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I -INTidR)' iHiMi' 

Tis crpi.*t I. deaiio ~-~ith atctiv ii ti' tii which hav hVibun 

ueitcir tkc:n in the proc.cLt "Alcohol ic i offomon I;io nna 

Ofi~co of tho Sc inni;: A!(dvio~ oFfi AID1) Jih i ng~tc, sinc:. LW 

too it11 n c F MI: iVi t: LO ivn itini: * 1985. 

Thr iurpow o-f 1:1,1 p ruict is toi s~tudiy anid i. prvs 1:1w 
11alti'hnilit fniCulaii: i b'.yc.';sI: of stiqat cor in Vtc unli 

sta;te2 i nt mij amoun .f Spici ficall1) v Lii"i a. iiii otirI wa~te.ct 

W~i Enr:,i fro a hcit:.tioitnis svs tn'ci enhan ing t.~he rate1; li fu iin 

s,-to of suiyos'-'i ffoouIn:ti atnd/r t~he peneritioni of it ywoM 

Adrd .ii. ii v. th r U..r I; care prcser vati; i citiechn iquos oni 
trpion vii ii frtli.-moitabl suga'itiiis1 boingc cciisideiiod.., ol 

T!i! u ii-~ 1: Liii Ids ltuo" tI; u u>tcrlcnco in IiYIIII in deiveli c) 
the F X--rFPNLIpin(n ftii Lhoi~titsimItanuo'L5 C idiextraction 


4ilw arliit 'Frvbe aveiLn in thi repor coirwhc 


w-i k ,jhji(: fti tici boon caric-i~d out oni th111 Luic st~udios of irnQ. 
C(i imnii L tto f Li iili caiti proprocd inv the mtill; mnclificahioci 
,-F. tho n i,*. ttion esie tq~rdan Lto improvepropa.ura to ha~ndln 

lI F FiUSN o~ tin systuiis fr can cserivatioci
if E"i aii ci"Pt. 

iti:luioti n n"Wtl1 no, stnrtm onxplvsicru~u oif soiccuhm bisuclfi tci
 
tIiid ai c:,.fiiit l iii, of thusu~; itiifitvc'tunii of ferililn i oc
 

onhnc
cc~~ii tjiim. ; il ito y,'.a~sI f,'imuniative~ capa~citLy and inthiit;ii 
ii I nb c itIiv/ ; uT t:,iIntiits; stIiudyv of o iiinol toxic.ityv 

uf t;fi y''s stra ,iusitd; oif ofIin stiudy thiiik;inetics cI:Ian~i 

i 
c iloi ii Also 1 tccin t~hc of fLit:' 

abva d"ai of ai foinnt1in systni whchi can bcl usedtoc:t i 

ft~l itt, artc lopoi Vs 

1iiiaii i: n ki Drc C :1 rI hoiClci I rn ,t fin11tnc a aln s and 

P Coi a t ofC(T LIOWcii. 

Th ro:nr;t.,tso th1isiii rpr ar asi follows 

roI ;ItntuciR.Roor oniwv fiinictivi i ui 

P. CaF W: k~w fi Viici h o:lc It i c 

2.3% Pruv d itclrmei ntinu jcniton: 

http:wa~te.ct
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2. REPORT 014 RESEARCH ACTIVITIES 



2. RPF.rRT 1i1 REN-EAFICH ACTIVITIES 

The irs.ach ac:tivitin:, underta -n du~ring the dovo1opmont of 

this project in:ludi, first of all, base ]ine studie. on ti 

•r mon," ocf sa, canie as it is pre:pared in the mill
 

prior- to suaUIi (.n t,-<c-tin r,. with no extra water added. Hlri. 

wu f.. Liu th 1t'lng ribbo~ns of caine wpr diffiCult t:o'o d -

haid I ic sc " e 1 koked al ternat ive forms r "nc,o, into of 

piepaiali ',l. sucIh as use o'f a mill prepare a more finc lyto 


grond matirfial rosimhli 1:rq sarw dust. This materia] not only 

pi'ovd to b". much Hosie: to handle but also provided TCi e 

surface artoa to improve sugar diffusion. Sinco cane vari-e:v 

r cutoLet been consido-,ration aE 

impor tant proc.ss variables ir the sugar industry, we a1is. 

Ionld i,,t" Lin fi ,menhai:iot of three different varieties of 

caie. De.O;tail of theso activities are described in trials 1, 

2 and 3 ii, p"t 2. of this report. At the end of part 2.J 

th reader will Find a s.hort set of conclusions for this 
work.
 

andi:I fi "1 | IhvP" taken in t;c 

Cut suar care, pa,-ticularly shredded or ground, is vary 

susceptible to deterioration by microbial contaminants with a 

ivs )I tirq loss of sigar. In order to conserve the sugars 

preient in th cane for use during the off season, different 

pi.nr vat:ii, techn iqie.'s were studied. First of all , we 

looked inito ensilage of the cane ribbons with and without the 

addition, of a lactic hai:tev ia inoculum. Thn we st udied the 

steam eplosion of the cane ribbons, and the ensilage of the 

e:p]Ioducd Ca,,ne. Fo:llowing Lhis, we contint td on to the use,of 

Sodiurm hi silifite. commonly used in the Ainoe industry t:, 

CoMit 1 barLeTotial contaminal... Detail of those activities 

ar dins,:ribed in trials 4, 5, and 6 in part 2.2 of this 

inport. At the, end of part 2.2, the reader will again fiOin a 

short set of conclusions for this work. 

As e- saw i:htc diffriciuIties encni-tered in wor k ivg with cane 

from the mill's patios, the research took mcire, iimto a:coult; 

t.c hilii Cis for favor inl l v'cast: fer eniLation over metabol ic

ac;ivi tins of contaminants. And at this time procossiliiI 
gviiiincil cftic:.iiiqiuto; wore m.,i:t'lied to vrduci timc' botweo 

tIi C-tle and add it;i o of yeast i nocl.i 1wrm and co ntro ] of 

in:', kinp l vels ' toFer' iiirn a W ai al i i',s tc above itoso r'por d 

be FavorAb1uh'. for de:.tranrt Forimatio . We stitd ed the effect; of 

!lsiin ii lint' Ievel s ,f" i i"ou."lu]il in then f' mentationsi . Wt., 
m ofalso sttdiod the addition water and use of agitation to 



tr,e an1d CO to 
dliffi nIo i f i innIiu' lqa:lr .- , i-thef intl!o ,i 1 Loi.flr1ls o 

caii~n-pa H iclos o the~:se o~vto x. a.~ dowriihnc in 

i nd.ii iii 1 ".i¢ o1" 1;hiiiii CCan y c V N. .. aid ,I ov 

Mal~. f -rc 

t:riils / t'o I7 o ipart 0. lof- I I lio t. Mon al'li,.li 1 f 

auct ii w riil ti i:coiVti'%.I.l p ir.-, lFoir.rI s i'va hnry cM-i1 t;ed 

Iir 	 ven . (i , .r 'E 0 .- Ui ;{C|.-i"i i iih I f: , 1~o lp 'ii i: : " ll: It: 
ca-lll;i it;at d friom thlo .liturti'- il"c". 

It is importatit. to poiXnt i.it: thart thin: suga{-ir i lili :'ity i1n 

i:n1ityai I '-i'a is in a point of changr, with uieckii ni;ri lt ] 

haLrvlosl nil : i. ioiriu of air"vest:tilng by hiiod as.t il cIpla h thiii 
tri- ]t 	 ioni,:,] i nl thul: are-a?. For og',,mleo th-n miil]li w iclh wrlo 

wvrke 	 L 1:i din iitl |:hr actr ivities descr'ied in tii. isu .ort: 

i.. t s coas,; pi-sses."3,Fri-iIt; ani iii I il 1 a'. irci.ut Ii cs iow i ;''. 

wiilpu juaii i cavin 20 Ii cii-. AluC-Iv oi 1'- d nd i irvestdI 
few&s ver n a Iqo,, I r i-: oiship wa.is the othr iiy r.,i md-

The ,u]]1 tiod V hii fii.dchiayii v.i, -Ini( cai is -irnrcI in l:ho to 

iillitimi-firh ii tei rio--i-c:ess 

aiid ] aiti i 1 1 i1iI. Tin L iii-inc 1lo-ves wiouinds on Itin cal-? 
c:niwicvv i woul.d i- lt cuttii 

ui
stal.L:: iniiii it ioiret si.l;rispptibli- tc. micr-obial penti r i 1111. 

Il ysI (.flt ii occu-iir in thin fiold aid in t;he patio, a -ls 

i' l 11h cr iii tu y mi-cro.bial c i i.I-ci : ,[ i'" fcr 	 deteiri o l . 

initi iii. tr1ii I 1 ;imm? tiay ve-std octsocn .i i-l l Ii 
conti'i" Un"l ev|p]-. we n~ot in7 workl~

t-vhe 	 we 
tt]< %tha:t; had seen4" earlir 

diiii lul Ihie ] it tii ciin oi EX-FEFRI. 

Part' ; 1 " o to a oi eti,-uc,h n 1 t oletraci2.4 ,cics ii desci:bie .stiidy thie e e 

of thn y i ic oLh ci Formpil a rt of th ICAITI Cii 1; ii-i-, 

Collctccii an1d whti:h aro biming i.sed in this study. It is 

pF t. ri i, lv imp.ot-iniit fcr a cmoi' cial pri ciscs that the y ieast: 

ilu"ro bt to cci_-i tiod tolr anciit; elt;hiaiol1 acit temnrnt -.cmlliimtii-r y 
v ,

t:h, cmnv ca the I'ngioI]rouiiiliI suarii" ili? of Coai'tai . 

Par.t R.5 dciscri imis veiy bi-i'.f]y the work be ing done on th 

iO;M.iii .ii pi r1iitioi kinltics of ciltiirin isc.1t- d in thec suar 

c-iei dirii, thr /96-1987 ste asin. We are looli ng fcr ways to 

de. iY Ci iil bi : lihir ac t iv ity of the dox:tucai'i-prodclcinlq 

c c in;IIIi t . 

http:lFoir.rI
http:l'li,.li
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2.1 Initial fermentation studies using cane from the mill 

pi, ::Fssi II ine 
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Trial No. 1. 
Febravy i0-P&i 198; 

Low Moisture Fermentation of Ground Sugar Cane, 1.
 

F-.s ib iIi ty of orund suqar cane ferentat i':.n with no 

addition of wt ;er wAs .sctudied. Thiinki-n- of future scale-up of 

we chose to work with chopped cane as preparedthe piroces, 

in ltI u. imill.
 

Mat.rials: 

Sqiar. cnnc, was 	 obtaineid from inei it, Fantaleon, Santa Liucia 

Caite wan take"- froml the process liine aferi: . 
ai.,ilin thir-uniil four choppers. just beforie enter ingi the mill. 

Appeaticw of chopp d cai( wsi5 irreguilllai - Shredded ribhon

were of dif Vereit leiqths, the lonqest being R ( cm. Cane 

ICAITI in plastic containors 

[o&:aiauaip",n, 


WAS i:Laken flo the mi ll ;o. 


