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Abstract

Coffee fermenter are coffee processing innovations to improve quality that reduces

production costs, helps control the quality of coffee, developed by the ‘Single stage pilot’



principle. It consists of a body and sieves to reduce the growth of microorganisms on the walls,
using the air-life system formed by the internal and external circulation circuit, the liquid phase
mixes efficiently and reduce the shear force to produce flux air of at least 100 liters per day. In
addition, the system is designed to collect coffee beans from the front grain tube and easy to
clean and suitable for using inoculum. Optimizing results from Chloramphenical trial founds the
optimum acidity of the fermentation tank was at 4.0 mg/l (tartaric acid) and ‘Penicillin trial’
show the condition of two important factors of 75 to 100% water-filled and fermentation time
should be at least 24 hours. The filed application of coffee fermenter gave good feedback.
Furthermore, there are more convenience data support the use of fermenter which reduce the
bitterness from coffee fermentants of excessive organic acids and increase production of
ethanone (fruit flavor), a-butyrolactone (Milk butter flavor) and [-damascenone. Coffee
fermenter was also able to control or reduce caffeine by 38% in some trials. The cost of using
coffee fermenter rest to 0.45 baht per kilogram, different from the normal method at 1.2 baht
per kilogram. It exposed that this coffee innovation could reduce working time, labor and
optimize coffee production more efficiently and sustainably.

Keywords: Fermenter, Air-lift system, Arabica coffee, AAF techniques, demucilage fermentation
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UsEnaumedasdiunantaunioni1snau (agitation method) WaraN¥UEYDIN1TUL (vessel) MUNITUUS

nsuinieldlunannisanasdrfglu Table 1

Table 1 Type of Processing Fermenter Model for Fruit processing approach

Type of Fermenter Application Sample

Mechanically Agitated Fermenter Stirred tank fermenter
Rotating drum fermenter

Spin filter fermenter

Pneumatically agitated fermenter and | Simple aeration fermenter
non-agitated fermenter Bubble column fermenter
Airlift fermenter

Packed bed fermenter
Fluidized bed fermenter

Membrane fermenter

Source: An overview of fermenter and the design considerations enhance its productivity (pharmagologyonline 1:261-301, 2010)
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Figure 1 Comparison of Bubble column reactor and internal loop airlift reactor due to water

dynamic bubble

Source: Continuous Antibiotic Fermentation — Design of a 20 litre, Single-stage Pilot plant and trials with two contrasting

process, journal of Biochemical and microbiological technology and engineering

n1sUszgndlddamdniventsuussundnnaniesnisineasilanuaulamiuundu Ingdnnslyd

warainsAgnlunsiainszuunsuinnunuIaunsanuaunsiannuseaululasaenladng



wazvanratslunisveaesnsiawnsyuIunsuinuuuvg wenainfifeiieseonisaeiaiiovadnis
MiINANAUMITIRULUY (innoculated) Sglunisiiuifeanandnuasannisgaidonanin lun1snaaes
nsudnszaulng Needdusuaninsiuistdadenisminlawn Wnazveudsainnisninimnaiianig
e ey liAnNan 1AL naIUI N5 TTNYIAYDIYNYY NSLTTminUug @it veINg
o & A a 4 o Y & = = = Y a & = ) A
vergidaitensnaniadianedasiunisuulou lneillaiUTsuiisuiussuuiautuinsdanisnde
FadlalinsUseyndldszuuduieimuinisninagaiunsndanisiaieniuagauauauunIsHanta

Wueenem

7. /ANAUNT
- aunsal
1.38ANA80Y
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1.3 §1n599815 Semi-phase microextraction (SPME) lunnsa fasunay liquid-liquid
extraction M14Aile Visiprep (Supelco) InglUIyulfigusening fansed Semi-phase extraction (SPE)
C18 silicate (ENVI-18, 0.5¢g, 6ml) wag Copolymer Styrene-divinylbenzene (PS-DVB, Bond Elut PPL,
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(1) Tartaric Acid

(2) Diammonium sulfate
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3.1 High Performance Liquid Chromatography - Ultraviolet #fisuUsHuusafua(@9e

Shimadzu LC-6A), %13awfin Manual injection fiwuauSuadad 20 lulasdns, nsanedudesin C18
Silica, ApauUYTA C18 Silica (EnviroSep-PP-PAH (EPA Method 610) 125 x 4.6 mm), A2M5299U
dyey1auviia DAD (Shimadzu SPD-SAV),iA3 83w UsHA (31 SPD-SAV) wazlusunsuwysua (LCanalysis),

