F1891UN1TIgatuaNY ]

nsMsNUsEanSnwAlsai1ensalu Quick acetification process A28n13
asuvaanuanGyazdnnalalauiulu Packed-bed bioreactor

Increment of acidification efficiency in Quick acetification process by
immobilized acetic acid bacteria with luffa sponge in
packed-bed bioreactor

UNBIT1AL AgEs

lasunuativayuuIBaInNRusuyssnnauuay UsednUsuussana 2560
ARIZAAEIMNTTUNEAT
donduwalulagwszaaunadnaammiTatanseus



ddiavieauanall NIZIBNIAAIAIANTST

swmumﬁ%’aaﬁuaajgiﬂ

nMsNMSUUSEANSAWN1SES19nsalY Quick acetification process A78N13
= 4 = aa Y b,
psuwaduuafisuasdinaelaululu Packed-bed bioreactor

Increment of acidification efficiency in Quick acetification process by
immobilized acetic acid bacteria with luffa sponge in
packed-bed bioreactor

a ]

UIIA AFES

RCH
3&93 250 i b...12880732...
mmwn:uu;l'.l.g..s..g.?:?: , (ET—————

Sudou D...o4. 80,2561
‘lﬂ‘sunuauuaqumuﬁﬁﬂmnL?auwﬂ'szmmmiuﬁu UseanUeuuszunan 2560

AZAAFIVNTTUNEAT
gortumalulagnszasundndnaamnsalanszUs



a a = 4 . o p. .
Folasenis (wilng) A1snstinUsEanSninnisas1eansaly Quick acetification process fiag
=5 3 = s oo o .
Asesugasnuaitseasdindneleululu Packed-bed bioreactor

IV NI JUUTBLNQILHUAY
Uszantdauussanad . 2559 ﬁﬂmuﬁuﬁlﬁ%’umiaﬁuauu ___________________ 394,000, UM
SEHL@ WISl 1 GﬁgdLm____ﬁmﬁy__Z_S.S.B____m ___________________ AU 2559
FntlATING IA.ATITIIA AFEN

anvwalulagnisndnlugnanvngsy AMEYRAMNTILNYAS
antumalulagnszaunaningummsannssds

UNAAED

NTEUIUNTT Qu|ck acetification Lwamammﬂumm} gl packed-bed (PB) bioreactor wu1a 10 Gn3 fidoude
mevanfusafuthwinuwnn 10 ans (Bmesiwiin 5 3ns) fiimslfernidnsenatldiantues Senssuui
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Research Title: Increment of acidification efficiency in Quick acetification process
by immobilized acetic acid bacteria with luffa sponge in packed-
bed bioreactor

Researcher: ... Assoc.Prof.Dr. Warawut Krusong
Faculty: . Agro-Industry ... Division: Industrial Fermentation Technology.....
ABSTRACT

Quick acetification process (QAP) using 10 | packed-bed (PB) bioreactor connected with 10 | external
aerated fermenting medium (EAFM) container. 5 | EAFM was continuously aerated. This developed process
was called as packed bed-external aerated fermenting medium (PB-EAFM) system. Preliminary study in
determination of oxygen in the system, the volumetric oxygen transfer coefficient (k,a) of EAFM was
measured within three levels of aeration. The aeration at 6 min provided k;a at 0.092 h" which was not
significant different from at 9 | min” (p = 0.05). Then, recycling rate of EAFM in PB-EAFM system was
determined and found that the hichest ka (0.078 h') was obtained at 0.09 L min". Furthermore, the
acetification in PB-EAFM system using the adsorption of acetic acid bacteria (AAB), Acetobacter aceti WK,
on the surface of luffa sponge matrices (LSM) as LSM-AAB was investigated. The optimum conditions were
investigated consisting of (1) 3 L (by volume) LSM; (2) recycling rate of EAFM in the system at 0.03 | min”
and (3) aeration rate of EAFM in the container at 9 | min . The medium for acetification was constantly
controlled at 80 g (" total concentration consisting of 45 ¢ \* initial acetic acid concentration and 35 g g
initial ethanol concentration. Results showed the high cell in both LSM (0.00165 ¢ (") and plactonic cells
(0.00091 ¢ 1 causing in high acetification rate (7.67+0.001 ¢ U'd ™). To prove the efficiency of the system,
nine cycles of semi-continuous acetification were conducted. The high average ETA (8.94+0.1 ¢ 'd™) and
average biotransformation yield (51.5%) was found. Interestingly, the acid in each cycle was produced
quickly within 2 d. Moreover, results of SEM images showed high amount of A. aceti WK cells in both LSM
and EAFM. It indicated that the PB-EAFM system using LSM-AAB was an effective QAP with low investment.
It was suitable for acetification in semi-industrial level.

Keywords: acetification, Quick acetification process, immobilization, luffa sponge, packed-bed bicreactor
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4.4

Influence of amount of loofa sponge matrices (LSM) as adsorption material for A. aceti WK ...

on acetification in a 10 | packed-bed (PB) bioreactor with 5 | of external aerated fermenting
medium (EAFM). Aeration rate at EAFM container was 6 L min" while 0.06 L min~ of EAFM
recycling rate at PB bioreactor was controlled. Acetification was conducted at ambient

temperature (30+2°C).

Influence of recycling rate of external aerated fermenting medium (EAFM) in a 10 L
packed-bed (PB) bioreactor with 5 | EAFM in 10 | EAFM container. Luffa sponge matrices
(LSM; 3 | by volume) was used as adsorption material for Acetobacter aceti WK. Aeration
rate at EAFM container was 6 L min - while acetification was conducted at ambient
temperature (30+2°C).

Influence of aeration rate into 5 | external aerated fermenting medium (EAFM) in 10 L EAFM..........

container. The EAFM container was externally connected with 10 | packed-bed (PB) bioreactor
for acetification by Acetobacter aceti WK adsorbed on luffa sponge matrices (LSM; 3 | by
volume) as adsorption material. Recycling rate of EAFM was 0.03 | min " while acetification
was conducted at ambient temperature (30+2°C).

Results of nine cycles of acetification by Acetobacter aceti WK in 10 | packed-bed (PB).................

bioreactor connected with 10 | external aerated fermenting medium (EAFM) container
containing 51 EAFM at 30+1°C. Luffa sponge matrices was used as adsorption material and
packed in PB bioreactor. The charging medium of each cycle was constant at a target total
concentration of 80.¢ | (45 g I acetic acid and 35 ¢ 1" ethanol).
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Frings acetator; () Swnssuunanimindfuena (Interal Venturi injector
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3.1 Diagram of reciprocating shaker system applied for preparation of adsorbed...........cc.co.... 15
Acetobacter aceti on surfaces of luffa sponge matrices. The cultivation was
conducted in 100 | plastic fermentation tank which shaken at 1 Hz for 14 d at
room temperature.

3.2 Diagram of packed bed-external aerated fermenting medium (PB-EAFAM) system.......... 14
used for acetification by adsorbed Acetobacter ‘aceti WK on luffa sponge matrices.

The PB bioreactor was connected with external aerated-fermenting medium (EAFAM)
container.

4.1 Changes of dissolved oxygen (M) and volumetric oxygen transfer coefficient (#).............. 17
of packed bed-external aerated fermenting medium (PB-EAFM) system: (A) effect of
aeration at 0 (control), 3, 6 and 9 | min'1 in external aerated fermenting medium
(EAFM) and (B) effect of EAFM recyeling rate at 0 (control), 0.03, 0.06 and 0.09 | min”
into packed-bed bioreactor while optimum aeration rate of EAFM providing suitable
volumetric oxygen transfer coefficient was used (6 | min'l). Values represent means +
standard deviation of triplicates.
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4.2 Illustration images of packed-bed (PB) bioreactor for packed bed-external aerated........19
fermenting medium (EAFM) system for vinegar production using luffa sponge
matrices (LSM) as adsorption material. Stainless steel-screen cylinder and duran
bottle (10 |) as EAFM container : (a) characteristic of PB bioreactor, LSM and stainless
steel-screen cylinder for packing 2 L of LSM; (b) 1 L fermenting medium at the bottle
of PB bioreactor; (c) PB bioreactor with stainless steel-screen cylinder for packing 2.5 |
and 3 L of LSM. One sg. inch holes were made along the height of stainless steel-
screen cylinder. EAFM container, aeration pump (for EAFM) for supplying air into
EAFM container and peristaltic pump for recycling of EAFM into PB bioreactor.
Abbreviation : PB = packed bed; LSM = luffa sponge matrices; EAFM = external
aerated fermenting medium.
4.3 Acetification by Acetobacter aceti WK in 10 | packed-bed (PB) bioreactor connected.....24
with 10 | external aerated fermenting medium (EAFM) container containing 5L
EAFM at 30+1°C. Luffa sponge matrices was used as adsorption material and packed
in PB bioreactor. Acid produced (0) and ETA (M) in nine acetification cycles 2™ to
10" cycle) after start-up @ cycle). The charging medium of each cycle was constant
at a target total concentration of 80 g [" (@5 g U acetic acid and 35 g (" ethanol).
Values represent the means + standard deviation of triplicates.
4.4 SEM images of adsorbed Acetobacter aceti WK cells on loofa sponge matrice (LSM).....26
in 10 | packed-bed bioreactor connected with 10 | external aerated fermenting
medium (EAFM) container after " cycle of semi-continuous acetification at 30+1°C:
(a) LSM samples obtained; (b) A. aceti WK cells adsorbed on surface of LSM at

