Productividad Académica de la LGAC de Biotecnologia Microbiana

Las publicaciones de los PTC de la LGAC de Biotecnologia Microbiana, en comparacién con el periodo
anterior, se incrementaron en este periodo de evaluacién y se publicaron en revistas de mejor impacto,
mientras se han enfocado en tres tematicas basicas: i) fermentacion alcohdlica de agave y
aprovechamiento de las levaduras asociadas, ii) valorizaciéon de subproductos e insumos de bajo valor
comercial vy, iii) biorremediacion de suelos. Asi mismo, se ha colaborado con grupos de investigacion de
otras instituciones, en investigaciones relacionadas con las tematicas ya mencionadas.

La labor cientifica de la LGAC se complementa con la colaboracion con grupos de investigacion de otras
instituciones, tanto nacionales como extranjeras, en donde se han generado un total de 13 articulos de
investigacién en colaboracion con estudiantes en el periodo, de los cuales 12, son con estudiantes de
doctorado
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ARTICLE INFO ABSTRACT

The dimeric enzyme (-glucosidase from Aspergillus niger has been immobilized on different amino-agarose beads
at pH 5 and 7, exploiting the versatility of glutaraldehyde. The stability of the free enzyme depended on enzyme
concentration. Immobilization via ion exchange improved enzyme stability/activity, depending on the im-
mobilization pH. However, the enzyme was desorbed in 75 mM NacCl at pH 7 and some stability/enzyme con-
centration dependence still existed.

Treatment: of these biocatalysts with glutaraldehyde increased enzyme stability (e.g. at pH 5, after incubation
under conditions where the enzyme just ionically exchanged was fully inactivated, the activity of the glutar-
aldehyde treated enzyme remained unaltered). Immobilization on glutaraldehyde pre-activated supports yielded
a higher increase in enzyme activity, but the stabilization was lower. While when measuring the enzyme activity
at pH 4 there were no changes after immobilization, all immobilized enzymes were more active than the free
enzyme at pH 6 and 7 (2-3 times). The Ki/Km ratio did not significantly decrease in any immobilized bioca-
talysts, and in some cases it worsened in a significant way (by a 9 fold factor using preactivated supports). The
new biocatalysts are significantly more stable and avoid enzyme subunit desorption, being the immobilization
pH a key point in their design.

Keywords:

Stabilization of multimeric enzymes
Glutaraldehyde versatility

Enzyme immobilization

Improved enzyme activity upon immobilization
Amino-agarose beads

Glucosidase

1. Introduction

The demand for renewable energy sources has moved from biodiesel
to bioethanol produced from lignocellulosic materials, the most abun-
dant polymers in nature [1-4]. Lignocellulosic biomass is one of most
promising renewable feedstocks for ethanol production, which is a
suitable fuel, due to its high octane number, vaporization heat, and
compatibility with motor vehicles [5]. The first step in the production
of bioethanol is the hydrolysis of cellulose to get glucose. In this regard,
the use of enzymes presents some advantages, like the prevention of
side-reactions produced using acid catalysis that can hinder the fer-
mentation process [1-4,6].

The enzymatic hydrolysis of cellulose is accomplished from the sy-
nergistic action of endoglucanases, exoglucanases I and II and (-glu-
cosidases These enzymes are found commonly in fungal species
(Penicillium  verruculosum, Trichoderma reesei, Aspergillus niger,
Sporotrichum thermophile) [7]. The first enzymatic hydrolytic steps are

* Corresponding author.

performed by endoglucanase and exoglucanase activities, and they
produce elevated concentrations of cellobiose (a reducing sugar that is
formed by two [3 glucose molecules linked by a 3 (1 — 4) bond), which
is the substrate of 3-glucosidase [8,9]. B-glucosidases may be applied in
other processes such as fine chemicals and medicines production [10].
Thus, they are also used to produce the release of some glycosylated
substances (like flavors or terpenes in wine and other products [11-18])
or the production of some glycosylic bonds [19-21]. The importance of
B-glucosidases in industrial and environmental processes has been
summarized in different reviews and investigations [22-24].

Thus, biocatalysis is a good option to transform cellulose into glu-
cose, but some problems, such as the price and moderate enzyme sta-
bility under operational conditions are hindering their industrial im-
plementation [25,26]. One solution to both problems may be enzyme
immobilization. If the immobilized enzyme is stable enough, it may be
reused, and that will decrease the final price of the biocatalyst [27-30].
A proper immobilization may improve enzyme stability via multipoint

** Corresponding author at: Corresponding autor: ICP-CSIC,C/Marie Curie 2, Campus UAM-CSIC, Cantoblanco, 28049 Madrid, Spain.
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ARTICLE INFO ABSTRACT

This study deals with the production of isoamyl acetate (IAA) by fermentation of sugar cane molasses with the
strain Pichia fermentans ITD00165, using L-leucine as precursor. A mathematical model that describes the ex-
perimental data from fermentation was developed for its use as a tool for further process optimization. The
fermentation system was constantly aerated and coupled to liquid-liquid in situ extraction with decane as the
recovery solvent. Thus, the model integrates the biological production of IAA, its partition coefficient in the two
liquid phase system and the stripping effect of aeration. A productivity of 26 mgL~"h~' was obtained with
addition of 4 gL~ of L-leucine at 12 h of fermentation. The use of the model for process optimization was
explored. According to it, the maximum theoretical productivity that can be obtained is 63 mgL~'h~!. The
model was used to determine that 1.6 gL ™' is the minimum concentration of L-leucine that can be added
without significantly reducing IAA production. Also, it makes possible to propose an adequate decane/culture
medium ratio, to have a desired final concentration and amount of recovered IAA. This value can be adjusted
based on the needs of further purification steps and is useful to define a global economic optimum of the process.

Chemical compounds studied in this article:
Isoamyl acetate (PubChem CID: 31276)
Decane (PubChem CID: 15600)
L-leucine (PubChem CID: 6106)

Keywords:

Aroma production
Fermentation kinetics
Partition coefficient
Simulation

Natural flavoring substance

1. Introduction

Esters of short-chain fatty acids are important flavor and fragrance
compounds widely used in the food and beverage industries. Isoamyl
acetate (IAA) is characterized by its strong smell of banana which gives
it a very important place in food, pharmaceutical and perfumery in-
dustries with a demand of 75 tons per year in USA alone in 2010 [1-3],
increasing over the years. This substance is obtained by chemical
synthesis, extraction from natural sources, or fermentation [4].

In recent years, the interest towards the production of flavor com-
pounds through white biotechnology processes over traditional
methods has increased. Principal reasons are that chemical synthesis
often consists in an environmentally unfriendly production process,
with important drawbacks such as poor reactions selectivity resulting in
racemic mixtures, low yields, and high downstream costs [5,6]. Also,
consumers have developed an apprehensive attitude towards these
synthetic compounds, especially if the products are related to food or
domestic usage. Moreover, the extraction of flavoring compounds from
natural sources gives very low yields and has potential difficulties with

* Corresponding author.

obtaining the raw material [3,4,7]. Contrary to chemical synthesis,
flavors obtained by fermentation can have the “natural flavoring sub-
stance” classification by the European (EC No 1334,/2008) and U.S.
(21CFR101.22) regulations, which allows using them safely as an ad-
ditive in food and beverages. This has been the main reason for de-
veloping biochemical processes over the years, but presently, after
years of research, the inherent advantages of white biotechnology
processes are the driving force for its application: operation under mild
and more environmentally friendly conditions, as well as chemical and
stereo specificity of the obtained compounds, are the most important
ones [8].

There are several published studies focused on IAA biological pro-
duction. They include enzymatic synthesis using lipases and esterases
[1,3,9-15] and fermentation process by microorganisms, especially
yeasts strains [6,16-20]. Whole cell fermentation can be a more eco-
nomical method than enzymatic systems and easier to scale up to in-
dustrial level. There are some encouraging studies with interesting IAA
productivities in the literature; for example, Yilmaztekin et al. [6] used
a Williopsis saturnus strain in a medium composed of beet molasses and

E-mail addresses: ana-karen.sanchez@inra.fr (A.K. Sanchez-Castaneda), violaine.athes-dutour@inra.fr (V. Atheés), marwen.moussa@agroparistech.fr (M. Moussa),
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Bacterial Diversity in Two Aerated Lagoons of a Pulp
and Paper Effluent and their Interaction with a
Commercial Inoculum using PCR-DGGE
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Aerated lagoons are a main unit operation for wastewater treatment in
the paper industry. Many such operations involve inoculation with
bacterial formulations in which in situ effectiveness has not been proven
this can be translated into low efficiency in treatment and unnecessary
investments. Lack of knowledge of bacterial biodiversity present in a
lagoon limits the capacity to exploit the maximum degradation. To
overcome such problems, various methods to identify and study these
microorganisms have been developed. In this study, a PCR-DGGE
analysis was performed to estimate the bacterial diversity and to verify
the presence of bacteria present in a commerciat inoculum in two
aerated lagoons of a pulp and paper effluent. Phylogenetic affiliation of
predominant member's correspondent to y- and B-proteobacteria and
Firmicutes were found. The dominant bacteria present in lagoon 2
belonged to the following genus Microbacterium sp. Rhodocyclaceae
sp., Eubacterium sp. and B. subtilis. In lagoon 1 the dominant genus
included Microbacterium sp., Rhodocyclaceae sp. Tepidimonas sp.,
Acetanaerobacterium sp., and Flavobacteria sp. The two characterized
lagoons were not similar to the commercial inoculum. In addition. non-
dominant bacteria (less relative intensity) were composed mostly of
bacteria of the commercial inoculum.