AM1L59999 Mobile Phase 71 0.8 mL.min" wagldiarlun1siasigs 30 wid
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As1z9A 30 wTl ilensreBuuanslinaulununainnsmin

3.3 Spectroscopy Ultraviolet

3.4 Bioreacter ﬁﬁa Infors HT ﬁﬁiﬂiLLﬂiumUﬂm Eve

3.5 1ARoslATIzsiaynBidnnsetdind Ju 251 Waulaeutmaliusemelve O 2554
q. n?iummg’m Scent of Coffee (Nez du cafe) 91nUSEM Aromes de VIN Usznaulddae 54 ndundn

Tunuiveldlunisilniagvageu Cup tasting

- 35M9
1. fawdana3satiensinuuin 20 anslagldndnnisues sincle-stage pilot plan Fauuas
m1135v04 Bartlett and Gerhandt (1989) waznnaetUsenaumnIestienined1ainelnslsenay
drusznautieau 3 dnldun gnduenna druresimiin wasyaifiudogiaimiin
2. Yrannzidsuievesdaduazuuniiionisldanniy nisminannada AAF technique
Inwer (2560) antdludeufnsaidnnmyinsmaaeunsudiniuy twin-batch competition
3. naaeudwmdniagldnisuinidientneldin3esiasninegradredeaniunisnin
Chloramphenicol fermentation #335904 Bartlett and Gerhardt (1989) doRnwinefimunzay
wazduindoya
WHUAISNARBY DONLUUNTIVAGEILUY CRD $13au 5 N353 3 o
n33359 1 limuauanudunsasins (Suiinnswasuudas pH)
n3AsT 2 Auauanadunsaslaglinsammdnuiuidu pH 3.0
n3IsT 3 Auauanadunsaslaglinsamminuiuidu pH 3.5
n3us7 4 Auauanadunsasstagldnsanmidnuiudu pH 4.0
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fermentation A133va9 Bartlett and Gerhardt (1989) tefinunsnansansmsifivanzauuagiand
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Figure 2 Green print of Demo-Coffee Fermenter
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Figure 3 Control of Oxygen and Carbon dioxide levels in the pre-pilot rotating drum bioreactor

by using fresh sterile air fluxes.
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Figure 4 Demonstration model of Coffee Fermenter model 1 — CFerm1
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Figure 5 Fermentation results of acidity variation (tartaric acid) following chloramphenicol trial
in different condition

831N Figure 5 WUIINIIUIIN 4 NleneaeusunsanImisny pH 4.0 neuausiNIsgaaen
vaudlonlannanlnenuinienngavualuailiifiu 18 Halus (Fesaz 99.89 910 NTU 1,500) lnglu
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AINIMNEnIIS0sas 80 warseuay 66.67 F3lunssuisn 5 nummgeasnveslonidalusdl 18 dasuin
WineSosay 26.67 Fauansliiiiuiinisidwminaiunsadinszuiunis AAF techniques Tun1susunsad
pH 4.0 Uszgndldla ToenlofnnuUSuIuANdUNIARNUINNTSUAST 4 fanuatesgedaunnenaiy
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= Y o w £ dy al' o = d‘ =) R 1 C% Y
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CFerm 3zildnuwazsay 3 Usenishan annisuannsndunsdwaraisnasavuluiaussass (Acetic Acid
nindeway 57, Furfural nI5oway 25 wag Pyrazine ninsesay 44) nannausaiuraulalanudulaun
Ethanone (ndunalil), a-butyrolactone (NAUUNLUY), B-damascenone (NAunonlil) WavE1INgy
a v

Phenol (nduwnald) istinslgnszurunisudnasnandwatelsunuaundusgreiidedrdglneonunis

anasvadlsunaAdunInNsauay 38 annle (Table 2)
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Table 2 description of chemical and flavor profile of coffee bean using AAF technique in Demo

Coffee Fermenter compared to standard method

Compounds
Acids
Acetic acid®
3-Methyl-2-butanoic acid!
2,3-butanedione!
2,3-pentadione!
Hexanal!
a-butyrolactone!
3-damascenone!

Ethanone
Furfural®
5-methylfurfural’
Guaiacol!
Phenol!