(large cJn-rLtb;,cjc in refrige,rat ion oveirnight.
cars) and left 


Y'/,qt: n Saccharomyces cerevisiae strain, L-181, was usrd. 
h. YatI D.cui Ii i iwa sTI' glo0 i ti aa fc-n ifc r for PO 

concentrati; i'n7 the formeni-tor reached 107 cel 1s ml-'. 101 

mlttdi u f nc:I 1tim was so,Iii"d r inoi qrcwth 4% sIr I i . 17% 

(NH,,) , 043% - 0.03% MqS040, _aWPO. and i. 1% yeast 

extract. 

iIlr,tiI-C d: 

Fla.-tic ba&.u weie prepared containing 5 kq of the chopped 
was addedsugarci Cane. I iocul uiti at the 5% (w/w) 

p ioportionxii 1v after eV;ry kq of cane was put in the bag. 

rDans wnr. cl1osecl pressiig the cane to reduc:e air bubbles 
plast ictrapp,.d iiW-id. Each 5 kq bag was put inside' another 

bagi in whic~h CQi- was ijocted to providp an aiaer'obic 

nviro mimnt. Fermentatioln temperatuirLe was 28 C. 

s woiri: opcin ed 	 3 8 and 1i days after fei-mentationiThe boi 
startod. Sugar and ethyl alcohol analyses were made o, the 

) icu ,bt:,awiid by pi essiig a i-epveseintative sample (aroiid 
sugar in pressed bagasseP50 ci) of firimnted cane. Res idual 

was a lsoi, dot imi td. Si -(, analyscs were made .isi"in lho. 
by gasLt.iff-Sc:oor I mc tho.d.' Ethano,l aG dt imined 

chi omatoq-',iplivy. Moiistu.inire of baqasse wis dltrini-ned by dryin! 

1. Dli ol ,ir? C. A. ai ii' F. L'. zorban . 1955. Physi cal aild 

ci m ii(: c of si.iC! - :.,ii 1ye is. Third edition . New1 w.thuds 
Yul : lii b ily & So,,. pp.890-833. 

2. 	 Li.. R.. A. Haike li and J. J. Gothheir. 1970. 3as 

di- ti., m i- I: ion of . lWhtirv1 . prygquei:s l cii i:chrimaoii I c,i I c i 
281-289. 



to cc,nstaot 
' -

wu.i=c t kit 60 C. Repor-ted data are: the averajiq, Of 
Louc saml es . 

-imi-iiUol it ed c ,'ob (ici i o1 I . 1 ... n. i Uls_ . wcrc' made ii the 

pic.on.:ai A ci:i'cihctd 4:1 of cain w.,F ot(ion hilndod w.Jitl stp-i Ilr, 

liii ffur. &-,, ilic imal dilutions wer-c t,icui pr-elpa"red.
)hospl-ito 


p 4abod in rM;:i agiv a;*ind Lho p iatucis ciari c
iicI inut were. 

at PH C 48 h. Flo-a was diff icn tiati.:Ld byfor z1--72icib"Lltrnd 

,.ol i cbic~ p ion.mii soi :,: bs .Ii 

Rpo_u ts : 

I. ]hi-p cl i st: s itic, c evidence that delay in adding yast 

c. anie 1avore d another fr-mentat,io n p-oca:?ss,
in culum to s.ugar 

cili c'.i rgi .1'.' a la-ict ic f-tiIrici taticn. can] c: bce suncin in Table I1 
than the avoraqcc

th xt initial stmaiir content was ,69% lcawer 


that no ethanol was

Vali'l, tf 0:nl-<- il Tablo R showilsoffl 


foriid be4:tcf C rciann wia inocula-te'd, and pH vals.i showri iiijs 

valuie of 5.0 C'c.,lisid-ir-c' asi 
Tab] 2i o ic low,+ca comiparod ii th a 

-
la.oar atiet ini lfi sh sl;Ii|ia" caeii ji.. 

tiL'ie days; wias n ci:lssal y tr,-

[ suciqaris to etharila1. The avri-q.l 
P. A ':i ia'2i 4:tat i oa t; l of 

rco.ai',ceiwt; 81% fc, f irmint; ab 
q] cthanc, l/ g Siti!.ict ccns.mineid.va ]i iofCa Y,', viuld w as-0. 40: 

a lo.ss of 65% 
of migiht 

3. Trial w.ithlb 	 an in-ir-i illatlJs Sllqar caie- showed 

cf l:lii fil -vt: al .1.ij'ar m after a stcrago, pericd 

in Table 2- ethanol was i-it produced.davu. As butcnuvr"d 

ta fao"i4. Dat:a shwii 	 ii Tabei /4 ccar-spcand tc iualii sigcar id 

in pn-t s-ad baucascp- A mass balance shcwecd that 17% of 

olat i i la] waiiiis- still I iiIf. irmlainl'ted af-te'r t:hric days.cl This 

thre fo l lo.ing way: pre"isstd
r',i /dtl lI. awi	-is distr-ibuit. d in 

d 3.3% and ji. ic-e coiii la nicod 13.7%. Afoli abaall-i'jan.' co:,tiiI:l ii 

days, unformontlod siugar was 7.4%


florimotat.'ioii p efuid of r- iqiit 

of Cai i.Ciit [1 .. 3. cCa,ta ii d in priossp.cd baqassLi aiid 6. 1 % wa-;s 

Aftrr ton days oaf fermcnitation
IiCovaa"i inifaoinn '.ico. 


6.0% of oL'i nnl ] sigari 1 .0(t% ill

liwi lo:antdiu_ to 

p.ssid Lltaiu-s_' anlid 4.9% in'i thie ,juice. Resu lts showt. that
 

bai laS_ ( is negligiblc cciipare-d t.o si u.1
Sithar ipti l. i111 .ii 


c:oatteiil, iof ".iicei .
 

CCalilil:5 siCwod 4;hc, p ntic ofar 

ini both ti;i-ciatlini-itls. WeI u ass1ic 
5. Fi ci itiminm ' 	ilil.,lii Call coiuntsY' 

hi :ih ].travtl]1 -a 	 boa-.:4 rini can-

tlhat i. -artcrilain i"(u-sp nsiaEib l; fi t:hce low pH and t.he
 

tial I:,aS of O.qir. The4? souirce. of baicter ial
 
i pid ini 


L~i i iii I a C oll -s i t dl':rair ii a;d biit cio ld iiav-' b ncfi:, o mfyaiith-.
 

nrq' ini-a]] floa i ia c ani flor'a bhilh devclope.d ciir i. ig deilay i.ii
 

t Lhc on.; line, andi /or
pi 1ssi ill 's" tio:,S. CLai aiiLilaiitst:li 

initaliii iaai'; tI;- I; de:velo[pr d dite t;c favor aba. cond iti n siS 

Lit. ai id .ho oi vi nightii i d ci a,.iifi Iiil ti i-u'4-fl iu I: :t h l i L! 

http:priossp.cd
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Table I 1 Toi ur (q/100i "ii"juice) 

Cano without inocuitu
Time (d,.:avs) Icc:tlat d can 


13.86 13.860 

A 2.64 nd 

8 0.99 4.87 

in 0.80 nd 

nd =not daer'mined
 

Table 2: Ethanol prcduced (g/100 cm juice)
 

limw (days) Ino:ulated cane Cane witlhout inoculum
 

0 0.09 0.09 

nd
3 4.83 


0.008 5.78 

nd10 2.43 


"d - not dete.rmined
 

Table 3: pH value in juice
 

Timn (days) Inoculated canv Cane without inoculum
 

0 3.80 3.80 

nd
3.77
3 

3.60 3.038 

nd
10 3.37 


nd = t dettmi'm fned 
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Table 4: Rusidual sugar in the presnc~d bagassm (Q/100 w I; 

Time (vclys) Ior CULI cOd cane Cane withcuit inoclniii 

8.52 8.52
 

3 


0 

1. 10 lid 

8 0.38 3.53 

10 0.31 nd 

Kd = not determi ned 

Table 5: Microbial counts in tho fermented sugar cane 
(I10, Culls/q) 

Tini:! (cldovs) InoCUlatc'd cane Cane without Flora present; 
i noc u 1um 

P PP nd yeast 

8 nd yeast 

46 nd bacteria 
6 

0.5 yeast
Srd 
nd 81 bacteria 

"d = n:.t dob.erminod 



ih.. 2
T,-)a , 

-
18- * 1986Fu'br"Ru-y 

2.
 
Low Moisture Fermentation of 

Ground Sugar Cane. 


in the forimentati .n
tested
izpd particles were 
Two'diff.-ert 

. roulnd a d shr-,ddod....
.. s..... 


tlI\i;nr ia1 s 

-

from th
 was obtained 


IC: St cane 
. .. " ,eddc'd sugjar

SUV 
- The smaller particle"tho mill as be.fore. po:c.s linR of to
that belonged
a laboratory grinder
site was obtained usinq 


This machlii i had several parallel sawdisks which 
the mill. 
 long. The material
cm
tiny fibers, 1-2 
grcLid SLiC\If c:ane- to 


cr.nmb] .d sawdust.
 

before.

\c- pai; i nc:iqilu was pr5arFod as 

Mer~thod:
 
-


s ar cane was inocu.lated as
the sam
 
i.rond 6 days of
amd chopppd 


0, 2 andtaken at 

doo.ribred be.fore. Samples were 

d u rie 
s ave those desc:r ibed 

nyt
at Il io. Aia] ical proc
f.rm nt 

Rori ts: 

data. Initial sugln"

suCar c ceni.-'wtrationTa blt 6 shlos the sugar
, was lower than expected. Since 
can mi.
content of that
it is assumed 


IN't: i refrivrcation overnight,t'u", was 
consumed fermentable
and wild yeasts
ccntami ,-ni;s
hac:ter'ial .
fermen ,a.tio 


Icsts bei.noul. Aftetr two days of 
asti aIfo, e lThOretic'
 

82% of initial si iqars =
 
had been constmed . 

was 65% fo, cho~pped cane 

ar to ethanolrovrVl.: sj c.,i of siul 


cane.
485% for qro ,d 


-
 can: fermentation reac:hed lighv
 
.eo in Tobl] 7. chopp od
As s. aI; Ao.
fer mat
than cround cane 


:o nc p -;i--it ionseth 1 cic, 
be th- ex trndcld siiifacie areai 

coild
bchavi oror thii *jIisCEaC , 
attack . Containnts-,;to microbial
thti 1; lioil i coane offnr s 

t, CovCe l i sLg.4ar to 14.irl
this L-al\iUnrlime 
. I t i " (Q1 C'W 8 and 
L.o Y,, . vailu-.s show"i in Tabl-

i rdicts,c,n mttabo:1lic 

of Table 9 support this idea.
 

bactn:,'ial- coin l;s 


can bp seensimill ar, as
For httl, ti-eaimwnts a 

lThu pH valiuis 

in Table 1 .
 

flora prcesent, data cai be
 
o: the miieobialWith I"rn,' st 

Again bacteria1 con-taminacn;s predomilat;e.
 
in Table 9.
F::..d a 11C' ofi h-pt' ti.e I 
i iLI IV in tie' caiu of groun "d can iw. 

pavl.l
t 
is 9.6 to 1. 

to vCasit 6 daysbacteria: 




Table 6: Ft t.a.1 tg.:v- (I/1 cm m' jtlicce) 

caneTi m" C , ) Shreddod cane Ground 

16.37 16. PC,0 

2.97 9.022 

I.O 1.94 

Table 7: Ethano] produced (g/100 cmno juice) 

Vinte~ A-s) Shreddcd cane Ground cane 

2 4.05 2.66 

I 5.39 3.97 

B: Y,/. valt.ts (c ethanol prodturted/g sugar co1nsumOd)Table 

Tina( :ty, .) Shredded cane Ground cane 

0. 44 0.3P2 

6 0.44 0.34 



Tablec 9: Iiicrbi.a] ci'nt. in fermentodI cflE 

Ca ne Timm count Flora present 

(days) (I0, ceils/q)
 

e a s t 
y ,R R2Shredded 


8 yeast6 
46 bacteriia 

2 30 yeast,Ground 


14 yeast
6 

135 bacteria 

Bacterial count was not d-tevmined 
-

Table 10: pH valuos
 

Ground cane
Shredded cane
Time(davs) 