Keywords: Pulp and paper effluent; Bacterial diversity; PCR-DGGE; 168 rDNA: Commercial inoculum

Contact information: a: Chemical and Biochemical Engineering Department, Durango Institute of
Technology (ITD), Durango, México; b: Environmental Engineering Technology, Universidad Politécnica
de Durango, Durango, México; ¢c: Facuitad de Ciencias Quimicas, Universidad Judrez del Estado de
Durango, Durango, México, *PhD Student; *Corresponding author: Juanrocol@hotmail.com

INTRODUCTION

Wastewaters of pulp-and-paper mills can be potentially polluting and very
dangerous, so they should be treated before being discharged (Ashrafi ef al. 2015). The
most common aerobic biological methods used in the treatment of pulp mill effluents are
aerated lagoons (Bajpai 2012). Of the microorganisms involved in the depuration process,
bacteria stand out; they are able to convert organic matter to carbon dioxide, water, and
biomass, which can be removed by physical methods (Welander et o/, 1997; Forster ef al.
2003). The stability and permanence of bacteria in the system ensures an efficient process.
However, lagoons are subjected to various perturbations such as variations in pH, high
organic loads, presence of toxic compounds, and seasonal changes (Mueller ef af. 1977).
To counteract these effects, a biomass support material (Welander et a/. 1997) or lagoons
that are inoculated with commercial inoculum are introduced.

Bailon-Salas et al. (2017). “Bacteria in aerated lagoon,” BioResources 12(3), 5487-5501. 5487
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Kn"6wmlf: acn,blc dci radatton, TPH conl:.,mmat<."J soils.Sancuc . mininj: mdu,juy

Resu men

Esle cISttttho se n:-;th 76 ro n unat. pall.ingica. ai lad:.i de unsudominero., oniomlnadocon hidlvcarburm, tN::iles de peudleo
(I1"rt>). e 1den1d1cfii  .;\1111,0b pc, 11/m7,-r,y7u KPM.62 82 mediante la | 'lUc.:4 de reaccion c 11 caden3 de: In pohmerasa

El poicnclQl de blodcgrudacion dé e.Me cult!> pum «cc,,.,Ju6 ,md [;tbor11@ 1concc.mr:iclon de 10.000 i 50.000
mg.de d'.1Csef/lkg d._.sm.«Jo (pp mJ, us;uldo mk rOC(&:100 -. cu n :,,uclo,¢;€OI dur: mic t.,() «hao, La\:.aj,acldnd de blodttmdaclon
acroblc.1Jcl .4.sper gi({m- lc-rre11.1 KP862:Sjt2, luc ,;;1gmlicahvameme mayol(p < 0.05, parn 10.000, 20.000y 30.000 ppli\.
eon consrunle!i de vcloold;.td e.le b iodc rnd:.icitn dd diC:;t;lde (3025, 0.023} 0.012 I/J1a. re pccuv.imenh.:. La viailidJd
c:cluklliel t\.V1i* illw Urrt'u.Kf862 5%2 en e; ta.s:j,.onl.ciutlc iom :-.mo:.lr(lun mecn:mcmo 1gniiicati*'°d urante los1>nmuos 30
J1;,i . a parhrdi, tn @ licP\po1 clic:ii:oc:rn.<le n:mockon) b v1:lihiFad cd uldr Ji miuuyemn rnnsitlcruntniCntc PsIl!rnm
porlnmleno e nhM"rvI>:-. medidaque1:lumi:nld lat.'(\li<.:enlr iondeldi-é.el. re-8Uh.ando cnun.Imenorla.,ade degl;.ldacion

pa,ra 10,(>0l) pj)m(0 .00:i 1/di":;,> Y50.(1<)O I'IM(0.1102 1(dir1JC.00 h-i,.1-t:en lo" re uhi.ulo,;se conclu)iique la ccp.,de AJpctrgdit,.,
terreus KP862.582 puede M"ru :uJ.:1en la blon emcd Jldd 11de u elo,,_conl3rnin:td,)"con HTF'". .-on C(liL:cmr.icltincs de 10.000
y 20.000 r pm. y c ump lit cond L\.tPcs.tablecldo por I,1 regulac1.J11 Mexu::ma

faJabrM d uve: Linétiéa degrndt16n Erobka.. industria mirera, $U los cont:urilHt<b:ieoll HTP.

1 Introduction

Diesel o11spill have 111cre.:u.\Cd consldernhly and pmd ucuon as fuc Is for lrrobpOn;ltion, ;tccadc nlal
they :trilonc thc mam problems of .:mironmanlal sp,lls whilc trnnspoltcd. and by lcakage ol pipeluw
pollution. Thc main causc of lhesc ,;pilliz; in and undcrground sloragc 1..1nks (UST) tLcc e, ol..
soil ,rnd groundwatcr are due to lheii massive 2006. 7..ansmli t'1 ul .. 20101. Diesel mi Is a m dioin

Y Coreespomding cuthor Voanw!: adriana. martinezforsy . sy

Publicadoporla/\cadnlla Me>.i<.'almde Invcsugac i6 n) Doci:nc,:, en Ing ¢ nii:ria Quimica A.C. A7
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Performance of 1nixtures of Saccharomyces and non-Sacdlarolnyces
native yeasts during alcoholic fermentation of Agave duranguensis
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/Wallablcool,ne J.0CkrnhctlOI5

11w, 1.i11t
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absll act

Agave jmce is fermemNZL.ind dislIt"d iwice m ord('r io ob1.1In OIf'I(.)1, 1 tf dlltonol splnt bevcrage.Tite
go.110i 1his.nudy wos tu selcct. yeast or }'C mtX(llr<'5 ,h.,>r co uld be ukd m mdultrial produclion of

lug!H.juality mc.1.cal Yc,uts 1sol.\t{'d dIlllOg fc:mlf.'111.Jtlon ul Agaw dura ucnsis wer<' tes-ted w ;dennfy
1hc be-st urains wnh resp«c colhe <:hcm;c.11 ,;.nd O1ganolep,ic ch.>r.t(t,msucs or tht ptoduced mczc.11
I"hree 1n(IN11du.\l ye.ist Iram were "it'l(‘'cted illi' iunhet swdy ro,ul.tsp<,rd ddbrut:ckiillram rrrHI-00Ma,
5.1(.ch.uomyttScerl'Vi:iat' strolin I'M,001SS. and Klu 'Vcromyecr:.marxianus <Stnln ITO OOM?. An,dyso uf

Ihc responsesurf.1c1>elmiucd idtentlficahon of thrce mocui.tnt\.; ONE Mi,m,re (7S rS.cclt"Vislac. nu
00JS5 ,In:d .tSi L <klbruedal £71).00f11,13'1 ;ind two j,ute Slidub (100; K m.1rx.1lanus ITO-OOM? In <1 10CYX
S t(f oi -s1061TD-0018S ME>Lc.ll m de, by ui ng Ihe inoculam con.srirmed by 1$% S. Ct'feVi HE:- nu.

0015 :md 251 T. dclbrUC'd:1i 'r000014.1, (n, mtdmezcal 75Sc/2.STd) was ch t,.;*51 in tel111! uJ ylcld.
ndmcss o! vol,aule cetmpnuorh. .jmi acccptabdity 111 srnso,y t(>$1S. Wt propo::.C' usmg this mixture OF
yc-Jsts to dt'lielop .) prrxSuCl that ¢,m be used ;is """ inoculam In 1ndu tri.tl production of m{L.cdl.,n (I

2015 Elsevier Led. All cights reserved

Introdut 11on

Qi re-sldual sug.cu h. v.lriablc.". A)larter cullee (inoc\Jlant) can b<'
used to Mand.11thie the (ermeruanon process.mdloac.:Im:v('Ibetter

Fcmlt-nl.1tlon proce<'ds sponldncbu ly dnring productJd11 of
mci c¢:.11by artisan melhods { ). le IS dunr
chtss1:i3cth.11soluble-sug.1rs.1.1-etransformed imoelhanol anc-1
ot h er compounds. Th fint day) Of Jicoholic fermcntallon an_.
domlnat'edby mtn S.,crharomyceiyeél!.tsfromthegenera Candi.da.
Kluyvc:romvces.lb ruJaspora,.and Pidua..tmongothers( 1

1 1 ) 'fhcse ye.JSts have low fetmenl, ti\'e capaclty but
generatte various fl,wor compounds, 1nrl1.1dmg cerpenolds, C:-.).1t:rs.
higher alcohol.s, glycerol. ace ta.ldehyd c.’, aCCMC ICid. and succuuc
Acid( 1 ). Af<cr Lhi'.sc fir.).1 d.aysof
rermentatlon. non -Slccharomyccsyei:U)t:,. Jr-<' re plJred by stt.ain:; of
S:.n:haromy<.'6 ccrevistd, wlurh comp!Ne R11{-ntm un |
1 . 1.).SJ)(,nuneous fennént.iticm cluring anisatl pro-
ducllon of mc.-ical hJs two undes-ir.1hlc ch.Jr.1crerlsncs: IhE'

iN ni en tauon timeCanva!)' from3 to 9 days, ,rnd thc conc-ent ra tion

awn \pclti(li;ttJ.<Mh01'
Erl\lJI.iddress: " B (N.O.!MmitO Crut.