X 5000 magnification, and (c) A. aceti WK cells in. EAFM X 5000 magnification.
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Buovddn Acetobacter aceti Invwadenanlfdndonuninsisumiuasy fulsetere e
vewjtAnsmalulagnsuin  aszearamnssiinens  aondumaluladnssaounandnRuying
annTEUs ('1‘3’1’3%1 ﬂiﬁx’l 2545, 2547 2880, 2550, Z550mmd 50D, 25519, 2552, 2553n, 25539,
25540, 2554%, 2555; Krusong et al.,, 2004, 2007, 2010, 201da, 201db, 2015a) mumwaulﬂ
ﬁwu'ﬂﬁlﬂuﬁqL%aﬁﬁmmmmmiumimnﬁmlﬁm (high acid-tolerant . strain)  Lfiosedsu
nsumumiwammaumammuamwmmLﬂuﬂimLsmuaa (high - initial acid concentration
process) emwaumimamwmm% (Krusong et al., 2014a, 2014b, 20153) uaﬂsaﬂﬂuu.l,mwmu'\m%
‘lﬁWWﬁLJU’]LﬂEJ’JﬂUﬂ‘in’Juﬂ'ﬁNﬁmu’lﬁﬁJﬁ’lEJ‘QI@]EJ‘L%QGWJT’{Luaﬂ’b‘mufﬂﬂd‘] Wy airlift  fermenter
(Krusong et al., 2004, 2007), stirred tank bioreactor (Krusong et al., 2010), reciprocating shaker
(Krusong et al,, 2014b) Lag“Fmshssuunauimindaduennie” (Krusone, unpublished data;
HugminilgsussfamaluladiffosdnsnagonBonussdi® 2550 aviaiesdnsnamsndn a0n
nFENTITIMENmEnTLasmAluladui®) vSelsendy  “internal  Venturi injector bioreactor”
(Krusong et al., 2014a, 2015a) uaﬂmnﬁué"zmﬂm‘sﬁﬂméﬁumﬁﬁ'sumﬂivuquﬂﬁ‘iwﬁnﬁwﬁmaﬂa%
N A aceti °uawmmmmaﬂwuaaﬂmﬁmm “lguav ((uffa sponge)” Slassadiadivanganlu
n3eSuead A aceti tenaminduaesy LuaamﬂﬁiﬂsqamaLﬂmau’lawagiaamgwquluiﬂsamwm
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“ﬁﬁﬂ%mmmmﬁmqa U air-lift fermenter (Krusong et al., 2004, 2007) uay stirred tank
bioreactor (Krusong et al., 2010} TNTTUUNLNTZUY reciprocating shaker (Krusong et al.,
2014b) ieguAnlusEdudUsznaumssiegey (small SMEs) aflufinasmsndnliguaziidunuly
msawpligedn  efldlumsfinenistileviuishunmihideldjatumslileviuliuruses
asﬂumwm (Suspended luffa sponge) Fefnussiulamusinsassfvesleviumilefinimin
mluﬂa’(mLﬂmﬂiimju’iumiwuﬂ mauiﬂ,umsﬁnmmauwmLuumiwﬁuunﬂivmunﬁwmmaumw
Falevaulunsaiawad A aceti luwuuBada (iindeulv) M3end1 “Quick acetification process
(QAP)” Tuflandndnuwae packed-bed bioreactor ﬁﬁlsgﬂ’a@ﬂLLUULﬁ’e]LﬂuLLU’JWNLaE)ﬂI%ﬁ’m%JUmi
wAmduaeyiinlusziu small Scale sialy
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stfun st ssuumeiniduaegililovay @ufutansssun®)  lumseaead
wuafiSeasdfnaneiug Acetobacter acetl WK (Gadusuiugnunsngeanesjinisinalulad
meviin - AnsgpamnIINYes  dntuelulaBnszaesindniinammseansety)  uuubads
dmdunszurumsndnuuy Quick acetification process ludawisin packed-bed. hioreactor 984
mafinweuEdssvesnstuunsinlussuuRieies (semi-continuous - acetification)  uag
Funuudmiugnmnaressuumsnsinunduaneguuy. Quick acetification process
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YiNSNAADUSYUU Quick acetification process luflansn packed-bed bioreactor fn13lw
gnATLiEaneranszuILNTS acetification ABANENAT volumetric oxygen transfer coefficient
(K.) uarAeandiaufiavansile (dissolved oxygen; DO) vaansivomefissfiu 0.03 0.06 wax
0.09 Ansioundt 9NTUSWNISAnYNAYBINSHARRSRRLTRNlUAN T e nAFTe 3 Sy iterh
nsAadenszdunsldeamaiinnzauiaznuiuseansannisudinlageonfenisnsueaduea
wuAtiSyosdRnfinunsega (high acid-tolerant A, aceti) Vuinvesleuauluszuu Quick acetification
process Tutianin packed-bed bioreactor wazmAutafiesvaseuunIsniintu semi-continuous

process
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’lﬂumiwamﬁ'\ﬁmma‘gwﬁnﬁﬁﬂL"%ﬂﬁgﬂuﬁwﬁmwuemmmﬁ (air-lift fermenter; Krusong et al,,
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Lf‘iaa (semi-continuous  acetification) 43¥N15ANYIANWATEIVEITLUY Quick acetification
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packed-bed bioreactor
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ﬂﬂ'lu‘lﬂ“ﬂ'NWE‘iﬂEﬂ%@&ﬂuUﬂ’JmﬁNWWIW‘\]&UW?&N&WLﬂﬂﬂ’éﬁmaquﬂiﬂluﬂﬂiﬂuﬁ’u JHASEATIUNTN

§ 0o o b=

umﬂ#’ﬂwmaﬂwammmum Tneiadfignaiiensegluanmisadseessin wadfduaieyviosad
fneud (ywun ssaiing, 2540) ‘LumwsmﬁaaumLﬂumﬂuﬂiuﬂ“ﬁam%aaqﬁuma’lfaﬂumﬂaw
(support %50 matrix) AsaTaaadeuldlunisusuysanssuaunasvdnla flesandaelunis
\inda7a (biomass)  Awawnsalunislden (reusability) saudennstiosiuigadannnansenu
BeavenTadesnagdelseneudiaeimnndunsaisiinn - via quvgd wie arsduda
(inhibitors) (Brodelius and ' Vndamme, 1987) @ dnsusaegsvesinarsdiladiniginum
ﬂixﬂﬂ&ﬂ%’ﬁmum Usznaudae monolithic “support (European Patent EP0121981, 1981),
porous cellulose carrier (Sakurai et al., 2000), chitosan-treated polypropylene (Krishnan
et al., 2001), fibrous inert support (WO/2002/068578, 2002) uas polyurethan foam (de Ory et
al, 2003) \ufu vasdertuldiauaulafsatuinansiiduaissssunffiaansodesaaey
Ifdneneudsainnisld (degradable - materials) | dsdmduianiiduinsiviwindan
(environmental friendly materials) fethswosianataluUseLamd 18un tawlsl (de Ory et al,
2003) ¥udey (Kocher et al., 2006) wazleuiu (Ogbonna et al,, 1997; Liu et al,, 1999;
Akhtar et al., 2003; Chen et al., 2003; Pekdemir et al., 2003; Vignoli et al., 2006; Ganguly et
al., 2007; Kang et al., 2007; Krusong et al., 2007, 2010, 2014b) 1Jusiu

vufufivnsegouns Saeglu Order: Cucurbitales, Family: Cucurbitaceae fidaitferin
Luffa spp. dwiululsemalveduusiduduingasudesiiuiuiesnusmsoudeslidesiuly
auduliudnesiunasemniusmmuduin  duuiuililiivesdaesaunniuiavdeudifu
dulediFondn “Souiv” wie “louanz vanfianunsaugatudseinalneyssnoude viumdsu
VLY uasuIuney watluruimdey (Luffa acutangular Roxb.) fideaniTeyin angel loofah 1u
ldianongUiden waﬁummuﬁgﬂmaﬂswaﬂﬁLwﬁaumwuﬂaﬂmaqqmaqwa mmzﬁmug (Tricho-
santhes anguina Linn.) §i3eaifyi1 snake gourd wadnwuznaueUatsRaway RaSeu
funudvnaduiderimwa fegniidduuny  dawuaumen (L. cylindrica Roem.; awdi 2.1) fdo
a11fydn smooth loofah %38 sponge gourd vegetable sponge  HagaudlleITaIBITE WY
naunddereenuiesauiedtea fdulowisdnvanduiaunm @na 298, 2508)  Tusn
UssineoraiFenuiuludnunesngg iy dishcloth gourd, Chinese okra, “luffa sponge”, %38
“loofa sponge”



AWd 2.1 dnwarues Luffa cylindrical
7147 Terra Farmer (2011)

lgvavilaunsathunldsdlendls - dudwsmaiuaseusmssnevemnsiaedeouuiloaly
UssinaunuioBedsrndsamalng — wasidulelussutasgninanlfwuenilumstaune
o1uth videlfiiugunsaféraatu (Washing items) 3o aylevay (Luffa soap). uenamniludaded
msyiteurulmlunsuagladusdu (http:// www.uffa.info/)

dnwnuslaseadrsvasloviu enwnsoudseandu 4 diudes § (Chen et al, 2014) lhuA
(1) Outer surface (O) Uudauund 4 egfusngnsey q lovuusavduindoussninalenitu
Waen; (2) Middle part (M) Usznsusisidulalaswingdoy 9 agraguaay; (3) Inner surface (1) uAay
dudnnajaslusmumsemifeuassunuiuununiieivedevitssduifvadaiusvedeuay;
ey (@) Core part (O (Huduidensessrana 4 fudwdu Wuduledemu Jwudunan
savuavedlousy el 3 dauusn (OM) Huaedueily (dufegssminnananduasiuden) e
IsERy  Aow q anasandisueniiiduiuddumuiiuanslunmit 2.2

duleiden (single fiber) maslouau wenseenu1des 4 370 inner surface iosaniull
ArwdLTUSHY 817 33 L, dusheugnans 0.3-0.5 1. fauandunnd 2.3

anantAinnisamvadeuay  esnnloviuluianeinsssumnaiiidule deuseiul
dnweuzidugngu levauannaneiug Luffa eylindrica fiesdussnaundnmeinuiedl fie waglaa el
waglaa wazdniu dereiasuaieanuuduse levaueafllusiu nsnezdlu Indwdled
(Polypeptides) Inalelast (Glycosides) uazduq Aidumsusznaveduvidogluiunandniios 7
thaulafe Tassad usadiFusumadeviulussrnasiganduduloder q fssususnuasgaviedu



d s 1 23 v 1
A 2.2 dnvarlasadnwesleuau: (a) Tassadnslnesan; (b) d@auves core part wag hoop wall;
(©) dumuuLlIe (d) @2 outer surface WWuiihduuaasanuneuesauleludu inner
surface Wag outer surface

flan: Chen et al. (2014)

A 2.3 Snwsidleivivedeviv : (a) dulevesiaslu (nner surface); (b) fegnaduly
WPig 9 Tugy Dumbell shape
#iu : Chen et al. (2014)

Tyavuanuanaduguing Tuszeziigwauin 4 (FurrgudnatavemauIvazeynd 9 1 uw) Gl
Hudumang wisemnanusaneaiuduleldaninisavanves protoplasm  audusadifoide
amsdaie (Parenchyma)  Wdulefianusiefuszienain parenchyma cells  ntuazutsiiin
ponunduduidn q Inadulaazusudilnvuiuiu ﬂSSUTJuﬂ’l‘iLﬂJalEJULL‘lJm%u@EJﬁ‘LJm‘iLLU'\‘lLﬁﬁﬁﬁ
Tutas Half-grown navadlovivazivnaiiniuites q wadiinseeneniseiedenaiily
sepgaAy  uinniueassvensdiuasldnauuuasisadvianazendeusefulaedule
yonanifududulefidarnarsdudonduiiun  esnnisunueusvesdule delesieun
Giulaudtndl (durnugudnansuasraszegsn 4 100 uu.) fazdudl lignified lusneiidoideseunas
ihlunaldides 4 mely waznalinanewdulaseadaus (Sinnot and Bloch, 1943, nwdi 2.4)