3.753.60R 

3.75
3.55
6 




(pri] 9-iP, 1996 

cane. 3.
 
low moisture fermentation of ground sugar 


cane varieties Ji th 
made ".sin'q three suqar

Tr'ials were
fi ber con tent.clif'f"rent 

atei a] s: 

of sugar cane were
varietiesSa, v"VCUIyIThr different 
'Pania]et,.ral Department o'f Ingenio

pi ovid-d bv the Aoril tuct 


lidentif'iod 
as follows:
Cane varie:tius were 

with about 10% 
a ow fiber content varietyP-3,--1.1., 

f ibe, 

FIIDIAR, with about: 13% fiber 

betweenwhose fiber content ranges
BJ-67-32, a variety 

15 a nd 17%. 

strain (ICAITI L-181) w -s 
cerevisiaeY\east: Saccharomyces 

own in a fermontor for PO h as 
isucd. I L,] Ii u w-o 

inoculum growth was 
descri-bod c-revic,usly. Memdliu m "sad for 

4% sucrosp, I ..17% 
two prey i"Vi.ts experiences:the 5iliw a thie 

and 0. 1% yeast
(IIH,.)0.Sl,, 0.. )3,. l ",,HPO, . 2 H.0, 0.03% MqSO, 

i. tthod: 

grinder as cescribed 
c, nf. Was Qc OUnd in the laboratoryStg. i generalwas about 2 cm long and 

before. ParticIe size 

appoar a r ioeseirib ] clodsaiwdlst. 

cane. Inoculumof ground
B:.tos wurc2 ojrepared with 5 kg each 

kg of cane
adding a portion after each

Iwd at .5%(./u) , 


was p,.1t in the bag.
 
vas ad 

C.
at: room temperattuire, 23-27 
was carried outFeMmunt"Ltlor 

Analysis : 

1 using high pressure liquid 
ws diie:urminedMitar p.ofile 

ri 1.omatour.aph,. 

http:IIH,.)0.Sl


o1C. 

sh c, oh 	 e hanoRTE'bI t I1 Ia d I p , do ta su~ nd 

Vl.L IC _ j7~ betweeni thc: threu, si4AI f~iVw) dirfe ee-_Ce 

'D v013i5 fl Ft;d F Wbcr content 'd i d ot fctg'
 

P. FHri~ pvoch.Ctlot vas h110as 1;1obta ined- with'" 
grudtfcppr_ Th nc in pr-Ov1ctu5',eXpeflc2 uhn1aq~ 	 k 

of chopped cane.CLA an~crmtwis' (fful e iGoth hand Iing 

: S . be4Thblta '13 :~h~ yeast and:bactelria1 c~tU1- It "c~n 
count is,100tifes %qlreatcb) th'.al0b-_,;?v.~d:L t t'thL-a~ea 

Ck C PLr~re V(?v 1; 1wta6srelin~th 	 'copdc~Cierm a~O 
m to, have>

( sue previm.u&xtials)_ Fiblpr'coritPflt does nctM 
g>rovth as djsc-tsed beifoie.~-A~rs,f(n-On b~cgerii 

4i TbIu /f~~1ah rws~ the& ~Sug,-r -0 f i1o	IQ the three cane' 
The stim r~the sugattQ-AVSdtirincl fermentatio.Ib'rra? AidStypev... 

ad, gjUC-Ose correspondr. vwe11.with the
J.ucrosr frLr-t o E? 

S;6ars~dL-t.prfmineLd by, th('
yeV.11Vs ish'smi :in Tob I e 1IJ-for. total 

Luf r a edire 'In , turmfs 6Ffdistributio 4of sugars.' I~he-

IThe' feraented cacliim 4showj almC~st
60~< inflresh~ canl.byexpmcte 

or ~the yelxt-P, invelr.Uase~ 

- KL 



111 

Table 13: Suias (g/100 cM" j uic:r 

Time 

h 10 

Fiber content, 

13 

. 

15-17 

0 

21: 

48 

20 . 5 

13.9 

11.2 

20. 2 

15.1 

14.4 

18.6 

15.0 

10.6 

Table 12: Etha~c] (Q/100 cmO jpice) 

Time 

h 0 

Fiber content, 

13 15-17 

0 

21e 

48 

0 

1.2 

2.8 

0 

1.0 

1.7 

0.1 

1.3 

2.1 



cano diffir"t
Table 13: 	lHicrobial couint;s in tie ground of 

fiber 1vcW, 

Time Yeast count Ba.cter'ial co:,,nit.Fibc n:otn'Lt 

V. 	 h (10, ca lls/g) C.I0 ' ce ils/u) 

nd0 0.310 


1305
Pi 14 


1150
48 R1 


610
60
13 	 0 


805
24 17 


1315
00 20 


700
0 	 100
15-17 


2070
P4 5 


965
48 20 


nd =-no t determined 



TABLE 14 

SUGAR PROFILE FOR THREE DIFFERENT CANES BEFORE AND DURING FERMENTATION 

TIME 

(h) 

FRUCTOSE 

(9/100 crOc
3 )  

GLUCOSE 

(9/100 c 
) 

SUCROSE 

/0 
3 ) TOTAL 

FRUCTOSE 

(% 

GLUCOSE 

() 

SUCROSE 

(%) 

Low¢ fiber cctent Sugar cane ( 0t) 
0 
24 

0.25 
2.22 

0.17 
3.42 

20.22 
8.13 

20.64 
13.77 

1.2 

16.1 

0.8 

24.8 

98.0 

59.0 

-P - 33 - 11-

Medium fiber content
Mdur cane (13o) 

-PINDAR-

48 

0 
24 

48 

2.84 

1.85 
2.06 

2.01 

2.12 

0.74 
1.53 

1.52 

6.49 

16.46 
11.71 

11.15 

11.45 

19.05 
15.30 

14.68 

24.8 

9.7 

13.5 

13.7 

18.5 

3.9 

10.0 

10.4 

56.7 

86.4 

76.5 

76.0 

High fiber content 

Sugar cane (15  17%) 

-sj - 67 - 32 -

0 

24 

48 

1.28 

1.18 

3.23 

0.55 

0.94 

2.47 

17.08 

12.57 

5.16 

18.91 

14.69 

10.86 

6.8 

8.0 

29.7 

2.9 

6.4 

22.7 

90.3 

85.6 

47.5 



2:1 

Conclusions for trials 1, 2 and 3. 

Lo:w jisi -itureL f rmn1t:ati on of gc cund sugii"ar c anet. 

1 ma'-

COW pr'pi -i ' 

1. i-iaCt :cJ-ia1 contaminti,orn a jor" problem in using sugar 
tiei- iiill for cothailc] fr eniaiita-tion triias] s. 

i oIf canc favors 

rut t:,iri na and~iircod~cs siugar:1 conlvers ioni to ethanlC. 
-v i i OOCiOSi siiIqar qrcwth of
AY1 


R. TIic Ile- size parIticlo obtairid with the gr-ind-r is
sm£f, o 

thi-c.ro
ni th. lr -c
c ,'-ler LtoworI Sa I can be mim:ed morr- ghly 

w-ithiirotilId canrie than w i th shtredded cae. 

S. Carti vwriey alnd fiber content apptar to have no effuci: 

to
on Fo:rmontti; inn of silqir etharol.
 

Recomendat ions:
 

'UiMio of cointamitjnaits can be achieved by: 

- uise of qood quality cane, 

- riiidic-d bi'ol grindiigl of sugar cane aiidd, l uveCln 


inc.u i t on cii yvao i 1;
c,7 with 


- iip oved y c; 1- inoi-;Cuiil.lin l velI 

- use of clemical pr-cseirvatives to control bacterial 

rowt:i a"td/or 

Lca tVio,ci offec ri rita t ion cocnditions to facvo - itid 

yneast qroniit over that of contaminants by: 

- additioni of water, 

- temperature co.ntro . 

http:thi-c.ro
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2.2 Cane preservation 
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Trial No.. 1i 

March-Srptt.i,ibt 19.6 

Sugar cane preservation:ensilage
 

I ',h Of f.-iit'ntat c 

wlich had been ensiled one and rve months. TI-, o'ffuct 
fpiusoi2i o.l ugtuiars ti-s studied in stla, cane
 

for 
of adid I i ,1act ic lilCo,clti to the suciar cane preVi,c ts ', the 

l;sensi1ageti pcnri Od w.i alsosd;i.ied. In both treatment, 

"rL I:dj iiIty cf citiainig to wa s test r.vliietl- t sugcctt'ars ethan-tol 

Hater ia s:
 

pitat ca.:ii:: Sil odded si gair cane from the p' ocess ]1"o of 

Ii,"iq'i i F-nti1,conr, . sed. 

.. ! Lactobacillus plantarum (ICAITI
 
, ) wo, "t,-1d. I,,c,-rI.tm was grown in to mato, juice mediun for
 

Lact ci .l1i'. iA strain 

2.4 h.urh tilt ci. IoC .15(2 

AM: A Saccharomyces cerevisiae straini (ICAITI L-18t) was 

ttsic. Thn mr:'d I is.l"sod for int:.ci1i Lul qrowth was tho saie 

describrd Jefore'. 

i' thec i 

Fivie-k" boas of shrcddt.,d sugi-jar cane were i noculated iith 
A sutLactobacillus plantarum incotult at the 5% lovel(w/w). 

c, bans of"nii auc'iUated i::'ine was also pr-epared . BEia-s Were 

it,.,s**ti 1, viint tn avoid air bt.ibblus; trappod itnside and 1oft at 

iCom tr'mpucr attiw;io r fivete fo. iie( to c'ths. 

Fcor t,a tt-inn of u,,,l:ii-miterial LanI stavt;ad with a 5% (W/vt) 

v .ast] nc[r:ln ,,, W wrt-e pr-epa-edocihn. bagi s from each five j pq 

i--.IS bo.iin Ci ldi: to havn sarplcs at 0. P4, and 48 hotuirs.1 1:l1 in 

Ethanc,1 aid 'si,_ar ainalvsis wore made on pressed juice from 

t:he cat'C' Sahple's. Fiupoi tJd data ate an average of at 1east 
t~hree: ,::x.pra It tal "n'i ts . 

Sittiri PioftIri:n show tei' rostlts of high presstttC' liqiid 

c:hri-nhit t cm',cr. y :nalvsis. The total acids wrt' determined by 
t nedwithI hOH. at::tic are 

by rJi5-] hirluiad 
I:1iol i 11i N L. ,dl 1tic acids woirei bti.o mii' 

hiti,,1;oraply.1
 

. . ) - t'-,Idwia E. F. Cato anid W. E. lh:,a. 197R. 

(,narm. hbr:' I..,boiatrv Ihlonal . F:.rth edi tion. VIi r tnia 

Ft.,]vti'chiical Wi5Ii ti': Si:; t:atIhiversity. BlaIckstwti, Va. p. 

