HPLC FOR IDENTIFICATION OF COMPOUNDS IN DILUTED PHO SPHORIC (H3PO4)
TREATMENT IN CELLULOSIC ETHANOL PRODUCTION

Diogo J. Horst, Rodolfo R. H. Pettet, Theodoro M. Wagner, Rogério de A. Vieira
! Renewable Energies Research Group, Departmenvdfi@tion Engineering, Federal Technologic Univgrsi Parana
(UTFPR), Monteiro Lobato Avenue s/n, Km 4, ZIP 88210, Ponta Grossa, PR, Brazil.
Phone: +55(42) 3220-4867. Email: diogohorst@yalomo.lor
2Departament of Chemistry, University of Joinvillegion (UNIVILLE),
Paulo Malschitsky, n.10, Industrial District, ZIB2R9-710, Joinville, SC, Brazil.

3Department of Mechanical and Production EngineeBegeral University of Juiz de Fora (UFJF),
José Lourenco Kelmer, unnumbered, Universitaryitesmluiz de Fora, MG, ZIP 36100-040, Brazil.

ABSTRACT: This paper reports an ethanol production by usialiulosic residues also using a method for
identification of the compounds dispersed in didupdhosphoric hydrolysate treatment. Twelve diffensaod chips
collected in southern regions of Brazil were usedyhHperformance liquid chromatography (HPLC) emphgyi
analytical proton-exchange technique was used fa@imeentation ability plus ethanol yields by usiBagcharomyces
cerevisiae were investigated. Standard compounds identifirecnalysis were: fructose, lactic acid, acetic acid
glycerol, glucose and ethanol. The yeast showed gebanol productivities in ranges between: 3.11/hgin
Myroxylon peruiferum and 1.74 g/L/h ifNectandra lanceolata, respectively, after the essays. The waste mégeria
showed similar efficiency in ethanol productionisipaper contributes to the sustainable biofuadsiyetion through
the process monitoring and optimization, contribgtito the renewable energies through the engirgenin
production.

Keywords: cellulosic ethanol, HPLC, phosphoric hydrolysis.odahips.
INTRODUCTION

Concerns about the depletion of fossil fuel resesirand climate change attributed to anthropogesmicon dioxide
emissions are driving a strong global interestanewable, and carbon-neutral energy sources, dsasvathemical
feedstock’s derived from plant sources (Dohergl.e2011, Zhu and Pan, 2010).

One important renewable energy source is biomagsifdrs many advantages over aspects of petrolmsed fuel
(Demirbas et al., 2009; 2011). Also, ethanol prtidadrom biomass is one way to reduce both consompf crude oil
and also environmental pollution (Balat et al., )01

Dilute acid hydrolysis is one of the pretreatmesthds for converting cellulose biomass to ethéfiel et al., 2011).
Brazil, a major ethanol producer, utilizes sugaector ethanol production while United States andof@ mainly uses
starch from corn, or wheat and barley (Hartemifgk& Wen et al., 2010).

However, during the ethanol production a wide ¥argé compounds in hydrolysis are released. Moshe$se compounds
possess inhibitory activities reducing biochemaaiversions, yields and efficiency (Carrasco eRall0). Therefore, an
efficient analytical approach is increasingly neebegualify and quantify these degradation compsifodunderstanding
their roles in the bioconversion processes (Xa.e2011).

Several efforts have been spent towards the asalf/giroducts in biomass hydrolysates, with vargiagrees of success.
High performance liquid chromatography (HPLC) method frequently used in the analysis of theseadéwy products in
the prehydrolysate or even in the hydrolysis ligubdignocellulosic biomass. Spectrum separationglrves among
compounds were satisfactory and they appearedeidifisppeaks with good resolution. Recently spéexdl literature
published some efforts which resulted in good daumtions to chromatography techniques (Chen e2@09; 2010; Matias
etal., 2011).