‘LamulmamaafﬂwLﬂumﬂamwa'!,ﬂumsmaLaﬁaa Tngdndu “Fibrous support” Lfiaa
nnlaseieifuddle  lovawitenldluewid fo levaunen (L. ovlindrica) mauamiaﬂ%a
anifeyd1 “Loofa sponge” %39 “Luffa sponge” mum‘;ﬂivanﬁlﬂamuwmmaw Sudaus
nsuaanandnTuaznisinyse amﬁmwmwaw‘luﬂivmumwmLLaaﬂaaaéIﬂamamawaaarﬂ

= 9] % o~
Al 2.4 Snwazvoaduledugnguvedlouy
#iun: Shen et al. (2013)

Candida brassicae (Ogbonna et al., 1997) e ERIE Saccharomyces cerevisiae e
ranliuasdediila (WO/2002/068578)  nsaaitasn Rhizopus oryzae RBU2-10 Lilandnnse
wamRn (Ganguly et al., 2007) MsRsLsaadas Zymomonas mobilis Aondrwadnea (Vienoli
et al., 2006) warmsn3adauvafide Acetobacter aceti WK Litondnthduaieywsinaindrilna
(Krusong et al. 2007, 2010) LLamﬁamﬁmﬁwé’umagé’W%’uQ’ﬂsmam’mwsjaaﬁwszw
reciprocating shaker (Krusong et al. 2014b) yenaniidafinistirleuau (Loofa Sponge) Uld
Tumansunng iU nistadeuanseniie (Germicide) vulouay (WO/2000/006210)  gunseilu
ns¥nwimnuasenludestiin - edasanuiiuideuveiisefiedevusgitiflulagldunuudsed
fu (Schwartz et al, 2007)  leuuddimsnldlueidertvianadondady n1siiu
UszAnsananseiamvine (Algicidal agent) MIen13n3aUUATLSE Pseudomonas fluorescens
HYK0210-5K09 1/1quﬁlumias'}aaﬁmmwma Stephanodiscus hantzschii (Kang et al., 2007)
Ashalanenadndy wandley R]’]ﬂ‘Ll']LﬁEJ (Akhtar et al., 2003) LLazUssQLWEﬁa (Ferrous ion)
(Pekdemir et al, 2003) swddldidudinandussuunsudindisu (Yang et al., 2004) (Tusiu

n‘szmumwﬁnﬁ"’ﬂé’umﬂg Hunszurunsidesinslenniaesisadiase Fathy
nszuaumsninimanzaniadunssuunisminluanineminsivan (submerged acetification) 113
siirluanmisnfuazdeddminiarlésumsesenuuuiiane Lwalwmwuﬂl,nmu“lﬂaummwam
(3517 Agde uAgFIuM wedaTananiin, 2532) ﬂ‘sumummuﬂmaumﬂsm.immﬂﬂ'ﬁmﬂuumm
(mashes) 7iUsznaufioniuea 1 wazansewnsdmiuuueiiSeesdin  Tawerdumsusuaru



FuduveiueaneseduaznsnosdinildAanasiuvesrududuiadundy “Total concentration”
ﬂizmumwﬂﬂﬁﬂﬁuma*gﬂwmaLLUU Usznaunie

n. ATTUAUNSUANWUULED (Awel suvuIWanl, 2537) Huasldtueghaunivany osan
m’l,wmamwwaauiawﬂ Hyut3und1 “Quick acetification process” 'Jﬁﬂ']i‘lﬂuﬂu’%ul‘iﬁﬂ‘iuﬂmﬂ‘m
E’i\‘iﬂ‘}’m‘iuU’JUﬂTﬁﬁﬂJﬂLLUU‘ﬁ’] Luaqmﬂumiﬂsuﬂsawwl%‘lumimﬂuﬂivawﬁmwmmﬂu Taonns
\iuuavan Lag phase Lazifinoandulinnty IﬂEJﬂ’mﬂ’mwEJ\‘]m‘wuﬂ%“’I‘tj’Jaﬂ%Lﬂu‘iW‘iuLWﬂﬂﬁ
wuafieBanefaniildtndunineaglas wu Wienld dednlne wane duld mnwalm %I
oy Aoy uasidon druansgeuasiminazdudiifivihduaey  lunsninezudesli
weanesedinaauniuduiifagdnvasnsuifsuaiisoaiydudeninvey wuaiiSeazeend
lndueansgedliiiunsaesdin Tnsammazehudluvdnudiunanwesdmdniazluseninnis
winvzdosnivnugnmgilalligufu 29-30 ssmwaldes ‘Lumw?aLmaéaaw%féimmuflﬁﬁms
ﬂiuuﬂm”l‘ummuimaiuﬂ f.71.1823 Schuetzenbach “mem'ﬁmammaumwuw‘ﬁmswmaﬂawﬁa
wmﬂuul,mwlul,aaa

v, nszvaumaninuuudn  lunssuaunmsvwindidatudn q dnandntiosuazaaninmes
mammwwimaumam f&nwaaswdinuuudalite 9 (et alone acetification) fuhatu
mawmmﬂwmwa‘lﬁlmmumwmLﬂuLLaaﬂaaaéﬂmamaaamﬁﬁumm Pntudaismsiuiouves
LmﬂmwaejlummmmaamwLnma@muJasJuLLaanaaaéﬂmLﬂuﬂﬁmawmﬂmamammaﬁg ANwaENT
winuuudouuaiiesrdnntnazisiudulsuihfitaninve swesmanuazeangladuoanesed i du
nsnesdin wiudmeduARSelnEendn “mother of vinegar”

A, ASTUAUATTUSINUUL submerged acetification \Junszurunise@nfifieuldlusesy

9
=1

’e‘lﬂﬂ’]%ﬂiiﬂL‘UUi“UU “submerged process” muaummmmlummaawL‘iafm ‘cavitator” 198
LL‘UFI‘VIL‘i&]@]u‘dﬁ‘lﬂ%uﬂ‘iu%%}a&ﬁ,an‘lﬂNﬂIﬂEJ‘V]’Jl‘lJ Lazanunsaliansemsuazuoanagadiuaandiaud
avmaaeﬂ,‘uamﬂimaum‘ﬁwamﬂima..,621mnwi'emmJmsmim‘uammmﬁmiaavmm Faninfideyldiu
aEhaunIvane fle “Frings acetator” (Nl 2.50) Swarveuinviiwhanlavsasnaiy 3o
"Lﬁa"auaﬂﬂizﬁtsmqﬁlﬂumammwwumﬂIaWﬂaefﬂauuLﬁuuﬂu findedlennialagmstituennea
L%J']"Lﬂ’lumwmmamt.aa (2577 AFE Wagaum waddantndn, 2532) ethdlsAnudansyuunay
mwnmmmﬁma Internal Ventun injector - bioreactor "Lmuwwuwu‘hﬂuamawmsmmiwam
u'laua'm“ﬁluﬂivmﬂlm (Awdl 2.54; 2517 AgEe wavealy, 2553) laelidnwagmisinuues
aﬂﬂ‘immuamiumwm 5@ (Krusong et al., 2015a)

lunsdlveansasugasLuaiiiseazsin A. aceti Lwawunmﬂumw mLﬂuniumumwuﬂ
WUULET (Quick  acetification  process) Tael#larflnangnadng asutaniinaniifiwadeas
wATiSuesdRnBafavionsiagdiasgniiundt NauTanm (Biofim) pnefiadeudiinuegedasy
%ﬂﬂmqﬁquuaﬂmaumu%uﬁﬁLmaéLLUﬂﬁL‘%ULmuasﬁLﬁaL‘fJuﬂTiLﬁué’mﬂmsdﬂaaaﬂ%mu vinl
uoanssadgnilasuluiiunsnezdinliiediesinda mmumhusml,ﬂmmmulwammmuwuﬁawm
wuATliSainizagadnedng ’Lusﬁ'samﬂan%mmammuauamwmuaqmnm‘swmwam.mmmw

D



Horvoensl¥iinsiaradie Uinmeentiauiiduiatuliidenanmniy (Snsinisuanideu
pandiaugy)  uenantudueanssedannsadudatuuuafidelsiuedisaiomninisivaly
s Tamiuldrs s iivaduuafidsuinnmniulunmsiujitende asuie dwihiifieaduss
wuaiiSeindnansnarinasgnadn q asunduiutanilinds arnduazgngaidndgdiuguaslevesian
lowwaduuaiizugninfinegfuidulomdiug waderiinisiatauasreiudiunduiiduunagd
UInnivesiagedsraiiias

Al 2.5 Snvavresdimsingeuy Submerged acetification ﬁliﬂumwunmamammaumw (ﬂ)
Frings acetator; (V) Swinsyuunathuindfeinae (Internal Venturi injector bloreactor) 7
Wmmmﬂﬂvl,mwmm‘uu (/) LLN‘L!.ﬂ']‘WLLEWNﬂ’Ti“ﬂ'N’mLLﬁ“’E]“Uﬂﬁm‘ﬂ@&ﬂﬂ‘ﬁllﬂi”UUNﬂﬂJu'WINﬂL“U']ﬂU

BINA
fan: (n) http://www.frings-china.com/index1.2_en.htm!; () ’ai’mﬁ ﬂg?ia LayAY, 2553;
(m) Krusong et al. (2015a)

nsusfntinduansylunseuiunts Quick  acetification  fleydniiunnslu Packed-bed
bioreactor (Horiuchi et al., 2000, 2001) TmaﬁmiLﬁ@ﬂi%'i'a@ﬁmawﬁt,mﬂsmﬁu Tudaus wein
(Sueki et al,, 1991; Park and Stephanopoulos, 1993; Ghommidh et al., 1982) Hollow fibers
(Okuhara, 1985; Nanba et al., 1985), k-carrageenan(Osuga et al., 1984; Mori et al., 1989), Jin
WA (de Backer and Baron, 1994) dageinemsiaeatewia (Charcoal pellets derived from
waste mushroom medium; Horiuchi et al., 2000, 2001) i?mﬁﬂmwﬁg wAwlal L,Lasiwﬁg%muiwu
(de Ory et al., 2004)

mdfeillfidonldleviu @nvssaunisaifiiiuuvesfniingide; Kusong et al, 2007,
2010, 2014b) elfidutanlunsBafnwaduouniise A aceti WK (mewudnunsafiiiuns
Yfudsanidunannnni 10 3 uesthgtuldldeglugnamnssundmhduasgluysamalvennnniy
3 wia PldveldandusslonivesnAfevesfimthideinumedinduaiuuaruimsivimsnsy
Joundeanszds anrtumalulainszasundudnaumsaiansyd) ludnwusuuudaislud
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117 Packed-bed bioreactor wu1a 8 ans Aldsuniseansuuiailudunuudnsunisfineiuay
ihlugnisimeunsunguszneumssiages (Small SMEs) Wiefinrsulumadenlunisgsia sauds
mMTauaranulusanssEsuuIuTAnely

2.2 yAsefifieades

Ghommidh et al. (1982) $181UAINIATULaA Acetobacter Mugadu (adsorption) VLRI
youg573A (ceramic support) T pulsed flow reactor Tapanunsalinsasdivaandiauaauvily
L%yﬂumﬁﬁaazs’?jﬁﬂa']msawémmﬂlﬁqaﬁa 10.4 nSurednsradalus