117-14P. 

http:I,,c,-rI.tm


tb4~~ap l abe Q~ve44 ' ' i4~ it+ or 44 >. <)"44 ~ ~ ~ 
~444~4~' :X" ~ r~ 4444 sug ar., 4'>41~44;~"'r~ 4

44 44ve since4~4 after was not, Wf
4~4 44-m~tto aftu 4ilag2. , 

leaybe
MA rg4afgr
o& onih,4%
m~~~~44444 

n 44c~ 
was efecie
baceri
3.4 Lisp4-,,~ of lactic~ w>'i44 

can whc W ucee is howaci ici
/10a" of'4uice n th 


/. The pHfMusc of theepresised c4an~ae juieaegvn 

en vtautoathe freshlcanerisdirater'Table 17. IThie or4 4 4 
4 

4'4itfrn~rw 4 the qa nvlouledtial5..4('41hs iprIm ar- ptH~valn 

One "treatmnt, 4daleayjben
'~ j~bacte"riat prudoin+t,94 inf thor h 

ui bcltoi wa, ef(Tabve i pr4 Vense""4particularlythe 


be~~~ wre~rsTbelas~hee theslofvethaol
4 'ofnan awd in 

ing aethnlt oiethers met~aolitesplcrn onv btho 
fermo6ntd rbppecdt~''n ' 6.e Thu~iC3sugar prfie m fntseh, 114 

th re shownate in. Tabe2.reaiedrsutig/lmc :'rmn 'wil' 
f/or cfrus 'afe ru in expcted 9h.ch sui ndters
 

Afte 4'1 hors'4fem4'aioq'h
monocct-lde. 

aeWo hydie~4rolyziedL1i~by~4ighe pH valsexpefcte Thp sucrod 
fso origital glucse os tfewfrmentesihl Tro'm. 4 I144 ybe 17 The4

lo onalle capH ' p..ol1unsi'lWry an oetn resut'd5~lts.e also, 

4 onehaonth K'ro44pHivbvalu, 4.wt' " the flra.e-vlu at 4,simil'r'n 
i
orgmnt)tIon dod leot s whnth pH luoeedoiaig 44 b 

bacmo.& Iatpreominofate inut . Wbyhsupec4tateftho fitra4 <th 

21).wa oninocuagid 4.witne (Tablsein Thqe*"
particulalq'h 




to use uiluc(se and i ns;cad.lactic" acid bacteria unable 
discussiu:c .foref t: fK" o:st-c.S. Su s' Rl 5tio., (19'75) for further 

The 1ar:tit: acid bacteria arb I i;o prodtuce accti acid 

wel] as: ] nc: t.ic ac:id. Thre hich 1:vel]s cf ac-htic acid f, ,' 

(Tab .u R3) woi:'uld b:u tr., ic to yeasts and mo t bac t;ci a (_ 

lcr .a ,f and G, av. .t9M . asid FM inscet al 19 , fo, r a 

disc ssio::,n). i(ct::h woild re~siduasl iir t;.cp.lain glucose prosu 

at ,ni,7. A id psctiOlMS arc sho .w in Tabl : 23 for silaor 

mc nth asnd in Table. 24 for siage at 5 months. Horn data f'" 

total a:id, ad lactaic: a-cid are gi vir . A vcery ii:: ,st:i fl1 

pc, in ; is tht tlho5lactic acid is a minr c:mponent of totl1 
mrnLhs when ni::, lactic:acidit. v oi.r e.ti c i 5%. at five 

m 
had bee-n'
bacteria chod b.nn addd. acid 16% whnI the can
 

iciCC in cith lactic culture. For t-,i, osni-mc',stl' samp les.
wad a 

acm' ic MrLid win dr~mi nud, Ehc'Wi q it ti: be thcs pr inc ipal 

c-om o,,Prri i to al am.. id,. This wouldI ci ind ica i-cs c 'a ilut t I;F 
addsd. Alli-.::tivi, iv on thie pr.:or ; c.r thf I a1tic acid bac teria 

ani Hwi (-198?P) U is sdi :d comsilasia of chopped canej i,,55115 ,I 

l.av-.:s anid tp.,ls and ciportced lac;tic acid as the principal 

ac .d bst :v Jb dicvas c, c:fsi isi,(U the mo:lar latic of lars .ic: 

to 1. From the.ir data , WC-c:r.t ,acid 1y 1 . 
l:'Q jl]ce c aC idity (smIn cf lartic and a-ctic ai.ida 

a:id LIoi a. wnEs M,, 1 

calrys"] :s.Cd 
, irhto be 0.73 q/100 .m: whi'botl caslcu:stl.ld ,as ac:etic :,cid) 

is muc:h Io .;f'r tha tluI values we_ observed. How do ,wmu.explain 

h pH ics. io pl.sn il: ac1t;vi ty by M:sI.thin'? Thn' .final is too 
Clostridium. s', ILic bas:t's ia ave ciKlas.. ac:id capabl 

and eth .nol as well as lactic acid.wrc:,cimc cs ac'2 .iC.: rcid 

Mastsii: aKlsSP' F..LOL ac:ids. 

R, ss,-.. P7. 1975. p.-c' sp:,ilag.le lactic: acid bacteria. pp 

149-1.8 in- J. G. Car r C. V. Cutting, and G. C. Whiting, eds. 
Ias Iic: Amsid. 1--- i a i g Hr'vnc-acc::. an~d Fcc,o - t..os-cdcsm s:ad:'iI: 

."d P. F'. May. 1997. Optimiziations OFils . anoff. P. J., 

st:sam e;.plosi.o:, As a mtci;hcd for inscreasisng sus:epti.bility of
 

smis. s -- :, 5c b,-:a ss' to c'sz,/nt i ct sa:cchs i F ic-a tiic .
 

Biotechnology and Bioerngineering 29 733-741.
 

Fo,., Il c.-,:'le. Ali R,4.ab as.i Jeais--Ularc Esqlass.r. J986. 

tlIs I i si,t; S tsand prcd.ctt ionI nf l . r s5L :> ,f ,'an,.:ota ts sc'ois 
csn ql coso as cid . i,-aslc..c :,l Of Saccharomyces cerevisiae 

Applied Mirobiology Biotechnology 24 193-198. 

Alli. Isote.-,z: Drncii Mi:or. and Gasy Gas:-. a. 198R. Studies 

on the fcrnrstation cf chipped su..ar earc-.Animal Feed Science 

and I,*hnology 7' II--' 

http:sp:,ilag.le
http:caslcu:stl.ld


q ,iO (:: ' - I).I . 

C]a, ,:( Froh Ensi lcd Ensi led 
one month five months 

--L-


[fi rc ,.I ( + 

0 18.4 I.1 1.4 0.8 1.0 

nd 0.9 1.2 1.0 1.024 

1.0 1.4 1.0 1 .048 .I 

rd = nrot: dotei mind
 

Table 16: Fi.,mpnt,.i:ion of eysiled cane: ethanol concentration, 
q/l1)0 rman juic(-. 

Ca]iz, Fresh Ensiled Ensiled
 

one month five months
 

lactic
 

time (h)
 

0 0.1 5.3 5.1 4.7 1.0 

24 1.1 5.3 4.9 4.5 0.9 

6a 3.4 5.2 4.8 3.8 1.0 



2. I 

nq Fcrmnc.t:, toTable 17: pH vpito- i" ,itico dti- ris n' 

Ensilod five months
Cane Ensilud one month 


Lacttic 
- +inOUcIlUM + 

Timo (h)
 

0 3.6 3.7 3.6 3.5
 

3.5 3.5

24 3.6 3.7 


3.53.7 3.5
A,8 3.6 


I. pH value of fresh cane joice'was 5.2 before ensilagc 

of cane emsild for one month with 

lactic lncOCLulum: microbial counts. (L01 CFU/g) 
Table 18: Formiitakic 


(hI) rTChmUt Predomin-iant flora presentS .AIt 

o W 

bacteria
1 W'. 465 


48 243
 

( 186 

bacteria
p P4 149 

48 118 

0 236
 

3 R4 158 bacteria
 

4 8 113 



Table 19: F (rmpntn>iC( of c&anoc stored for ono month witouic.t 

1a"tI.:: 1i.0CUl M:m c..robin! c bunts (10", CFJ/q) 

3mple Time (I) Count Predominant flora presont 

1P'I 

0 

48 

37 

12 7 

64 

bacteria 

p 

0 

24i 

46 

.1 

66 

37 

bacteria 

059 

24 

48 

38 

86 

bacteria 



P9 

Ta le 20: F v-, . i. on or cmnc en i 1 with la:tic inor"I]11
b 

for f ,;N mont;l.-: miicrobiR. -l counts (1. 0' f'FU/q) 

-.rit
Timm (ht) Coudont Predoinnt floraI 

0 ().008
 

2A 0.01J:. 
 bactoria
 

48 5.7
 

yeast, fiuwgi and bacteria0 0.3O 

count refers to yeast
24 nd 

As80.18 

yeast, fungi and bacteria
0 O.J7 

count refers to yeast
24 0.0003 


48 0.0= 

of fmmnrial contamina~t ionnd,ont vjas wit cdr:1etrainevd bcausen 



Table 21: 	 Irm-nta l L ni: of umnlruni ' c.nc :-lo-rd FO ive 

monlths: i rrobi, I r.oLuit' ( .ointCFHIQI, 

C I, Predom inant f]cra irw{cnt;Sample Ti me (l'i) 

0 	 0.01 

24 0.01I barc: ter i a 

":8 0.09 

C) 0.02 yeast and fungi 

P P1 0.002 yeast and fungr. i 

48 0.0005 ye.aslt 
0.001:8 bateria 

0 nd 

3 Pt 	 .001 yoist arid fungi 
0. 007 b ac tor i a 

AH O.004 yeast and fungi 

Id = c,', as: Ynt uIhntevmnIrInd beca,use of fuIngal co.ntamination 

(9Samu:lI es Iad a charactor ist ic odor of volati]e acids, 

p-;lMi.- ,, I y b tyriC MLd.) 



TABLE 22 

SUGAR PROFILE DURING THE FERMENTATION AND ENSILAGE OF SUGAR CANE 

TIME 

(h) 

FRUCTOSE 

(9/100 cm 3 ) 

GLUCOSE 

:(9/100 cm 3) 

SUCROSE. 

(9/100 CM3) 

TOTAL FRUCTOSE 

(%) 

GLUCOSE 

(%) 
SUCROSE 

(%) 

Fresh cane 0 

48 

0.9 

4.54 

0.7 

3.84 

17.3 

0.12 

18.9 

8.50 

4.8 

53.4 

3.7 

45.2 

91.5 

1.4 

ONE MONTH ENSILED 

Cane with lactic 

Inoculum 

0 

24 

48 

0.04 

0.06 

0.02 

1.00 

0.81 

0.94 

0 

0 

0 

1.04 

0.87 

0.96 

3.8 

6.9 

2.1 

96.2 

93.1 

97.9 

0 

0 

0 

CANE KEPT ONE MONTH 

Without 

Lactic inoculum 

0 

24 

48 

0 

0.06 

0.22 

1.42 

1.15 

1.13 

0 

0 

0 

1.42 

1.21 

1.40 

0 

5.0 

15.7 

100.0 

95.0 

84.3 

0 

0 

0 



TABLE 23 

ACID PRODUCTION (2/100 cm 3 JUICE) -ONE MONTH ENSILAGE-

C A N E 
TIME 

(h) 

ACETIC 
(g/100 

ACID 
cm3 )  

(g/100 cm 

LACTIC ACID 
3 

TOTAL ACIDS 
3 

(g lactic/acid 100 cm 

ACETIC ACID 
TOTALFACIDSAS 
ACETIC ACID(N) 

LACTIC ACID 
TOTAL ACIDS AS 
LACTIC ACID() 

r'T 
DETERXIINEO 
ACIDS(%) 

Ensiled with 

Lactic 

Inoculum 

0 

24 

48 

0.75 

1.00 

0.84 

0.90 

0.60 

0.73 

0.94 

0.73 

0.91 

0.60 

0.74 

0.88 

0.75 

0.95 

0.84 

1.05 

1.00 

1.26 

1.26 

0.84 

1.16 

0.89 

0.89 

1.11 

0.97 

1.01 

2.79 

2.75 

2.79 

2.84 

2.79 

2.97 

2.72 

2.75 

2.61 

2.79 

2.88 

2.75 

2.76 

43.3 

53.4 

47.2 

38.5 

35.3 

36.6 

18.2 

11.3 

16.2 

\.' 

