasil 595 wiluiuns

lgN1sMUTINALUSAUAINAINNTMLINTIIUYOIETMTFIU Bovine serum albumin
(BSA) fimuidiuduansuinsgrumiiiu 0 fis 1000 Tulasnsusedns Tnsausinalusiunandegly
wihe fladnfusenuimdnudwesinegne (mg/g sample)

nswnanssueuluilusites (Protease activity)

mdanssueulellusiea [12] Tnedashetgnmniioluadaurduminusina 5 n3u naui
anstillaswaama anadudu 20 fiadluand (pH 7.2) Usunns 50 fiaddns tildwgnd 200 sou
Aouil Wunan 15 Wil gaansazanemedeUsinngs 1 faddns aduvaenlulasiwun3iadawn
1.5 fiadans waniludumied 11,500 sausoud Wunai 5 uii ﬁqmmﬁﬁaa Y1a15avany
dwlafildannistumie3unns 0.5 iadans naufvasaduanudududesar 0.6 (avavasly
ansavanevia lalasaaslsd anadiudu 0.1 Tuans (pH 8.0) U3unas 1 fiaddns unansazanelud
gaungll 37 sarwalded Lunan 10 unil Wunsalaseaelsesiinauudu 0.11 lwans Usunas
2.5 fadans adluiilevgaufAzen MntuiansaranediedieUiings 1 Jedans Wuansazans
Toiieumduaunmududu 0.4 wand Usuns 5 Sadans wWisans Folin reagent (Woa1edeth
ndY 3 W (VinmseioU3unng) Usunms 1 faddns vuansavanefedisiigumdl 37 esriwaided
Hunan 20 uit uarinFnsganduneasil 660 ulumns

Tnormunls 1 Unit veseules] wihiudsinaeulvsifigesaanslusiulsians Tyrosine oeflu
8n31 Wiy 1 lulasniuvesansunsgulnlsdu dewnd lnerfanssueulsdlusfoauansogly
e Unit slonsuthmtinudsvesshege (Unit/g sample)
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msmvsananaulusazluagd (Amylase activity)

yianssuenlasioslued [13] neduhednmnidelumdaunduminiinm 5 nfu waufu
anstillaswaama Aududu 100 fadluans (pH 7.0) U3ums 50 fiaddns thluiweit 200 sou
founi lunan 15 unil gaansaratedmednUiuimns 1 faddns aduraenlulasiwussiag vuin 1.5
fladans wanludusied 11,500 sausiau? Wunan 5 mﬁﬁqmmﬁﬁaq Whansavanediulad
Fnmsdusieansiingg 0.5 fedansausuasavarsutinnuiduiudosar 1 (hwindeusung)
U31as 0.5 laddns Unansazaneegisiigumail 50 ssmwadea Wunan 15 wii Nt
a1sazane 3,5 - Dinitrosalicylic acid (DNS) (w3salaedsans DNS Usuna 1 ndy avanelutinay
U303 50 fedans wesiTnunadeslnfonmimmansylawsn U5 30 n¥u adld anthy
Wnansavarelaneulansenlydnududu 2 uesuuds nanlidniusasUsudsunsansazaneiu
100 fiadans) Uuns 1 fadans ilongaufisen thansazanesegsludiluiiien Wunan 5wl
vidhegndliiuasiigumniivies uayinAnsganduuasil 540 wiluiuns

Tnofmunls 1 Unit veaeulssl wiviuuSmaneulsifdesaansudildasnglaaoglusmng
wiriu 1 lulpsnuvesansuinsgiunglea sewndl laermnanssueuledeslumauanaglumie
Unit sensuimiinuisesiiegne (Unit/e sample)
mMswSanainanadang (Reducing sugar content)

yUsnautheasadeieds DNs [14] Taedshedrsmnidelumdaunduminsinu 5 nfy
waufuthnduUsinag 50 fadans luwend 200 seudeunit iunan 15 uil gaansavaesfegns
U3ums 1 Sadans asluraenlulaswun3ing vuin 1.5 fadans udrhluduwiesd 11,500 sou
soundt Wunan 5 wiiifigamgiivies thansazmedndlanldanmsiumiosnSues 1.0 fadans
waufuansazans DNS Usinns 4 fiaddes antuharsavanesognsludulutuien unm
5 unit videedliduasiigumniivies uaziaAnisgandunasi 540 uiluins