Gas chromatography (GC) coupled with flame ionipatio mass spectrometry detection has been quitessfal in
identifying a large variety of organic products litomass (Klinke et al., 2002; Karagbz et al., 20040, the
implementation of (GC) methodologies for quanti@ativork has suffered from inherent complexitiessamples with
unknown compoasition.

Liquid chromatography (LC) methods, employing mastsimn (UV) or refractive index detection have duisally suffered
from incomplete analytical resolution. As a res(lliC) analyses of degradation products in hydradysamples have
typically employed multiple chromatographic moded detection strategies, and the choice of whigiexids on analytical
class. For example, aliphatic acids have beenrdigted using high-performance anion-exchange chiagregbhy with
(UV) or conductivity detection, ion-exclusion chratography with (UV) detection or electrophoretictimoels (Xie et al.,
2011). In contrast, (LC) analyses of aromaticsdigrans, phenolic and aldehydes have typicaty lzecomplished using
reversed-phase chromatography with refractive iffdea et al., 2002) or mass spectrometry dete¢Bansson et al., 2002;
Chen et al., 2006; 2009).
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The aim of this paper is to use a high performdigesed chromatography (HPLC) analysis employingtpmexchange
technique for identification short-chain organiddac monosaccharides, glycerol, plus the etharamtifms present in
hydrolysate liquor for second generation ethagalding wood wastes.

MATERIALS AND METHODS

Wood chips were collected in industries of transfation. Samples were originated from furniture eenin Santa Catarina
and Parana state, regions of southern Brazil. ahgples tested werélymenolobium petraeum, Tabebuia cassinoides,
Myroxylon peruiferum, Nectandra lanceolata, Ocotea catharinensis, Cedrelinga catenacformis, Cedrela fisslis Vell,
Ocotea porosa, Laurus nohilis, Balfourodendron riedelianum, Pinus Elliotti andBrosimum spp., hardwoods and softwoods.

After collected, samples were cataloged and patkewntainers of 5 kg capacity, then stored. Wolaigscwere then
milled by a centrifugal mill (Zenith ZTM-86). Sanasl tested passed through 0.6 mm mesh sieve. lolysidrand in
fermentation essays the materials were testedatelyar

Density of samples was determined according to adstlestablished by the Technical Association ofthkp and Paper
Industry (Tappi - T258). Klason lignin was deteretnaccording to Tappi (T222). Holocellulose (celd + hemi-
cellulose) content was determined according to iTa@@®2). The physicochemical properties of spegiese demonstrated
in (Table 1).

Table 1. Physicochemical properties of samples.

Hard/ Species name Chemical (%) Physical (g/cm)
Softwood P Cellulose Hemicelluloses __ Lignin Density
Hardwood Hymenol obium petrasum 42.2 27.2 28.4 0.67
Hardwood Myroxylon peruiferum 41.1 254 27.3 0.61
Hardwood Tabebuia cassnoides 44.2 29.4 25.6 0.99
Softwood Nectandra lanceolata 45.4 30.1 23.6 0.50
Hardwood Ocotea catharinensis 44.7 275 27.7 0.62
Hardwood Cedrdinga catenaeformis 40.6 295 27.2 0.50
Hardwood Cedreafisslis Vell. 40.4 28.1 29.7 0.47
Hardwood Ocotea porosa 43.8 26.9 30.2 0.66
SoftWood Laurus nobilis 46.7 32.4 20.1 0.44
Softwood Balfourodendron riedelianum 45.1 26.6 22.2 0.69
Softwood Pinusdliotti 45.3 30.5 22.9 0.48
Hardwood Bros mum spp. 44.1 26.5 26.2 0.54

In hydrolysis essay, approximately 500 g of wooib<hvere treated with diluted phosphoric (70%°8,) treatment in
100mL of distilled water solution at 120°C durirtgt® hydrolyzate the cellulose and remove parigofn, allowing to the
yeast easier access to cellulosic fractions (Ztedrad., 2010). After this step, cellulosic phaseswseparated by using a
hydraulic press by filtering, applying to it 2 tasfressure over an area of 200 ¢Maeda et al., 2011).