DMO002() 2015 Elsevier L1t AN pphts reserved,

[111hz.1uon of d)c tizrolc:nla bte 1, ig.irs
In re-cent ycars, some studles h.lve uscd rnomtultures or co.
cultures of S. t:f*f<-'ViS!ac and non-S.1cchJron cesyeasl Lo j>rodt.K!!
MM( 1
), mal\go winl! ( }.and ol ugarc,,ne
und pmeapptc beverage ( , ). Non-S3cch.1romycf.'S
y aSt$ conrribuce co 1hc incrcased production of potysaC'Charides
and can 11)mhilad thefinal concentliHIO4s of a,e.11eacid omd vol.l.-
tlle-compouods ( 1). Morcovcl,11 hJs been sug-
g<."sU.-dlhatS.1cch.uolesand non-$.lcch.,1rof TIY (esyeas ts mayacl
synerglsncaly ( 1} ror t-x.:unr,te, mixt>d culrures of
cfocted ye,1.St'S h.1vc.- been devcloped as starter mocul,mt:; to
I"'nh<mce lhe (lucJlity uf win(l 11 11
11

), Selection of the .appl'opnate strJms is generally bil$cdon
cnirri,1such ,b fermentaliv<'power. roJeraocc to cthanul.e,h,ma
y1('1d. toller phcnoty;{)E", ;tnd low acetic acid i:>md u<tio n (1’

).
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Mcze [Ilj,.cfradiliv nliid, u llcdp fn  b..;, ragc\)bt.un,;d h - an 1s.in fi1111..r". 101010\ J:ig:nsug.ir: nl  lhis....nr \e d tcrmind

dk dft.-cbuflh c:C/Nilt 1Lh d lhcilltlb  11ddimuiun\i sugars mA'<w=dtm 1n¢1din; mul: vulhe enue n [ 1101 1116t ;.
com j.,cin anJ it<nsolytv .l ILionof thcmejc. | produc('d. 11k: re.llntmollfon Ni A durlingm't \I, 11lleya enhanced hy
iICr morenibg -n1,c,.pi:ct L(11he nrigllldicolllcriU b <l1Hl emum , 11fatcil 111 milirll ;,ugariecc m f tlinn ol 1"ild

ald ng
m thc mwa 1m:rc::isejd Ihc plodui:uon ufclh:mol Ul \Olauk *=>fpoug ii ,0.-has eih}hcet: llc,

gL '11,em il <'0Wd lin
2-hui:inl  nldn-prop,u Il but dcc rc.;)Sed Ihe 1Imoudu(I' JL' ke wid. dunng Ic,ment:nion 1t : cct Blablh] o Ik fink
pr odct wusals,nc n:;cd . Thecm rnen:Lil J.ppl.:, 11011t A hc inurnl toit iton, Inlhe milsltdma)o ién 1lbnp rovc Ihe
B flduien o f nK:t:al. "om.i: 1l nm)' 1J1t.:1'éa lltc: protict ieo.) of 1,1w m.kc ri:1h. Jcanng I<-ih fC$.1dual UgarJaidi pro Vi pmdu

c:1.1ccev mhtlily
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H=
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A
nuci:d de 11.L1kar de 150 8/I. I:.,uh CClndic,onc:,| ik il& i:<:ncJ nio:-10de icnncnut<"ién

de illllonl0se un  <'O¢ nt 1 dn

pcrmn, mn el umento <leb rr Lx,I11.:.clun Jede et:mol  compue., tm, ol,ilile . tillejcomol ctluu de e.ulo,2 huloo ly n
propa nu,l ad-ic:ulh 1,I<bnun ucdnde ljjc11111d.-dde:k:1d>uc.:tico, duralll Kl f;roh-nb;in |.ulmp :blid ad dd prt.lducm
o It A1 dpdic iG ekl me,.-1pu <d.!
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Characterization of fructans from Agave durangensis

Alma D. Orozco-Cortésl, Gerardo Alvarez-Manilla?, Gerardo Gutiérrez-Sanchez2 Oiga M.

Rutiaga-Quinones' , Javier Lc')pez-Miranda1 and Nicolas O. Soto-Cruz'e
1
Departmerto Chem icaland Bloc hem IcalEng neering. Instriuto Tecnoldgico de Durango. Blvd. Felipe Pescador 1830
, Ole.s 3-080. Durango, Dgo, Mexico.
Complex Carbohydrale Research Center, Univers,l y oi Georgia, Athens, GA 30602, United States.

Rec,:fiIivOd 23 J:mu:gy 2013 AocephKI12 Aig 19,2015

Agave plants are members of the Agavaceae family and utllize crassulacean acidmetabollsm (CAM) for

CO, fi xation. Fructans are the main photosynthetic products produced by Agave plants, and are th e lr
principal source of storage carbohydrates. The aim of this work was to determine the chemical and
molecular characterization of fructans from Agave durangensls. Fructans were extractad from 10 year
old A. durangensls plants. Trimethylsilyl derlvatization was employed to determine 'he monomer
composition. The linkage lypcs in these carbohydrates wero determrned by mothylation followod by
rcduction and O -acetylation, and finally analysis by gas chromatography-mass spoctrometry (GC-MS).
S amp les were shown to contain t-JI-D-Fru f, t-a-D-Glup , i-a-D-6,Glup and 1,6-dl-ll-D-Fruf linkages. The
analysis of the degree of polymerlzation (DP was confirmed by MALD-TOF-MS showlng a Wide DP
ranging from 2 to 29 unit s. The analyses pertormed revealed that fructans from A. durangens/s are formed
of 97.11% fructose and 2.89% glucose, and are a complex mixture of fructoollgosacch ari des of

the neo-fructan type containing princlpally 13(2-1) and 1!(2-6) li nk ages , with branchmoieties.

Key words: Degree of polymerizatlon(DRP) GC-MS MALDI-TOF-MS,

INTRODUCTION

Mexico has been con,s dered Ihe cenler of orign and  Members of the Agavaceae ram,ly are disitibuted throughou
biodiversity of Ihe Agave genus, due to the taxonom,c  t Mexico, and are well adapled toboU, arid and som arid
diversity found within its borders. Of lhe 310 species regions (Garcia -Men doza and Ga lvan, 1995). They h ave
reported, about 272 can be found in this counlry, under gone both morphologlcal and

-C onesponding autor. E-mall: nsoto@ ltdrargo.edumx Tet (+52) 618-8186936.Fax: (+52) 618-818481 .

Abbrevlatlons: OMSQ Oiméllyl sulfoxde: TFA, rinuoroacetic add, EtOH elhanalHMO Shexanethydisilazar:NaOH, sd Im
hydroxt & CH,1,iodomethane NaBD, sodlum borodeuterde; NH,OH ammonum hydoxiOe: N . nitrogen COL, carbon dioxd e;
H,O,w ater: CAM crassulacean aéid metabollsm; PAAMs, partaly melhylagc sldiol acelates; WSC watkr sab le
carbohydrales OP, degree oi pdymeization; GC-MS, gas Chromatogaphy-mass spectiomretry; MALOI-TOF-MS, mattix ass ted

laserdesorpton time-of-flighl mass spectometry

A uthor(s) agreethatthis alltle rema in permanen ty openaccessunder the terms ol IheCW

4 o Intemalional License
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hicntification of a ycust strain as n potential stuck whu.- fcrmenh,tion rtsrnrtcr: a kinctic
eharactcriz.ation

Idcnli ficali cln de u,rn cej,a de Ic,-ad ura con potencial de reinicinr fermentaciones ,-inicas
eslunc.ndns; una caracterizacion cinélica

l..Rodrigue;,-Sifocntcs. J.D. Pic.r-Lergga 2. \i. Rul la,ga=Qulili'ln(:?\  J.A Rolas.-Cl)nlrer:is, F Rull.-Baca .
(i GullCrrcl S:inchc;,, ;. Banioittnd " " Soto-Crut"