Ensiled 

Without lactic 

Inoculum 

0 

24 

48 

1.37 

1.31 

1.19 

1.44 

1.37 

1.38 

1.27 

1.86 

1.18 

1.34 

1.38 

1.41 

1.33 

0.63 

0.45 

0.55 

0.42 

0.47 

0.50 

0.74 

0.5b 

0.76 

0.58 

0.56 

0.58 

0.74 

2.66 

2.57 

2.43 

2.75 

2.31 

2.48 

2.52 

2.34 

2.48 

2.03 

2.57 

2.47 

2.39 

71.9 

77.0 

72.3 

21.8 

23.5 

31.0 

6.3 



TABLE 24 

ACID PRODUCTIGN (9/100 cm 
3 

juice) - FIVE j"ON'THS ..... -

LACTC -'D 

C A N E 
TIME(h) 

LACTIC ACID 
(9/100 cm3) 

TOTAL ACIDS 
(9 lactic acid/lO0 cm 3) AS LACTIC ACID 

Ensiled with 

Lactic inoculum 0 0.40 8.29 

0.99 1.13 0.83 3.96 3.78 5.29 15.6 

24 0.45 0.45 8.29 7.75 

0.91 0.94 0.84 3.42 3.60 5.10 16.5 

1.02 1.33 3.96 3.86 

48 0.41 0.43 8.65 8.29 

0.70 0.93 0.93 3.42 3.99 5.23 17.8 

1.54 1.64 3.60 3.72 

Ensiled without 0 0.22 5.95 

Lactic inoculum 0.45 0.51 0.39 7.75 9.73 7.73 5.0 

24 0.18 0.23 5.76 5.58 

0.74 0.83 0.53 8.83 8.11 6.87 7.7 

0.59 0.64 6.49 6.85 

48 0.25 0.22 7.21 9.91 

0.49 0.49 0.44 9.07 8.83 8.05 5.6 

0.63 0.60 6.70 7.06 
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rcane presprvation by steam explosion 

G)I AP c -iCc o f :h)-cdcod st-tgai, cance , t, r hod,ed Es a ~~Inc, 

~2~i~dI FA r cItqno wa- o~ti-ined~ froan the prCc-,s :ne of.IFh1 

I zolfi Iwsudwen e thc same as dosar-ibed bc.fo. 

Sn stmam~ exploded .in 
afi of~ watter the enol tempratt.(rp 
MS11rfdchIO Itq wAs adiyester ke-4eping 

'Arid----1 ioin to mninmm.- wa 
t -t fbfreT in ~e sd. Heating tiewasi~~.~-~--c'is-

*s~~tt-,i rty mi i ttc~~~AA~ 

~s ~FL jv Ii ki p1 , bat~ were- prep -rd with the cooleod Lexploc(ril 
~~r-ars Io nP Fi ve conditio~ns wer : tested:.~ 

7AAA?~~~ 1I- c-t formpi-itatio of L-xploded cae01. 

-Formentation o'f . -oxpIoded cno~ ater Aj one~ month 

A ~ -~ -- w-A-AAURIn A.,i ~nocUIi 

-Frmrntatioii .ofA- explAocind cAane,~ eiisiledwfor oric 

- ~AA--A- monthAwithotit add i 1i' the 1,tcn~uim 

of exploded cane afteor ~a --five (Tic, it~h 

puid of enI-iiling wAAith~, z lactic acid bacterila
4AA ,,Furmrent~Ation' 

4~ ~ -( io ofneA-acA,)ploded ciane 1nud forA five 

withot additionlof 1;hre Iati& ino0IAuM. 
A.iionth-

A A-A-A--A A anid larCt 1c i~~L-~.weroA add od !>o D:ldcae&th-T 1
-, B tjA 


W,-A--~I~AAriN/1P I Ferm nttion.'-oftr car dwhich-fhad th
 

~~1c~~d -Ar-f d'o--r~-0nnih wa - o lncwitiaXfeU w'ith aIVe 
a~s-iflV0ye t, inc-6.lufl'i atA tII 5% lovel. Thpe b~iq wre clc,5;d 

-lmi na1 e-ir bbblr 
gniio w oCt - t--cOrnl 

A - tii- A-uop- AW hs Atryinq ,A- III-
~-~rr I- rriedPcientiation'-, and1 


the- avorag tlwI- AIp' 41;' I' r.Cl 1 P95,7R7 C).~ Repcwtd cdai;t ar e c.'r-1 C, 

A*A thcA AA- csu d- c ib d 

- A ~ A 
A II101iL t u hI iI Ii A-;-A 

A-1A- A- I I'-r.- -A 

A. - -f~~ AA-~AA--A. A";d 



Ir t 

P oeto Q 0hp G~'EAFf8CtOry- method foi- pre ovation' o the 

0 oncPiQ-I PI'aL],'hoatineonq 4tc im',mpcrGltWt cinbh 

thi ' 
t4I q'l4I- s 

F'""'2 s iqcjr pro-ril1' i~sqivo.n in Table P.6. Resu 1 Il TCF ho
"pThO 

f roi~ Iy explodcnd' cane are not consistent. with the rest "wh±12 >
4 

~shot- most-, o the sttq~'4) t o bec invort~md with thuamot'ias of 4"'4 

~'gUCOSe' arid fr~Urtose being equal . Invorsion osucrose during 
sovere" rear bioil corlditio'visQ~oxlosic-i il-- expecttor gjven, the 

'rd' n< the .liberation of Ar a ;t e dtr ing the explossin. JThv 

above i1 rolnfoc'rd4 he-reo beca6'e or the, obv.icIL'aVailaIklity 
of feirnperiiable morisarhai idce5. 4 

3. 'Later' fermpenttiL- C1oFen Idc.e did nocjt proi~m 4!,t 

C,harvin Tabo 7 sho v)s that' 'FreshlIy cxtp1"ded lcare haid 
slightly bettor ethanol 'production tha~t ensiled Itrials.A "Cso''4 
Hic"I" cht'l1rtc "ac id br tc ri a favo.red otao rott~u 
Mtevor thelce.ss £uqa r degradation and othAncolI production 'ai-e4 

frcm Lthe in it ia1 Sg r lvel indiating~'suga~r loss of 25%/ 
~in oven 4the pro.diicts w6rronot'4~dir'arat~onar'tivitins thot~tgh 


deltecte-d. ~
 

31 . pH valm(es wero allI low, 3.4 'to 3.7p iYICIltdingi the :frsh3l' 
~exploded canp (TablIt- 2W) . 44d 

4Tho iii5crobiAl cottrits' ob ta ind are shconi"T~ls~P 

thrr-un(I 33. ' Micr<oscop ic observat ion,'of A4he gjrcewth"4 obtained:"o 
pto4; J*Ov~e d" ~eas t rovwt.; 'No, ;bactc:#Azli qrot O

'4%4''444444the 
444o4 bser<Yid . Ni-ver tho ss the counts 'are A f'rcact ion .of~'thos1 

v(-d i n.4~~ prcvos'procJTbes41L) 4 2)Ti'
 
r.gnforce 4 .2thp hypothesis tha t' toxic products' wEnrc'formf-d


4,obsor 

duri'4 

444 r , , 44 444 44,~, 

4444 4444444 

' '4~~qiiii I I,'t~nc~nfleit~)Ca~E~~' p 44~ '~I' 44, 4444~'~4~ ~ d 
v 44 44'4 '~44 p4 4 

44444 
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Tablle 2:5: Scill i onl- 'iinr a tli""~i dul!Xiiif Ithu "f';'cmi 'hao"ci of' 

-
Me= L J old!d uwirIQ l- Cone (q/100 rmi-" jliA t ),--

Ensi i .2dCane Frsh 	 Fil . d 
c:.p ]IOctd on, miontli 	 f i vc m i 

I.a €: I, i c 
--iICI.C- t 1IIl 	 

"Timo ( h) 

0 1:1.71 8.71 7.4 e 7.81 17. PC 

24 10.5 9.5 9.6 5.7 5.3 

4.4t: 8 10.4 8.6 B.9 5.8 

I. SM1 -. iitL1iL Of thecO Caili2 tice was 15.6 q/100 cmO lieFr e 

s t.e z .iI':p 1es it ixi. Exp l c:s t' r-d..c: t, d a.qr ct:on t; to al'r 
-

,a..'oi' agn of 	 9.4 q/100 ct Oi. a r.d.u_tion cf 40%. 

R. -un- cvfnnltlt ,n cf the can ,iuice was 18.4 q/100 cmO 

;.'fc.,f E. iCIUI P P- I , 5 i'n. E-p:losio r r odn ci ud s;i 3c i- cointent tt. 

a"ulav.cni'-	 of 7.3 (Q/100 CmO. a rnd-ihi":ioi cf 6i;. 

Table 26: 	 F'luasc. s:e no>: t pa-ig. 

Table 27: 	 Ehhatii, l ton:entviatio" duiring the fermentation, of 

ste=e rK:pl oded sugar cane (q/100 cmO juice) 

Cann Freshly Cane nsi led Cane ersi, led 

.:vp] odod onc: month five months 

I ac t i : 
+ + t' Mlt3 33t l 

Time(h) 

0'. 1 1.2 0.03 0.18 0.50 

P4 1.1 0.3 0. 04 1.26 0. 4P 

46 3.7 0.6 0.06 1.12 0.63 



TA3LE 26 

SUGAR PROFILE DURING THE FERIMENITATION ANJD ENSILAGE OF STEAM EXPLODED CANE 

TI.IE 

(h) 

FRUCTOSE 

(9/100 cm 31  
GLUCOSE 

(9/100 cm 3) 

SUCROSE 

(9/100 cm 3 ) 

TOTAL FRUCTOSE 

(%) 

GLUCOSE 

(%) 

SUCROSE 

(%) 

Explced cane 0 

24 

48 

4.1 

4.5 

4.2 

2.0 

4.8 

5.1 

0.6 

1.2 

1.0 

6.8 

10.5 

10.3 

61.1 

43.1 

40.9 

30.2 

45.3 

49.7 

8.7 

11.6 

9.4 

CnS2 -,.h er.iflej 

Exploded cane with 

Lactic ir,-culum 

0 

24 

48 

4.7 

4.8 

3.9 

4.6 

4.8 

4.5 

0 

0 

0 

9.2 

9.6 

8.4 

50.5 

59.7 

46.2 

49.5 

50.3 

53.8 

0 

0 

0 

Exploded care kept 

Witn:-t 1.ctic in~culum 

0 

24 

48 

4.0 

5.5 

4.8 

3.7 

4.6 

4.1 

0 

0 

0 

7.6 

10.1 

8.9 

51.9 

54.9 

53.8 

48.1 

45.1 

46.2 

0 

0 

0 

, 



Table 28; pH~lv .Ifuo i,, . p uF f plo, d ,'Ia Cimon:cind 


Cane Fr'..1 Iy 	 Ex;l.,) c(,,,,
E;'lodad car 1ed c 

con&rl onoC~ mon, fi.velth 	 m~ont~hE
 

t;i c:I..u-c. 


i ('iC |II I IlI, 	 -t" -4.. 