Tngmsmuiinathmaimdmunannamassuesasnsgunglaaiirnududy
SRS 0 B4 1000 lulasniusedng TnsAUSanihmaiing uanseglunng n¥uve
thmasmdsensuthminutwesiiod1e (g RS/g sample)

N15%130883ANNTIU (Percentage of moisture content)
M508avANNTUVRIII0E1977835 AOAC [10] Inedamiatrsniniileluanurduvdnusuion
5 ndu aslufwerglilloy wagthluvhuisiigamall 105 ssrwada [Wunan 24 F9lu9
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nsinauliunsa-ang (pH)
! [ ! o & < 3 o 2 [ S Y
marrudunsn-ae Inedannilleluudauauninusuna 1 nfu mannauadivluvaen
VnaeUiNINT 10 Naddns diluwesmeinsosmaunuunuiu (Vortex) 1unan 30 3wl Jaaiiey
PBLATE pH meter

AFATIZHNANIEDA

%’agamﬁmaaaﬁwLauaLﬁuﬁWLaﬁaLLazdauLﬁaqLuummgm Tgnsveass 3 91 As1EH
AUKUTUIU (analysis of variance; ANOVA) waznagauauuansnsenads ngld3s Duncan's
New Multiple Range Test szupudetiudosay 95 dwsuiladdey (p < 0.05) Ingldlusunsu
d5a3U SPSS® 1195 17 (SPSS Inc.; USA)

Results and Discussion
a 4 [
NAN1SIATIERIAUSENaUIAgUSTUNA

[y a

NNaNIIRTIEiosrUszneu vesnnislumdaurduisiunliduingiu wudr nndlelu

Q

¥

winUduthsiuUsenoudslusAuUSInadesay 16.24+0.39 (miinsetiviin) mutudesas
4.48+0.06 (thwinsiotiuidn) WUSnadesay 4.61+0.02 (hweinseviven) TusfulSunadosas
6.11+0.03 (thuiinsetinuiin) mnvenuUSinaidesas 25.5140.33 (hwthsetmiin) wazaslulewnsa
AdesldUsinadosay 47.39+0.27 (Whwuiinsetiuin)

wan1vsinuuuamsudsvasmnisludaundu

U7l 1A uansdunugdunisantiaviamualunismtaninidelusdaunduiisugae
B. velezensis waw B. subtilis lushan 1:1 1:2 uar 2:1 wuih S1uaugduvisdvassiaruiiu
fiA3uA WU 6.15£0.06 6.17+0.09 waz 6.18=0.15 log CFU Alonsuvedfieg1 ((1.42+0.19)x10°
(1.50+0.33)x10° ua (1.51+0.48)x10° CFU dion3uvesinatne) susiiu antugduvidisiuo
dutugeanluiul 3 vesn1svitn Gafien 9.0640.10 9.19+0.13 uay 8.48+0.64 log CFU slaniu
V99530819 (1.17+£0.26)x10° (1.60+0.52)x 10" ua (5.66+6.64)x10° CFU Aaniuuasiingid) Ay
iy agndlsfinny SrnugBuridisanudnadndaliunndstuinntn wdiniudl 3 wu
$runugduvidvesiednefisnmadin 11 wae 2:1 lifinswdsuuasuduannszuiumantn Tu
Ynugiimogeisnau 1:2 nduiduugdunidanas iesann B. subtilis iuqduvisiinisadna
ansudswuaiiGeunsuuinaneiugdu 4 1§ [15) veidlanusmugdunidlusesaninidelusde
Uhduhifuiilaildntndeqaunis (nquauauau) saenszesiailunisudn

aunidinslulefndannavinnnideluwdeunduthifuduiisaugdunisinslulefing
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gaan Wu 1x10° CFU sonfuvesdiegny dudulsunaiegluimvunaindeyalszniAnsens

Y 9
U L2

inwmsuazavngsl Gos dvuaingiidsluemnsdnd Usinansly waseulalunsvaman ddh
vidov1gensdad wa. 2559 fvuslvidandnfusiasautiusgauienialuemsdnd Tned
UinaildnauluovnsdninandiaguudasdesdsnnaduvieUinamesmsiaiuiiuzviafien
wenaevlinsiuiulidosndt 1x10° CFU dee1msdad 1 Alansu [16]

