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ABSTRACT

This research aims to investigate the appropriate conditions of citric
acid (CA) production by solid-state fermentation (SSF) of Aspergillus niger on banana
peel (BP) which was residue from food industry in a packed-bed bioreactor. The
experiment consisted of 1) studying the optimum initial pH of BP for the CA
production by conducting the SSF in 250 mL flask and 2) studying the effect of
aeration rate on the CA production by performing the SSF in the 1 L glass column
aerated at 0.1, 0.5 and 1.0 vwm. The SSF was carried out by inoculating spores of
A.niger 1x10° SPOres/Sury substrate ON the sterilized BP (60% moisture content) and
incubating at 30 °C. It was found that pH 5 was the optimum initial pH of a BP for CA
production which obtained a highest production rate at 0.99+0.27 mMg/8qry substrate/d.
The aeration increased the production rate of CA and the aeration at 1.0 vwm was
found to be appropriated for the CA production (3.66+0.59 M&/Sury substrate/d).  The
obtained optimum initial pH and aeration rate were applied for the SSF in the 10 L
packed-bed bioreactor (@ 45 cm, height 50 cm; bed volume 20 L). It was found that
jacketed packed-bed bioreactor which obtained a highest production rate at
5.7920.19 Mg/Sry substrate/d.

Keyword: Aspergillus niger, packed-bed bioreactor, solid-state fermentation, aeration

rate, citric acid, banana peel
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waudoa a¢ldnsndndnueiifiheguiliduana aunisiteldlumanannindein Tuilagdu Ae e
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2.2.1 dquusznaumaaivasiaannane

A15199 2.1 duUsenaunmaAtivewldannals (Gane wavAuy, 1993)

duusznou (%)

wis 31.3
TUsAy 3.2
\waglaa 3.1
\ellwagla 5.5
dely 13
Tal 3.7
NDF 8.9
ADF 3.8
anilu (ADL) 1.0

A1519% 2.2 drudsenaunnaaiivesdennaae (51Tl wazeny, 2556)

dulsznou (%)
an5dUNIIAITUOU 41,37
Aslulaiasm 23.44
\waglad 11.11
lulpsiau 1.06

2.3 ¥
2.3.1 L“‘lg'ila’i'l Aspergillus

o371 Aspergillus inaglundy Duteromycetes Fadunguidesiinuifivsaninznnsg
duitusuuulsiondome egslsAnuiiunsaneiusifisuuuy msduiusuuuademeluuisaning
Tnen1sas1sauas (conidia) ludlagtuanunsadaduunliuinnii 250 al3d nsdaduunidioslu
Juda Aspersillus T¥anwugn19dugIuIng) (@nwurusie) $1uAUIEnTIATIeITauInTg
(phylogenetic analysis) Ingl43500T7IneN Fa31 Aspergillus Sauvainuansuinlaedinadens
WU A.candidus W@ WU A.ochraceous @l U Aflavus, A parasiticus, A.oryzae @a L1
Aterreus Wugu arwuanutosviacg 9 LLamiug‘Uﬁ 2.3 Tnetas1 Aspergillus waiazvuinil
dnwazuasiny msadrsansiiv uay nahluldfusneeiuly Whsdl wu.d)
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fiane 25 *yJuaan 7 5u A) A candidus B) A. carbonarius C) A. flavus D) A. niger

E) A. oryzae F) A parasiticus G) A. terreus H) A. westerdijkiae
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Fos1 Aspergillus funumdmsulumsnanemsiiudiedudssmameiung Susen 3
unuszma 3u gy e war Suladide 1Judu venandudesanaiifunumdrdylunisude
wanSauifdawddmsonamnssuvatsniia Iiud oules uag nsadundd Wudu uazdndude
ngundniidaiuddylumsdudyesaaisaisin q luszuuing lasilanuaiuisalunisude
wulwilgvargeiiafioadvesnundosadvesiivlusssurfle (@aiw uarmne, 1.U1)
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osludifa Asperillus naneviin dnislduszlovidlugnaiunssuemis uas
weluladTanm eluwdnasilumadeiitaslunisnannansdaeiemns nainnaesin s3uansuan
ndunsE arsiumuelan Weoweuledvingg ¢

Aspereillus oryzae wag A. sojae L‘fluLs??aiﬂﬁﬁmﬂﬁﬂuqmmwmimmmimuma
amsse Ingldlunisuanleddmiunansoadavaes uazdnies wagisenuinde A gaucus, A
melleus, A. rapens Way A. candidus ﬁflutf'ﬁyaL%’ﬂﬁulumwﬁﬂﬂawaamzmmﬁjﬂu wonaniu 1§
eunsldUslevinmanaluladiinmessdies Aspergillus winsne 9 Vet (Whsil, wd.u)

A. carbonarius Tlun1sWanNInTATN

A. clavatus Tglun1sw@nans sarcins

A. niger [flun1suannsn@in3n nsanglalin uaznsaeenyan Tdluniswianeulesl
vangiln 19y ozluaa lawa wedua exlulangla@ina uazdu o

A. oryzae Wdmiumsniinuamunluuszmadu (katsuobushi) 1¥lunswdn
goatundes Wlunswdnann wulwsivdning q wu evluaa Wudu
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Telafl ms1zuinamsnarswestelailil conidial head fiflonguniniuasiuegesamuiuiu duveu
voslalatiaziiiu conidal head ¥alaunIwaraziuniu conidiophore 813 Lﬁu"laﬁuau%aw%agasﬂéi
pnsegnavs 4 Talailliomnslifidussdudnguinarsauiadiunaseslaladasiisostuadly
919119:0un98717 conidial head iledsdouagiizusanan Lifid Weflonguintuasdsududd
sUsenan wifufal  vdounnsenidu 3-4 uanudouinndn conidiophore fidnnaseu wavax
fee o Wutu lefis vesicle uay conidiophore Usnaiiazidiusesnendntios nifadeu dauannen
111 1 Tadums vesicle fsUsnaunieoudnenay sterigma Juequiita vesicle 7 2 4u g
gou conidia gUsnau fathmaseu nifsugusy (afie, 2540) feguil 2.4

a

JUN 2.4 fnuauziies) Aspergillus niger

. 5ﬂ19m31ﬂ1aﬁ‘17‘llw%ﬁyuua’m1’i Czapek’s solusion agar Lag
v. dnwnizlelaiiliionns Czapek’s solusion agar flgaungil 28 esALvaLdea
A. Conidial head §Us13nay witdusadvsounnidunanuaieuan (400x)
1. Vesicle 5Usnau i sterigma doet (400%)
7 ; Tariier (2540)

