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An Analysis of Ethanol Concentration Using Organic Solvent Extraction with

Dicromate Colorimetric Method and Its Application to Laboratory Scale
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ABSTRACT

The aim of this study was to select the proper organic solvents [isobutyl acetate (ISA), butyl acetate
(BTA), chloroform (CHF), tributyl phosphate (TBP) and their mixtures] and to find the proper proportions for
ethanol determination with the dicromate colorimetric method and practical application for laboratory scale.
The results showed that TBP:ISA (25:75 by volume) was the best ratio of the solvent for ethanol extraction
among different solvents and their mixtures (p<0.05). The ethanol extraction efficiency of selected solvents
from fermented YPD medium at 2% and 10% (by weight) glucose using Saccharomyces cerevisiae 5019,

compared with TBP, was investigated by gas chromatography (GC). The results showed that the selected
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solvent gave the high accuracy values, as well as that of GC (p<0.05). These results indicated that TBP:ISA

(25:75 by volume) showed high feasibility for ethanol extraction at laboratory scale and could be developed

for industrial scale in the future.
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(ﬁqm‘ngﬁ 20-25°C)

Butyl acetate (BTA)

Isobutyl acetate (ISA)

Tributyl phosphate (TBP)

Chloroform (CHL)
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L 1.489

fiun: Seo et al. (2009)
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lanuaalasilia S. cerevisiae TISTR 5019 (31N
6 A a 6 v A v a 6 a
audIRuNIdanIwIeINMaad waznalulad
widUszinalng) luamisiaua®e YPD Suaa8ny
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AN NVDIA AR UI@EII‘]j’Jﬁ Duncan NIzauaNULTaNl
Jauaz 95.0 (p<0.05)
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aThs 4 Tiandenanleun Isobutyl acetate
(ISA), Butyl acetate (BTA), Chrolofrom (CHF), Tributyl
phosphate (TBP) fin ausmtiAnemuitnuld@nianues
waazansldenunnluin uazfianudrsdnizd
wanenanuin 3amanefiazinanlFlumsataenues
INETHANINUAZLON DS Wi dusasdmiazae
AlnadansanaenInaatsuny lassosdaule
ﬁaf: carboxylic acids > alcohols > esters > amines >
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Imaqa Tas98 519N UANEIAWIT Y FIUAUITBIAS
LLasf’ummadﬁd aneae (Roddy, 1981; Munson and
King, 1984; Cabral, 1991)
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A A v L = ' °

a15197 2) Feldmduartsvenisanuuiug1ved
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@enn (083UN3, 2552) uazansanailslunnsg
L - . . 2
LENT® INMNANTNN 2 WU TBP Hen slope ez R
WINNU 0.408+0.001 WAz 0.986+0.002 ANRIAL @2

ﬁm:mﬂﬁuﬂ%ﬁua:mwamaaéhﬁm:mﬂﬁuw%ﬁ

b b

T navas slope Miuand1ananua1vead TBP atingll
HHIAW (p>0.05) fa TBPISA 25:75 @audvinazane
aun3g TBP:BTA 75:25, TBP:BTA 50:50, TBP:ISA
7525 uay TBPISA 2575 SAnenudunussiu
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o o o

laiuandwaensfi udamny (0>0.05) AU TBP INTIZ8zTht

WAV ANEBUNTS TBP:ISA 25:75 TAaNanuTY
LazAMIFNRUE A luandseda i ddyiu
TAAILQY snnagaldiarlunisusndwiiog 35
wif lag TBP:ISA 25:75 lWnafilnaidnany TBP 59
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A . ) . v o &, 2 & o o a A 6
MN1319N 2 ANANNTH (Slope) ANANURUNUDIIIN (R) LLNzL'JN'ﬂuﬂ']SLLUﬂ’H%“Uﬂﬂ@n'ﬂ']ﬂzﬂﬁlﬂf’]u'ﬂiﬂ