4-vinylphenol!

Pyrazine!

2-methylpyrazine!

2-acetylpyrrole!
1H-pyrrole-2-
carboxyaldehyde!

Maltol!

Caffeine

LRI FID peak area (10%)

FFAP Ref Control CFerm-AAF

1452 1468 8,112 + 146 3,409 + 520

1804 1819 340 + 245 317 + 16

Carbonyls

1025 350 + 33 446 + 12

1063 1067 510+ 6 541 + 70

1084 1079 36+3 42 + 4

1653 1637 453 + 130 1,377 + 384

1833 1828 25+ 17 7T+

1846 615+ 3 2,122 + 3
Furans

1478 1473 39,439 + 536 24,761 +

406

1591 1582 6,274 + 441 4,660 + 260
Phenols

1876 1871 360 + 45 277 £ 20

2019 2030 244 + 123 357 + 47

2413 50 +1 82+ 12

Pyrazines

1220 1215 29,999 + 17 16,777 + 59

1274 1267 4,972 + 520 7,188 + 391
Pyrroles

1989 1983 1,140 + 67 1,204 + 99

2047 2038 15,674 + 35 11,098 + 97

Miscellaneous
1989 2004 6,350 + 157 6,372 + 163
3052 4,876 + 47 2,983 + 17

Identification

MS,LRI
MS,LRI

MS
MS, LRI
MS, LRI
MS, LRI
MS,LRI
MS

MS,LRI

MS,LRI

MS, LRI

MS, LRI

MS

MS, LRI
MS, LRI

MS, LRI

MS, LRI

MS, LRI
MS, LRI

Changing

percentage

-57.97%
- 6.76%

27.43%
6.08%
16.67%
203.97%***
208%***
3439

-25.30%

-25.73%

-23.05%

46.319%***

64%

-44.07%
44.57%

5.61%

29.20%

0.35%
-38.82%

'Compounds reported in Flament (2002); Control
Identification method : MS = Mass spectrum,; LRI

= unfermented coffee; CFerm-AAF = Full-city roasted AAF fermented coffee;

= Linear Retention Indices obtained from references or literature values (LRI

referred to the value in Mondello et al. (2005); Moon and Shibamoto (2009), Nebesny, Budryn, Kula and Majda(2007); Gonzalez-
Rios et al.(2007); Lopez-Gaililea et al.(2006)); “-” = undetected.
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2.2 NANISNAGBUNISUINLUU Penicillin iafnwtiaikasuSuiaiunMviuns s

(%
Y |

ﬂﬂ%’ﬂﬁﬁ'masiamwﬁnﬁgﬁzﬁufwLLazmﬁwqmaaﬂsuammmwﬁﬂuumma%'mLﬂwiamiisif
Fuwuudodin (Water fill 50 — 100%) Fudlew3suiiisuiunmsvdnanisdaia (Rudvhusssudondn
: Submerged with microbial inoculation) a]sﬁqumaaﬂmmLﬁaﬂﬁLL@ﬂGhaﬁ’uuasmsw%ﬁg@ﬂmaq
Fofumnansfusgrsdidoddy mnuTinadildifiemeviefudosniifesas 50 ufasiianisvgnasn
voudlonusnisiasaivlnvendosrdininsldinditesas 75 Fuluunavvraeideolddrusuiamin
(submerge) Fauananaziliinnsaudesilumsndnudinsesyiivinzdiadnde Jadei
denasionslddaminiidfyevsunaiilmnzaussaulitosnindesay 75 - 100 vaaU3unamnium
wavszezattumsuinldiiy 24 $2lus (18 Falusmuniatuuziinues AAF techniques, Tniel (2560)
wenINANURanITMAdeUAY Table 3 T1nsldTmitndannsafmuinisudnnunuuududunns
namnavusatanizvesmunldunsifiuduves Ethanone (naunaldl), a-butyrolactone (nAuuuLLE), B-
damascenone (ndunanlil) wazarsngu Phenol (nAuwald) Fanainisndnuazuiuiaiiiian

[

ninenslunismdn sunuuazaiunsadilunaasanseuunsimangauvesn W luiune 19 e 9

=

viinlunmaeuld lnganinsoimunszeynaivsnzauiiensminlildnunndlazdaaiunsanduny
nsudndndie TneranisilSeudisunansldfminuasdguinuuuventingy wunsudnnaufiuansg
YALaunu Figure 6