"Dt>p,1rlllrntllto u- I n,c;enl<,:n .- Q,mnlo.l 1- Rluglafmf('(l, IJm, 111,,,J L:r1lilvg,,-u ,/ts D1rnmgo. 3dfJ, fJ o, r"'mJletls '1f,-.Itr.;0, "F1,c,:hold de
Cle11tfru Q1afmiru.s, Uul\-t-rsrrimlJu,irr. Icl I: t111lu.,  Ditnllleu. J,:013Q D1lrulll,u. \t;,wv. 'Complrly C:Jrbolr & &t rU uan.h Ctlllft>r
U,mi'r\ily uf reo7io Infioy Athc 11s 1, ,,i ,fDlspt1rtam,m1r1 J.-Gt-m:tk«, Umlvnuut ,77- Vu/Jucfo. 4MOQ Rur/,1.,-1"1, Spm)1

IRc«.mic:d i) Dizremrn:r N1J:: _rwuf ‘cnpw rt'nmed 5 hd,rimry :tUJ)

Rc\ler;cr )'C3tt.Wun.: ;1w 1r9.XI h.1..oru.urnc r,- 1dulll asui;11r In1:1inly Ini, -) 11, g1.,d,: wuw \erm.enl111;,m, v 11 il "t "=WaL1IM 1\..:
JU ZeLHTe2e Hy s 1aum 1211). Y10 1,310, :h -hd h,1, 200 1, tet thee mn), Ltnt. 21 it\INlotb ru-c, i\ w11 d.4-, ), 0.1111,1,m1piio-1, .ti:, 11,17
nu unwn cUilIMI pr,dULU<In r,1: 11)14),026:- - rA.0.Z,1" 1 t.:>?" \.:h) -llitftTodro:, 11018 i.:l,: -ied 10l "1 "wt Jtid lu:t'llc
114111 . S Itn.r ;inalu;. i<d.ntifkd Ib:!- iw Jlit- Ib . ei.u-cJr.irr;,m,c,"J.1- (;/'1'122.:,r -tr, 1.ill m }-00(1bll, 1.".t'OSLiltl 100 % ;;.1\3 )(="" ;,( 1t1,+ | HIOI:<Ji:t
AL (6 201" AIFIIIVE tipe "t Ultdyt whto cullL:dINincd..wn witll 12 . 1vi\e¢ cthJiOO! ' Né iruclQtle (<fuwWllfiti<in Nk v. i,tc 3¢ D) -
q 7+ "10t3t"¢ "lncthmrol h  101L0tly plise 11 ntwe-mnlu. S, |, v,fome I'l G UNQSH w.i<.i</lol\-; 11, :ud, Ti:tlitl-"tLiutm-12;;111fi 1114-;and oL
ablc\t\1'1111 ;: w Um:nk b )0 114 h 1, a \"'UmnICt\'i111111J\011.t. d...om110L 1'1i had.) H'1°'1'7J1me JIOJOD6IH\ a p.:t<I'ULI VAL 11h  IN
1 k1111 j1 n:siarter- in \\inc imjd. icrmen,,:n,vn nl z/>«('

Keywords: frucise consumption, alcaholic fermentation of apave: mezal
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cu)uvéel) W enc,ho (+1U una oociC'itrin,,::- IMiutut<ittt k12" (\-,) J.: ..1am1| bl 1,,,acl\:o1nt.1,kfructl.l e no.nQ (11\1J)79a 10"T
ALImJo..d wild .;shlklpw 1'11t:clc.J.: ;P uno;,,:u.;; m.d10d\ ullb\I. ) « I'R™Vi1 - fT0).{ijgfu . . i:n ,1,,101 <tllIthi--iunc. <fa ilm "4, 110
- lamz;sela VEG,: CAY I clamplr<tar . <cmx:n!-'Li,nen | Mh Lonwi 210, 202,000,110 -0V K iued, e tmljUs-.,; Ve v ITO-( D
11+l call,hd11,1 poent:"ial pum s\t IHL- <<}tlu,,., rl1121CIHI -ettu.f. ik I(IhIVL ., 1,m,;.0i.111, :1()"C

r-.111.bfasd :1+f-I: cnu uu (1d.:fnR te..:a, (cr.ncd t..t-1lli1 J.!c<esh&h,.. Jea a,,- 1-r.1.;;;J

Jlirod uction hll:,.'fllm. In>].I"aCU & Auulic.  .,,,1; M:\uocfo. (iu1)(), &
Wmg j tuJuct.bnls.i --omp c prnc :;, wh.:re yeas:.j (pn ne H rl.:g), L1, r,unputtrn & f,0ur,; 1ro-D'us, O Salmo n
i th randtec--c.y, e, -iael minsform .sugars pre,; ,u in grnpe 1 ) [Llhanol hi\h:Cly 1s un,: of ch.: most tttlf)<.rn.Im 1 .:aus,.::: t)r
i, mto IN11ul, C'O, .:ind clh.:r 1111pon:ml n\1.100 htcs a;4 . 1Im prohfom (\l.:;"and."C & (' h:itpzOI€'r, 1'19:,,; Hkson I, "l 1\s
..r1,:d w11h Oftiin,1kph1: quall11 " (I'crel.«CO1.TL,. iln 0llc,.,.Pi= 1/, to:mbh L:1%io n pr.:, -c(!;;.cdianol cc,n,:cnnlunsm(:r 1sc :11'hl me
ud.4tl hitvo , & M nin-Al.,mcz, ' 5 Oncol hi: mo:-1cum ye.di. . drams rr.ay b.: Imubl tJsimw undcrtbesc1..,mJ1(.vns 1\1
monproblcms 4 )fICiJll*d ,.,ith Wi\l produ..:tion® l.rck Flinni..-1,. 1h ss mc 1im.:. t:1tunol r ull, iudcc-rca..-cd sug:ar consumptton
1:11i1>n 1hu resuhs whien wa.1-t >:ll,p rrn.1.th<ltu:-aclJ\ 1cisand "uiani i;\ f1SJ1.u;y(.;ak-01c.Ulomhn. OI-tjUill. & Sabla)erl1lic:1. :c1111 {
prcu,illl,:r.1pclul,;1; ;m: oot ...ompl.:tt;ly femu.e. 1ul..,J (B1sltl,n, Ounog mnc r..nn r.Lilton, WUh! yca..;1s 00-fcrm,1+1( g 1u 01:1 /ic :mJ
1+:< i) lintr.:1dMfix:dsutiuii- rc uh in lowg clb.mol yidJ:.am! fru.:tu - Ltvg;r,; pn.stnl 1 g¥lpc JUi ¢l Y, L~ tLydll) ,rat1
contal110:¥u uf the tin.d plodu.:1 wuh n,1,; \-elmcro,11.;.m1sm:. t,:hu,,,:-1.+ Insti:ad of f:uctosc i8 rnJ1ds . Cordc ro-Otcl\>. Uaucr.
In:iddilion, i .swtt< il;wor 1sundcsirablc endry wm s IBm hcli;, I....hnu,;., & The-w. I'w-, "' fii::1bcls cl al., :11,4;'f nmchvm.
('rndem-Oicr,)\, 81U<.r, The., 4 m. & Prewliy 1 Clamcro. Amlyo-Loj,.:t.Oarno. 1;;Qucrut, _IM1I,anJ11ccumu-
Scve Z:1I foctors ul<:udlng nulneni cl fiCancte o..1nd 1he pre- I.1ting fn.n:tie:>c <:1)fu""'I1trm21.mi, ti::>'Ullm the developmcent ul'stuek
saneeof 10.xlcoom@d)1lnd lhwel'1(1l ik mdicd .u>,auS(-:;. IC';I<ftn In fl.'nncnl.don *fli .,;>n ,i;. Oul/.-<c-. 'If!1) h ii,;. .kno,qi 1bal m
\u.:kfcnnnulionolndnl..1rac-1.syncbrnnoulymye<Zlslcclls (r\ nen-1+1.nlle gluen,.¢ .md fructosc .11-..: Irurt.!>-1)On d I11m) 1hcccll
I<J'1findrc- & Ch:irpenucr, 1 ,.: Uis"Mm, ¢ -« Jjonbk & hv 1hc x\In  rr tCtlb (Rt'Itc-nhl'1g< Fretdc-1, & Ciri;ity. 1-""";
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Microorganism Degradation Efficiency in BOD Analysis
Formulating a Specific Microbial Consortium in a Pulp
and Paper Mill Effluent

Luis A. Ordaz-Diaz.+* Juan A Rojk.-Comraas!*Oiga "1 Rutiaga-Quifionl!Si
MarrhaR. Morcno,-J menc, < Felipe Alal'istc-.MondrJgén.'and Sergio Yallc-Ccrv,ultcs'