dndrmaasasazany (lnadSuas) AMNTW (Slope) AMNTNNHEI (RY) nmtmn%ﬂ(mﬁ)
TBP (TAAILIAN) 0.408+0.001° 0.986+0.002° 15
TBP:BTA 75:25 1.113£0.041° 0.900£0.047°° 20
TBP:BTA 50:50 0.754+0.031° 0.891£0.010° 20
TBP:BTA 2575 1.3440.072° 0.843+0.039°" 37
TBP:BTA 0:100 0.316+0.054h 0.864£0.085™ 180
TBP:ISA 75:25 0.597+0.027' 0.892+0.066"" 25
TBP:ISA 50:50 0.658£0.040° 0.808£0.035™"° 30
TBP:ISA 25:75 0.428+0.014° 0.892+0.006"° 35
TBP:ISA 0:100 0.564+0.029' 0.830£0.076™" 180
TBP:CHL 75:25 0.585£0.021' 0.735+0.068° 60
TBP:CHL 50:50 0.330£0.02%h 0.790£0.044°" 60
TBP:CHL 25:75 0.268+0.01%h 0.747+0.064°"° 90
TBP:CHL 0:100 1.045£0.015° 0.580£0.053' 195

o @

U EHTV) ab,c...anwInuandsnuwluumamasis dannuuandrinuedslinedaymesia (p<0.05)
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MITALENINARTILID A LlATINAB D NTLATY
Tmnumsliarinazans TBP:ISA (25:75) analaniuea
WSsusununslEairinazans TBP wazn3bd

A

wiasufalasuninnsdl (Ge) Tapvimsiasaiie
S.cerevisiae TISTR 5019 148 1%1513 891407
ﬂ'%mmﬁﬂmaﬂaiﬂa@mﬁuﬁa YPD ti’]@]’mﬂ@lﬂﬁ
2% Waze1%13 YPD ﬁwmaﬂﬁiﬂa 10% (NWH 2)
Yurimswa g ianuiia 120 saudauif
muldanzgunnd 30 asrugaios ANHAnT3
aiaLanIwealsenwisiasIde YPD ﬁﬁ@ﬂaﬂﬁiﬂﬁ
2%  wuinielddarinaza1uTBRPISA  (25:75)
MUNINENALENBALA AT lalaTiunaanTLaTy
sanun laludsmnmanuiduduiddilnaassiu
A1 NI uTa Lo Nuaa Rl Tevinazany TBP

ana wazlnfALINUAIA MU NT UV DILa NI RN 1T

wsasuialasunInnsnilumsiaanudududas
e dulssansnInszanedvesasluu
LaNIWaaad TBP 100 fa 0.14 uazwad ISA fAa
0.21 Gadenlndifnarn (Egan et al,1988) 1iwdsany
NIRNALENIUNAILAIINazaY  TBPISA (25:75)
HaMIIaANUE VT uYasleMuaaleWNS YPD 7
ﬁwmangiﬂa 2% Waz10%WUasasaae b g
dodranuTuturesianineaninlaiiiasanndn
anuduTuildaarinazany TBPISA (25:75) fiu
mMIkavinazans TBP Aarlnaifssnuanadudu
yastonuaaildufalasunlnnwd wenaniin
Wana 10% AranuLudueaNIkoAITFINID
Lﬁaamﬂﬁﬁwmagaﬂjnéaﬁammmw'ﬁmamuaa
o7 gaﬂhm%ﬁﬁﬁmfﬂmaﬁaﬂ 9 (§713N14, 2550) MIANA
Gapaviazay TBPISA (25:75) LazMIRNALANNKEA
MUAIVINALANY TBP ®1N1I0 bIENALONIUER b a

Walnsunumsituialasulnnswi



o A

MImATNNAURI Gnenmaasuazinalulad) U0 19 atufl 2 nsngnaw - funew 2559

2

AMULTUTUYDILENIUDR

15 20 25

LA (T2 1w9)

Af 2 UszEnTmwaasairinazans TBPISA (25:75) (SUanmwolsunasu) Lazavinazans TBP (Suanuoiiona)

lagana L@y uaanLTe S.cerevisiae TISTR 5019 Tua1%13 YPD ﬁﬂmﬂangiﬂa 2% (Fyanwolad)uazln

21%13 YPD whananglas 10% (fyansniden) wisuifisuiumsldufialasunlnnnail (Go) (Fyanwal

a A
FNaLY)