Table 3 Appearance of mucilage deformation and microbial growth of coffee bean using AAF

technique in Coffee Fermenter

Fermenter with Fermenter with Fermenter with Submerge with Average
Water fill 50% Water fill 75% Water fill 100% microbial inoculation | F.time
(Control) (F2 factor) 1
12 hours Fully Mucilage Fully Mucilage Fully Mucilage Fully Mucilage 2.415
(2.48 log CFU/ml) (3.04 log CFU/mU) (2.12 log CFU/mU)
(3.14 log CFU/mU)
24 hours Half Mucilage Degraded Degraded Mucilage with  Half Mucilage with 4.595
with high dense Mucilage with dense high dense
(3.81 log CFU/ml)  dense (4.93 log CFU/ml) (4.61 log CFU/mV)
(5.03 log CFU/mU)
48 hours Degraded Degraded Degraded Mucilage Degraded Mucilage 5.1475
Mucilage Mucilage (5.93 log CFU/ml) (4.92 log CFU/m)
(3.91 log CFU/ml) ~ (5.82 log CFU/ml)
Average 3.40 3.06 4.63 3.883 CV =52.12%
Water used
(F1 factor) 2
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Figure 6 Chromatogram of flavor and chemical profile of coffee fermentation using AAF techniques in Fermenter model CFerm 1 comparing to

typical fermentation method, observed the variation of 3 component chemical profiled such as organic compound (referred to fermentation

method, flavor profile and caffeic acid pathways
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2.3 wamsusulsdunuunsastendnfiuilussuudngainiauasnisiiunanan

nsUfuUTuLUUAIssthensinnuanan sageunsvianuaIngu Crerml
wuszuuiiigmsenisminde “seuudtsennia” Feszuuiinarliviediemisuaziadie
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szuuigemaLuumeduilsdudlnefisionzameniosas 80 vesshduiieliszuudigenea
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aufidianisi 600 ans ey Figure 7
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mnuazenliayan faszuuifnnsnoenidosanlidndudesinisfunsana oanan dasnan
Tannluluguuuuidein Crerm2 aimsihlunaaeunsminluaniozass wuinsmaaedld
Smingufuerniagu Crerm2 fiuszAnsamnisvsindiindinsvinlaessuuundlu 4 anud
naaeulnenuindieinismageulaenssuiuns AAF techniques Usyaninimnisteaidionas

An3nsauaunion1suiinlagdsunAdnvisginnsariuauAAUdunsAfig (pH) $auInTsHy

q

] 1 [

91MANANII3U CFerm1 wananlidshgsianisiiudeniiainluldnaasusensaiiouiunlaly
v 8 < < A o @& o v

AMSNITNGIwar NS ULAAN LN AT NLE@SadNA3e

AULANAIIUDIDINLNTNDDALUUMLLALAIY Table 4 L ALUSEANTAINANSTULNLAY
PesanisiAuiiannwikazidualsnwiAniniasanalaenisiiued msutoun1usn1aey
Uu{]mﬁ’umﬁﬁmmLLﬁ“aLLawﬂmszquLﬁaazmﬂsiamitﬁuLﬁaﬂLLaszﬂmimLLWmmﬁaﬂ
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nsndinfavunIged 1 wazandnveandnniunlagaiunsaniuau pH wag Turbidity Laatuyn
‘&’ d‘ U 1 7 1 (] -7 v a v o v
HuNNAaeUkaranIaIN1NINeE1aTaRY drudmsusunun1Gs Table 5 wiaunisunltuly
Usglegdnuinnsidaaminiiudunun 5 umainiswuuindadegnniinisldinsesAnilen
wulsiiazisniuall wananinsiiuayldintazidanasldieazuin vnlvdunuudamsindedu

madenialunmsuusgunuvialvdndiaaunin

q
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Figure 7 Demonstration of new model of coffee fermenter-CFerm2
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Table 4 Summarize of two model of coffee fermenters CFerm2 comparing to CFerm1

IAUTENBUVDISEUU

q'u CFerm1

sq'u CFerm2

T¥asdunuLagvuIn 100 ans

FeUUSuIMINIUIn 80 ANS

viedrusulauainiAa1niu
WuuRaandudneniduuy
Air Turbine Tusg#%i19n15
niinlusnsinefinsouusiu
aaseuty
f1ua19va989i8d mSU
Fuilenniunuazanesimsin
s
finzunsaenarsniunivgn
Beudesnssiaarsaisniun
WiodewANISIAUAITN LN
wazn1suilannunluldvdn
i
Fudnidnaiu1saansanld
Wian1581A21ud01auEaS