' ' ( 1)tif 

0 3. 4 3.6 nd 3.6 3.6 

,24 3.7 3.5 3.5 3.5 3.V 

/is 3.5 3.5 3.I 3.4 3.6 

ndl =--"o0t (do,~~linvmin'd
 

Table 29: Milicrobia-l] c.unts.. durinlIcthe fuvmn-tation of freshly 
e-mpzloded cane (JOI CFIH/q)
 

Time (h) YEat 	 Bacteiria 

0 0.06 0.01
 

Pi4 R. 
 0.50
 

0.1 	 0.39
48 

Table 30: 	 Hicrcbi. cournts during the fermentat ion of steam 

exploded carne which had been ensiled for oel month 

with lactic ilincitlnm (I 0' CFI /q) 

Time (h) Counl P-cdominant flora 

0 0.01 yeast
 

Pit 1.35 yeast
 

48 	 2.56 yeast
 



TFable 31: lii 'cL.i -( rji' j 	 t.L-iod p cm " iO of,r iLi lit:t W e 

xlod.. L (riu.i ,ich Iad b -.n i l Jt-d fur fiv 

iio, tsiS " ct, iL l lu ( C10'CFII,"q)h l1 ir"Liic ioo " 

T'imiie (h) Con..int Frck'nmi riant fl r,-, 

1yeast 

yeasti4 	 4 


6st Ya 


Table 32: MicLrobial 	 couii;s durii ng the fermentation of stu2m 

expFloded cane which had been ensiled for ol'o monith 

inoculum (101 ('FII/qi)w ithout thet addition of lactic 

BacteriaTimeic. (h) 	 Yeast 

0 0.001P 0.0012
 

24 0.O012 0.0030
 

48 	 0.0016 0.OOPO 

Table 33: Hiciohi-, ccuiits diuring the forimneitation of s:eamn 

ensiled for fiveexploded c-anei jhich hard been 

withoit the addition of lactic inoc:uliimiioths 
(10"Ci FU/q) 

Predomi nant: flora 

0 nd 	 fungi
 

yeast
 

Timesc- (h) 	 Count 

2/I 	 16 


30 yeast
48 

nd = not determined 



TABLE 34 

ACID PRODUCTION -FIVE MONTHS ENSILAGE-

LACTIC ACID 
(gAcetic Acid/ 

100 cm 3) 

TOTAL ACIDS 

(gAcetic Acid/ 

I00 cm 3) 

LACTIC 

(9/1CO 

ACID 

cm 3) 

TOTAL ACIDS 

(gLactic Acid/ 
100 cm 3) 

LACTIC ACID 

TOTAL ACIDS 

Steam explded cane x 

* With lactic inoculuniX
Oh 0.31 0.31 1.20 1.20 0.47 0.47 1.80 1.80 25.8 

24h 

48h 

0.30 

0.23 

0.31 

0.23 

0.31 

0.23 

1.03 

1.56 

1.44 

1.20 

1.26 

1.38 

0.45 

0.35 

0.47 

0.35 

0.46 

0.35 

1.62 

2.34 

2.16 

1.80 

1.89 

2.07 

24.6 

16.7 

Without lactic inoculum 

Oh 

24h 

48h 

0.19 

0.13 

0.14 

0.10 

0.07 

0.19 

0.12 

0.11 

0.84 

0.84 

1.42 

0.96 

0.55 

0.84 

0.90 

0.99 

0.29 

0.19 

0.21 

0.15 

0.11 

0.29 

0.17 

0.16 

1.29 

1.26 

2.13 

1.44 

0.83 

1.29 

1.35 

1.48 

22.6 

13.3 

11.1 
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~~~silg of choppe ugrcnuigsodium 

*~b contam1narits- kur~Itea~ihh1or of bacteri'al 

of ITodibjSLlftQ asinibto of coniminali & 
evthancl] f m n toiC'ri Was evaluated.- Two conc ir 10 Y 

A~withot, bit-itP v)4r iiu ,d foi- ccenparatiVe plkrposvs-

T st twiru" cavIr~ frofi In-q vi io Pa nta 1eon SatitaLui o. 
w~ round the pilot 'plant of, ICAITI using a~n wtpeo imentala in 
11jil1 Whih hAI, .tGOr1 I-Climd bladi: - parallel to each other, wi Hi 

to e t h :0.2. i'nch long alid a motor of I h-p. Please rseoSectionl 
'9 of thiE: rr',Pcrt for' a desrriptioti of the mill.4 

Thry g)roUnd rugar cano' and the sodittm bisulfite were mffixd in~ 

c' r. i bori h I cidcir A't or. 15: minites of mixinh yeast 
l-1QcIlUfl (S~ccharomyces' cerevisiae L-ISfl4 was, acdod'. ,4The:,-m' 

avid. was4 .added 1n such ainotlAum rortlnod 10O7 colls r&1,' 
waiy o6i to obta:.in a~ finalI concentration of 101" cells, g

uroiund caie,. Mjixing 4was continued for 10 minutes- more. (A; 

I tAm w~iter' wr.s with the bisulf teo4iFposc ,ibl acddod isdm 
4
4'ind. the irICItiluIm 14P esti'mated tha~t the amonotlt<of water added 
wz~o: le-sr tilan i 10 oFr tho weight ofr theL routi~cane..k Portions 

444 th mxtre vc-ihinq 1 k1g,;bwere placdi1platc bngs 
Trho b,-tgs wce r llniocn af ter i 4uo44-feea 4>r p oss4'1 

m.A 4the bag .befor#W3t9v4nflh(Irat Iy th4ns o r~n rhc -i dbags~2.hn lacod~inth ic ker pI af
the Ibans .. <Th~e bags4 Woro .Thefr-mnttion wg5s carried4out4at' 'rorn tomaauo 

of, ermnni;,tln. ootdvlearthaeaqor44,< iid 72 h 
4 '4-~ .tJ (!.,xF)pvv n~rta diatz- points. '' 

in the Same way as >describedris 11aqe 64ts prepared 
Fiv(..?sIy. p Ipastic bitis wr prepared wiAth .tiiri.ivI-

'4'. rIr 5, laqe> WiAscarried outt ~at room' 1jmparatiAre44for. on 
wc)M Afrth is ppr iod, tho carw was4 fem:itdw hL 

VS/1. uLALI vd tt0 4 l1/(/)lF 3Ample vnI fr-,t ino C a Ad a t 
0. P/gi 60 and 7P h of formpntititon. R-siIlt~saro, tho4' 

avoirago of Loc expojrimuntil LIVu1;S. 
4444444.44-'td~ttat 

http:4444444.44
http:obta:.in


4  

hi~~ D5 d 5 da ta s tt q a rEn crct io II shoIc)k for oha 
conrici rl hLr.,Vh'a Ic:o h cI c frmPi -n ift con I V cranc 
CIs-)( Pd )1 ,iol Cf So~dilf b i ou]Ifto redulc(d -thariol3 

produL i~41n Lvi C (orip The"1tijo, IcvclL;,of asod4i33jiri g a r t i on 
b 1ifi;% Li j(r"r~~'ioI- ofS yas 1 -co.thwi tiw C) J 

th-L T h c- cvvci-ions re.ichd ian& th calnea thich haid r-Ion 
-Ial -odurd 0 15V/. T;cd i ( in b 1s Itri ~Il I 

oidc]j kwiy L ~ 31I7 .. j c.w11h~dii' 
4ofiird39) 


o0.'~-ic i '-d U arLhid

h Qh- V:H&Ur~-v31 A'ari Ffmt'"f- n l I P~f- 'At th 0~' 3 ', aaIa-- 1 ' 

obrt-rvcd pl-QvIou'111y, iith'! pro j c t ,T hI-Mmcrc,3i a I CoUn1t S
)IS 

a flori6 T4-bactii.i Th6;,dav1~ whoil' thetoJumcayajh ll ultfit haC-aQ<nijxt I f-yoa 1;-p i 
ic~c a rse 'hall, on Iya yuast P. ierf. Th- plvos are 

~r u Lmd alicr,bi a1~co u Tho: morrh decr ase'lad to 't II ts:'; ra.pid 
p 1a1aa it tr ce.t od t7.n or r I Iat, s viith t h L- hi gh ,comIts: ata+p5TtIi In 

h'- 'biSLU1fiteL-~~'Qa"~_dIi''sdijflm'<j fth 
11El'.dt t]>aa roa~ch iig', o a-pH a~h he iatroc I :'I O- IS icn , ande i CDjLO11: t 

SI J ,I'1 II1v, 1. A;1- :ot;wi th~ 0~0 sod iumib-isulF-ia..An~t' -
SI ii I ar zownip.risonsirl-canKbei "mIadei with S ~U ga F CO)-nl-,surnp1;L 
(Ti-(T I D 35) alI(I cethi-triol pyoductioi1 (Tabl'o 36 r), thci.hv~i rnfor-Linq 
o ;ha ta 5 cd i iAm 6bi s I1F i t-e exQrts an inhibiitory (e:ffirta.ta-bGrrv iti I; 

ror ' xt I hea' , m-*i;J bitat a lI 0't o,- '-C 

2 Dlat -, ill Tab'le /+0 '+3 show -~'the r'esUlts fo-the--mici LibiAl 
c.b: II)is ~n - e Y i Ic J~ ,crn 'Th e vcsi-itc -lIle' 0 h7 