2.4 N3N
2.4.1 nMsudnuuuamsuds (Solid-State Fermentation)
Humsniingdunigiaiglasnslfiwesymaninuuduanm Ssldsuanuaulaiia
1ntu esenldndenud wasiindefifntutesniinmsvdnuuuemsmean Snre Seawnse
widgmdwindanainverszinnveds Ineundudvansndmsunisndaludomndieed
(Minyuan uaganiy, 1997) andunulunisudauagldiuilumsduiunstes uaz annisUdost
Fo navindstmngansunisniingdunidussiana Ssanunsaniayldluemamdnidudy
asdUszneutios maninuuvensudiddiuanuauladeniidefunnninisusnuuuemaman
fousiFBdesiiussavsuaifiodlaudlundvesnisudnndafusilutogtudad iy lunisldauds
widlvd Ao llasnsaeenuuuiazaiensusinludmiin Afvunelnglld Jamilunismueuiaded
L?‘isafﬁ'mﬁw??aﬁﬁwﬁﬁy U N13AIUANAIINTBU AAnTueludamsin (Kalogeris hagmniz, 2003)



2.4.2 NSWINUUBIMISIMAN (Submerged fermentation)
mandnUszinmilieqdunidevasyeguuduamsviiogluanuzasunaiBeduunaziu
nauFpINITAINTEEY luduamsnazUszneudmeasenmsidnluionsiedy  voudes) Fvluds

wiinazddmeiuey 2 wa Ao duiiduresvaiwazaruiiluuia Tunskantuaunsavila
pg19RLanila s UAUNISTUTNLUUDINTHTINA1U150 yMlaieawuy Batch Tunisuas

Jndudeslddiussguuinluglunisudn el undediuinuinuasldndsanugs ndaduanla
Fudusesitunsyuiunisnsesviseruiadsneu nendnsundmlngtuinazidudmanueansged
#38Nn3A (Kunamneni uazAae, 2005)

2.4.3 M5WUSEUEUTENINNISTINLUUBIMSUTILAZ NN SUINUUUBINI IR

- nswnuuuemsudamnsfuidesiitlasadsuuudule Wy A niger s1snsEUIUNS
winflanundefusssumaveadesmnaiansuin v van

- nszuaunsuinogldaaimdsldvnanisinunsunduomisudsdesundusvamsnyiming
Duunaadarnumsziasueusgludunasnnniinisminiuuemsmad

- msusinuuvomsudadunisndafifulinstudsndeuuinniienvisuen Taeilded fe
Tad1anannglfiuaundny LazannIsdsauTedUsaeN19IN15EAS (Brahmachari wazaa,
2017)

2.5 fandn

dasinidugunsalilddmiusesiunsinufiteniniinielu Ssamnsdiaesaninundesm
mennfiunzalliiuduedfansaldosndiaunarldldeaniauiionsiaiyniadanin lidee
Hugamndl Aranudunsn-daa (pH) USinmue iy nsazateveseentiau snanisiiueinie
Hudu nvaglasiluandunsinsguon dvannvangruinduag fusesuvesnisnan Janfiununyi
Fumsinduasndutanfinuniusenisianiou damuiduse mmmwwiaqmmnﬂﬁézj%%alﬁ
aunsavinmNazenlady Lazdeskineaiy (Nagel wazamy, 1992)

2.5.1 fandinuuuana (Tray Fermentor)

Smdnuuumaduiiedldiuemnsnanesidluiesy fofnsuarlugnamnssy s
wuuaInUsznausie andunsuldduan Iniinanunuilssanm 1.5 w39 2 1wufiuns (Arturo uag
ARy, 2011) ﬁﬂdauuﬁﬂ%ﬁwmﬂi’a@ﬁiﬁﬂ'@WLﬁﬂﬂﬁﬁ@L%aLLaxlmﬁmUﬁﬁ%mmﬁﬁu%’ummw 1ML
gnuulagiinismuruaumgiiunsidteniawuuunagn nslddmdnuuuaalugeamnssuiiven
fe Tunavsinlisndudemanfuseniminilidnnslindanudosuardauazain osmndiem
welulad witidodede fdnsnsldiuiiionimsgs iesanusazainussglégean 5 wumuns
mﬂvhmsl,ﬁmmmiaaiﬂmﬂﬁﬁu%fi@lﬁLﬁ@f]ﬁgwwﬁmﬁmmﬂ fie mudouavaufiuindu dwe1ndenis
aemANTaU (Byndoor uagmy, 1.4.U.)



p— 1 : o 4 S N

sUii 2.5 dmfnuuune
1: bioreactor, 2: air exit, 3: determination and registering of CO,,
4. determination and registering of temperature (digital thermometer),
5: saturated air entry, 6: column for saturation of air, 7: dry air inlet, 8: puree, 9: fans
7l © Arturo wazmmug (2011)

2.5.2 flansinuuunyu (Rotating Drum Fermentor)