Pvlp and paper milis are a major source -Of p ollu tion, generatmg tiuge

amounts of intensely colored ctfluont that goes to the recerving end of a
wastewater treatment ptanL. The bloclemlical oxygendemand teSt{BO D;)
rel ees heavity-on th& m;croorganism metabohc capabidity addedto thetesl
as seedhg mateuat The seeding matenal in the teslmg is obtained from
sewage samplmg ar fromcommerc@]| sources. Specfic organic pollutants
that are prnsent in paper and pulp mili offlucnt can only be degiaded by
speclfic mlcrobes. 1herefore, common sewage or synthet e seedmay fead
,0 err-oneous 80 0 ;;, estimabons In this study, speclfic mlcrobaa! spec,es
were selected to evaluate their deg,adatton eff,clency both 1ndividuayll and
inconbindion The mXroo, ganisrns selected in tho formulated seed
exhLit BODs in a reproducible andsynergishc maoner The formul ation of
this speci6c mlcrcbtal consortium can be used to devetop bloremediation
strme.g,es

Kevwords: Paper and pulp, BODs, COD; Degradation, Formulation

(‘wlluct mfomwrrou: a:t' lumfrul ,u«l lliudm,urn/ H11grm'en,1g Dr j1<1rtm 1111.1 JJmvngo Instrtrm! c,f
T((11m:AJL_\ (211)).ddInl. A, J>,re<1do,- JRIO Ote.<c>J. \'11em f-:zcoyu, J,/0,0. /)uroiL:U, Dgu.* \h<.m:o:
Ir:Hm-tr011meu10d/:1,J,tillt'c>rild 11fd maloJ<>| ml-e,:(idad J>ol,r<ew,cv e /)r,rrms:n, t'mret ,n Ds;_0 .,\3.:t1(-0,

km9J,('()/ /afo, J!lrrfalxo, nimmgo.l);w.\ /é.rt,;: € Pow:mm /1nrilim- 11(ScU'111tJit:1.111d T dmolnj.:icul
Resta,- <J,,Cam iltgp /ap1'tJu SamJq.,d. 105),, o/ lilmu™/ LI'€rOl,,(' P 78116,Sm, /1,ivl'c,todi.SLP
¢ (-11,-1v:.f'(md1,ij:autlmr:\'mim,;7'r, luumaficon,

INTRODUCTION

- n,c pulpand papcr mdustry comnburcs hca\'lly to \atcr pollution."h ich gencralli
ariscs from Gw industrial use of libcr, ccllulosc. and lignin: 1hcsc componcnts can ,mpart
hip,n COD (chcmical o ,gcn demm,d). color. and BOi) to1hc cftlucm (S,ng,h, , al. 200X)
-,11¢ HOD,; tcsimgis 1101 spccific 10w pollulanl. bulc.uibe uscda., anaggnogalcd 1,aacr
quality paramctcr ind,cating Uleanloulllof blodcgmdabk orgomc m:licrials in tcrms of
O )gen consumpu,m (Pcppcrclal. 1996)

Most o fu ¢ industrial cfllucnts ha,-c thc nccessaf) nucroorganisms 10 rcalize the
BOD:s tcst withoul adcling a microbial sccd 10 incrca. c its cfficlcucy Toe, 0x,gcn uscd by
Ihc microorganism to degrade thc orgaruc mattcr is mrosurcd by tbc BOD, and ch:mgcs
1111htimeandconcenlr.1tlon Usmgmicroorgamsmsobtaincddircclly fromthcproccessvio
,solation and acchmalion impro,es ,e lreatmcnl(Kumar <'l<1/ 20 10).

I'rabu :md Ud,ay t oonnn (2005) reponed that 11h11c rol fungus dlalwas 1solatcd fm
m soll smnplcs . cnnched by continuous pulp and pnper m,11 ¢ ffiucnl irrigat,o n. and
idcntificd as I'. chr}wo.1por111111."4s capablc of 790/0 CO D rcductl011. De Olivcer-Je, oi.
(2009)cvalualcd thcability of Baci/111.,r111mih, 1CUMA!00081<1produce alkahnccaz)mcs

Ordaz-Diaz e/ al {2014) "M1crobal consort,a& BoD + BioResourcos 9{4), 7189-7197 7189
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from Agave duranguensis

Fermentation for IsoamyJ Acetatc Production

Geranio JIcrnéndcz—CarbajaIl- Oiga Miri:im Rutiaga-Quifioncs™,

Gcrardo Sauccdo-Castaricd al, Adrianc

Oscar Soto-Cr uz "

iVIlI'd ciros.i. Carlos Ricardo Soccol....

- . o0 2
1 Araceli rcrc,..” vas

and Nicolas

"Insltt Jd() TeC'nologitt>tfe Dum ngo, J-'t,/Jue r sacadQr /I;UIOh'. .i4lIXIJ; /JurptlIfO  Méxit..-o "tn.wtuto Ternfllogil'O
,t,‘ Tu tlep,:, :; Vfclor Bruw, Alnlja /11, 13S.150, T u.tWp f'<, U:i:ul,1 'Uuh rsilotl 4ut,'u,omu Metrujwlttmw /;wpalapu,
SiJ11 Raju,,J Atlirco /81.. 09J./0; Mén('lJ ¢ U m vt 1-n dw It- Fc:d1,ru/ Ju Punimi: ,,'3j3J..99(), Currtd,u. PR- HnitU

AUSTRACT

In thisr \L—-ort | i/ th-Ye<L'fl Mm u\ isrJ/alte] (m m tlu! suchim,7776s 1lirohohe. fon uclldt tw 11 1>/'r\g:.we duranguen is ,a

i,roduc mt:cM, w.:rt>t -u:d usinJ,? [ht.« lrmhlr C<itpIm g 1,r..ttm J)i., ,, W<J. t.1' we n : front tI11..- gumtru richia. | orula,p
ora, Sac\'hri>myc.cs. K luyv,lomyC4.:,., D' x:kc m, I larL:I'ttmspor.ic111d Ca 11dkhk. P. lcrment;ins /1'DfJUII>.i wm th,- 1,cst
,sntImyl (tn.«{(Ifts produt'cr. 71,» Teldmx U.3S g.11.0/ estertd/fcrinnrbmionfor 24 h, 11hilc K. m.ir xianu:. ITDOfJIJ f

prnd,oced Q) 2 gil nf fw1  VIm,; ¢

C:nnentan., /11)0f>1ftJ cnuh! he trns,dn ed U\ 111 ,.Xn*/1@11 r-hnfee1s (meu ¢ Irl

optillli:attoll $/11diitf o/ 1'l ndturts m'l(/fiim ami h or ,nrtq,. vptrotm.i;. e<mduloll..\' to Je,elap t3 f>I'OIt!SJ" .far

him2thnologu:al produrll01t o/i..,ua,rw/ 1u,-J¢1t(

Kcy word\: U tnan:1;u'mna, FooJaJ <litivc, Nallvc yc.3sl Sli.nn.?>

INTROOUCTIO.'1

, \'vasl array ol' compo unds. sm:h as akohob. cslcrl. fauy
aeids. and rulphut compounds may bl' rcspo,ns bic
forlhc ilavor or foods (Grnt lid d. 1988; Dut>al el
al. 008: Krings | 99R). 0,>d ploccssmg can ...an:-c a
wc.uk aluma in thc final prodm-t hcnce. u s
acccssary 10 u:-.c. th additivc:, (Lc mos el ol. 2010).
:vio;j o r Ihcsccomix,und are produccd by tite cuc,m
ce | synthcs,,, but a rap,d shiil to btosynlhCliiSis ta
king place (Jnnsscnl'<"l 11 1992) bccausc
collstmles havc de, clopcd a lendcm -y to preft!r
tlu.:: food wtth n eena.tur:ll" I;11>e | (Jansscns et al. 199 ;
Lcmos e, al. 1010). Jso;imyl acclat..: is :m ester wllhg
r ¢ at Imercst in thc iood indusl ). 1l ha; a
consumpuon or 74,000 kg pcr

Authior fir comrespondence; asotofindurnge cdu ma

ye.ar duc 10its charactcrislic balH11la smcll {Ton'C.S
crad. 2009).