Solid fractions were submitted to an additiongb stepartial delignification by using alkaline tneeint NaOH (1.0% m/v)
and 1:20 (w/v) ratio at 121 °C during 30 min (Vasget al., 2007). The pH was corrected to 4.0 usa@H with intention
of not create a harmful environment for the yelBst. the fermentation essay, the yeast used, stéiBaccharomyces
cerevisiae were originally from Chemistry Laboratory (UDESC).

The strain was maintained on an agar-malt culfline. culture consisted of malt extract (5 g/L), yeadract (5 g/L),
peptone (5 g/L), agar (20 g/L) and distilled watHr), supplemented with (1 g/L) glucose in a flaBkfore use as an
inoculum for fermentation, the culture was aerdljigaopagated using Erlenmeyer’s.

S cerevisae seeds grown overnight at 30 °C in during 48 h \@l® rpm agitation using shaking baths until the
concentration reaches approximately 3 % (v/v), theias separated by centrifugation, always moedtdry optical density
OD-600nm measurements (Agilent UV-visible Spectpgsystem).

At this time, approximately 250 g of samples wecrzulated and fermented separately using twelveriOBrlenmeyer’s.
The colony formed was inoculated with 3 % (v/v) &dmL of pure distilled and deionized () water. Then samples
were kept stored in anaerobic conditions and régalanate ambient (30 °C) during 8 h period, afts HPLC analysis
was realized.

Chromatographic analysis was made in a HPLC (MEithehi D-7000 IF model) with refractive index (Rigtector and
column (Transgenomic ICE-ION-300). HPLC analysiswaade in the Chemistry Laboratory (UNIVILLE). @ipure
water was used to dilute the acid concentratiorts/dfolysate liquor and the eluent used (mobilesphavas 8.5 mM of
sulphuric acid (isocratic). Technical data usedhis work: Acquisition Method (Acid lactic-ion 3Q0Tolumn Type
(RP18); Pump A (Type: L-7100); Solvent A: (HAc 19%plvent B: (HSO, 8.5mM), Solvent C: (Methanol); Solvent D:
(CAN); Method Description: (Acid Lactic determirati using column Transgenomic ice-ion 300); Chrograjchy Type:
(HPLC Channel: 2); Peak Quantitation: (AREA); Cédtion Method: (EXT-STD).
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Additional parameters employed in HPLC analysisewas follows: samples were injected using an arnpker and the
injection volume was 0.5 pL/min. The column-tempe@was maintained at 30 °C.

A proton-exchange technique was used for identiificaof ethanol, glycerol, lactic acid, acetic aailicose and fructose
quantities. Aproximatelly100 mL of each hydrolysssenple was stored at - 4 °C during 30 min ungit@ded the HPLC
analysis. Samples were diluted (1:1) using ultnpuater and then filtrated using a Millipore meamr filter 0,45 um

(VWR Scientific, Suwanee, GA, USA) and transferred vial (vial auto-sampler specific for chromasggty).

Calibration curves were used from series: 4663gfgcerol, and series: 4731 for other compoundgufiei 1) shows
calibration for ethanol, recalling that the equagiof straight lines of equipment calibrationsaséollows (Equationl):

(Equation 1) y = (1/ a). x

Legend: y = the surface area; x = the concentration of ¢andardsis the dope of the straight; a = angular coefficient.

fane: el - Eluent (HSQ,) isocratic
P pe 1.0 Compounds Retention Times (RT) Mobile phase
] Ao~ 00004000 identification (min) (mM)
30000000 0 Glucose 14.93 8.0
3 o Fructose 16.12 8.0
T Lactic-acid 20.74 8.0
10000000 < Glycerol 21.70 8.0
E Acetic acid 24.00 8.0
J Bl b il Ethanol 34.04 8.0

Concentratior (g/L]

Table 2. Retention times (RT) ratios calibration for
Figure 1. HPLC ethanol calibration Table 2. compounds identification and isocratic eluent.