Okuhara (1985) iwamumsmﬁmﬁﬁmmmjmm%’a Acetobacter MaTayuu fibrous support
Uszuan polypropylene fibres %wﬁﬂﬂu packed-bed bioreactor

Nanba et al. (1985) ldvhmsfinvdsnswamhdumeynninenmseiade A rancens
UURIYB49 polypropylene hollow fibres F4il ethanol medium Trasusmuuenves fibres adan
msAnen wud deliiatedndumey 1.9 ndudedns  aunsandansald 30 ndusedns Tnefldns
mMarand 0.nSusednsdedilus

Sueki et al. (1991) sievuisnswmunssuvimsindmiunisviinluanniildoneleagld
ceramic carrier “APHROCELL” Fufisusheivansaudenisasinumsavaiuasfing  deusvynd
ssuudananluniniidumeyinunannsafiedldsnnnismangdls  17.25  nfudedinssie
il Tnoldnsmesdfnuanoanindaiios 23 nfusiofing

Horiuchi et al. (2000) AneranisHannsaasdinatasewiasiy packed bed bioreactor 34
19 charcoal pellets (aniagRumdeissinmanandie) il pellets wientuiidnuseiisunng fo 4
specific surface area 110 (200 MI1UURT/NIN) LLZ‘I%ﬁEWjU‘UH’]ﬂLéﬂM’mﬂ (micropores; 2-10
lupsew) $unuwnn setlumswintuanuasosndumsminldedwaiionduna 180 Ju angld
M retention times #19 TaeSnsInsnARNIAGIEAWIAY 3.9 ndurednsdedalue Weldszuu
mslenmALuUsTIUN Wes 6.5 nduseansredalus Weldszuunslianaiitisesndiou 40%

de Ory et al (2003) AnwifeTanililunsesuraduunfiGuer@inusyian solid carrers
Usenoudie Siran  ewtuls (wood. chips) Uae polyurethane foam lufavisinuun 450 ua. 7
ansomuauganglildl  angldanmnisnsinuuy semi-continuous  acetification  wudn
Polyurethane foam MWinandngegn LHoaniusunanvadgeae

Krusong et al. (2014b) 37841UN TounufistaraduuaiiSeesdaniianin “LSM-AAB”
(LSM gaunann luffa sponge matrices; AAB 11910 acetic acid bacteria) Fianszesianlunis
USUf (adaptation phase) wagseenannsa (operational phase) \flosanfiu3unn total biomass
austhadunawiulidenFeufoufvanmithily  Lsm fefudeaguin “LsM-AAB”  relWiAn
am‘wLL'mé'anﬁmmzauﬁiamiwamnimaz%ﬂlmwu QAP (quick acetification process) uaﬂfx]’mﬁ
gaflstwuin “LSM-AAB”  aanunsaldlunisndnnsalusyuyu  semi-continuous  acetification
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process Tufmnuuudug fae Wy airlift fermenter (Krusong et al., 2007) uag stired-tank
reactor (Krusong et al., 2010) '

d” 1 dl Y o L ¥ dl = 1 i’j 1 Y o £ L ¥
wnanstluenashanulidmsunisldnuienisnwivinnu ldeyanliluldusslevisunisen

Lidnsallas viedu BnnsinudlidauUanilon wazdesdnadaduinvesenarsynassminisuntuly



uni 3

ASaiiun1sive

3.1 mswieaudowuniiuesdfnnunsegs (High acid tolerant strain) Acetobacter
aceti WK

Fdeuuaiituesdin A aceti WK dndennualilulssmanuiundt 10 U widetlliy
nnsUsuanmldnunsageigamgdl 30+1 ssnigaldea feiBmsiinuSinansamudiuan 10 ni
Ao (utaaisudy) Ty 2541, 4541 wio 6541 nSudedns (fedumn) lusseziien 6 T deduds
anunsasiulalédniude A aceti WK HuaneWugnunse (High acid-tolerance strain; Krusong et
al., 2014a).

lunswReuiade A aceti WK Bodusmsidsado Complex medium  (Merck,
Darmstadt, Germany) Ussnauaiy (nSusiori 1 &ns) nglaa 50 ganarin 5 Mg,S04.7H,0 0.2 uay
(NHg),HPO, 0.5 fiafiuandlu Krusong et al. (2007) ¥hnshiermeludng 4.5 dasdaund Wunan 7
u flgaungll 3041 perivnidea Aoutasliduiadalunisdnunely

3.0 MswEBdLUSNOUTRITEUUMSARINETIde  Acetobacter aceti WK ialdlunns
wﬂ’ﬂﬂ‘:ﬁﬁumaﬂuﬁwﬁn Packed-bed bioreactor
321 mswsealoviuiirTadaeiite Acetobacter aceti WK \ieldluniswsin
thduaney

Touruilddaaindraduna 30 wift reufiilufuduna 30 wiil uddeddlilruis
antusalEtiuun (B x 8712 x 1111 Wiafy 1.5 91, % 1.5 23 x 1.5 3. dieldlumsssaead A
aceti WK #alU

Tumswesleuiuiinguead A aceti WK o1dt33nsiigaulaminmenuuesimii
6348 (Krusong et al., 2014b; ?fqLﬂuﬁ‘ﬁlumiﬁﬂmswﬁﬂﬁﬁumagé’qw‘ﬁa A. aceti WK ﬁm‘%’aag}uﬂﬂ
uideduaninotvnswanludnuasuiuasediiunit “suspended luffa sponge matrix” Uy
Reciprocating shaker) lagvinn1sin3eu Acetification medium FusuUBnaeudiduTvuawihi
80 nfuseans (Usenaumunsaozdsn 45 nSudedns way Loanaged 35 niumedns; Krusong et al,,
2014a, 2014b, 2015a) uazifivarsensanude 3.1 ldasdlundoswanadinuuin (Maxe1xge) Wiy
30 a1, X 40 % X 302, WneldUSnastimsinmingu 40% (vv) arnthildleunuiiiiunisiedeuadly
SvstnluSanes 40% (wA) udiSwdemidefiedenainiade 3.1 luliuwes 5% (vA) v
reciprocating shaker mumé’mmmﬁuéﬁ 1 Hz (Krusong et al., 2014b) Wunal 14 Tu Faldidy
vheludih packed-bed bioreactor foly dmudnvazvoinseiedleviufiniagad A aceti
WK Suanddunmil 3.1
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ofdlunsdivesmslivsinansaes@andudu 45 nfuednstidussfumnudududitedld
Tunsudnlusesiugnamnssu (de Ory et al., 2004) uonniudmdudunsnosdndigesseiuil
viliuladesnsiesiunsuudiouveadotutiou (Contaminants) Ihidueghedl wsensnexiin
ety 2030 nfusedns Tusvdvsnmlumyhaeidegdunidlferliusaviamiinenud
Lauaimaﬁ’mﬁﬁcﬁﬁa (Krusong et al., 2012, 2015b, 2015¢)

-

Plastic
fermentation tank

Reciprocating
plate

Belt gnd
pulley s

Electric
motor

Fig. 3.1 Diagram of reciprocating shaker system applied for preparation of adsorbed
Acetobacter aceti on surfaces of luffa sponge matrices. The cultivation was conducted
in 100  plastic fermentation tank which shaken at 1 Hz for 14 d at room temperature.
i : FauUasen Krusong et al. (2014b)

3.22 nTiariisEuuMsusln Packed-bed oy external aerated-fermenting
medium Flunsminthdueeylagldleviuduinnefusad Acetobacter
aceti
§ewiin packed-bed bioreactor #ildluns@nwuanioglunmi 3.2 Tnefidnwadu
sUnsenszuenivunngs 50 gy idurhugudnataviiiy 14 4. fanugiiaay 10 G szuumiuuh
winenuAudnY peristaltic pump fianinsamuANsEiuMIIALYIAG 0.03 0.06 uaz 0.09 nsse
wnit dwsingniuandudreudimuaudh “aerated-fermenting medium (EAFM) container”
Fuuwinvua 10 Ans ussatminuiues 5 ans Admswulifernma GseiuUszneudie 3 6 way
9 Ansreund)) thwinfirnunisiiernmevie 13endn “aerated-fermenting medium (EAFM)” gn
Junauluviuasduuuvesiansn packed-bed bioreactor #e peristaltic pump ludnsinisnyuu
denufidhniineenaindud1ewes packed-bed bioreactor aﬁaizwﬁi‘mumwﬁmﬁﬂﬁumayﬁ
3un77 “packed bed-external aerated fermenting medium system” w3ai3enlagdn “PB-
EAFM system”
anelufiansin packed-bed bioreactor vansinssuaniivhanasunsaunuaaiisnu
gu1n 100 mesh Tnesoudidurugudnanawiniu 10 wu. uaziianuge 3 sedu fie 27 wu. 33 wu.
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way 39 sy, vilFTivSmsvesiensenszuaniasusslevauldludiuies 2 25 way 3 s
iy Feiuanesnunidadenvunsiaunues dudnarsasde ssunssauauiaailddmy
Uﬁifg’lamuﬁsu:ﬂ‘é’ﬂun'ﬁm%’qﬁfal,%a A aceti WK (91nda 3.2.1) iteldlums@nwnfeuszavdamluns
mnhéduaneysneszuy Quick acetification process Aldlavaunisniagad A aceti WK wuudada
luszuu PB-EAFM

aflaszuu  PBEARM fsenuuuilldeanuuuliunnssanszuuiald nanfle 16ins
sanuuuliiverieduinwesiensenszueniivhanazunsauauAanaoanLgIva ety el

Juuvdwwesomanidilussuusinivemeaiasnduihndniivauuainauuuyestisln

2 — o
B Peristaltic BRIINTULUIU
NDNTINTZUDANNIAN \\‘\":\

e pump snuEnAANEEY
ASUNTIALALLAENAL ‘

< au e
wiualfussalovay

s¥UUNIS IViBNNTA

(3, 6 waz 9 AnsAauI)

Touaviildlunisase
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YINUTTY Acetification
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N
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Fig. 3.2 Diagram of packed bed-external aerated fermenting medium (PB-EAFAM) system used
for acetification by adsorbed Acetobacter aceti WK on luffa sponge matrices. The PB

bioreactor was connected with external aerated-fermenting medium (EAFAM) container.