YcaslS r roctucc CSlcrs by csicrificalion 1)i a.lcohots
wlthacclyl co -enymc A (Verslrepeo et al 2003) Two
cenes c:odinn i'or thc cnzv mc alcohot a..:e
tyllrmsforasc havc  bec:n  1dcntiflcd in

Sai rlwromy,4-.,-.,-. *rflwsi<le (M al)on :tnd Dufour
..000, I’hIS.:nzymc i.atal yZCSthefi:!.ih.:llOMb tw n
acclyl co-c nl.ymc A and alcobob Ycasts also
produce cnzymcs wllh ester hydrolasc:1ctivily and
lite balance b IWI-CDthcsc 1wo a ntagoni:;ticentymi!
activnics dch.:nm nes 1lhe final coucéutrndon of
1soamyl accmic in thc icrmemali tinsy wm ( Innue
et ni. 1997: Fukuda etal. 1998; Yt>s,hi noto el (11. 1999;
Rojas et al 200 1). Oda (1996) dcvclopcd a sys lcm
fo r thc j>ro<luction oi  c«crs, <1licd a
doublcdcouplc,l systcm ! DCS).
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Yeasts Isolated from the
Alcoholic Fermentation of
Agave duranguensis During
Mezcal Production

Jesus B. P6 ez-Lermol, Armando Arios-Gorcio-3 Oigo M.
Rutoi ¢ a-Qulfon e,sl Elodio Barrio ond Nicolas O. Soto -@i z

[0 iltanw 0 to dt- 3o i(<lfa-:Quf 1) 2t-.1y Hillgllimi ca, Jnstilutol"ecndg ico di-

Durango. Mexico

JU<:partarnentode (:enl-ficn. Universidad dt.' Valtncia, Spam
‘npnn  ame Ltude Rotruucay Zovlogin. Univc:r$idad cfo Cuadlllajru-a, Mcxlt:u

Jlez t il ia spint. prarluccd HI;,;orne reginnsof Méxicn. In thr SlalcofDurang<'. mczcal iR

it dtac(<f via t r:cle.llliond] fcrment.af mu Dfih,, A 12tfi* /urriid[111-11si., p)mu. To bcli.pun der-
sta ndlra d itdh nJ fermenuul011 processes, it 10- necessa rvto know \Vh h .vea.st.apecies

e £; Ciitay Ty N ERF AR« Hh AT Y ML ERT11GE MR T AU SidHgh, MeNB D

v tigo(.dhgd  h vingcny of Ih..nAl,veSr,n:hrt.rnm_wv. ,-;14i+ . Idu :-b-Ains involvt. J
m thi proc s. The5.SS-i"J\"") genomll' regLOn was }Inalyzed to 1denti(y strains prcsent
tn theferm (nt .ah procc.;.ssamples in thls study. T'odiffcrenliat strruns belonging to

thl!g'cnusSaccftar<miy(-e.;:.ditl\ercnt 111olc 1.:tild r tc...d 112ig111..S\We ne u<;,d induding analySi!{

of mitocbondrfal ON'A and \ clPmcnt:;. imd i0!Pquenr.i.ng of the: fi.8S -1TS gt'nomic region
Aldthough 3h i h dlvr,renty ol mict<>orgao, m:- w:;;; rOund al Lht' hc;nna ing ()f formen La-
tion, Sw-d1<u-umyc:,.,:;s1t:rl.c..lw,-was the on Iv) t-ast prc.scnt at thc encl of fenuc.ntation in
rt:gion J, whil 'J.Orufosporo rlc>lhru -cku was fuunclin u hi Iwr numb\.-t titan S. c1?1-evrslac
Al rlwe b 1 of fhuco tnlion in tu.- I'<"ginu 11 :\Jult-t-ul:ir tcc..-bnill1lt- dt.-bjr r -td Ihat

Sa(-ch,,n,m.,.* ..... r,1.1e/sw v i..0lntPd in Dnrnn n are phylnfeot ticaUy u'Jdflpendent from
t.he stniins isol Lcd in «Jlhcr' 1'fi:g10ns uf Lutrn ..\mI'l'icn :1nd EurOpL-

Key Words: mezeal; native yeasts: Succharomyees cerevisiae

IN TRODUCTION

Fermeoted bevcernge bav heen an 1mportant J)al'l oJ' Centra | Americancu -l
ture .aiincqun '-Hispnn ic tinlc-s, wlu)n MtesonulOricall clvili.zations fem 1 tod

Adclrc  rnt TC' MuclertC' lo Nicoh\i:: ¢ So10-Cn 1, DcparLamPnto de.- l'l1gtencr Ins Qudnica



y liwjy m ica &k Ituto Tecnoldgicoele 1Jur:rnjjo, lil,-d Fd11:>e Pesc«dor 18300, 340 80,
Dur a ngo, Dgo.j e:tJco: E-mj-jj)- nsotr,@itduunis:w.edu mx



PEER-REVIFWEDARTICLE __  _ bioresources.com

Evaluation of Eichhornia crassipes asan Alternative
Raw Material for Reducing Sugars Production

1 oI
Héctor . Filcto-Pércz." José G. Rutiaga-Quifioncs,° Cristobal®  Aj:uilar-Gonzélez;

Jesus D. Pacz,' Javier Lop :rrysand Oljrn M. Rutia)!a*Quinones '-¢

Water hyacinlh was analyzed lo determine its he micellulos ellignin
conlenl, evatualing lhe condilions for the saccharification process with
commerclal microblal enzymes. Plant material, inctuding leaves and
stalks. was pretreated at several temperatures (100, 110.ad 120 'C) wilh
different s ulfuric acid concenlrations (0.5, 1.0. 1.5. 2.0. 2.5. and 3%)

and residence times (O 15. 30, 45, 60, 90, and 120 min}. Total reducmg
sugars were measured by the dinllrosa lic ylic ac ,d method. The optimum
conditio ns that maximized the yield of reducing sugars included a
pretrealment w,th 2% (v/v) sulfuric acid at 110 'C for 90 min. The optimum
conditions for enzymatic saccharificat,on used the commerciat

enzyme Celluc tastal 50 *€ for 24 h of hydrolys is. The max,mum y,eld
was 0.54 g of fe rmentable sugars per gram of biomass. Data demonsttated
Ihal /:. crassipes is s uitable as a raw material fo r products such as
bioethanol; however. furlher fermentatron studiesare required.

Keywords: Bioethanol, Lignocellulase, Pretreatment; Reducing sugar, Water hvacinmth

CullllJ<'frrjurmctlioll a. (lttwu:a/ and Hmt.htmt<-ttl E11gmc Lr13ti!/ Jg,urtmn Il, Durango Insliwre of
1'tedmr,Jo:,;y (ITD), Blv,L i.j/ijle Pt>.V."1tfor J.IW Otf . Col. \'lu-t-u Vi:cayu, 34080. Durang>,. D s_o. 1Wf"..:ico.
Tel. (t;J8U999h}J r,-1. (3 /t>), h. Sduml of 1uj:itlc(,t'1. m Jl-ood n ,fuwl(H!,Y t'mwrsidcul Aficimucom-1de
Sun Nlco/fisde Nu/11/go. dpartado Po\*111/SR(, C.P 58()(1() ,.,(on<h,1 ..tlit:n. \herthd . Dt7mrtmelll ufFaml
Scumn ulld Tedmology Sdwvl o/ Chemisti") UmZ-ersidwl. frtam,ma de tvl1l/miln ({.)..ftleC . Blwl. t'

C(1rrnn:nv.losé CanM11a;f.rIn.Col. JtcpiMica. Srrih/to.: .52,i0.<.:on/1111/a. \1éxico:
"Correspolld/1rg rmrhor Olllmi t1gllCl1tdilra 1tgo., -J1.10\

INTRODUC TION

Water hyacintJ1, a frcs hwalc r aquatic platll, , nativc 1013razil. 11is an ornamental planl
found in dillcrent countri, s around che wo rlc.l. Eic/1h{)rllia cr assipesis uscd in tradilio nal
medicine and 10 removc hcavy mecals I'rorn water bodics (Ganguly et al. 2012).

E. crassipl!s is considcred a weed mid so metimes cveD a plague around tlle world:
howcver it can polcntially he a rcsource duc ils high carbohydratc content (18% ccllulose, 50%
hcm icc llu losc). E. 1;ra ss 1pes may he an cxccllcm sourcc or sugars, which chen can be
fonncnted to produce cthanol. The biocthanol prClduclion 1s achicved througb threc stcps:
prctrcatmce nt to liber:uc ccllu losc and hyc.Irolyzc hemiccllulosc; hydrolysis of both ccllulosc
and hcmlccllulosc 10 obt in free sugars. and 1hcn fcnnentatton LO conven Ulc sugars to alcohol
(Singh and Bishnoi 2013).

In 1vlc xico. utlli, alio n ofncw lignoccllulostc matcnals for biorucl production is of
viat | importanct’ to thc futurc of biocthanol. Thc use of lij,"Tloccllulosic matcrials for
cthanol production is favorcd by abund ncc and low cost. E. cnt<<slpes grows very fast

undcr thc climatlc conditions prcscm in somc rcgions in :vicxico (Kumar and Wyman
2009).

Flleto-Pérez et al. (2013). "Reducing sugars E. crass,pes: Bla Resource s 8(4). 5340-5348. 5340
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Volatile co,npound production in Agave duranguensis juice
fermentations using four nativc yeasts and NH,Cl

supplenlentation

O.\liriam Kutiaga-Quifiunc - Erica Cordovu -
M21)rin. A. Mt, rt cll- cn:ircz - J,)sc i\J. GuiUamon -
Nil-olas HuzCS + 1 tsii Péacd.