3. iamsAnAANLsEANEMInIzanEd (K )
2BIAIMATANY

FNALANIUWIRAY TBP La2IAANITUT
lenuaadieitlalasiuneandiadi netuuaIfavin
SEL Rl (%v'uuu) LT BIFI8E (%v'ua'w) lasiin
e s Muaa UG BTNy (TULW) WITA
AN TN 8V BITUYDIG 08I (THA)
ufhawaaans i tauaalzansawnsas
LONIUERTBIRIRIBZAY WINAEFNLIZANTNNS

nszanaadandrlnaniaauing 9@ (Seo et al,

2009) IINHANIINARBINL A1 FUUIEENT NS
N3291867 (Kpe) (@13797 3) 209TBP fidgigano
0.35 fiaruiduduioniuesuiasgin 1% las
Ysuras dadledsomifinuiuwudn TBPISA
(25:75) ﬁﬁwé’uﬂs:ﬁw%{msm:mmgaqﬂﬁ 059 7
ANMUTNTULEONIUOANIAIPI 0.4% lagiSuias
Gaiuavnazane TBPISA (25:75) sarsalg ariataruas
l&unninmsld TBP @efduiszaniminszany
AIVBIAINRZABURAID IANNRINNTO L UANTENA
(Offeman et al., 2005)



o A

MImATNNAURI Gnenmaasuazinalulad) U0 19 atufl 2 nsngnaw - funew 2559

{ o a £ o & &, o o
A19199 3 AANUTUTY wazAFNUIEANTNINIZAN8@A0 (Kpg) V83t UafTULBADTUANUYDIAINIRERY

AMALAND T anandnsasianmuaa (lnalsaas) ardudszansnisnszanad (K..)
LONRDANIATZIN
(Taad3aas)
??%‘UE]\‘)TBP %%maaTBP:ISA (25:75) ??%maaTBP ??%ﬂaﬂTBP:lSA (25:75)
0.20 0.05 0.07 0.27 0.35
0.40 0.1 0.24 0.28 0.59
0.60 0.13 0.25 0.22 0.42
0.80 0.26 0.30 0.32 0.37
1.00 0.35 0.30 0.35 0.30
a§ﬂuazﬁaTnﬁwa Ll@N&1ID19DY

aad a

avazanondngaialdlunminasaunn
AN NTUVDILONHEAABITENARI1LATINAZAE
sawnvitlalasiuaoandiaduda TBP:ISA (25:75)
iasanmansoatiaenuesaanan laenanut LTy
AN vinazene TBP weemsls uf slasnlnna il
Tasfidranusunussin (R°) winfiu 0.892+0.006
AAMUTWNIN (slope) fa 0.428+0.014 a8
1lunsugnsuia 35 wift

NNIRNALENIWOAAILAIINaza1e TBP:ISA
(25:75) TANNUADIAANULTNT UVBILANIHOAA2E
ﬂ’ﬁvl,(ﬂiﬂﬂ&l(ﬂﬁﬂ’n&lLﬂuvlﬂvlﬁﬁ‘ﬂfzﬁﬁvlﬂﬂ‘RQﬂGﬂﬂﬁ
luszduwaalianmwnzamaasatelidunada
MI AN azaN8 TBP:ISA (25:75) &nalaniuaa
was B afienauLIZENTNINIZA6 (Kog) §Iniv89
TBP nuﬁv’ﬂﬁmmwmﬁwimaammuaagmiw

wAalasulnnwiens

=) =\
aaanIsndszna
mu’iﬁ'ﬂﬁvl,ﬁ%'ummﬁfumgumﬂnuaﬁfum};u
NWITy guﬁﬁ%aLﬁ%wmﬁ'ﬁ'mm:mma@mﬂiﬂaﬁ
a 6 a 6
(Aa1n.) amzaadangaiuazingndiaas
YRIANUIFULNBATAITAS ANV UVAT VLN ILEY

Usedrtaudszans 2556

eda

37T AwLlaziaty. 2552, MIRalRanmuNusHaand
QmauﬁawuqmﬁgﬁgaLLa:amq:mwm‘ﬂu
ﬂmgmﬁaﬁnvl,ﬂﬂi:qnmﬂﬂummﬁmamuaa.
il e S a6, SWMNENSBINHAINER3.