Uhinalusiuvesmnidelumdaundumiduiildldvindeauns (nquenuauau) wagnn
delusdanduthifufivdndeqdunssamdin 1:1 1:2 wag 2:1 Tufudl 0 wuhilvsinalusiu
Fudu 1nTU7.080.35 6.890.19 6.44+0.12 uae 6.94+0.07 fadnsusensunimiinuisvosiiosg
paddu Tuguil 18 Inelusswhsnszuaumandnnuiiedisninidelusdaunduhiuiingnde
PUVIEASITEY 11 12 uay 21 dUnalusiufisfuuieiud 7 Sefldwihdy 31.02:0.65
31.79+2.41 uay 28.78x0.61 fiadnFustensuthwiinuisuasiaegng suddy agndlsfinny Usina
Tusuhsausamandaldwnsfuntn fedUmalusiuvesiognenguaiuauauiiaill
WasuuUawmaonszuzYeanITvsin

fhegndluiuil 0 e linuAansssuveseulullusieauazerluaa Fauandlugud
1C woz 1D apAanssueulsilusheauarerluaavaaninidolumdnunduthduiininge
B. velezensis Wag B. subtilis IShsnau 1:1 1:2 uag 2:1 fmaifingsgalunnsogisluiud 3 oy
fiRansaneulesTushioagegn Wiy 20.43+2.23 19.68+2.38 uaw 27.70+0.31 Unit sienfaniwiin
wisvaadieguazianssueuledosluaa winiu 323.45+57.35 238.91+37.96 way 189.74+9.38
Unit slanfunimdinusvasiiogng suddy Seregnefisndau 1:1 uay 2:1 SRvnssuoululus
Aodliunnsnafueenafitudfayn1eada (o > 0.05) uifidannnindaesafidnaa 1:2 luvaei
Aunssuoulederluaavesiodsitsamdan 1:1 Sannniiae WeiFeudivusushesnad udvisd
ndshanssuoulifivtugeantudl 3 Ssmonadestunavesiunugdunisitinaiutvogminly
Fuil 3 wWudu egnalsAmumdsanniuil 3 vesmsusin Aanssueulwlusiieauazezluaavemn
fhegalisnanasFes q aufuannszuILNIVEN SR INNTNAATTasEN T NIYEeN1TAY
anmyasieule enzyme denaturation) TvinUFAe1fuansUszneudu [17] saufansudesiouls
paNUBNAG (extracellular enzymes) Hufisdumunaaigdivin waravanaadogdunididngsses
A7l (Stationary phase) [18] Wainnuielumdaunduninsuiilalldvsndaeqduns (nquauauau)
LinuAnssueuluilushieavarezluaanasnssuznantunimin

Mnufnunountvesite wuinmslinndolundaundudduningeadunid
B. subtilis \iiesaneiugiaes iWunan 3 1w lefanssueuluiisieauarezluaa windu 5.42+2.11
uay 2.70+0.08 Unit onsuthwiinuisvesiiosns Svasithildinasld 98unid 8. velezensis uas
B. subtilis Sty 2 anewuslueud axifenssueulullsheanaverluaa sinnt 8 4.5 wi
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WAy 119.8 i

Mnuaeshansssuvenoullushioauarerluaavasninidelusdnuiduthiudivinge
B. velezensis uag B. subtilis tuagiiuld i fusinadtogluimuaandeyausenianssnsanens
uazavnsal (3o Auningiisluemnsdnd Usinansld wazfeululunsvaman thidwies
91sdnd nA. 2559 Avualidmansaeiszinveulssl (Enzyme) Wuingiislueimisdn
Tnefusmnaiilinailuovnsdninauddaguudiazdeaisnnaduvie Usnaveaoulusiuinifen
vivevaneviinsiuiuliesndt 100 giln (Units) fle 91vnsdnd 1 Alansu [16]

Uanaimeimdvesninidelusdauduthiunemniesauansiaguil 1E Usunanmaing
usulumnidelusdaudmhiuminvesnietslutuil 0 fanegluts 15.42-16 31 nfuesthmaiing
soAtansushaea Tnglusswimavinauduaanszuiuns wui Uainashmadmdiiafuiudndos
Tunneg