Smdnuoumu Ussianidnuaslngimllezaenuwuulifominegluwuuoudugy
YISINTFUDN MYUTOVUNUNANTESTT agvi WiTszuutaoniide iRnnisuauiuegieisesduanm
wazannInyauldognssalud@ (Han, 1975) uarludonaiiusuiu (Baffle) iileviliusnduainsv
fuRdeiuuensanainiu (@377 uazAy, 2547) dainuuungy azdinmsiadeuiiegnstn el
FuawsmiAnnisagniadifuetsihisazanauidsmevesludideniden (Brahmachari, 2017) &9
AuEseuTesmInyutuiienldtu fe 1-15 seusioundt msdiduanmuszanadesas 10-40 w89
Usinmsfaniin Tnsmsuszneudeduammiifiouinoynadnduouwnn anutuludmiingdueg i
dunIdiianldlunismtn dmsinuuunyuiidnungddey 2 egs fe Msussyduamsmazussylu
wuey WednsvyuasyiliAenswauiu AduuuazinmsaudiieliiAnnsaomanuouiy
senienAfuguansy nsUsulslaensindriilanmuludausiundivess denswandiAty
Tnedmvsinuuumuited Ao dnsdemesndiaud nauldd Teide fo swaanaldonuazdua
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WInilani1ainn13553ungu (substrate agglomeration) ¥augnsEUIUNISULN (Krishna, 2005;
Matthew wagmaly, 2000)

58.50
30.50

91.50

6.50

130

- —_ — -~ -~ .-

Elevation

@ Bioreactor @ Opningdoor® Motor

Ul 2.6 Sawsinuuumy
#1111 : Abdel-Razzak (2018)

2.5.3 pavdnuuunnaun (Packed-Bed Fermentor)

favsinuuuunaiun aedfnvueiidunsinszuon suavesiiazduegtusssulunsly
1 dslusgaueslfUAn1sagvinuivsenatain kazlusenuanamnssudsyneIvaLauLaa
Wonununiy Useans nnlunisvianuasennls wasnunisinnseu (Lonsane uazAny, 1985;
Annunziato LagAMg, 1986; Pandey, 1996; Minyuan tagamg, 1996) maiu%ﬁmungﬁaiﬁ
9INARIUN RIS T o A ua s eidariive wWelkein At wdalulugminflie Snwaudy
duinsuazaueugavndl Wevhnsninlszsgniliinnnuouaray Jefesiinisannimdou 3
A%l Aennsldwdnvosnaiimudeu wu nnsldimaedulusnarslunariuudnfavdonuvie
99 wazn1slinisnieudeu wu msldwaauiewneinia LmeumL@iazﬁ?uhiﬂ’;iqamrw diatloatu
miLﬁmqmmﬁqaﬁu‘%nmviammﬁmaaﬂ LﬁaqmﬂqmmﬁmmﬂmLsﬁwmﬁugﬁuﬁaﬂ 9 dlolua
Wuvialnenisluavesarndneludwsnituvwnaunaglra lunafgInaon e i1 S RN ALY
ANAIBL (AP) fwLﬁumﬂ%UL“f]W@;JWWﬂsﬁ'amfNﬁwdwaymmwﬁ’ummmamaﬁaLﬁmmﬂmsw%zy
10498un3d waranufunnasousitstuannga vilianadldlasindusonandamtnyilng
Foviadielforniaiiuundu dovsnuuuuneawaiided Ao aruauszuUlisLazIAIgn Wil
Foidy Ao finsavaunnudeuneludu (@573 UWazAne, 2547; David wazAg, 2006)
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Air-outlet

o ©
(o)
O o
Ooo
(e o)

Effluent
Distributed air plate —{
Water recirculation outlet —{___) & %) Q

Water jacket ———

L3N
Q8

Y

Recirculation pump

Water recirculation inlet

]

[

s
[/
‘Q
o)

Influent

_’
@
>
>
&
>

Distributed air plate
s Airinlet

JUN 2.7 damdnuuuunalun
7+ Yen-Hui kagaay (2015)

2.5.4 dmdnuuungdaladiun (Fluidized-bed Fermentor)

fminuvungdladualasdrulnajasldiuluisiaiaiuas Vlnsiafidudonin
flendnsviufisenmaeiivesansniely Fmdn q svilegsneiu 3 wa Tnglumausn eulsiazsi
needeusaiisemvhuiisewad sdnfursdetuluradass dnduveamad uazasiingnou
Aindu waglumadiany mﬂaummﬁ%LﬁmLﬁu?\léuLmzayjuu%’juuuﬁasuawmmm (Patnaik, 2010)
fmfnussnniagldienievewmdwiutaguuindnifanusvondsdsud i duduanm
dmsumsuiiniimnuigigannneiianunsailvveudsassld sildusaduinnsuriuassoglufneg
yioveaviad Inefided do guuniludminiagAeudravintuashianslunn 4 duns aun3sd
Fasmsemalumsmels awnsassalen Liinanudeuavanneludming auisasniuauly
nszuIunssoiilels (Brahmachari, 2016)
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BIOGAS T

pH and Temperature
Probes

l Efﬂuent

Low density
polyethylene media

I|l
€

TR pC— UAF

) ;T Influent

Ui 2.8 dmfnuuuiigdaladiua
11 : Rajinikanth LazAag (2009)

2.5.5 QaUINKUUNIU (Stirred-tank Fermentor)

davsinuuuniu Hudmsihafinrmedieedafiodaminuuungy uingludminagd
Tumu videluga [dwiunauduamsumumsvguiadenin Savidlunuassaeyiilfufzonnelu
fanududunarguuadfivindu Snisdmedfiniuifslunsmemeruoussainduansm shld
flonnianielumgs mammmmwumummﬂiaumsm‘ummmLLuwmumwmLmeummaa
vsspduiEnsrldunnidamsinuuuman uenaintinisniu fuflssuunuivesiandnasasanaau
Souazanlls vilvidamsuounududmsinffonldnulussfuenamnssumsviinuaziduivensu
YBINTLUIUNITNTIINGT e FUNISTEAIUANFINUTHNS 9 AidBanisazfny 1 A1 pH
gaumnionna Shsnsineinia n1sthulay wesnsnduansm fded Ao mafinmsuuiiouan
aeuen uagn1snaneRuivendon uarszoznanlunismindu walldeids fe arldarelunns
ANLUGS nalumssiFouazyheuareadiuy (@313 wasAny, 2507; Germeca LazALE,
2018; Garcia-Ochoa tagaty, 2011)
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ey Impeller

Sample port

it pH Sensor

/’?