Importantly, the line passing through the origig(Fe 1), the linear coefficient (b) in the equatis equal to zero.
(Table 2) demonstrates the retention times (RTQgaif calibrations for compounds identificatiordahe isocratic eluent
used.

Results shows the compounds dispersed after 8 fevarentation essay and results are given in giitie. analysis curves
were demonstrated in (Figure 2), (Figure 3), (Fégdly, (Figure 5) and results are shown in (Tablar@®) (Table 4). The
(Figure 6) shows compounds quantification in hydrale liquid after fermented.

The (RT) of compounds were automatic generatethdyHPLC with higher precision and sensitivity iniatensity scale
between 0-150 mV range. All (RT) were here giveminutes (min). A total time of 40 min is neededet@luate the
compounds using flow injection of 0.5 pL / min, ahd/as maintained equal until the analysis finilso, all compounds
remained inside the initial ranges of calibration.

RESULTS AND DISCUSSION

The separation among the compounds in hydrolysatey {CE-ION) column and proton-exchange technidg@cratic
sulfuric acid 8mM (mobile phase) and ultra-pure endtl:1) was efficient and was possible to idenéfl standard
compounds simultaneously.

The (Fig. 6) shows the chemical compaosition oftdduphosphoric hydrolysate liquor after fermentgdod cellulose-to-
ethanol conversion was obtained by phosphoric hyglsowith positive glucose consumption by the yéagermentation
essay. Also, the yeast showed good ability pro€luelén pH (4.0) environment.

In this work, fructose appears in ranges: 0.01Zhgfi.Cedrela fisslis Vel. and 0.15 g/L/h irBalfourodendron riedelianum
species. Lactic-acid production appeared in: 0dZBf Ocotea porosa, and 1,644 g/L/h ilalfourodendron riedelianum
Acetic acid was present but in minimum quantities.

Lactic-acid production was mapped in a range @53.g/L usingCedrelinga catenaeformis and 1.898 g/L usinginus
dliotti. Acetic acid was identified:aurus nobilis 1.522 g/L andMyroxylon peruiferum 1.623 g/L. This compound presence
can affect the ethanol production because congshiotcreate an toxic enviroment for the yeasttéGetsel., 2008).
Microbian acetic and lactic acid were comum findeéthanol usins of Brazilian sugar cane productiomates of: 6.84
mMol/L and 3.48 mMol/L, which could represent grdahinutions if great quantities of cellulosic atbhare produced
due to the contamination (Moreira et al., 2008;t€esal., 2008). Here, working with controled paeters, these problems
did not occurred.
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Figure 2: (1)Hymenolobium petraesum. (2) Myroxylon Figure 3: (4) Nectandra lanceolata (5) Ocotea
peruiferum (3) Tabebuia cassnoides Compounds catharinendis (6) Cedrelinga catenaeformis. Compounds
identification: (A) Ethanol (B) Fructose (C) Glyog(D) identification: (A) Ethanol (B) Fructose (C) Glyoé(D)
Acetic acid (E) Glucose (F) Lactic acid. Column, Acetic acid (E) Glucose (F) Lactic acid. Column,
Transgenomic (ICE-ION 300); injection flow rate, 0.5 Transgenomic (ICE-ION 300); injection flow rate, 0.5
pHL/min; mobile phase, 8.0 mM (BQO,) eluent. uL/min; mobile phase, 8.0 mM ¢8O, -eluent.

Table 3. Quantitative results of the compounds mapped in phosphoric hydrolysate liquor by using HPLC employing the
proton-exchange technique.

A - Ethanol B - Fructose C - Glycerol D - Acetic aid F - Lactic acid
Wood species

(min)? (@)’ (min)® (g/L/)®  (min)®_ (g/L/N)°  (miny® (g/L/)® (min)®  (g/L/h)®

1 Hymenolobiumpetraeum  33.83 2.08 *n.d *n.d *n.d *n.d 23.93 *n.d 20.82 9.8
2 Myroxylon peruiferum 33.83 3.11 *n.d *n.d *n.d *n.d 23.94 *n.d 20.83 8.6
3 Tabebuia cassiniodes 33.77 2.80 *n.d *n.d *n.d *n.d 23.90 *n.d 20.84 9.9
4 Nectandra Lanceolata 33.83 1.74 16.05 0.03 *n.d *n.d 23.91 *n.d 20.81 580.