323 mswsendunaivenimindmiundahdumey (Acetification medium)

Taidaiifiusinnueanesed 100+0.5 niusedns uazUsunnse 2.3+0.5 niudedns
w3tutuluresujoinameluladnmin anzgeamnsstnyas ava. mufszylussaures
Krusong et al. (2014b)



15

3.3 msavaeulsunaeniAluszuunsudn
3.3.1 é’mwmﬁmgmuﬁwﬁﬂﬁiaﬁh Volumetric mass transfer coefficient (k,a) 32UU
nstrenneiazldluszuuniswiin Quick acetification process Apdslauau
Lﬁaamﬂﬂizmumswﬁﬂﬁ’lﬁumEJ‘gLﬂuﬂizmumsﬁﬁaamimmﬂﬁaaaﬂ%mu ety
S ufudemuszavinwlumsdidsoandiauliimindaiondn  “Oxygen-transfer  capacity”
’UEN‘S%‘U“Uﬂ’]‘i‘lﬂﬁﬂﬁaaﬂLLU‘U%\ﬂuﬂ’ﬁﬁﬂ%’Iﬁﬁ’eJ 3UU “packed bed-external aerated fermenting
medium (PB-EAFM) system” Ingl@vinns@nwnan volumetric oxygen transfer coefficient %3®
Sunlpegodn “ka”  efadewnluszuy PB-EAFM foonuuull (e 3.22) dusinapendiavly
EAFAM TlannudhiaysiovSinasenmeiiing packed-bed bioreactor satiuddlivinnismen ka lu
EAFAM container (¥2nwuna 10 @ns Usinnsiwsin 5 ans) fiszfunislfernie 3 6 uay 9 Bnsde
it mnduiadenseiumsliennmitlifin ko gignues EAFM container titeldlunismen ka
989 packed-bed bioreactor ¥8433uU PB-EAFM (Widfe 3.2.2; AWA-3.2) ﬁaﬁamwgmwmﬁw
windaeades Peristaltic pump Tnspauaudasmsmuauivaingiiu 0.03 0.06 uax 0.09 Amsse
T Asmen ka AinamaEeile Sodium sulfite oxidation method (Stenstrom, 2007) wailuusay
Sammsvapdldanaine ka Tuinsiwiin Ghussiensinssusniiussleviv) fvsinaes 1
ans

332  msiesunsilaguulasuesan Dissolved oxygen (DO)

Lﬁaamﬂaﬁmmiﬁaeﬂummﬂgmﬁa Acetification medium: finased DO Fau
WnsAneuAl DO ves external aerated fermenting acetification medium (EAFM) Tuwinussy
(vue 10 Ang Usinastvitn 5 an) Asvsunisliennie 3 6 way 9 Anseu uagly packed-bed
bioreactor 714 EAFM filsoinalussuiiliien ka gign (de 3.3.1) el Budoyaiiusuvesszuy
PB-EAFM Taefadn DO luuSuapsihvifn (Fuarsievssnszueniiussglouiu ivsues 1 ans) luus
ALONITINTRYUIUVDY EAFM

3.4 navesUSinaloniufisasad Acetobacter aceti WK fimsngausioUstdvznmnisuin
théuaney

ynmsFnwmausadleuauiiiiunseiaead A aceti WK suiade 3.2.1 fiussqluvie
nsnsEUenTihanAzunSELAULaE (AW 3.2; Fade 3.2.2) TuseduuSunes 2 2.5 uag 3 Bas (A
gunvatensInsTUeniivinarunssasuaaninaidluinde 3.2.2) vihmswindiuau 3 seusie
stiuUsunsvedlovauiiniarad Weildmuslildsnsnismyuiuindnd 006 Ansdeund
(sesunanevessTUULIANT MY eTeq Peristaltic pump Afmuslufine) wazmslfennielu
Acetification medium Tuw1aUsT9TIERsY 6 Anseeund Fadusziunarsvesszuunisliornied
fvusludne)
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FnsifusnadafiodinserinsneRnd AT AOAC (1995) wazUSunuuaanagaanIeLA3as
Ebulliometer 0 3 Tuwaen1swiin

3.5 mawaaé’mmwswqmufmﬁﬁmuwauﬁiaﬂizﬁw%mwmiwﬁﬂﬁ:’lﬁumaﬁ

ymsFnwmaresssun st vlindissdu 003 0.06 waz 0.09 Ansdeunit Tng
fvualildvsinalovaufissaad A aceti WK fimanzavande 3.4 wazdnsanisliernely
Acetification medium TumAuUsI9Riens1 6 dnsdeund shnswidndiuau 3 seuseseAudnsINg
yauuthmsin

yamsifuiethaflelnsisinsmesdinieis AOAC (1995) uarUSinaueanssedieaiod
Ebulliometer 0 3 Tuv@4n15%in

3.6 Wavens Aol Acetification medium TutaaussfimanzauseysEaMEAm
nsudinurduaney
yhnsAnwnasnsnsletnalu Acetification medium luwinussiisefiu 3 6 waw 9
fnssoun? leedmualilduSinalovaviinsaesd A aceti WK fshzavainde 3.4 wazdnsns
wypnuthwsinfibgauannde 35 shnsnindau 3 sousesEFuSTIMIMIUIIIN
yhnsfuiethafietiesieinsnevBindned AOAC (1995) wazUsiniusanagedsmeLados
Ebulliometer %0 3 Au@4n159Lin

3.7 A1UAIAIVDTEUY Quick acetification process alavulunsesaead A aceti WK

ymseEneANAsTasszuulaeinisinuduai 9 sevvesnamdn Ingldusunaleuiu
fesaad A aceti WK filvuizaannde 3.4 é’smmiwyuaufﬂwﬁﬂﬁmmmumﬂﬁa 3.5 Uazons
mslornielu Acetification medium luranussqismngauande 3.6

FnsiamuUSunansauazen Acetification - rate  (§msinnsadiane) dedealdlunnsin
UszavEnmeeansusn  Yananiudieinisasinegdleviuiiseudi 3 vesmsvsiniiloAnanu
Fnunizuaemsiaimevaadio A aceti WK uilleuaviag Scanning electron microscopy

3.8 a;ﬂ AT INEITUNANITNARD

3.9 MIINUNUNITNAADA

Fmsusunsveasdluuuy Completely Randomized Design (CRD) lngldsauveanis
winfusunudt  nansvaaesasianieisin  ANOVA  wasnmsiSeuifisudaienaitues
Tukey’s Test fisvfuaMuL1Totie 95%
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4.1 A1 Volumetric mass transfer coefficient (k,a) 52UU packed bed-external aerated

fermenting medium (PB-EAFM)

Quick acetification process (QAP) Aldlunts@nwilldoanuuulildleuiu (Wffa sponge)

Lﬂﬂ’ﬁ'ﬂ@ﬁ?dwaﬁ A. aceti WK Tu packed-bed (PB) bioreactor

agslsAmuszuunisuiingd

DONKUU AB ¥UU packed bed-external aerated fermenting medium (PB-EAFM) (flauamsly
awil 3.2) TasdudufesionsuniesTinaeimaluthwsindsluiidde external aerated fermenting
medium (EAFM) #iussyeglu EAFM container 130 wiavuin 10 dn3 (WSunnsiildau Ao 5 ns)
rou iWellduhinuenafimnzauneufitudhg P bioreactor iuSerhnisundn volumetric
oxygen transfer coefficient (kia) 13 EARM Tuanmdifinisliennie 3 526 (3 6 way 9 Anseie
i) Tnedt 0 Bnssiound dudeyanuay etnaduandunmi 4,10

A (B)
i 0.2 4 0.2
3.5 5 3.5 9
F) ENAA A 1l &
2 34 0.15 & g 37 0.15 &
= bl =% =
= e =T E
g 251 NN 2.3 =
80 o < )
£ 21 2E B2+ =
2 2 y 0.1 = g2 = Z
T 15 i -l p s
S E% T - E
g 17 T ) - 0.05 2
=] F e 3 ]
0.5 s 20s E
0 0 0 # f - — 0
0 3 6 9 0 0.03 0.06 0.09

Aeration (I min™)

Medium recycling rate (I min™)

Fig. 4.1 Changes of dissolved oxygen (M) and volumetric oxygen transfer coefficient () of packed bed-
external aerated fermenting medium (PB-EAFM) system: (A) effect of aeration at 0 (control), 3, 6 and 9 |
min " in external aerated fermenting medium (EAFM) and (B) effect of EAFM recycling rate at 0 (control),

0.03, 0.06 and 0.09 | min" into packed-bed bioreactor while optimum aeration rate of EAFM providing

suitable volumetric oxygen transfer coefficient was used (6 | min”"). Values represent means + standard

deviation of triplicates.

= oA ) iy a ' = q v | -1 Mo
AT 4.1A WU Aszdunisiviennie 9 dnseeund Tian ka gegainfy 0.096 h sl

| | s o w w i dl Y Y a ' P ' I -1
unnsiedildedfniual ka Nszdunsivennia 6 anseeundl ey 0.092 h (p = 0.05)
fuuiadenlddnsinisiieniadiuiu EAFM windu 6 Basdeundl dwiudn DO Tu EAFM wudn

coefficient (h™)
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fn DO Awuly EAFM Alonaluding 6 Ansdound (DO = 3.4) felaiunndnsededifoddoyFudld
o eflusng1 9 Amsdaunit (DO - 3.5) (p> 0.05) eilmavesrn ka AldidAganindntosnniiay
sroelu Krusong et al. (2016) fivhnsfnensiennidlurinuina 2 8as waelddminSunns 1
ans Tusdunislfenmients 3 sefuidudu

windensnsnislieniaiiasan (v 6 Ansiowi) dmsu EARM lasdudn ps
bioreactor  3elévimsAinwmian  ka Asedunisuyuaudingn Auid de EARM) 3 széu
Usznaudie 003 0.06 wag 0.09 Anssaundl nansAnwuanslunni 4.18 Sswuin e k.a aglu
seiuiliigaiinlasfien ka whiu 0.04 0057 way 0.078 h mudidu  ededanmanuadilédnudy
fﬁmm‘mLﬁuﬁmﬁmwumuﬁwﬁﬂ EAFM Iﬁmﬁﬁumﬂ“Lﬁmwaé‘isiamil,ﬁuﬁﬁ ka 19 ogelsfinnu
fodrinues peristaltic pump Aldannsauiussiumnyuldfieos 3 sz Fuwindu eghslsfinnunts
m;]muumunﬂa’LﬁanwacvflumsL‘meimmmmﬂiuu’mmrﬂmuaqmﬂm ka Tuanmitlifinisvgu
iy 0.0012 b %aﬁmmLmﬂﬁi'}ﬁmﬂﬁmﬁ'ﬂﬁni'luﬂ'rmymuad'mﬁﬁ&ﬁ’lﬁfy (p <0.05)
dm¥unansaaiaen 00 Tuddudns PB bioreactor (US1ms 1 Ans) wuhilengsaausintu 3.1 ppm
fAsgFunnsvsuauil 0.09 Avsround