> Oxigen Sensor

> Impeller Blades

] Oxigen Supply

JUN 2.9 dandnuuuniu
137 : Lucas hagang (2017)

2.6 NMSHAANSATAINIINAITUINLUUD NS
Minyuan wasaniz (1997) lnisdneisatunisuinuueimsudlaenisldidos Aniger
dMTUNINEANTATAIAINTUNIU ﬁmsaaﬂLLUULLazﬁTWLﬁum{Lué’wﬁﬂLLUULLWﬂLUﬂUﬁwma%u
[Wefnwinsagimuag uaznseigmanmdeusenintsnimminainsTeufisudminuuuune
wavssgastuiufminuuuunaiuaussetuden Tnsdiduanmimiiouty sauisdnnsnnata
nMaBsuulasueaufansuaulaeanlsd nsadedn uil LagnaaIauandeonnisludminuuy
UNALUAUTIIVATETY
Seyed wagAny (2007) MANHINALNENITATUANAIINUANAIIVBIQUNAT VOITUALATNLAE
Ay Tnensifnorniadnfogumgling 9 wagasivavesenmerislufminuuuunaiuaiilaid
dwaaduluniniie uarmdnuuuumauaifdwaoduluinbs mmeaedldmiiunisnielud
wiin 1 Ansfusspuaduidnuasdon A niger fnsiavsmaufasendaulueiniauieen
punndvanun unzmislvavesennmaiiivadn Sminiaesuszny nanssnutesnagnsnIsAIUAN
Snnaaigueadenildgniieudsuiludminiiaesuszinn nuanisvaaes Sminiuuune
waiiidwaeduluwiafadunagniiiinidmiuniseuaugumgiivaganuduresnisuiinuy
ownsudanuuunan mslfeantiauiiazanludminiuszana 1.7 wh aganinnisauaudu 9
Minyuan wazaaiy (1997) ladnwinisldduninu Fadufivsndifinisdvinegraninewancdy
Thiuausunldfuduamsndmsunsuannsndninlngldides A nicer lumsmsinuuenmsuds e
ﬂizmumﬂéf@f’]LﬁumﬂuﬁwﬁmwuLLWﬂLuﬂimaifmﬁfﬂsuaqmﬂLﬁuﬁumiﬁd”]ﬁ@ﬁqﬂiums


https://www.researchgate.net/profile/Otavio_Bravim
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Aelaaninnisldauuieedng lwu ﬁuﬁ’mmmaumﬂ Fadumstufimsaiyveadororadumsz
Aududou 1nMsinszinisedeulmussssuunandiifiuinausanannsndninnielud
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-4 ad
gUnIaluazisn1maaas

3.1 Janaunsaluaziasasiia
3.1.1 749

1) 931 Aspergillus niger
2) Wasnnalgvey

4 ﬁ']'imll
- ﬁj’]ﬂé‘)u
- Sulfuric acid (H,SOq)
- Sodium hydroxide (NaOH)
4 ﬁmél’u
- Potassium bisulfate (KHSOg4)
- Sodium nitrite (NaNO,)

- Ammonium sulfamate (HgN2SOs)

)
3) ¥anAaes Citric acid assay kit
)

- methyl -2- benzothai zolinone hydrazine hydrochloride (MBTH)
- Iron(lll) chloride hexahydrate (FeCls « 6H,0)

- D-(+)-Glucosamine hydrochloride

- Potato dextrose broth (Difco)

- Agar (Difco)

3.1.2 gunsal

1) 3in

2) 1389
3) NIILNT
5
6

)

) NEazily

)
7)

)

)

Q‘Wﬁ’]ﬁmﬂ

ﬁ

ik
8 ﬁ
9) eatitlounea
10) Yousnans

11) 9IADIMNSLAYUTD

nnes

&

12) winde e

13) uwrawiamaey
14) aginesueanaged
15) ‘\HULWW%L‘%’&)

16) ngUN



17) Wnfiow

18) wunM

19) AINT999INA
20) @ee19Talau
21) Tuana

22) anegililyy

23) ALANAIN

24) pniegiliiley
25) galau

26) 13on

27) dadanstn

28) thuogiidieldTne iy
29) fiAuduansy
30) gadlofualusou

9

31) 1129ANAABY

32) Waudneans
33) ATWNSIUEN

34) ASTUDANIN

35) WASLAINLARIS
36) ALING

37) NTIUNTDALIUN
38) NILMIYNTOY

)

39) WISWAY

3.1.3 1A3994D

1) 1A3BINUSIN U BNTLIU
2) A9 ULIAILULNIA (Tray dryer)
3) LASDITIUMUNNALY 2 FLAU

=

4) LATDITIUNMUNNADYL 4 LIRS

)
)
)
5) wiiaillathussdugs (Autoclave)
6) w3neinnudunsnaig
) lulastiun
) fasnde
)

1
=1

VLU

.
8
9
10) lsmilmes

11) 3o 9y

[ o

12) RN UULNALUA

=SS

o3

1%
v o

13) dshAuRLgUnail

16



17

14) ipfonhmusou Ginod)

15) ipfonhmnaniu @aiaed)

16) Wwuwasinguunil

17) 5'amuammwdgu

18) 130ty

19) Jara

20) LA3BIMIUKALLALLVIIMANNIUANS

21) Lﬂ‘%aﬁ@ms@ﬂﬂﬁuuawaqmi (Biochrom Libra, 512)

3.2 2on19aHuuIwY
3.2.1 33NN5IASEUTET AN
Fmsiwsenemsiasaielasld PD (Potato Dextrose) luamumizidie 24 nfu uay Agar 15
n$u wuhnduldiiusuansvanan 1,000 fadans aﬂﬂﬁuﬁﬁlﬂmL%@Imi{fﬁﬂaﬁﬂiaﬂfﬁLLiaéﬁ’um
ammm 121 ssrwala Wusvarna 20 it wesaslusumis@osuemsudein 3ainis
AT 0R UL mﬂuumlﬂmuiumummmmammm 30 peAgALY e Wuan 3-4 Tu
¥msiivavedlasiinduiivhnissidonds tavlsuarudududu 1x10° aUedroliadans