R cci,-cd, 24 Janullry WI::1/ R"™, IwJ. JO htH:h1012/ Accc.-pt.:J . 5 I\rnl 11!

&1 Spflng'l.'reVed:.g. 10.1!

Ah tricl Nitrugcen h;,...:a :,.ig111Cic:mtdfoca nn tli<! lcnn<!n-
tallon ratc and Ihc chcmical compo i ti on of alcoholic bcv-
cmgc . 1ltrogcen dehclency ctunng Jetm cniii uon of Ag<lvr
Juicc lor mcscal producuon c:nn Ica d to slow Jerment!lhon and
i'lnd pmducis wiih Inw nromatH.: c:ompnuncl v,1ricly In

thasS;ludy. thceffcclsof VJILIC I supp!cmaerlalion0 11vo ul ¢

comroun <l lornm1 ion In :\ <We tim'f m u t'n \Ojull:c fer. nlchad
atU-  'C \\1th chenalivc yead ,rains S,c-cliw omyc<J
ceren:dn<: IT))(I()1RS, Hrm, t.ulmporn u,-m-mtt ITO00108.

TorulaJpora It:Ibrueckii 'TNO0110 an<l Klun<e}-omyce:s

mar:rfrmus 1'J'}()02 t 1 wer;;analy-;ed. Nitru t:ncomen! inh e
Agcrvr juice unsupplemclllc d with NH ,Cl wa_-. low Jn the
c ontroi tre 1mcnts. L1L o ur )eru,L™ con:,,umcd nilral’ n .u
appmxim:-R ly th' -fnto r.a . tinw:<:t cornpl "'tc Iy Liui hid g ly

% 'h Nuroicn. opplcmaiatwn trcle ,,:J hiu, . pft Ilul-

ImnwuhS. < 11:1hie, H m-arcu,, on<IT. ddbruecklihuln111
wilh K mOluwms K. mm:;iwwY consunicd Lhe to d
a:;llimllahllenim'lgenmore luwtythan t.he® 1dvr:.tr.unsinhc

~Uplecmentcdk InwntHiutll. In 13 <li1l0n. theh 1lahlc Ol

i,ound pmftk- dirfo rcd bt:L\'l ccu Ihc sh ulicd ycaMs. VoJ.tlih:
c:ompound pmdui.:.Lion hy S , er ,inar.11 1wl.Irum d.nd
K ,,rnrx,unmwa highcrinthc;11pdcmcmcdfcnnentation:..,
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Dcr,.dnmenl(Ide Ingen'a/ { Quimic, ) ilid uinulit
Im t1m1C1TccMJoglm Jt< Our.mgo. 1)11r1lngo. MI?AJn
cemul0 111rul1.ir aG yahoo.c,Im

J. M. Ciu,:tamon

Derarl:1ml.Int,, dt- Bill:...nlor11d- t, AN1IC 111fi |

i stinuolle Agmauimici. - 1'tscrilloé.ade to \lImcmoj (S
V:1knclu. Ip.jin

A RelzC.c;

l)cp.. 115,110\t nll"dl" Om<jlllmu:a y BiohCholng i, li«dha Il de

I nulogi., L11\:0,141 Rewlm | Virgllt 'I':Iedl'g0na,  Sp.1111
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.\t (-/wromyces
A .m 't Juu.: intucchanul but th..:) can :ilso pn.x.lot..c C!!>tcr,.

cnmpart:dtochel111,;uppkrnentcdonc:...[n T. delltruer-kii.thc
in1lial vola(ilc CCImpound  co nccnllaiions rem ain<tJ unch 3n -
gc.d, ¢ dccreuscd Jor somc compound . wilh nnrg()c n
<.upp | cm enla tion. The initrnl acctic 3cid und vandl in con -
c:entr::uJnn,..dccrcased wllh 111t Ir.uos: Ic.;,tcd and nilrogcn
i;upp'cmentation. Furihcmlorc. th<.> co ncentrmion o( highcer
illcoho | 1Mc.:rcascJ wilth S. (-erel-isiot' ,md /./, mearruum Ihc
Nf1,C |- upplememcd fe rmenra uons. b1ll 1hey dccrcased
wuh 1 fld bru, It and K. moro'nw.,. In condu.inl thc
JdJilwllofunrnorg-unic nitrogcnsource prommesmicroor-
iz 010-in me tabu LsaL, 111\ re...Iscs biom:.t:,:, fvml atBtL] nJ ben-
cht\ 1he fcrmemnl1lun pnx ess .

K'fJ"ords N1trogcn \'olatile ...ompoun.d,
Nm-SutclwrmnJi ce

Introduetiou

Aiu-- egwltwer is Iht:  oure or t u,lLi. thc. mo.t
Impvn,mt rik oho fir bevcr.igc pfoduced in Me-dco. JOI .
t¢ r. O1lhcl' tr.1dlion;1lalcon®lit: be.c rl t:s:i'Uch as sotol
.md mc- cd hasr becen gaimng in rconomic ,mpotlllc in
ret:i:IN yl.::1r, 1J1 Mt-.M.:ud can b.: pruduccd from 1-\. wimi-
<tua i\. wr,:luft/olm, A flQlurtn1im :ind A Jumittllell.,.' -. Jm
i 11 others |2 J. Dunoj? mesc:il frrm ntation. A,1.1«ve
jull...; i\ naturnlly fcrmenled b) its o\,n microorganisms.
\\h L:h indu<l.: ene,.- tu:h <um- Suctl wrimlyi'llJ, P1.111u.
I (f m- 1fJVmyn, s Cw ub dll. Deborv om\'Cl' 1/tut.\enia;pom
Kf,re,-krra, S c/l.O\af'clw romw eJ, Tundaspot(J .tntl i..)go-
J.-"'l. Thc:-.c )ca:-.b t:0OCktl tfo.: i.ug:irs in

hlghcc akohols unct or g.anic acids, nmong oihcr com-

pomd"-' N1c UmClur ;md arnmn in mc ¢ 11 are delenn inl"d

hy 1hc C(Imp osm on ol i mixture of compounds gcncratcd
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Effect of glucosc concentrat.ion on the ratc of fr uctose
consumption in nativc strains isolatcd from thc fcrmentation

of Agave duranguensis

M. Diaz-Campillu - N. Urtfa « O. Soto -
E. 6:1rrio - ;\I. Ruliaj!':1 - J. Piicz.
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Ahstrricl Studic:,.. on h xn:,.c (‘'On mnplicrn hy .\tird,arti-
mvr:ts cerll-iji(l showthm lucosciscon umcd lasterlhan
fnicto,;c when holh re pr :-.cn1 (Q:1 Jrucw ¢ Lo glucn,I!) m
Lht' mcd1111n during IhI! tcrmentmion c,f Agaltc Thc
objccuvc of Ihi:-.worl wn., 108clcc1$traill:,.nf S. :tlr<'nM U
th:H t o ns.umc iructosc cqu::11 to or fas 1crthan glui.:ose ttl
highfrucLo.,cconccnlralio:1<.byamdyz111:;.thcinrlucuccuf
difforem glucosc conce.ntt:uion on the fn.ictose com,ump-
liou ratc. Theoplimal _gnwillh t.-:nmlilionswcrc dclcnniucU
by :L IdneLics assa} us:ing lugh perfonn,111cc Jiquld chw-
111atog:r..iphy (11 PL C) u,;rng 50 g uf glucosc tind SO g of
frunosc Pt:1 lilcr ot ymhclK medmm tom:nnrng peptone
nd)'e3)tlcxtrncL Usini;lhc.\ame ubMr;Lte c-oncelllraliolh.
rLrain FI'D ()()185 wni<i;;hll.wn tn h11\'C.ahighcr n..iClioo Juttl'
for fru.HI-Cowr glucosc. At 751! 0J'rK \12:::rnd 25 g 1.f
gl ucoi.t- per hter, srroin 1'rD-00185 b:iJ =i productl\'1l)' ol
i/ gl.l h 1af1140h J.nda im closc l-alc cons lam uf
0.07Jht . h was ,hscrve<l that $u.:0 cnni."Cntrmion

J Ir:ttiooi itucsoir toglucosc, Th..:rero,c:. a<laptcd trilll,

M Dia;,,.ulll1pillo 0 1, Mil<milklill) . ae, el:->:
01,eui6ond E.,tud10,de Posg,;:u.lue Invciltl:inun, In htuw
Ttcnol6i;,co (k Durnni<i. HJ"d ledire Pescallor 18300t1..
WOS('11Ju 1ngu, I)zo. \1' .-.x,cn

c.nuul: jpacr @iWuranged u:.1X

N Urti,.
F:tcult.:idd ctcncta<,,jumucao:, lInn cntltbd Ju:il.:i"del biadoche

)l urnatA Pnel. t hlhullllsin. .M120 Durunr,,. Dgll McxH, -

E. 8;1lmo

In.<,1in,110 C:1vamilliz:i ek Hiodi vet'i;fod y Bog 1 R o ddl ..
Uni\'ft-Sid:.al de V:iJcuna. tditic10 t.Ié | usthu10,; .

le:trquc C'teniilico d P.aicmn.. Ap,:irt:idu 011.:bt J.'081 .
.u,011 Vilencia. Sp.:on

:11hihiructo..:ccnn.e.cnw,tiun:-.couldheu:,.C"d. |_, onitltcre
nallvc to 1rldilionnl formcnhllion proccsse .