6 c.-crtho~ Analysl s cLarr-ioud 1. out - n the ,cane aftew cone 

wor-filth,5Ia5~l~1Swith -T- without sodiumff biLsL 1 fit - 'So cd11 ml 

b . i1 6 inhibit.clulvir growth cornpleitoly3U t01%, did,4 nct, 

,a1c~4-~ - e :Sh(qEIT' "COVrIllprtio vws: 90% f.r;- rr~1 ig 1 IL -)),
h 

1ho b i SUITi t:u~rnsi-ic)1; io o cf the, cane & 1,t C.dded :sodium' -'iJ 

3 u~e. cor s bisul f'it 
~~~ i 35ig f orw-'tigina I '&vfti-r 

~ ~a~< ddi tiorl 0.23W/ Aw/lq) ~t did wok-s 
V~~~~cl. v(i c~if thih 45tyars 

t.4,<~~f-4aa a .;01 iu bis f. i I 4
4

44a t .' , 0 -I4 ; i . a d 

o~ pS iri i Slq,-Arr-.ww' -Tho loiwr PH valu#--s (Talle'2l~ t -- lnthe1 
-41Lily. Goia Thf: -mirobial comints7AA 

-Aftohr coneI-mconth c. sl I I ml 43,. 0 h a r f-, hi ijh I-1-:1;h Av 
Al i#cu( -for hc\' Frc-4I c.a-ri ,(T'~AA& 39, ' h times '3i thc 

c.-i' f' litr-r.x*ted al-te.IP2 ~imusi iK ; jr asc c Fcam-'truiitod 
a41: 

-
~v-1 / iJi,0-J11'thp- r ~trLa hcd 4a th d ics in cim o t

~y'a0 (-o1,a.~ ' 

4 aIS* 
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1 ; cf cns iled:3. Data from t11r fol-manlt tio i o scvd itt hisultf it eA 

vallale shw in i In 40-15 Cn at 0 ai r1Q .5% (V/u 

sodium b iuli ia O'evu all-may formonur1 .d by wsLJild yeas t. CanulL 
atl 0.) 0% (wwl sL;CT . ily Ih iIif I tu coiii tI okI be~ fer~mnted byv 



Formnrt, l.-, of :cne scdium 
bisulfUit. Su.in"s (q/100 cM-' juiCe) 

!able 35: lon fresh tri.tud with 

Time 	 Sodium bi.sulfite added, %(w/w) 

h 0 	 0.15 0.30 

0 21.1 21.1 21.1 

24 15.3 16.3 19.4 

4R 3.8 12.7 19.8 

72 	 0.7 2.1 16.3 

Table 36: 	 Ferrnnnttic, cf fresh cano treated with sodium 
hisulfite. Ethanl1 (Q/100cmO juice) 

Time Sodium bisulfite added, %(w/ ) 

h 0 0.15 0.30 

0 	 0 0 0 

P": 1.6 0.3 0 

4F13 6.7 3.5 0.3 

'72 7.6 6.9 1.0 



r Fwrn CF o inL1ai oab 11t. , o F;1) C:II F~.; h C;L 

So ii mb s (- -idd w/w) 

~Theo ;1c cf.,i ersion 

P - 4 1. 

6P~ .53.-

. 

~ . 

Th c c-),. 

-n s~~*>1c 
-"" 

J)~ar olSErnd :Ld 

2222,. ,,2:-

- -~-,- -  - '- . 

XI 

-

wo 

- c.-3d' ~ r-o 

-2 -- Tab I c? 3 
2. ~'~4' 

pj Va LS C- jAice dm-rlflg 
Fitrie' tlr20t-d grounld SUqrcn 

fevfrmentat ion c, ~sodiLtl: 

~T im ()'~I''2i ~ C)' 

~'~Scaium'bisilfi-to 

0 15 

v)c,~jj&w , 

030~ 

2 

7P 

~ 
2' 

~'.9 ~ 
"Z2 

3.2 

D 6, 

32'' 5120 ' 

22~. 

~ 
,.d 

.' 

2 . 

.3 

2 

Z4 .~2'0 



Table 39: ubc: ct:'; I: diii t-rmeuatLa M A.. diumli uL i.l Foi ion.-, 
bi.,u]fite tr t u4t;2CJ ca--ne. (101si,4ar cells/n)
 

Sodium bisul'fito %. ( W/w) 

Time (h) 0 	 0.15 0.30
 

0 	 0.1 0.1 0.1 

.11 310 13 0.9
 

7 215 142 17
 

Table 40: 	 F"meiitt HtOf Sugar c anq e stored for one mo;,nth. 
Sugars, q/100 cmO juice 

So~dium bislllfite, %, Wlw)
 

Ti.eii( I4) 0 	 0.15 0.30 

0 1 .0 0.9 15.9
 

2/t 0.9 0.1 19.1
 

48 0.9 0.1 18.9
 

7P 1.0 0.2 nd
 

Ir,itWO, OM.Iui coitent of fresh sugar cane jil ic . before 

wrisilaoe was 21.11 q/10 Cirn 

rid = not determine.d 



67 

Tab I 41: F ,,, ,;it i , Is c stCr c, fofr onc. monl:hStcai anie 

r.'.h-: , 1 l/ 10 	0 mo1 oi co(:. 

Sodittm blsUlfite. % (vj/wi) 

T ,,,1-C) 	 0.15 0.30 

. 3.4 6.8 0 

p4 3.5 7.7 0.1 

0.24!11 3.6 	 7.7 

Table 42: 	 pH valmis of juico during feir, riritation cf groiind 
sunar cane stored for one month 

Sodiu; bisulfito % (w/w) 

TL.,we (h) 0 0.15 0.30 

0 3.8 4.3 	 4.3 

3.6 4.0 	 4. 0 

48 3.6 3.9 	 4.0 

4.0'72 3.5 	 4.0 

Table 43: 	 Hicv ohicl counvi dur i nq fernention of sugar cane 

ensiled with sodium bisulfito (1C coils/a) 

Sodium bisulfitoe % (w/w)
 

0.15 	 0.30Timi (h) 	 0 

11 	 1.2 0.40 

0.8 	 0.0012/1 	 51 

3.7 	 0.0037P 	 11 
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2.3 Imprcved fermentation conditions 
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.1,41 p 45: Frott ie ' .. F or citni cane w ith ;idd:>d wte~tr anc 

i'ur lum ]Wun s.1et at 10 - C:l I S/c) caci.. , 

V-Lhano,! pro(,d"~io,, (u/100 rm" julice) 

Ti.,, (h) 0 50 100 

0 0.011 0.O. 0.02 

6 0.04 0.01 0.02 

1P 0.J0 0.08 O.I2 

1B 0.31 nd 0. 20 

0.70 0.58 0.37 

-Ci I ; d.tc fminod 

/: i i::n inid added anib . As Fc ,r of gcu canle wiith wat:er 
1finoCLSI1OlL) aLt toC coJ. 1s/g 

-Tctal scI.ai"s (g/100 c10)Ou juilce) 

W-ater: addit~ion. % (w/w) 

Time (h) 0 50 100
 

10.62Pi.23 14.J60 

4 A. 5.13 6.41 
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TIle 49: Formonft tion or iound canr, with .ddcd waier ard 

i ni'|u It1 oi *Vcl pot at 1 t c:oll s/q ca t 

Ethanol, prod"Mc..ion (Q/100 cm"1
: 

ju-,ice
-
) 

WaL.c-t additionl,. (w/w) 

Time (h) O50 100 

0 

6 

IP 

18 

P1 

0.06 

0.93 

P.06 

4.46 

4.88 

0.04 

1.02 

1.95 

4.66 

4.46 

0.02 

0.96 

1.79 

3.43 

3.28 

Table 50: Fermntat;-,ion of cround cane with added 

incculum set at 101 ceo11s/g cane 
water and 

Total sugars (q/100 cm" juice) 

Water additions % (w/w) 

Time (h) 0 50 100 

0 

R4 

21.23 

1.24 

14.16 

0.15 

10.6P 

0.07 



Fmi,.tir n of gro.nd caim w.ith added w,: lor and 

i rOcii.m lev2A -Ot.at 10 C:Oe11S/q c,'nu 

Thc oret ica1 o1ver- is'i, %. 

Water" addition.% (w/w) 

100Time (h) 0 50 

0 0.4 0.3 0.3
 

6 0.4 0.1 0.4
 

IP 0.9 1.1 
 2.2
 

1 P.9 ud 3.7
 

.4 6.5 8.0 6.8
 

nd = not dnter'minod 

llc-.ei ]l convisiconI = .. t.olprrdu-ed * 100 wheor 

h ethanoltheorotical 


Theoretical ethanol = 0.51(q original sugar)
 



Tablei 52: Frov inm'n ta~t i c,1 Of Llr ctimu cau wi1th addod wiaitov*uu 
irlcCu~tltui 1uVIA Set at,. 0,7 cc] 1s/g Cam 

Timr, (h ) 0 	 50 100 

00.6 	 0.5 0.4 

6 0. P 0.8 	 1.1j 

12 	 1.3 2.4 3.3 

1 :.4nd 6.3 

247.6 	 9.7 9.6 

rid notl de trn-miuud 

Tuicti;I 1 ccruvccsico- ial~nr prcIuc?d whoi-o= 1 __*100 

Cl thocoretical RVIhlavrli 

Theroret icou1 vdhanol = 0.51 (g cir igiral SI.ir) 



Table 53: Fermentation cf qrond cane with added water and
 

ini hi m level set at 109 r:l Is/g caine 

Theoretical conversion. ,. 

Watcr addition, % (w/w) 

Time (h) 0 50 100 

0 0.6 0.5 0.4 

6 8.6 14.1 17.7 

12 19.0 R7.4 33.0 

18 41.P 64.5 63.3 

24 45.1 61.8 60.6 

nd i; determined 

Theorel:ical convorsion = .ti.nc.1.piocli:iced .. * 100 where 

q theoretical ethano 1 

Theorrfl; rial ethanol = 0.51 (q original sglar) 



FIGURE I 	 Effect of addition of water 
on residual sugars 
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Table 55: Ethanl pv,:dI..u:f:d in th, forim ntat ,i cf qround 
s.nalir tv.ut'C, 
(A/10C:m" 

wi th u iunc,) 
t.h-' addi.L :11 of water 

Tim, W.ate.r added.* , ( /w) 

h1 75 100 125 

0 0 0 0 

a 0.76 0.73 0.65 

20 R.84 2.686 2.R3 

Table3 56: Total Eugars presunt during the fermentation of 
,cind s no."r c apiw
(g/100 U~m " juice,) 

with the addition o,[c f wa ter. 

Timii1 atefi added , % (w/w) 

h 75 100 125 

0 1P.03 10.52 9.36 

20 3.59 1.93 2.54 



T. 	bl 57: lh:orutical convu.r i on, %. durinq th, Fr.ri enta.,tiun 

tt voti i co; wil a1 nd tma in . ;nddii. fri watp: 

Tim; Wiatpc added. (WJ/O 

h7 175 1 2 tJ 

U 	 C) 

8j 	 12.-14 134.6 10.6 

P0 	 46. ,53.3 4.7 

Thrw.,re tical 	 ethano.,l r nrr i , = g .: r.I'! rrW I. Cd .. w 1 0 
q Mplptroh.,ical Whl'anol 

wihore 	 the;ret;ical ethanel1 = OMi (q criginal sur.I) 

Table 58: 	 Yield. Y,,*, cli|i ng the fo,rmonftl~ion of grounmd 

suOr can~e wit;h the addition of N.,tor 

Wat.o' added, 

'7:5 100 1 R5 

Yrd. 0. 34 0.33 0.33 

Residual suoars, % P9.0 18.3 27.1 

= 	 -' -  
, KO.1W.'Y 	 100wher e 	 YW, g.. P. " .-.'& W-- R 

q sugru conl.Imeid 

and residual suo.ars = .. Iu r .... * 100 
origin al suaqr 
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Table 59: Fcrmontc'ation .f ground 
Ethan.ol1. oducu.d (Q/1(.) 

cane 
cm 

in 
* .ic 

rotatinc 
) 

cylinders 

Time 1a.te'r addrd, %(w/w) 

h 50 100 

3 0.69 0.52 

B 2.P2 2.17 

20 2.02 2.94 

Table 60: Frmvcnt;a to ucf ground cane in rotating cylindovsv 

i.t;,o a .suoars (Q/100 cMO .juicoC) 

Tic-L Water addod, % (w/w) 

h 50 100 

3 12.05 9.04 

8 4.31 2.013 

20 0.11 0.08 