WAAdUENY

v

v

Table 5 Investment of Coffee fermenter compared to coffee bean capacity of 50

kilogram described in time used and production cost (water used, electricity, labour,

equipment and maintenance)

Process 93 unu

987

JoIFY

Original 60 UM

Wet process

AAF technique 25 Um

60 talasuly

18 $7lag

- Tvanunu

- Thunnuazlenlivaaluuiansedl
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3. NAN1ISNAFBUNISTNIN IUNUNNAFBUDIS

HaN1sNAdeUAULUUamIN(UTUUT 2) Tnedmdnauia 100 dasladiunismaaeuly

[ '
=] ]

Nufinaaosiadu 4 audiTelunimaaeunisudnniunlegs Ui wuranITnagaunIaUsEam
Fudavesmsvageuniinlaedminuaznsudnuuusadiununaiinszilusingnaulnendes GC-
SPME-FID-O-MS #1al Table 6 lagwualruuand19lunguans Furfural, Pyrazine wag 2-
formylthiophene, Ethanone fivsuasnndaduanslinaunals Weolddmdndunuunazny
@13 5-methyl-2-furancarboxaldehyde wag 2-methylbutanal #lvinauthaalusilugaaiuay
wnniuansliduhdaiinaunsomuaunisdenauasddaldfannisminuenanniimui
nslddmsniiiinnsanaswosiansndnuazaL Ao sU3unansamany Figure 8-11 lu

& A & Y @ =2 o o Yo o Y N 14
fuvagaeuns 4 wanslviiuisnnnudrAyvasnislddmdnlunmsdnniwniauaula

Table 6 Summarize of field trial of coffee fermenter at Khao koh (600 meter above sea

level) and Khun wang station (1,200 meter above sea level) compared to typical method

Compounds LRI FID peak area (10°) Identification
FFAP | Ref Khao Koh Khun Wang
Control Tank Control Tank

Acetic acid? 1452 | 1468 | 6,463+ 373 | 6,137+ 300 | 5725+0 5,805 £ 0 MS,LRI
2-methyl-butanal 1804 | 1819 | 16,493 +32 | 40,361 £ 32 | 26,535+ 0 39,164 0 MS.LRI
2,3-butanedione’ 113 + 32 592 + 18 83 + 32 432 + 18 MS
Fthanone! 1084 | 1079 | 237,686 +0 | 240,931 +1 | 199,104 + 0 258,147 £ 0 MS, LRI
Furfuralt 1478 | 1473 | 29,269+ 0 | 80,1050 | 23922+0 43,626 + 0 MS,LRI
Pyrazine 15940+ 0 | 40938 +0 | 26259+0 48,705+ 0 MS
5-methyl-2- 48,677 +0 | 14,636+0 | 26553%0 40,264 + 0 MS
furancarboxaldehyde

Acetoin 1293 | 1291 | 319+ 11 272+ 23 319 £ 11 272+ 23 MS, LRI
d-butyrolactone! 1653 | 1637 | 2348 + 175 | 2524 + 411 | 2348 + 175 2524 + 411 MS, LRI
4-vinylphenol' 2413 a5x1 - 45x1 MS
2-formylthiophene' 1716 | 1679 | 24,953+9 | 30,284 +28 | 26,535+ 0 26,658 0 MS, LRI
Neophytadiene 1376 3523 35+23 MS, LRI
Maltol! 1989 | 2004 | 3,141 +136 | 5376 + 366 | 3,141 +136 5,376 + 366 MS, LRI
Indole! 2475 | 2476 | 166 +48 215 + 31 166 + 48 215 + 31 MS, LRI

!Compounds reported in Flament (2002); Control = traditional fermented coffee; Tank = AAF techniques used tanked fermented

coffee;. Identification method : MS = Mass spectrum; LRI = Linear Retention Indices obtained from references or literature values

(LRI referred to the value in Mondello et al. (2005); Moon and Shibamoto (2009); Nebesny, Budryn, Kula and Majda(2007);

Gonzalez-Rios et al.(2007); Lopez-Gaililea et al.(2006)); “-” =undetected
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