5 Ochotea chatarinensis 33.84 241 *n.d *n.d *n.d *n.d 23.94 *n.d 20.83 0.7

6 Cedrdinga catenaeformis  33.80 2.52 *n.d *n.d *n.d *n.d 23.91 *n.d 20.81 8.5

#min): Retention times (RT) P(g/L/h): concentration *n.d: not detect

Using robust cellulosic ethanol production (SPORbdgepole pine for biomass and an adapted sifsiaccharomyces
cerevisiae, it was possible to produce ethandigrrdange of 0.81 g/L/h and 2.0 g/L/h using differeethods over 4 and 24
hours of fermentation in an undetoxified run (Teral., 2010). In this work S. cerevisiae produetighnol in ranges of
3.00 g/L/h and 0.76 g/L/h after 8 h fermentation.

Using spruce wood chips; more viable strains wetfe @ consume nearly 2.0 g of glucose per grammitiél biomass
during the first 8 h (Brandberg et al., 2004) his tvork a similar result was obtained, about 1@ 2 5g.
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Figure 4: (7)Cedrea fisslis Vel. chromatogram. (8) Figure 5: (10)Balfourodendron rieddianum (11) Pinus
Ocotea porosa chromatogram (9) Laurus nobilis dliotti (12) Brosmum spp. Compounds identification:
chromatogram. Compounds identification: (A) Ethanol (A) Ethanol, (B) Fructose, (C) Glycerol, (D) Aceticid,
(B) Fructose (C) Glycerol (D) Acetic acid (E) Glseo (E) Glucose and (F) Lactic acid. Column, Transgeanom
(F) Lactic acid. Column, Transgenomic ICE-ION 300; (ICE-ION 300); injection flow rate, 0.5 pL/min; mdsbi
injection flow rate, 0.5 pL/min; mobile phase, 8.Mm phase, 8.0 mM (}$Q,) eluent.
(H,SQ,) eluent.

Table 4. Quantitative results of the compounds mapped in phosphoric hydrolysate liquor by using HPLC employing the
proton-exchange technique.

A - Ethanol B - Fructose C - Glycerol D - Acetic aid F - Lactic acid

Wood species (min)®  (g/L/h)®  (min)® (g/L/h)®  (min)®  (g/L/h)®  (min)®  (g/L/h)® (min)®  (g/L/h)®

7 Cedrelafissilis Vell 33.85 2.60 16.11 0.01 *n.d *n.d 23.95 n.d 20.84 7%0.

8 Ocotea porosa 33.83 2.36 *n.d *n.d 21.79 0.23 23.93 *n.d 20.82 29.

9 Laurus nobilis 33.84 2.18 16.08 0.02 *n.d *n.d 23.93 *n.d 20.83 38L.

10 ~ Balfourodendron 3408 280 1590 015 2178 *nd  23.83 *nd  20.64 .641
riedelianum