Kcywords  titl<tlwmm\ces - Fermcnrnuon Rcattion mtc

Jntroduclion

Gluc<>i..eandfrucloe are simple sugar!i>th;uare follndin
d11fc n:111 foods. The ¢ !-"U ars :tre lenllenlcd by yeast 10

pl1ldui.:c cthaoo I, w;ucr. I'arbon<.lio. idc. und otJicrcomptl-
n('nL-..1Arroyo-L1.1pc;, elal 2009). Inmmc:,.tudi . ti h

bcen ,hown thm Succlmrlwdc,\ ur (Jtnne prefor-, ©
t0h ume gJm-@ec. In e, pcrimens wuh bolh gfucose and
Irud1Jsce.glUL'u:,.e I'i: I:"Jo:huus1ed 111 Lhc miJJle (1(thc icre
mtn1.11ion, Jcavrng a higher proportlo n ot fruclosc CHofor
.mtl Jcn wein 1-41% W..m)? and Nohel Igrl ; Llpe.7. el .ti.

- w1\ B1!)UIl ft><N1.111comrasL. S. cerevisim: h....sbeco
:-.bulMtl to ptek rilu.:usl,.s o ve r Irm:w \ con:,;ulninm n <lulillg

rter1111;n1:1110n (B;;"rth.ch e 1J.t 20 f1J ). Bauer auc.| Prelornls
t1110111 mcotiom-d t.h:H c.hei:e differenl.'e. ini,:uhi-trntc con.
.mllpon .in: tluc m vinous formcuuuion a, thc cnd 11f
J.unclltllton. a n: 11fu,1 wnuuadl of fructusc, ;ioJ possiblc
cnlll.lrnm1tion1111hc wo n,'fhi.;mlyhe duc to 1hc spccdof
LJ:mi,.porl::icrosthc mecmhrnnl'or diifcremniic..of hexo.\C
pho,,.phnry-J.Hion th..11 occur wilhin thc ccll tKunki:e 19!-U
ilcrtld s c1 af 200s : Ozctm und Johnslon J.1")5 Rcifcn-
her ret 1119 117).ii luco in S. ceul;siae not o1tly :iccvcs

. S,. ..arhoa 'lOUICc hui :1,;0 :1cl; H- 1 glnhal reguf:ttor oi

mclinohsm and 158 \Ih  Rcpression and inducuon of glu-
coi,.c 111r.:twu Imporn1nlrl’gulamry mcchanismsthttlacton

gl 2.c u-hscridlion Icvds (Arm)o-Lépcz et al. 200Q), In
thi.'pm1-.C::-ltol mnkmJ; mc:-<:al, Mh.:hclsCuclloCl:il. (20m;)
np\mcd th;.u Agm-t1.,a/mi(11111 aci<J hydrol)-1'1Sw1lhhat
tri!lliment ,g:1ve a lruc!Ose .:-oncentrnlioll of 155.9 mg/ml.
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Saccharomyces cerevisiae strains with robust
responses to fermentation stresses isolated from the
alcoholic fermentation of Agave duranguensis musts
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Vea.sis used In fermentation processes are subject lo difieren\ slress conditions, including low pH, high
Inltlal substrate concentration, accumulation of loxlc compounds (e.g. ethanol), and temperature
flucluations. The fermenlation of mescal is conducled under variable environmental condilions
throughout the year. One of the most importan! environmenlal faclors is temperalure, as autumn and
winler termentalions occur al low lemperatures, but fermentation lemperatures are much higher in
summertime. The alm of thiswork was lo compare the response of Saccharomyces cerevls/ae strains
isolaled frorn agave fermentalions to different stress condilions and two difieren! medium culture one
mimicking metcal produclion, using agave must and other synthetic must development for anal ysls in
wine industry. The strains isolated from agave were compared wilh a commercial strain used in wine
elaboration, which ex-hibits good tolerance to 'he difieren! stresses found in industrial fermentations.
All strains grew In the presence ol glucose and Iructose irrespectlve of the sugar concentration, and
low pH did not affect the lormation ol colonies. Diflerences in growth were observed among the strains
at d w temperature and high concenfrations or ethanol. Only 28% ol the tested strains exhibited good
tolerance lo hlgh ethanol concentrations, a desirable trait lor avoiding stuck fermentations. The strain
ITD00185 was able to grow in alcoholic stress conditlon, consuming sugar and producing ethanol In
agave mus!. This slrain shows tolerance to 'he ditterent stress conditions and may be a useful starter
cullure for agave fermentation, the potential of the native strains to be used to improve other industrial
fermentation processes that involve low lemperatues and high ethanol yields.

Key words: Ethanol tolerance Mescd, nat ve strains.

INTRODUCTION

The rluciUalmgconditions ol tennentation processes can
aflect the growth ol the microbes that contribute to the
breakdown ol sugars and production of alcohol. O,tferent
geographic regions and their particular env,ronmanlal
condltions can atfeclthe distribution oi nauve microbial

- correpanding aulhor  E-mail
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speces (Folch et al.. 2004). MZXroo rganisms encounter
rnany dlfferenl stresses during industr ial fermen tation.
Bo th tf ad ition al and inaustrial lermemation are complex
processes due to the multltude ol cond ions that are

created during fe,memation. Yeasl cells , which play a
cemral role ,n the fermentatlon process ot wine making,
areneve in a physiolog,cally optima environment during
wlne orod uc tion. Throughout this process they are
exposod to a variety o' different siresses simultaneously
(Bauer anti Pretorlus. 2000).
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Accepijca Augusl 'l:]1 201

In thiss tudy the fermentation behavlor at 18 and 28'C ol different native yeast genera on| Ice

Irom

Agave duranguensis was evaluated and the volatlle compounds produced in the obtalned mescals from

these fermentatlons

WE!re identif ied. The lermenlatlve capadly of

Hanseniaspora uvarum

Kluyveromyces marxlanus and Saccharomyces cerev/slae increasedal 28'C; howev,re the fermentation
behavlor of Torulaspora delbrueckii was not affected by temperature. In the mescals produced by H

uvarum,

T delbrueck/1 and S. cerevilsiae a greater number and abundance of compounds were

Identlfled at 18"C than at 28'C. Conversely K. marxianus showed a hlgher production of these

compounds at 28 'C
3methy- 1-bu tano, |

phenylethyl alcohol. For strairs H. uvarum, T. delbrueck/1 and

Sorne compounds IldenUfied
acellc acid, 1-(2-furanyl)-ethanon e, furlural, a-terp ineol, ethyl phenyl acetate and

In all mescals were z-me hyl- 1 -propano |

S. cerevislae, the most abundan!

compound idenllfled was 3-methyl 1-butanol at both temperaturas. However, for K marx lans ,
phenyl ethyl acetate was the most abundan!. The non-Saccharomyces genera su dé,d exhlbltdifferen
behaviors totho se reported for wine fermentation when the same genera was used.T heréor E! they
Bresentega major fermentative capaci ty and also volatile compounds characteristic ol mescals were

roduce

Kew ords: Non-Saccharomycesmperature, volatile compounds, SPME-GCM S

INTROOUCTION

Mescal rs d Iraditional alcoholc beverage Irom Mexco
lhal,smade similarly 10 tequi la. The process begins wilh

-C_orrepopon( author E-m al; milrain @tdoag ado
bioqulmicaommXx. Tel: 61829 99033 ext. (t10)

Abbrevidlons: HPLC, High pcriormancc hqtud
chrom atogaphy LSD, loast shgwlfaco dittorent,
DVB/CARPDMSdiv nylbonzenelcarmoxcnpolydimdylsiloxac
SPME ,sofidpilase,mero extraction

the harvest of Agave alter 8 years of growth. Al this g

slage, the plants are cut from Iheir base, old alrnrg the
Agave heart. lalef, these are cooked in ovens or
autoclaves. During this stage. polysaccharides, mainly
frJctans. are hydrolyzed by heat Into simple, molecules
such as glucose. fructose and sucrose. The hydrolyzed
sugars are ex!racted from the must by pressing and
camed out !he alcoholic lermenlabon by nat,ve yeasts or
selected strains Finally, the musl wilh elhanol concen-
lration of approxrmately 3 to 6%(v/v) is distilled to obtain
whte mescal or young mescal wilha ooncentration ol 35
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