4.2 wavesUsuailouauiinsuead Acetobacter aceti WK filyungausiayszandniwniswiin
théuaey

nndayaiuguildainmsfnuiaeufidedanui lovau (ffa sponge) ludnwaizvs
matrices 3unlagsaa97 Wffa sponge matrices Zasalluseeuaziionia “LSM” Juian
sssunAfifilassairadulsifivesissennadulonnaminsauseniseiswadaunidlaanis
wuafi3efifesnsennia 1y wuafisverdRndlilunissdntndudey (Kusong et al, 2007; 2010;
2014b; 2016) lumsfnwmsvnthduaneydae QAP dTudenldlevviniueaduuaiise A
aceti WK iiteldluszuy PB-EAFM

uanniuddilieeniuutagildlunisussalevaudiensilevauliegfuil 1lesann
sysuTIAves LSM axaseun lasesnuuuduvensanszusnitianasunsiaunuaadidsnguun

U
Y

100 mesh Tngsou vensanssusniidurnudusnarariniy 10 9u. Uanedundsdnfensunse
uauad danBnumeanin (nwit 3.2; sadfe 3.2.2) aildlunisoonuuuiddsiaenmaiiandigle
vinfugadiatudesinduinaweansunseiuniwos PB reactor ARBAAYIIGITBINTINTZUDN
sadinsiazunsadudesernmaiingunssunn 1 st shafunn 2 Safeandudnees
pvunss Mdszuuilllunsvifnuanddunmd 4.2

TumsfnuTunawes LM Aungasluinms 2 25 uaz 3 Ans (Musuavestie
ysanszveniivhinesinsaumuaaiidnaiiluide 3.2.2) didenlddasnisnyuautmsing 0.06
Bnssoundl (sedunaswasszuUmIIUTMINYBNATEa Peristaltic pump Airanualufingn) waenns
Tomalu EAFM Tuvanussaiisns 6 ansdeundl @aduszdunanavesszuunislienmedidmun
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PB bioreactor LSM Aeration pump Peristaltic pump

1L EAFM at the bottom Stainless steel-screen cylinder for
of PB bioreactor packing LSM (2.5 and 3 1)

Fig 4.2 Illustration images of packed-bed (PB) bioreactor for packed bed-external asrated fermenting
medium (EAFM) system for vinegar production using luffa sponge matrices (LSM) as adsorption material.
Stainless steel-screen cylinder and duran bottle (10 ) as EAFM container : (a) characteristic of PB
bioreactor, LSM and stainless steel-screen cylinder for packing 2 | of LSM; (b) 1 | fermenting medium at
the bottle of PB bioreactor; (c) PB bioreactor with stainless steel-screen cylinder for packing 2.5 | and

3 L of LSM. One sq. inch holes were made along the height of stainless steel-screen cylinder. EAFM
container, aeration pump (for EAFM) for supplying air inte EAFM container and peristaltic pump for
recycling of EAFM into PB bioreactor. Abbreviation : PB = packed bed; LSM = luffa sponge matrices;
EAFM = external aerated fermenting medium

Tudnw) maannmsuinuandusmsnad 4.1 wudr lussuu PB-EARM fisanuuuiiieldnisndnnsnos
BAnfhonszuaunis QAP dannsondmnseludasiiiguilofansanaindn Acetification rate (ETA) 84
wandliiiuinUinaredlouuilifinasenisnannsnegndieddy Tneusunalevaui 3 ans (Qee
Usuns) 1 ETA geameeaiitfoddnyil 4.5040.001 nusiodnssoty Wenfeuiisufunsdildleviu
2.5 @03 (ETA 3.40+0.001 nfusednsnoiu) uay 2 Ans (ETA 2.33 +0.001 n¥usednssati) (o <0.05)
mihidesnanuiinamenead A. aceti WK fituiiloviuntefiFendn “Lsm-Aa8” WHuddny Tuvas
fusinaneadlumn (planktonic cells) fUsuadndiAssiu (0.00054 -0.00055 ndusodns)
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Table 4.1 Influence of amount of loofa sponge matrices (LSM) as adsorption material for A. aceti WK on
acetification in a 10 | packed-bed (PB) bioreactor with 5 | of external aerated fermenting medium (EAFM).
Aeration rate at EAFM container was 6 L min - while 0.06 | min~ of EAFM recycling rate at PB bicreactor was
controlled. Acetification was conducted at ambient temperature (30+2°C).

Amount of loofa sponge matrices*

21 251 31

Adaptation during start up phase (d) 7 5
Final acidity** (g ) 59°41 62°+1 63°+1
Acid produced (g 1) 14+1 g1 18+1
Acetification period (d) 6 5 il
Acetification rate** (g 'd ) 2.33°4£0.001 3.40°+0.001 4.50°+0.001
Average cell dry weight (g \'):

-Planktonic cells in EAFM ™ 0.00054 0.00055 0.00055

-Adsorbed cells on LSM ™ 0.00148 0.00149 0.00152
Average dissolved oxygen (ppm) 3,10'+ 0.3 3.15°40.3 3.18°+02

Initial acidity was adjusted to d45+1 ¢ [, Calculation of average acetification rate is based on three
acetification cycles. *Mean + one standard deviation. ** Means with different letters within the same row
are significantly different (0<0.05) according to Tukey’s test. Means in a row followed by " are not
significantly different (p=0.05).

UENIINTWEITINUI SEUU PR-FAFM Hanwrsasunsuannsaliisy issanniauide A aceti
WK @unsaususalaisn auunfudimsnannsnosdfineed 2 429 na1nfe tawwsn Wugiwsn
mevdenniinisaieiie A aceti WK adhuimin $atlisandn “adaptation phase” wialuunnds
Fondn “start up phase” Wudranarfideldlunsuuslidnivanmuandonlvl uavaafiaas
\usserlunisadransndaFonin “operational phase” (de Ory et al, 2003) dmSunanisanwadi
1§ (7157197 4.1) WU e A aceti WK anmnsadusinidnfussuu PB-EARM Idetnesingalngld
a7 5 waz 5 Yu TuanmdlduSuia LsM wiiu 2 2.5 waz 3 dns QaeuSuns) mudisu aie
TneUndudutoasldnaussunn 7-15 Su waiiilesainszuy PB-EAFM dlaldvwdslugnumy LSM-
AAB ndnifie side A aceti WK findsuuleuau (LSM) fwunnsdBnisiissulu Krusong et al
(2014b) ¥ilUTINMTe A aceti WK gedaudBudufsdmalianunsousudadrfussuu PB-EAFM
ageIgs uenantuddudnmnraveinislyennaly EAFM vilsiiuSunmennadishide Lsm-
AAB  anansaldluniseandladusanssedlaniedinaliian ETA ﬂuaﬂswuﬁﬁhﬁqa 9nuaiiléann
nsAnwiYeusunuinuAnlunisld EAFM  tievaeifiudsyavsanueanisyinauly P8
bioreactor lfagnadiuszansnin
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nnnsAnylwitelianunseasud Ysunaleviunvansaudenisnaansnasdanlussuy
PB-EAFM winniu 3 &as (laeuSunng) luanmiilidnsinisuyuiu EAFM wiiu 0.06 dnsseund
uazdnsnsiviennielu EAFM Winfiu 6 Anssaundl

4.3 wavasdasmyuruiminfmangaudeussansamnisminirduameylussuu packed bed-
external aerated fermenting medium fl#leuauiindavad Acetobacter aceti WK Tu
Ui 3 Gns (ned3uns)

MnnsAnHaTessEiunsIuiminfisedu 0,03 0.06 waw 0.09 Ansdaunt Tuszuy

PB-EAFM Teermusliliusinailouiuiiviusad A aceti WK fmngauwiniu 3 dns (neusums)

uasmsnslernialu EAFM Tu EAFM container Winiu 6 Ansdeund uamsaglunsiedi 4.2

Table 4.2 Influence of recycling rate of external aerated fermenting medium (EAFM) in a 10 | packed-bed
(PB) bioreactor with 5 L EAFM in 10 | EAFM container. Luffa spenge matrices (LSM; 2 | by volume) was used
as adsorption material for Acetobacter aceti WK. Aeration rate at EAFM container was 6 [ min " while
acetification was conducted at ambient temperature (30+2°C).

Recycling rate of EAEM* (L min )

0.03 0.06 0.09

Adaptation during start up phase (d) 4 5 7
Final acidity** (g 1) 65742 64°+2 61°+3
Acid produced (g 1) 20+2 1942 1641
Acetification period (d) 4 4 5
Acetification rate** (g ['d ") 5.00°+0.001 4.75°+0.001 3.20°40.001
Average cell dry weight (g U):

-Planktonic cells in EAFM. 0.00072° 0.00058" 0.00057°

-Adsorbed cells on LSM ™ 0.00155 0.00154 0.00154
Average dissolved oxygen (ppm) 3.18°+ 0.3 3.10°+0.3 3.04°+0.3

Initial acidity was adjusted to 4541 g (", Calculation of average acetification rate is based on three
acetification cycles. *Mean + one standard deviation. ** Means with different letters within the same row
are significantly different (p<0.05) according to Tukey’s test. Means in a row followed by ™ are not
significantly different (p20.05).

INRANITUTANLIIINAITMN 4.2 WUl wan1sudinldannaniwilianidly EAFM agil

| s a ' o a et ooy v
wiriu 6 ansdaunil wazUSunaleuauasii 3 dns (aedsunsg) © lunsdlnlddnsiniswyuau
EAFM WU 0.06 nsaaund Tanadilndidesilasuainmsdnenlumisied 4.1 Fadadunistuiuna
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msfine ogalsfinudn ETA vesanmdana (4.75+0.001 nfusodnssaiu) ndusninluanmitld
SR3INIIUYUIU EAFM iy 0.03 Bmsdound (5.00+0.001 niudefinsratu) egrdidud Ay (o
<0.05) usfnndluanwildsnsnisvguau EAFM winfu 0.09 daseandl (3.20:0.001 n3uRens
o) penalitiuddny (p <0.05) Luriy

SoRmsanidasinangadidlu Lsv uazludndn EAPM wudt A8hsmsviuou EARM
Wity 0.03 Anseunit Susinante A aceti WK Tu EAPM gaflgedaviliinsinisadrense (ETA) Tu
amwﬁanmﬁ@ﬁﬁﬂgaﬁqﬂ (0.00072 n3uredns) senaiituddey (p <0.05) vaueiUSunaTad LSM-
A8 Laiumnsnsnniidasnisvuau 0.06 wag 0.09 Anssiound (p 0.05) Fadiflosnndasinismay
i 003 Anseund ansnsaviildidmiin EARM. anansafierdudadu LsM Idegreviisusenaui
UTinaenia (luguvesdn DO) Tuvsin EAFM Afgangauaunsaaiuayunisiineandindures
woanesedlsagliussansam

FeulunsinundaluTadenlisnsnisuuuau EAFM winfu 0.03 Basdound Tussuu Pe-
EAFM #ldleuaulutSina 3 dns (Ineu5unns)

4.4 wavesdnsnisiioamafivunzauly external aerated fermenting medium (EAFM) i
Uszansamnisniniiduarsylussuy packed  bed-EARM  fil#lovauiiniuwad
Acetobacter aceti WK Tutium 3 fns (Ineuiuing) uaslddnsmsuouimiin EAFM
Wity 0.03 Ansdaunil