3.2.2 NSATPUGUSAITNAMTUNITNIN
Tunuideilfivdenndaeveuduivamsnlunisvin (rmdufesas 9.68 lUsiudosay
7.72 lusiuferay 4,13 elefavay 10.26 wazidhiesay 14.36) wunm 1x1 mstasufns tiuden
néeanauLTafEIAT st UAA igmgdl 80 sseniwaidea uszaviaa 3 Fls wédrthan
Usumnutuduiesar 60 gruden lnslduindy vdsndutinlusng elnsudiefivlovussiuged
gaumgdl 121 earnimadeaifusyzing 20 i salilidusunsevisgamyfivesduaimsvanasauds
gaungiiviesundrFamanide Aniger adluduanm

3.2.3 nsAnwnavasmtevSuduvanUdonndienanisnannsndnsn
FnsAnwiionta pH Suduvesduamny IﬂaﬁwL‘Uﬁaﬂﬂé”aaﬁmwamt,é’aﬁ’ummﬁuﬂsm
#19°) A pH 3 4 5 uaz 6 mmaﬂﬂiummﬂww mmwm‘v\ammu 30 serwalded WWuan 5 au
feuvinsiiudiegiefuas 1 99a aunsEinsue 59U Lwamlﬂamsﬂ LHNISNAANTATASA 1l
audunsa-ansduduvenudenndreiviili A niger ausondnnsn@n3nlagsan udaunluidusy
wUsTunsudnlugminuuuinaiunsely

3.2.4 N1SANYINAVBIDNTINISHANDINIARBNISHARNTATASN
MN13ANBIN13918098N1MLIRNTINITALDINIARN 9] WUINLNIINEANTATAINTIANAULAENT
T¥dnsinsiiuenn1e 0.1 wm aziduanienoinianislutiesuindls WeuiuUSuIuguaLasy
Hau 0.5 wm 9zUNITAS19aN1IZNTDIN AN EIASINTIVDIUSUIUTUALSY d21 1.0 vwm LU
I a cl'd a 1 U a o I d'd
Wun1siiuenniande1niemisunnuusuiaduansy wag 1.5 vwm agiduan1izndennianiglu
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11ANINUSUIUTUALASN 1AgLAMRUNTT WU U NMUUBALES 190N LU ULNALUALLNNSANAUA
JSunaenaN s

3.2.5 NSANYINITNAANIATAIN LUAIMINLUUKNALUA
Slevihnsinvannismeasadeduandaudunsa v (pH) vesduawmsn newsurh
mMsniin uazdmsInsiineMAndsnsinsrannsndningianavinniduiuls fazthanldlunis
wiinludmiinuuuudniie leedinsaivaueamgiiniglu 30 esruwades vinisulinduszesiia 5
Ju WngluwsazJuvesnisudn azvinisguiiuiegiesuszana 25 n3uy dethluinautiu nisudn
NIATAIN LLazﬂ’]iLﬁﬁyj‘UﬁNL%@ﬁ
3.2.5.1 N199ONKUULAZASINEININ
damdnuuuunaun Taedatanzrinnneglienmsizlinnuuduss  dawnsonuse
msfanseulalusziunis flanwamisolunsiiaimiougs uasiisingn 1esneiniasou
aeluazegiiduuuesdgs 50 iwuiwns nine 45 wuimns emzgndoudimaiuansweds
r;huvias?jﬁiﬂuﬁﬁwmﬁLnglﬁamzmammﬁiﬁﬁusﬁ’uamw I T TR LT R YAt BERE T
Fuansn dlesveziavesnisminiaullasinautusazaiuSouasan e desiuldlinuty
melufminuasu Feseenuuuliduinuansimnuduieliinnisseueildneludmin waed
nshnsadninfiossuneeudounisluds aruinauininaiinsinsauiuitedesiunis
femanuFouIndunaden Nubsuuuresdazivenioiiudioginiluiinszsidegun 3.1

[y

JUN 3.1 aunvestaiinuuuwnAUAkUUTTLANAnYe 3Tl
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3.2.5.2 nM3AIvANgungiinelug
lavinsAnwrinneludedanudouazannieluds Jeladnisanaiudou laensly
Juaudsunns 7 ansreund dsanunsaruialdainaunisit 3.1-3.3 uaztunreviosnsdalaund
ihlundefuiignmnd 25 ssmwadeanntuiviedlausodlulufduuenifioanauiouazan
nely éﬁgﬂﬁ?‘i 3.2

= Y,
= ¥ = J 090inuuulnaue

SAILHDT

a L3
N3 |

|
| pa |
awwos —

10.2 luasou |

! YAUTUAINLAY !

) Al 20200 \ X

+ B 8 8K

Tawas
0.2 Tuasau

YaUTuANLTY

(@)

5UN 3.2 yadmdniuuunaLun
(n) Famsnuwuulidudnde () dainwuuiininie
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3.2.6 nMnaasnIsuiniuaannderesludminuuuwnaAn

Tasnsenwinismunugumgiineludmsinanmsiisuiiisussninsdmifnidnisaun
ol @udniin) uazdmiinilifinnsavaugamg (ufludnide) Tneld  dmshuuuunaiun
USums 20 dms dmsuussyduamsvdiums 7 ans donsinsifineiniaazaiaudunsa fie 1.0
wm 1ag pH 5 AaI6y Amududureutes A.niger WiniU 1x10° @UosAanSutuaLATNLIAY ¥
msnsindigumgll 30 ssrwaiea Wuszoznan 5 Yu uavduiAuiiogiamn 24 $alus iievinns
Aengiuiinunsadainiiderannsondald uastufindnvuzreadon nuieiaTuauia
pondauludmiin

3.3 MSAATIZYNE
3.3.1 N159USUUNIATAIN
¥nsifusnegnaun 5 0% wdduinauliun 50 fadans vnswavansiunan 60 und
wdilunses nudluinuTnunsndaindesanaaeunindnin Citric acid assay kit 783U39w