11 Pinus Elliotti 33.79 2.41 *n.d *n.d *n.d *n.d 23.91 *n.d 20.81 9.6

12 Brosimum 33.81 2.46 16.17 0.02 *n.d *n.d 23.92 *n.d 20.81 840.

3(min): Retention times (RT) P(g/L/h): concentration *n.d: not detect

Besides ethanol, glycerol is regarded as the mmpbitant component from the quantitative viewpohibwever,
glycerol reduces the positive effect of nutriergsplting in minor hydrolysis yields (Tengborg let2001). In a biomass-to-
ethanol process a reduction in cellulose conversisrwell as an accumulation of glycerol was oleskemith increased
recirculation of the process stream. In this wdykerol was produced Bcotea porosa 0.23 g/L/h.
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From results, ethanol was producktyroxylon peruiferum 3.11 g/L/h, Tabebuia cassiniodes, 2.80 g/L/h;Balfourodendron
riedelianum 2.80 g/L/h; Cedrela fissilis Vel. 2.60 g/L/h; Cedrelinga catenaeformis 2.52 g/L/h; Brosmum 2.46 g/L/h;
Ocotea catharinenss 2.41 g/L/h; Pinus Elliotti 2.41 g/L/h; Ocotea porosa 2.36 g/L/h; Laurus nobilis 2.18 g/L/h;
Hymenolobium petraeum 2.08 g/L/h andNectandra lanceolata 1.74 g/L/h, respectively.

WEthanol MFructose MGlycerol ®Lactic acid
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Figure. 6. Sandard compoundsidentified in hydrolysate liquor per sample.

Actually, these wood residues are commonly usethéat generation by burning them in boilers to poedsteam, so
this work contributes in attempt to reduce the g of the raw materials. This optimizes the psscef cellulose-
to-ethanol production by monitoring hydrolysis gatmentation, by using proton-exchange HPLC techmiqu
Softwoods showed similar ethanol production thamhvaods.

Studies made in the researched areas of samplestimi indicated that at least 30 % of eachane estimated to

produce wood chips in the regionisSanta Catarina and Parana states, located taesoBrazil, in possibly more than
4153 wood factory’s of wood processes/transformatiainly for furniture production. A volume in woetips produced

an amount almost incalculable of these promissastevmaterials for energetic purposes.

CONCLUSIONS

The analytical method used in this paper was udefuinonitoring the ethanol production using wodtps, through
identification of compounds in fermented liquor. lPemploying proton-exchange technigque evidencdaktoapid and
precise for analysis. Calibrations for all targatpounds were satisfactory despite of the complxixicontent present in
phosphoric hydrolysate liquor. Also, good spectseparations among chromatography curves were ebitafl species
demonstrated similar possibility of utilization dellulose-to-ethanol conversion. Glucose, fructasetic acid, lactic acid,
and glycerol were standard compounds mapgaatharomyces cerevisiae produced ethanol in the range of 3.00 g/L/h
using Cedrelinga catenaeformis and 0.76 g/L/h usin@cotea porosa, respectively after 8h fermentation essay. All &oo
residues demonstrated similarity in ethanol pradoctlemonstrating that these are feasible forsiisific destination. It's
also noted the possibility of utilize the resultiignin fractions from hydrolysis, for energeticrposes.
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HPLC PARA A IDENTIFICATIFICAQAO DE COMPOSTOS EM TRA TAMENTO
FOSFORICO (H3PO4) DILUIDO NA PRODUCAO DE ETANOL CEL ULOSICO

RESUMO: Este artigo relata a producéo de etanol utilizar$éduos de madeira como também um método para
identificacdo de compostos quimicos dispersos car fiermentado de celulose hidrolisada com aciddofico.
Foram utilizadas doze diferentes espécies de lalxasadeira coletadas em regides do sul do Brasilutifizada
cromatografia liquida de alta eficiéncia (HPLC) assta a técnica analitica de troca de prétons. €amipi
investigada a capacidade fermentativa além do meerdd em etanol celulésico utilizando a levedsaecharomyces
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cerevisiae. Os compostos padrdes identificados nas anal@esnf frutose, acido latico, acido acético, glitero
glicose e etanol. As leveduras mostraram boa pradatle de etanol na faixa de: 3.11 g/L/h éfgroxylon
peruiferum e 1.74 g/L/h emNectandra lanceolata, respectivamente, ap0s 0s ensaios. Todos o0s ossidu
demonstraram similar eficiéncia na producédo deoktdbste trabalho contribui para a producdo sugtehtde
biocombustiveis através do monitoramento e optigdiaado processo, contribuindo para as energiavageas e
engenharia de producéo.

Palavras-chave:etanol celuldsico, HPLC, hidrélise fosférica, lasda madeira.
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