MnmsAnenavesnslieInafisziu 3 6 wag 9 ansdewndt lud i EAFM Uinms 5
3ns fussqlu EAFM container 1uan 10 8ns Beweogniousniu packed-bed (PB) bioreactor fild

Touau (LsM) TutSuer 3 Ans (neUSinns) WuTannsamadide A aceti WK Tngdinsvayunutngn

EAFM 5¥1i1a PB bioreactor wag EAFM container ludnsn 0.03 ansaouii LLamasj’Lumswﬁ 43

wut luanmidinistieorniely EARM geaadl 9 Aeseleunil dealifinsfindwnueate A aceti

WK luusinasiigeanstiidbdifyineadfiniaty LM (000165 n3ufedns) uaziwaddaszluth

win (0.00091 nsusedns) WewSeudeufvanmiiinislieniadisedu 3 way 6 Anseeund

(p <0.05) vamRerfuanmiliainiafissdu 6 Amssound vhldiuTaimadi LSM (0.00158

nfusedns) way umsih EAFM (0.00082 nduredns) Tiinnnindisedu 3 Awsdewii (waddase

0.00074 N¥uR0ANS uazwadT LAM 000156 niusadns) sensilieddny (o <0.05) aflois 3 suduves

mslermenslfiAamsifiuUSinaeadedaiitoddy (o <0.05) wdluthwin EAFM waelu LSM

sessudisusvanmiilifinsldeormeluimin EARM Fwandidiuin szuumslienmeluth
winfiRndsnouenideusefiu PB bioreactor dreufiudszanEamnInAnnInerdfinTaiszuy QAP

4 Lsm-AaB Idaeadiuszansan

Tuanmnsleorneludmin Erm deaeviilsidle A aceti WK iinganiwnsususauitendn
nseldegsndudeseuiisuivanmitldiinislvenne Tnefisasinsivenniadi 9 dasdeund
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e A aceti WK Tiianduiian (whiiu 3 Ju) Fasnhanmiiinislionnail 6 uas 3 Gasseundl &
Man 4 Tu dwanwildldeniasgldvianie 9 Tu

Table 4.3 Influence of aeration rate into 5 | external aerated fermenting medium (EAFM) in 10 | EAFM
container. The EAFM container was externally connected with 10 | packed-bed (PB) bioreactor for
acetification by Acetobacter aceti WK adscrbed on luffa sponge matrices (LSM; 3 | by volume) as
adsorption material. Recycling rate of EAFM was 0.03 | min " while acetification was conducted at ambient
temperature (30+2°C).

Aeration rate of EAFM in EAFM container® (l min'l)

0 3 6 9

Adaptation during start up phase (d) 9 aq a 3
Final acidity** (g () 56°+2 66°+2 66 +2 68°+3
Acid produced (g ) 1142 2142 2142 23+1
Acetification period (d) 8 4 3 3
Acetification rate** (g I'd™) 138°:01001 52540001 . 7.00°:0.001 -  7.67°+0.001
Average cell dry weight (g [):

-Planktonic cells in EAFM 0.00016° 0.00074¢ 0.00082" 0.00091°

-Adsorbed cells on LSM ™ 0.00134° 0.00156" 0.00158" 0.00165"
Average dissolved oxygen (ppm) 1 BaptadOINLaba 06 3,22°30.2 3257402

Initial acidity was adjusted to 45+1 ¢ L. No aeration rate of EAFM as control was conducted. Calculation of
average acetification rate is based on three acetification cycles. *Mean + one standard deviation. ** Means
with different letters within the same row are significantly different (p<0.05) according to Tukey’s test.

wenntudan mnsiieniensysiu 9 anseewnil Sahgliiindnsinisasiania (ETA) g
wigawinfiu 7.67+0.001 nIurednssaiu Seganhiimslveinefissdu 6 dnsseuny (7.00£0.001 ATY

rodnsAat) waz 3 Ansdoundl (5.25:0.001 nfusednsdety) adedideddry (o <0.05) Tuvnisd

'
=

anmitlifinisldernimagiidnsnnisadunsadidniian (1.3840.001 nfusednsset) fidesann
USuesennmet (luwes DO) AifluSunausunnsauieuSunaudie A aceti WK fishunnde

MnuansANITIEInTaasUEn Wz AudsnMsHARnIesdAnTunsEuIuNT QAP
Faldmansadle A aceti WK fas LsM (Amduiadeludnume LsM-AAB Tagld LsM TutSunn
3 Ans TagU3u1ns) Tu PB bioreactor au1n 10 Ans MYousaiu EAFM container 411 10 8a3
(ussqumsin EAFM U3u1as 5 Bn9) Seldmanyuautmiinvasszuy PB-EAFM Tudnsn 0.03 Ans
sioundl uazdinslarmaunuausin EAFM Tu EAFM container Tusedu 9 nsdoundi
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4.5 AUALEIYDISEUL Quick acetification process fildleurulumsesauwad A. aceti WK
NYeagureEnInn1IinuenTEUIUMT QAP ldlevau (LsM) Tunseduead A aceti
WK (Aadutideludnuas LSM-AAR Tagld LsM luusuia 3 @ns TaeuSuas) lu PB bioreactor
quIn 10 Ans Mdeusiefiu EAFM container wun 10 & (msqﬁmﬁn EAFM USnms 5 Gns) Bald
s msinessEUL PB-EAFM ludng1 0.03 Ansdeundt uasdinisionauntmiin EAFM Tu
EAFM container Tuszdiu 9 @assowdt  ieliAnanusiulalussuuiavhnmsfinsduadosnimeas
%UU PB-EAFM Taevinnsvitngnuau 9 seu siilifususeviidumsufuimieiident “start up
phase” Weiinaveansinwuandlunnd 4.3

— )
O S
I :§

ETA (gL'd")
=

Acid produced (g L™);

bam, 2} / 3 /A 5\ [0 gl prhd Bkl 1)

Acetification cycles

Fig 4.3 Acetification by Acetobacter aceti WK in 10 | packed-bed (PB) bioreactor connected with 10 L
external aerated fermenting medium (EAFM) container containing 5L EAFM at 30+1°C. Luffa sponge
matrices was used as adsorption material and packed in PB bioreactor. Acid produced (O) and ETA
() in nine acetification cycles 2™ t0 10" cycle) after start-up (1™ cycle). The charging medium of each
cycle was constant at a target total concentration of 80 ¢ U" (45 g | acetic acid and 35 g (* ethanol).
Values represent the means + standard deviation of triplicates.

PNAMT 43 Ui A7 Acetification’ rate (ETA; Snsnnsadiense) Fsdenldlunsia
UsgaAndninveansniinlussuu PB-EARM. i firfigeann Taofidn ETA  sgwing 8.42:01 &4
9.58+0.1 n¥ustodnssotu fle ETA 1nfewihfiu 8.9440.1 nfusednsrotu e ETA ldtuandsisu
I53UU PB-EAFM 7IlY LSM-ABB Liussuudifiussavsniwgslunsnannsasienssuiunis QAP eila
wdunadiuil ETA ssdiiufuainsoudl 2 895 deuflzanasiisoudl 6 whnduifinduluseud 7-8
warvanauduiviuluseud 9 e 10 Afluuilosanizluted ETA anasaundutanmiiiade A
aceti WK Simsansunuaswarmendadiofaiiuswitusng  dienadewnnanmsiuam
Lﬂuﬁmaammazé‘nﬁﬂﬁaL“’fJuNEmﬁmﬁqmﬁwsimst.ﬁuﬁ'\mu‘uaaﬁ’aL%@LLUﬂﬁL’%‘H@x%@ﬂ (de Ory et al.
2004; Matsushita et al. 2005; Maestre et al. 2008)
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1 @ s o ' " @ & = & | = a o
pgnalsimanileRansanainan Biotransformation vield Felumfiuanstauszd@ndnmlunis
Wasuingiu (weaneged) Iiilundndmue (nsaezdfin) wuii ssuu PB-EAFM 71l4 LSM-AAB {ifiA1
48.2-56.0% leeiiA1aavinfu 51.6% fauandbunisnad 4.4

Table 4.4 Results of nine cycles of acetification by Acetobacter aceti WK in 10 | packed-bed (PB) bioreac -
tor connected with 10 | external aerated fermenting medium (EAFM) container containing 5 EAFM at
30+1°C. Luffa sponge matrices was used as adsorption material and packed in PB bioreactor. The charging
medium of each cycle was constant at a target total concentration of 80 g ¢ (45 ¢ (" acetic acid and 35 g
(" ethanol).

Experiment  Time Total acidity Acid Ethanol Ethanol  Biotransformation
(d) Initial Final production* Initial Final oxidized* Yield
@ 1) ) @ @) (eh (%)
Start up 3 45.0+0.2 62.040.1 17.0+0.1 34.540.1  0.5+0.2 34.040.1 50.0
Cycle 1 2 45540.2 62.3+0.3 16.8+0.1 34.4+0.2  0.4+0.1 34.0+0.2 49.4
Cycle 2 2 46.0+£0.1 63.840.3 17.840.2 35.7+0.2  0.4+0.1 35.3140.2 50.4
Cycle 3 2 46.0+0.2 64,0+0.0 18.0+0.2 34.0+0.2  0.3+0.2 33.740.2 53.4
Cycle 4 2. /45040.1 64.2+0.2 19.2+0.2 34.8+40.0 0.5+0.1 34.3+0.2 56.0
Cycle 5 2 46.240.3 62.0+0.2 15.840.1 347403 0.440.1 34.3+0.2 46.1
Cycle 6 2 | 450401 64.240.3 19.240.3 8.3 1401 b 135025 34.8+0.2 55.2
Cycle 7 2 448402 63.8+0.2 19.0+0.3 354+0.2  0.440.1 35.0+0.1 54.3
Cycle 8 2 453402 62.3+0.3 17.0+£0.3 35.8+0.4 0.5+0.2 35.310.1 48.2
Cycle 9 2 45440.2 63.4+0.2 18.0+0.2 35.5+0.2 0.5+0.2 350401 51.4
Average 51.6

* Values represent the mean + standard deviation of triplicate. Average biotransformation yield was
calculated among nine semi-continuous cycles, not including start-up phase.