SUf 1F wansdesazaruduresninileludaiduthduninuamnedns Tnefesas
avduvomnogslutuil 0 frduduogluras 55.28-59.79 Fedneuduiiimanyaslunisviin
B. velezensis Wag B. subtilis W susnnmsfnuiiusneglurisiosas 50 (18] uazlsiny
naAsuuUasesfesazanutiuremndetanntinasenszarnanvin 7 fu

f1 pH tesmnifelumdauduituililduindeqdunie (hduauauau) wagnnidelu
wideUduthsuiiviinge B. velezensis wag B. subtilis fidaan 1:1 1:2 wag 2:1 wandlugui
1G fen pH Euduluiufl 0 Wiy 7.35£0.01 7.30£0.03 7.24+0.01 wag 7.27+0.03 AUAIRU
ehogefifinaiingreqduridianueiien pH fiuumndsantuil 0 uavasaelutudl 3 laovsan
Fregnsdirliluansnegnadifeddynieada (p > 0.05) dien pH 9e/lur39 9.07-9.12 Taensiiy
Furasd pH naifumszlusiuieglunnielusdaduinsugndesaanslusswintnsyuiunis
vindunsaerilufaduuvadlulnsiauvesgdunid Jufnnmsuanudesvesueuludelusyninanis
yin dawalst pH vesihegsdiafindu [19] vl ndumuauaulifinevingegdunidlinunis
WasuuUaswesd pH maemszeznailuniviin
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Figure 1 Change in total viable count (A); soluble protein content (B); protease activity (C);

amylase activity (D); reducing sugar content (E); percentage moisture (F) and pH (G) in palm

kernel cake that was not subject to microbial fermentation (negative control) and with palm

kernel cake fermented with B. velezensis and B. subtilis at ratios of 1:1, 1:2, and 2:1 at 37 °C
for 7 days
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Figure 1 Change in total viable count (A); soluble protein content (B); protease activity (O);
amylase activity (D); reducing sugar content (E); percentage moisture (F) and pH (G) in palm
kernel cake that was not subject to microbial fermentation (negative control) and with palm
kernel cake fermented with B. velezensis and B. subtilis at ratios of 1:1, 1:2, and 2:1 at 37 °C

for 7 days (continued)
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10

“JC,C

Total viable count
(log CFU/g sample)

a, A

Fermentation period (day)

[] Negative control K Fermented sample 1:1  [7] Fermented sample 1:2 ] Fermented sample 2:1

Figure 1 Change in total viable count (A); soluble protein content (B); protease activity (C);

amylase activity (D); reducing sugar content (E); percentage moisture (F) and pH (G) in palm

kernel cake that was not subject to microbial fermentation (negative control) and with palm

kernel cake fermented with B. velezensis and B. subtilis at ratios of 1:1, 1:2, and 2:1 at 37 °C
for 7 days (continued)

Note: Bars with the same lowercase letters within the same sample and bars with
the same uppercase letters within the same fermentation time are not significantly

different (p > 0.05).

Conclusions

NNNaMIVAaRIANSAT@LMINEauveIns iU Tada 2 aevussamidunsnangduyad
Tnslulefndanninidelusdmnduninlasnssuiumansinuuuemsuds laeldaduvdd 8. velezensis
wae B, subtilis 18na1du 111 1:2 waw 2:1 wuhduuqAusnasinimuavesmndnsdnuinman
lufudt 3 AanssuevlesTusfieauasAnssuoulaiorlmaauesnindoluwiaunduhifuindnde
AuvasTAuAugeaelutuil 3 WufefunaressuiugBunisaidiatomn lnsfogaisnsdn
1:1 wag 2:1 FRanssueulwsilusieannnidegsfisndru 1:2 usRanssueulvsiogluaanuin
foehsiidmdiu 1.1 Senwnnndhednedu fuduiadenninielusdaunduthiuiivingeqdunie
B. velezensis W B. subtilis Adnsau 1:1 \unmgmnyauvesnsliundada 2 aneugsuilu
nsudngauvdinslulefndnnnnidelusdarduninlaenszumunsuihuuvemauddused
WosUuRNs
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