Megazyme

3.3.2 Mmyiannuiy

ynIafudie8 LA 3.0000-5.0000 n§u Meedestuimifnvadoy 4 funls vdsndu
ihluidouanfeuiionmai 105 ssnwaidea Wusrovian 3 §alus viieauniniudnesil 9ntu
iiegfiihunisevidasndsluniesddluidnaiuiognisdsuiamesiminivisluves
AIBE9NBUBULALAIBENIRIBU

3.3.3 m3faUsuaauiillanaanudeunielud

yhnsnsaesluduilateguuadiiviualanawesduamsviasdids ilensaaaauin
guvgiiadefiintu a duvtsiudiawilug vnduashnsdmaudiaugauieusiuvesds

3 Y
U lﬂl

ANENNTITN 3.1 3.2 LAy 3.3 (Hsu wazagy, 1991)

Cosm = (Cp,mmmﬁqmmgﬁm?a x ANV + (Cp,LLWﬂLU® x AYUTU) (3.1)
Counpun = 418000406 + (1.46 x 107 x T,4,) + (0.203 x AwIT)
& 2
- (2.69x10”°x PRy )] (3.2)
g C,  fe Anuganuiou (gadenlaniuesmivaldoa)
T Ao gl (e Laalye)

i lumUsuiasaulaanusunaenusounanasngludainduanuseunaulasy

My XCp g X (Tigly TV/1840) = Py X Vo, X Co o X (AT/1440) (3.3)
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e M #o wasaluds @ne, duamsm, 1) @lansw)
T fio gumpiifidesns (esrmiwaidoa)
Dy P8 AEMUIMLLYEIRNIAT 25 Barwadua (Rlansudodns)
Veu P9 USU05AY (B019)
Commn B ATBITANLTOUIUNIZYRIINAT 25 BerivaLTea
(yasionlansuesmiealtys)

b

a

AT Ao guMNMLTY - aumgiiennie (eamgalTes)

A ¢

1440  fp wilunilaty

MnaumMsteduzlauTiinsema @ns) taunsoangamiineludeseninenssuiuns
niinla



uni 4
NANISNAADY BAaZIATAUNANITNAADY

4.1 NavaIA1 pH BuAUVRIUAINNAIWABNISNANNIATAINVDY A. niger
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9N3UN 4.1 wudfiannzanudunsasuduwingu 5 SUsuianisuannsadnsngiigaluiug 3
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Bioresources and Bioprocessing

Using Banana Peel as a Substrate for Citric Acid Production by Aspergillus niger in an

Air-jacketed Packed Bed Bioreactor
—Manuscript Draft--

Manuscript Mumber:

Full Title: Using Banana Peel as a Substrate for Citnc Acid Producton by Aspergillus niger in an
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Abstract | This. reseanch aimed o investigate ihe appropriate conditions of diric acid ({CA)
| production by the solid-state fermentation (S5F) of Aspergillus niger { A niger) on
|Banana peel (BF) in 3 packed bed bioreactor (FBB). Firstly, the optimum initial pH of
|the EP and the aeration rate-were studied by conducting S5F in a 250 mL flask and 2 L
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Abstract

This research aimed to investigate the appropriate conditions of citric acid (CA) production
by the solid-state fermentation (SSF) of Aspergillus niger (A. niger) on banana peel (BP) in
a packed bed bioreactor (PBB). Firstly, the optimum initial pH of the BP and the aeration
rate were studied by conducting SSF in a 250 mL flask and 2 L glass column, respectively.
It was found that the initial pH of the BP and aeration rates affected the CA production.
The results showed that the initial pH of 5.0 and 1.0 vvm aeration were appropriate for the
CA production of A. niger using BP as a substrate. The problem of heat accumulation was
found when applying the optimum condition to the SSF of the CA production in the 20 L
PBB, which caused a decrease in the CA production compared to that of the glass column.
The air jacket constructed to the PBB to remove the heat during the SSF helped increase
the CA production from that in the PBB. The maximum CA production in the 20L air-
jacketed PBB was 124.0+19.2 mg/gdlry Tt

Keywords: Citric acid, Solid-state fermentation, Packed bed bioreactor, Aspergillus niger,
Banana peel

Introduction

Banana is an important economic crop of Thailand. Various forms of production of banana
products have resulted in their residue. One of the residues is banana peel (BP), which is
generally used as a raw material for compost (Elnour et al. 2015) and animal feed
(Tchobanoglous et al. 1993); moreover, one banana contains around 40% of peel as a
residue (Haryanto et al. 2016). In addition, many researchers have studied the uses of by-
products or residue from agriculture and food processing for citric acid (CA) production;
for instance, the solid-state fermentation (SSF) of peat moss (Barrington and Kim 2008) in
an aerated glass column yielding CA of up to 12.4%. CA has been applied for various
functions in many industries; such as, a flavor enhancer, blood preservative, and anti-form
agent in the food, medical and chemical industries, respectively (Kuforiji 2010). Even if
the fermentation of CA has been conducted by different methods; such as, a solid-state,
submerged and surface (Show et al. 2015), most commercial CA production has been
produced by a submerged fermentation of Aspergillus niger (A. niger) due to the easiness
of the parameter controls in spite of the high costs of the construction equipment and
support to continue the process (Mienda and Idi 2011; Pallares et al. 1996; Kumar et al.
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2003). However, many research studies have evidently shown the suitability of SSF in CA
production over submerged fermentation (Leangon et al. 2002) and suggested that SSF was
useful for CA production from agricultural and food wastes. Karthikeyan and Sivakumar
(Karthikeyan and Sivakumar 2010) produced up to 18% of CA by the SSF of A. niger in a
tray fermenter with a 2 cm thickness bed of BP, which its optimum initial pH was 3.0. In
contrast, Abdel-Rahim and Arbab (1985) reported that the fungal spore germination was
suppressed at a pH lower than 3.5. Recently, Hou and Bao (2018) found that the
requirement for oxygen in the SSF by A. niger proved to be satisfactory for the production
of CA.