v o & = A

FTWR WA, 2554, MSANWIFAMILTLANNZRN

= o o A
lumsasoylalaslaianinausnlagniais
VlaﬁmsaﬁugaLﬂawﬁmamuaa. Veridian E-
Journal SU. 4(1): 891-901.

v £ & a 6 €

naNTT qunITuysal uaz FIWa weadia. 2557.
FANIENANIZRNVDINTHRALANIUDRIN
YENTIN AU LT IRINTINTWUUUBWALLA.
NsIIAMnulaninenmans. 14(1): 243-
255.

o £ & a 6 €

nanTs gunifuysol uaz FIwa weaadinil. 2556.
mﬂ*’ﬁﬂs:l%ﬁi’aqwqamnmm:ﬁﬁumﬁm

ot = 6 a
RIUNITATILTRS LS ﬂizqnm‘l“ﬁ‘lumswam
LANIUAR. ITIFIIITINNT Veridian E-Journal,
Silpakorn University. 6(1): 795-807.

e ﬂmaq‘ﬁ' 2. 2553, MINAALEUORIN LY BANA Uaw
TasnTuumt ool WiNeNaLaz RN WS oNn .
FIBNANANYRIINUIRYLNBASATRA T,
NIINNY,

q‘n%’nﬁ 2I%WIU. 2550. 1ATINITHRALANIHARIIN
lalas. NWEANBUNITING  INNBIN

IEFERE!

Jullszann 2550. N T A luladsinw

dam'%umimﬁm;wé'amu

amzinalulad  YWIINLIRUVOULAK,

YL,



MImATNNAURI Gnenmaasuazinalulad) U0 19 atufl 2 nsngnaw - funew 2559

§33un3. 2552, Adiusted R square. f1an: hitp:/supawong.
blogspot.com/2009/09/square.html. 12 GLGEY
2556.

Cabral, J.M.S. 1991. Extractive removal of product
by biocatalysis, in: B. Mattiasson, O. Holst
(Eds.), Extractive Bioconversions, Marcell
Dekker Inc., New York, pp. 207-235.

Cot, M., Loret, M-O., Frangois, J,. Benbadis, L. 2007.
Physiological ~ behaviourof  Saccharomyces
cerevisiae in aerated fed-batch fermentationfor
high level production of bioethanol. FEMS
Yeast Res 7: 22-32. doi:10.1111/j.1567-
1364.2006.00152.x.

Egan, B.Z., Douglas, D.L., and David, A.M. 1988.
Solvent extraction and recovery of ethanol
from aqueous solutions. Ind. Eng. Chem.
Res. 27 (7): 1330-1332.

Jame, C.S. 1995. Analytical chemistry of foods.
London: Blackie A and P.

Munson, C.L., King, C.J. 1984. Factors influencing
solvent selection for extraction of ethanol
from aqueous solutions, Ind. Eng. Chem.
Process Des. Dev. 23, 109-115.

Murphy, T.K., Blanch, H.W., Wike, C.R. 1984.
Recovery of Fermentation Products From
Dilute Aqueous Solutions; Report LBL-
17979; Lawrence Berkeley Laboratory:
Berkeley, CA.

Offeman, R.D., Stephenson, S.K., Robertson, G.H.,
and Orts, W.J. 2005. Solvent extraction of
ethanol from aqueous solutions.ll.Linear,
Branched and ring Alcohol Solvent. Ind.
Eng. Chem. Res., 2005, 44(17): 6797—-
6803.

Pilone, G.J. 1985. Determination of ethanol in wine
by titrimetric and spectrophotometric
dichromate methods: collaborative study
[Online]. Available Source: http://feuropepmc.org/
abstract/med/3988696

Roddy, J.W. 1981. Distribution of ethanol-water
mixtures to organic liquids, Ind. Eng.
Chem. Process Des. Dev. 20, 104-108.

Seo, H.B., Kim, HJ., Lee, O.K., Ha, J.H., Lee,
H.Y., and Jung, K.H. 2009. Measurement
of ethanol concentration using solvent
extraction and dichromate oxidation and
its application to bioethanol production
process. J. Ind. Microbiol. Biotechnol. 36:

285-292.