dlefi91580191n Biotransformation yield wWudn svuu PB-EAFM iflusvandamluszsiunds
withflosnuszansnmusinisiiemediliausadadiaussuuiidnnsTionnieuwuy submerged
acetification 7l#luszfugnamnssusanfaludaniin internal Venturi injector bioreactor f157841u
Yo9§I30 (Krusong et al, 2014a; 2015a) wANANIIIEUU reciprocal shaking Alileuauludnuoe
494 LSM-AAB (Krusong et al, 2014b) eeslsAmuidlefiarsandsiunuluniswdnfinuiiszuy Pe-
EAFM LHuszuuiilifunuinuasl sy vsamnisuaniigs saudsssesinadlunisviindiduvililing
wanluUSInansatgslunasiisuld (60-70 nfusedng) edmimiriedadnszuy PB-EARM STy
ASEUAUNISHAANSABLARNLUY Quick acetification process AiRsyuunile afadleRarsanand
ETA (it 4.3) Filsdusaleinsyuu PB-EAFM asjlumm%ﬁﬁﬂam'%wLﬁauﬁumsmumi QAP Bun
A4 inert material LutanpTavaduuafiuesdAndudu Jaq cotton cloth Tu rotating-disc
reactor (ETA wirfiu 5.5 niusefinsnaiu) (Lotong et al. 1989) Fan charcoal pellets Tu
laboratory packed-bed bioreactor (ETA winiu 3.9 n3usednssadalu) (Horiuchi et al. 2000)
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Jais) polyurethane Tu 500 ml laboratory air-lift glass bioreactor (ETA Wiy 4.74 n3usednsne
Y1) (de Ory et al. 2004) waz wood shaving lu packed-bed, polyvinyl bioreactor (ETA 3e%314
5.8 19 22.8 nuMpaRIAaTU IUNTSRARLUY semi-continuous acetification 41U 25 59U) (Kocher
and Dhillon 2013)

uenaniudiievhnsvinluseufiany Rafedslovaunasthniniefnmudnvasaes
msfaimevaade A aceti WK vuleuavwazluvsin EAFM #ae Scanning electron microscopy
Famauandunnd 6.4 Fadiulddn @e A aceti WK anusaasaldivaaesanin fie anmilniauy
dlavas LSM AeliiAndnuaisuns LSM-AAB ulu PB bioreactor uazludnunmeadiasaluh
wifn EAFM  Famuaulussuuseiing PB bioreactor-EAFM container lussuu PB-EAFM  Guvinlof
annsonannsnesdinlasgnaninsilussesaniies 2 U Aosaunskan

Fig. 4.4 SEM images of adsorbed Acetobacter aceti WK cells on loofa sponge matrice (LSM) in
10 | packed-bed bioreactor connected with 10 | external aerated fermenting medium (EAFM)
container after 3° cycle of semi-continuous acetification at 30+1°C : (a) LSM samples

obtained; (b) A. aceti WK cells adsorbed on surface of LSM at X5000 magnification, and (c) A.
aceti WK cells in EAFM X5000 magnification.
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5.1 #5UNan1539Y

AMIRAIUINTEUIUNINENLUY Quick acetification process fnainuwaneds  drllngualazsios
fnsanddnvaiazaudivestanililuniseiuvaduuafifendfn (acetic acid bacteria; AAB)
Tneunfezidonlddanlungu inert material  uslunisAnwniidmanedsnislifanfiuonainae
ansnsarfaradliudddedifnansenuivaandon  fuuSudonldTagessuniviisnvandy
Fuledadle louau (uffa sponge) Tnedmidutueunn (h x e x @ WU 1.5 9. x 1.5 9. x 1.5 .
13unI1 Luffa sponge matrices (LSM) ﬁqﬁmﬁamiﬁﬂwﬂu@ﬁmmﬁ%%’a%ué’u'jw LSM Ay
wnzadlumsiTuuaiids AA8 WaduindwesdauuaiduesdiniiSendt LSM-AAB (Krusong
et al., 2007; 2010; 2014b) Fuibhinmsninifendnnsaezdfnld

sgdlsfinudssavsaweeanisnannsmesdinuanaintuiiuiide (lufid e LSM-AAB uaw
waddasy AAB) udnfedastusupuaninsatunsidernidudszuy - fadulunsineniizddoanuuy
dnslonieuddmsingas  muunfudaszuy QAP ludmiinuuy packed-bed a¢ldnsmyuauth
niniiesed1afen ulunsinuidadiuinmsiienidluhminasdaeilwSaeondiaud
azane (dissolved oxygen; DO) aejluizﬁ’uﬁﬁ'ﬁﬁﬂmﬁmﬂﬁﬁ%maaﬂ?&m%’wammuaalﬁaa’wﬁﬁa
faxﬁ'ﬂ,ﬁlﬁmﬂimax%ﬁﬂluszﬁumwﬁm%’uﬁqaLLam’mﬁa valssuuiieanuuuiiielflunsinuniss
158N91 “5¥UU packed bed-external aerated fermenting medium (PB-EAFM)”

dmdunantsfnwanansnagdlwad

5.1.1 1 Volumetric mass transfer coefficient (k@) S¥UU PB-EAFM wu Tugnamitlals]
manfingnsmsliomiadmsu EAFM winfiu 6 Bmssloundl Tidn ko Tussuu EAFM aegn Tuvne
fgmsmslioimaiingauseiunmInyLIuwesszUY PB-EAFM @i 0.09 Ansdewndl iien ka Tu
52UU EAFM @9an

512  wavewSinalouiuindawed Acetobacter aceti WK fivangausaussansnmmns
inthdumeyluanmildsnsmsvuuvind 006 anssoud wasmsliiornaluy EAFRM Tu
031 6 Anssieund Usnalleuaudl 3 Bes (ned3unns) I ETA geanesailfod iy

513 wa"uaaé’m'i’ngmmf’mﬁnﬁmu'1saufﬁiaﬂisﬁw%mwmwﬁ’ﬂﬁﬂé’mmﬂ@iuiwu PB-EA
FM Fldleuaufinsasad A aceti WK TutBuna 3 8ns (neU3unas) uazldasimsiveinialy EAFM
lu EAFM container winfu 6 &essiowndl  §wsinnsuuiu EAFM wiiu 0.03 desseund W
UsgAvdamluairensnozddinlfdiiae
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514  wavesssnsidernmefiunzaly  EAFM simJizﬁw“ﬁmwmwﬁﬂﬁ‘?ﬁuawﬂu
sUU PB-EAFM fldleuiuiiedaead A aceti WK Tutiunas 3 8ns (Ineu3uns) uaylddasmpnu
dwiin EAFM wihdu 003 Amsieundt Tuanmmsldenmeludmtn EARM theviliide A aceti
WK dhdanmmsuiuiitendanseldedsindudonssuiisuivanmilifinslione Tawi
Sasnnsierneit 9 Amseuniide A aceti WK ldnanduilan (vihiu 3 $u)

515  muAauesssuy Quick acetification process fildleuaulunisefasad A aceti
WK 5%UU PB-EAFM 714 LSM-AAB iiiifn ETA 48.2-56.0% TnesiAiadawiiy 51.6%

516 waued SEM images wansliiiuin e A. aceti WK annsaasglifnanmiisdun
Gloes LSM roliiAndnuasuss LSM-AAB Zulu PB bioreactor uarludnumsieadiiadaluth
wifn EAFM Samsuauluszuusening PBEAFM container Tusguu. PB-EAFM Fuinleanunsondn
nsnazdfnliethesiasilusseznaniies 2 Ju desaunsnan

5.2 daiduauug

nsWaLNsEUaNMSKAmIAumegmiansaesdAnlagnslitander (nert material) anunsa
Gonldfanlsvarnmansyszian witagidenldlunsAnvaulivhaiendimsldonuudilideliie
safwsedwadendundn lovudutagsiaunatmoulandBesduandenlfoisd  adlsina
el Tansrruisnvangesniitiaule onfiiy vudes  dudnlng - uasdaamenisinunstil
Tassarafudulefisisngy Wusy
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Fig. supplementaryl. Characteristic of luffa sponge matrices and stainless steel screen
cylinder used for adsorption of Acetobacter aceti WK in packed bed-external aerated

fermenting medium system: (a) luffa sponge matrices; (b) three types of stainless steel
screen cylinder
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1. ArUSunaeendiauluth (Dissoved Oxygen, DO)

A1 DO (ppm) Tadheieies HI9146 Microprocessor Dissolved Oxygen Meter (HANNA Instru -
ments Inc., Cluj Napoca, Romania)

333191 DO Meter fseil

1. paneuneniuiusy Watheddainslevlusausy whlsliain Deedestn DO Nl

o s
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ﬁ‘quﬁLLﬁa(*’Luﬂizﬁﬁlﬁlﬁﬂﬁtﬁunmmummamu:umm’eﬁaan)

2. N5%1A1 k.a 728 Sodium sulfite oxidation method (Stenstrom, 2007)

MMIMIA ka aFEnanAIsNIsNNEaA1 DO lagadaufisenves sodium sulfite (Na,SOs) Fadu
reducing agent Wiawavwy sulfate Tusgn il divalent cation ve Co' ludnwmyues cobalt
chloride (CoCl,) Ay catalyst

funoumsmen ka Tufmiin packed-bed bioreactor #ll#Sasimsuyuaimiin 3 seifu (0.03
0.06 WAz 0.09 AnsHawd) Bunifiutn 1000 1a. aslu pack-bed bioreactor (vu1m 8000 1a.)
Aty CoCl, 3 unstedns deulvemaludnsnismuanililumsinuifuna 5 ui andy
UM NayS0, USues 200 unsofns deudugansvsuiu viimstam 00 Tuyng 2 wit Wunan
30 Wi waztheinldlundon semi-logarithmic scale Tneda slope vasnsmiléidu ka 7
A4N3 IR

dmfumsiaen ka lurerinn 10 dns Fussgimiinuiunes 5 aes Adnswulionia (3sed
Usenaume 3 6 uaz 9 ansmau?l) wie 138AIN “aerated-fermenting medium” T Fudiuns
Wudeaty  udldnh 5000 wa. druasiefiendemsfuaiiiniy 5 wh rnnsdueanismen ka
Tutimin packed-bed bioreactor 419%U

3.3.2.1 NMInTITIAsIsiaLUesidiunse (AOAC, 2000)
degnahduareyunyiinslowsmeae NaOH auidudu 1 N. aufagayi Ao
wWagwludvuyeew UHTRmuTuneuves AOAC, 2000)
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unil figamgdl 10 seeniwaided dlelluwisnassnafamsuendussnhaiiy
penauwaduuaiis wanlafudnhrenoumaduuafiefldannsdumisavh
msdesneinanslsd 2 afs ninthahunidersisinduldvaoanaans fsnsinis
o910 100:0 80:20 60:40 40:60 20:80 thlumyumissfeipas centrifuge uas
anldWasd Usinms 5 Iadans duiiivdehluinArneuitriuenady 660 nm
LdthaaemeALEuSsE e Luivthminuieraduuaiise
Acetobacter aceti aunnsidlunisrusniAmimdnui Ao

| (B-A)x1000
| (Frmsldlunrsaius)

Pnilnuwisaasas (nSumedang) =

119 A A9 Uvitinvewowd
B Ao Wvitnveanesd waseu

23151894 Cell Dry Weight (hwiinigaduia) a1nleuau

ileuvanldinduanslsduiung 1:100 faddns S1uau 5 flask uaz
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3. MIIATI2 Optical Density (ANYW)

Lﬁuﬁaaﬂﬂaﬁﬁé’umaywﬁdluu&iasi’umi’mmﬁ’]m']m{'uﬁ';mﬂ%‘m uv
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