The purpose of this research was to study the appropriate conditions of CA production by
the SSF of A. niger on BP using a packed bed bioreactor (PBB), which oxygen could be
supplied by aeration. Even if a PBB was simple and cheap to operate, a method to remove
the accumulated heat during the SSF, which was a main problem (Pandey et al. 2008), still
required a scale-up. Many researchers have conducted studies to remove the heat and
control the temperature during the SSF; such as, using an internal cooling plate (Mitchell et
al. 2006), injecting cool dry air together with moisture (Gutiérrez-Rojas et al. 1996),
covering the PBB with a water jacket (Shojaosadati et al. 2007) and dividing the bed into
multilayers (Chysirichote 2018). This research also examined removing more heat in the
general PBB by constructing an air jacket to the PBB to improve the CA production.

Materials and Methods
Preparation of the banana peel

Banana peel (green with a yellow trace) supplied from Lankathitong Company, a banana
supplier for the food industry, was cut into 1x1 cm? and dried at 80°C for six hours. Then,
its moisture content was adjusted to 60% w.b. by 0.1 and a 1.0 M H2SO4 solution at
various pH values to achieve the desired pH of the substrate. The banana peel was
sterilized by autoclaving at 121°C for 20 minutes before SSF. To study the optimum initial
pH of the banana peel, the pH was adjusted to 3.0, 4.0, 5.0 and 6.0, respectively. Then, the
obtained optimum pH for the CA production was used to study the effect of the aeration
rate on the CA production. Acid degradation during thermal sterilization causing an
increasing initial pH of the BP (Babitha et al. 2007) was avoided by studying the
relationship between the pH value of the H2SO4 solution obtained before and after the
thermal sterilization at 121°C for 20 minutes. The pH value of the prepared acid solution
was calculated using Equation 1 (refer below) to achieve the target initial pH of the BP for
the SSF.

PH value after thermal sterilization = (1.108 X pH value pefore thermal sterilization) (1)

Preparation of the spores of A. niger

A. niger ATCC 16888 was cultured on a potato dextrose agar (PDA) medium and
incubated at 30°C for three days then the spores were collected by sterilized water. The
number of spores in the suspension was counted using a hemocytometer under a
microscope (40X magnification). The concentration of the suspension was adjusted to 108
spores/mL.
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SSF for the CA production

Prepared banana peel was mixed with the spore suspension of 1x10° spores/g dry substrate.
The mixture was then placed in three bioreactors (250 mL Erlenmeyer flask, 2 L glass
column and 20 L packed bed bioreactor) and incubated at 30°C for five days. To conduct
the SSF in the flask, a 25 g mixture was put into a 250 mL flask (five flasks for one test)
and closed with cotton balls. During incubating, one flask was selected every day until the
fifth day to analyze the CA production. Then, the optimum pH of BP obtained from the
SSF in the flask (pH 5.0) was used to study the effect of aeration rate in the 2 L glass
column by placing a 300 g mixture in the 10 cm diameter glass column (25 cm in height)
and aerated with 30°C of sterilized air from the bottom at 0.1, 0.5, 1.0 and 1.5 vvm (refer
to Figure 1). About 25 g of the fermented solution was collected every day until the fifth
day to analyze the CA production. Furthermore, the oxygen concentration of air in the
column was monitored during the SSF using the oxygen detector (Model SAO2-100,
Bestone, China) set in the column to prevent any interruption during the sampling. Also,
SSF was conducted in a 20 L packed bed bioreactor (PBB) to study a feasibility to apply
the studied optimum initial pH of the BP and aeration rate in the larger bioreactor. A 3.5 kg
mixture (pH 5.0) was placed in the bioreactor (refer to Figure 2) and 30°C of air was
forced from the bottom at 1.0 vvm. Temperatures at the center of the bed and at the outlet
of the air of both the PBP and jacketed PBP were monitored during the SSF using the
thermocouples Type T (1.5 mm diameter) connected to the data logger (Model 34970A,
Key-sight Technologies, USA). The oxygen detector (Model SAO2-100, Bestone, China)
was used to measure the oxygen concentration in the bioreactors during the SSF.

Design and construction of an air-jacketed packed bed bioreactor

The air-jacketed PBB was made of aluminium (0.3 mm thickness) due to its strength and
high heat transfer coefficient. The 20 L double-jacketed was designed to contain about 7-8
L of the substrate for the SSF (refer to Figure 2). The height and diameter of the external
jacket were 50 and 45 cm, respectively whereas the internal ones were 30 and 30 cm,
respectively. SSF was performed in the internal chamber. The temperature of the air forced
for the SSF was controlled by passing the air through a 50 cm copper tube immersed in a
30°C water bath before passing an adjustable gas rotameter (Model K-1011, Nitto Denko
Corporation, Japan) and a PTFE membrane (Millex®-FG, Millipore corporation, USA) for
sterilization. Additionally, the air was forced to the substrate through the cone to achieve
the uniformity of the air velocity through the substrate. A polystyrene insulator was
installed at the internal surface of the external jacket to avoid the heat transfer between the
surroundings and air in the jacket. Since the air in the jacket was used to absorb the heat
generated during the SSF in the PBB, its temperature was adjustable depending on the
temperature in the PBB. The temperature sensor measured the temperature of the outlet air
of the PBB connected to a temperature controller (Model EW-988H, Ewelly, China),
which set the point at 30°C and commanded a heater (200 watts, Sobo, China) to heat the
air to a temperature of 25°C before forcing it into the jacket.

Analysis of the citric acid

Citric acid was extracted from the fermented BP, which was known for its moisture
content by the modified method of Karthikeyan (11). A 5 g sample was soaked and stirred
in 50 mL of deionized water at 150 rpm at 22°C for one hour and analyzed using a
Megazyme citric acid kit (Megazyme International, Ireland) for the citric acid
quantification. The consumption of the nicotinamide adenine dinucleotide (NADH) was
spectrophotometrically monitored by detecting the decrease in the absorbance at 340 nm
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by using the UV- visible spectrophotometer (Model Genesys 10S, Thermo Fisher
Scientific, USA). The CA production was calculated and reported as milligrams in one
gram of dry substrate (mg/gp;).

Results and Discussion
Effect of the initial pH of the banana peel on the citric acid production

Figure 3 shows that the highest CA production was obtained in the SSF of the BP with the
initial pH value of 5.0 at Day 3 as 34.6+2.9 mg/g,, which the highest rate was found

between Day 2 to Day 3 as 24.1+2.1 mg/g, /d. The citric acid production was the lowest

when the initial pH of the BP was lower in contrast to the results in the submerged
fermentation (Lee et al. 2005) using sugar as a carbon source. However, Lingappa et al.
(2007) suggested that the initial pH of the carob pod extract for the CA production in the
submerged fermentation was 5.5, and the production decreased as the initial pH of the
medium decreased. The types of the carbon sources were able to be more important than
the initial pH since most carbon sources in the BP were polysaccharides consisting of
cellulose, hemicellulose and starch (Emaga et al. 2011; Wachirasiri et al. 2009), which
required specific hydrolytic enzymes. The CA production in this research was the highest
at the initial pH of 5.0 since it was suitable for the activities of cellulase, xylanase and
amylase/glucosidase (Naseeb et al. 2015; Ncube et al. 2012; Chimata et al. 2011;
Gutiérrez-Rojas et al. 1996), which were essential to obtain monosaccharides from the BP
for fungal metabolisms. Furthermore, the importance of the glucose supply rate was
mentioned in the study of Wang et al. (2017). Moreover, Lopez-Malo et al. (1997) reported
that the optimal pH values for the germination of A. niger were acidic in the range of 4.0
and 6.0. The optimum initial pH of BP (pH 5.0) obtained from this experiment was used to
study the effect of aeration rate on the CA production in a packed-bed type of bioreactor.

Effect of the aeration rate on the citric acid production in the 2 L glass column
The CA production shown in Figure 4(A) indicated that the CA production in the SSF with
1.0 vvm was the highest at Day 3, as 133.1+11.8 mg/g Was slightly higher than that of

0.5 vvm (120.0£7.4 mg/g,.). This greatly decreased when the aeration increased to 1.5
vvm as 53.2+6.0 mg/g,, because the moisture content of the bed was reduced since Day 1

to around 55%, which was suitable for fungal growth but inappropriate for the CA
production (Pallares et al. 1996) (refer to Figure 4(B)). The excessive aeration caused the
insufficient CO, for pyruvate decarboxylase to have importance for citrate formation (Max
et al. 2010). The lowest CA production found in the SSF with 0.1 vvm showed that this
level of aeration could not supply enough oxygen for the tricarboxylic acid (TCA) cycle or
CA production because the oxygen concentration was reduced below 15.0% (refer to
Figure 4(C)) while the other aeration rates provided around 18.0% of oxygen in the
bioreactor. In addition, this was not sufficient enough to remove the CO2, which was
detrimental for the citrate and biomass production (Mclntyre and Mcneil 1997).

Scaling-up of the CA production in a 20 L packed bed bioreactor

Both the obtained initial pH of 5.0 and aeration rate of 1.0 vvm were applied for the CA
production of A. niger in the 20 L packed bed bioreactor (PBB). Figures 5(A) and (B)
indicated that even if the oxygen supply and oxygen concentration in the PBB were the
same, the CA production would be different. Furthermore, the decreasing CA production
in the PBB was found compared to the result in the glass column (refer to Figure 4(A)).
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This occurred due to the accumulated heat during the SSF leading to the increase of the
bed temperature (refer to Figure 5(C)) presenting the temperature of the bed to be 42°C at
Day 2 or an increase of 12°C from the optimum temperature of 30°C. Installing the air
jacket around the exterior of the PBB (air-jacketed PBB) to solve the problem of heat
accumulation decreased the rising temperature from 12°C to 7°C and slowed the
temperature increase from Day 2 to Day 3. Consequently, the maximum CA production in
the air-jacketed PBB (124.0+19.2 mg/g,¢) on Day 2 was much higher than that in the PBB

(54.9+7.1 mg/g,¢) on Day 3. Moreover, Figures 5(A) and 4(A) showed similarities

between the CA production in the air-jacketed PBB and in the glass column, respectively
since the SSF was conducted with the same conditions (initial pH of 5.0; 1.0 vvm). This
clearly indicated that the main factor of scaling-up was the temperature control. In case
that the bed temperature could be controlled, the conditions of the initial pH of BP and
aeration rate were suitable for the CA production of A. niger on the BP in larger scales.
The air-jacket construction was an alternative way to increase a heat removal from the bed.

Conclusion

The optimum initial pH of substrate and aeration rate for citric acid (CA) production of A.
niger by solid state fermentation (SSF) using banana peel as a substrate were pH 5.0 and
1.0 vvm aeration which were studied using the 250 flask and the 2 L glass column,
respectively. The initial pH of banana peel and aeration rate which were obtained in this
research were used for scaling up the CA production in the PBB in case that the
temperature of bed was not over than 38°C.

List of abbreviations

CA Citric acid

BP Banana peel

SSF  Solid state fermentation
PBB  Packed bed bioreactor
DS Dry substrate
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315  Figures and Figure captions

316  Figure 1 SSF in the glass column.
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319  Figure 2 Design of the air-jacketed packed bed bioreactor.
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322  Figure 3 Citric acid production from the SSF of different initial pH of the banana peel.
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324  Figure 4 SSF of the banana peel in the 1 L glass column at different aeration rates. (A)
325 citric acid production. (B) moisture content of beds. (C) oxygen concentration.
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334  Figure 5 SSF of the banana peel in the 20 L packed bed bioreactors at 1.0 vvm aeration.

335 (A) citric acid production. (B) oxygen concentration in the air inside the
336 bioreactor. (C) temperatures of the bed and outlet air in the bioreactors. PBB
337 represents the packed bed bioreactor.
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