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IOENWhTICATLOior YFAST CULTURES
 

ICAITI CULTURE 
COLLECTION NtWER IDENTIFICATIONor CULIURE RECEIVEO FRON ORIGINAL NUtIER 5 0 U R C E 

L-106 Saccharnyces el oipsodeus A 1089 Vino Vernaccla de Aristano 

1-108 S h e1lip -hus A 1104 Vlno Nuragus de Sdndatl 

L-110 Sacch rc-a cer e Ipsotdeus A 1111 Vino Htjra-jus dE-Sandatl 

L-114 Saccharo.ycese1IIJToqdes A 1136 Vino Vermentido do Monti 

L-115 Saccfharoy.cese11iploideus A 1139 Vino Vermentino do Monti 

L-116 nccharo-yceps e1Lpso(Ldeus A 1142 

-117 Sacchar ces ellijsodeus A 1154 Vino Cannonau de Oliena 

L-118 Sacchar yces el1_poydeus A 1156 Vino Cannonau de Oliena 

L-119 5accharoices ellisoideus A 1160 Vino Cennonau do Olera 

L-120 Sacchar -cesel l. oideus A 1163 Vino moscatodo Sorso 

L-127 SaccarTyceL cerrvisiaq Y 0762 

L-130 Sacchiryces sp Z Equllait- LG 78 

L-130 SaccharcoycessR z Equilait - LG 78 

L-131 Saccharoaqes cerevislae B CCY- 22 - 7 - 1 

L-140 Sacch!rolces AA B 

L-142 Sachr- ces carlsbercersn C No. 18 

L-144 Saccharjcaes k D 

L-149 Saccha-ryces crevtLae as 14/44 

L-150 Saccha romyce- e 11ipsofdeus E Hontrachet 

L-150 fIIces elpsoides E Hootr.het 

L-151 Levadurade destilerfa F HRRL Y - 567 

L-151 Levadurade dcutilerfa F NRRL T - 567 

L-153 Saccharwo'ces uvanrun F NRKL Y - 1347 

L-158 SaccharjLcL s dataticus G PRL-77 

L-159 $acccharyccs cere isae H NCYC 1026 

L-162 Sacchar_ 3cre cerdstae H NCYC 1119 

L-162 Saccharo,,Yc.IscPrecvi-slae H NCYC 1119 

L-164 Saccharujyce.cerevIsiae H NCYC 1256 

L-165 accharo-yc crevislao I HYBRID I 

L-IG Sacchororycs cert.vsIAe I HYBRID 2 

L-168 acctArce,jc s revislae I HYSRI 4 

L-169 S.ccharc yc oI cere I aee HYBRID S 

L-170 S.chctr'ycc cerv u I HYBRID 6 



TABLE I, 

IPt illfIrAT.ON OF YfAST Cti1TUfAES 

( continurd) 

ICAITICULTURE 
COLLECTION NUMBER IDENTIFICATIONOF CULTURE RECEIVED FPOH ORIGINAL NUMBER S 0 1I R C E 

t-171 

L-172 

L-174 

L-175 

Saccharmyccs 

Sacharoocvs 

Sacc h a yc 

Sacchari" e 

p 

sp 

cenvilae 

cerevlsiae 

J 

K 

J 

L 

Celserhem 

NO. 729 

49 

L-177 SacchaartDvs cerevisiae CBS 2962 

L-178 

L-179 

L-180 

L-180 

SaccharcOr s crvisLae 

Saccharo, cicervfsae 

Saccharcr)Les cpr wislae 

Saccharcrcs ccrevislae 

x 

K 

m 

m 

CBS 

CGS 

CIS 

CBS 

1394 

1196 

2959 

2959 

L-181 
L-181 

Sacchart-
Sacchar 

rs corevlsiae 
cs cerevilae 

1 
H 

CBS 
CBS 

1242 
1242 

L-182 

L-183 

L-187 

L-191 

L-192 

L-194 

L-196 

L-198 

L-201 

L-202 

L-203 

L-206 

L-207 

L-208 

L-209 

L-I 

Saccharwjycescerevisae 

Saccharcvces cerevisfae 

Sacch~a-roycpscerevlsiae 

SaccharoIycescerevislae 

Sccharoy'cos uva-rm 

Sacchor'ycs cerevislae 

Saccharojces 

Sacchar.yces 

SaccharmY..es 

Sacchar!-'ce;. 

SaccharcPIrces 

Saccharyce 

Sacchroryco 

S. cerevislae 4 S. carlsbeienstls 

Scchar~rcns crevisie 

Sacchr . 

m 

N 

H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p 

P 
V 

CBS 2961 

CBS 1235 

156 

Levadura port 

Levadura tokay 

Levadurabordeaux 

Levadura audovin 

Levadura beer 

Levadurade pintficacitn 

Levadurade destilerta 

I S. C. /194 

I - S. C. I 39 
CFCC 3 

L-213 

L-216 

L-217 

L-218 
L.222 

Srchar,1 ccs sp 

S1cchar oJcc SH 

Sacchjr& CIS hfitL'iaro 

Saccharv jcc% 
Phodos -rdn dIt,ovuAu 

U 

U 

U 

SQUIBB 
Q 

Ysa 6 

Ysa 72 

Isa 23 

HCYC 778 

L-226 

L-232 

L-240 

L-243 

L-244 

L-245 

To.ru0IosIs r-.,no ae 

CaundldL]i . ;tII 

Sacchirco'j . f r.tlm 

Srcr.€arjc'. c.rrcvtslap 

Sacoh vrc .,v% e elvtj~fy 

Scchrz(r,'. cerevis 

Q 

Q 

Q 

Q 

NCYC 742 

NCYC 39 

28 

AWY 350 K 

ontrachet 

NCYC 1119 



IAPLE eIl 

IfC.TI~cTOF Y1FAS9.C.1I.!lURES 

( continut-d) 

ICAITI CULTURE 
COLLECTION NUMaER IDETIfICATIO4 or CULTURE RLCEIVEB FC$11 OR I Gl. IIUMI'ER S 0 U R C E 

L-247 SAchrlvc . b)a'iJu Q Chanp U. 5.A. 

L-248 Sccharcj yv% c_- 1.,t1r.i Q iCYC 775 

L-250 Saccharrnycesbailii Q NCYC 464 

L-251 Sacchartvyces baliiI Q BYC 22 

L-252 Sacchrha yc _ l.yH ,un Q WS I 3& 

L-255 tjnsenuIacr,deln1is Q NCYC497 

L-256 Hanseula an-, a Q NCYC 18 

L-260 r etta ri . P Q OBR/USA/2 

L-261 p r _ .y.yj. " anoE lus Q NCYC 449 

L-274 Candtda ruei H CBS 573 

L-278 Candlda shchtt ae S FPL 00 

L-279 Candd. p t Helaza de cara, Guatemala 

L-280 Candda .tropicali _ H CBS 6948 

L-282 Candida u itil.s T 70167 

L-283 C dda tuti5k 1 2361 

L-284 Candida utils 1 70163 

L-285 DIbartye - . R Melaza de caha. Giatemalt 

L-286 Endo.ycnpuls ibl iera x CBS 6310 

L-287 Itinusenula M_2 It elaza de ca a, Cultentala 

L-288 Eloeckera5p R melaza do caia, Guatemala 

L-289 Kloeckerasp R Melara de cafia,Guateimals 

L-290 KIoec ktera p It Melaza de caba. GuAtc '-1 

L-291 KIoecl_er-asp It Melaza d e cara , uateu rr I 

L-293 _ e _EoycosfraEjis T 70343 

L-293 Pahjs i tanonhlus - G KRRL Y-2460 TRC 2507 

L-299 Pacsi.soji .ln_t2phi tus S FPL K03-403-4 

L-300 Pchsolun tannop_hTauj S NRR.L-Y-2460F'PL240 

L-301 Sacchvycrnl_ ayanos m CB5 380 

L-302 Sac c.h a r al,-uc. cerevislae Q Montrachet 

L-303 Sacc ar crpcv crevislae Q AWY 350R 

L-304 5a-ChCchir_.-cesp R Melaza do cala. CuatEna?1 

L-305 Saccharo..c p tR Melaza de carl, CuatPnaIa 

L-306 S~ccharqce. sp R Melaza de cafia, GuatenmalI 

L-307 Saccharcu-y.ssp f Melaza do cala, Gaterah 

L-308 Sacchj-ro.jce. 5 ft Melaza dc caila. Guaten1a

h L-309 Sacchar/Jje.' r. R Melaza do caA'a.C,,atrvnia

L-310 ' acha rmy t e Uy "r H CBS 395 

L-311 5chlzr!acchrty' I!_se T DS 70576 
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1ABLE W41 

IDEHTIFICATIONor YrAST CULIUPTS 

(continued) 

ICAITI CUMM 

COLLIC110 lidt'lB IVENTIFICTIOM OF CULTURE RECEIVEDFROH 

L-314 Sci, an_ice.vccs castellil 8 

1-319 SAcchajr-ryc - c re-vlsae F 

L-321 Plchid Lipitf F 

1-322 
'.-373 

flicliasdtlptis 
P Iayor tarqpllus 

F 
F 

L-325 Cai., sh.-t!. F 

1-319 Candit' tvrdvA.ra R 

L-332 I n('rI,13ttrnus T 

t-335 A C haI -c'p 12-oI t -c.a T 

L-336 llae,_i-o- chfyrri T 

L-33P STccI r .. yc " ! ca T 

1-339 Sac harc. . 11i o~yLca 1 

L-340 llftri,!,j S. o xi x 

L-341 jlbrW_do -.. 5'Iastaticus y 

L-342 Sar ccs cerevlsla T 

ORIGIIAL IMMNER 

CCY 47-3-1 

NRRLY-11572 

NRL Y-11544 

NIRRLY-11545 
BRRLY-2460 

MRRLY-12057 

CBS 570 

70278 

70561 

70180 

DSM 70562 

DS4 1345 

S 0U RC*i 

S0URCE 

ASH 3774 
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AVIKOOF VAL ft5 003t III[ (3066091A 60SIAT (J 00[IIul63130) omo30[1361 

ICAIII COLTURE IPCOPIdURE 25'C IMPERATURE 35C 
COItUCMlN 1t:U1R RUNNO. 1 RUNN3. 2 PUNN0. 1 RUI NO. 2 OBSERVATIONS 

L-106 K 0.20145 K 0.14215 K O.i024( r 0.42646 K21 0.1718 
r 0.97105 r 0.9)162 r 0.9951 r 0.99931 K35 0.39446 

L-103 K 0.17591 K 0.15104 K 0.26708 K 0.27203 K25 0.166113 
r,0.97694 r 0.93316 r 0.99490 r 0.93256 K3s 0.2656 

L-110 K 0.21792 K 0.2056 K 0.57667 , 0.12616 K25 0.21176 
r 0.9579 r 0.95961 r 0.98135 r 0.97217 K35 0.55242 

L-114 K 0.3469 K 0.2 W 16 K 0.39910 K 0.41961 K25 0.30753 
r 0.92344 r 0.916.86 r 0.03019 r 0.91991 K35 0.40939 

[-lii K 0.17099 
r 0.98318 

K 0.15935 
r 0.8a310 

K 0.20638 
r 0.95179 

K 0.26314 
r 0.93198 

K2s 0.16517 
K3 0.21476 

L-116 K 0.12117 K 0.17357 K 0.18811 K 0.17600 t s 0.14737 
r 0.96971 r 0.93471 r 0.97796 r 0.86611 K35 0.18206 

L-117 K 0.1471 
r 0.97416 

K 0.0)526 
r 0.93644 

K 0.49648 
r 0.99533 

K 0.50313 
r 0.91297 

Repeat run 
251C 

L-118 K 0.14392 K 0.17266 K 0.47278 K 0.3866 Repeat run 
r 0.954M3 r 0.99110 r 0.99121 r 0.92274 35"C 

L-119 K 0.17,36 K 0.21295 K 0.42884 K 0.65521 Repeat run 
r 0.h5797 r 0.97237 r 0.97906 r 0.98410 35C 

L-120 K 0.1525 K 0.1292,6 K 0.12167 K 0.15455 K2!.0.14727 
r 0.95D59 r 0.930;3 r 0.98422 r 0.99583 K35 0.13811 

L-121 K 0.10606 
r 0.95163 

K 0.11341 
r 0.93706 

K 0.46701 
r 0.95429 

K 0.45387 
r 0.97160 

K25 0.I0974 
K m 0.46044 

L-130 K 0.07645 
r 0.97715 

K 0.10849 
r 0.99141 

K 0.17340 
r 0.99634 

K 0.18491 
r 0.99722 

Flocculentyeast K25 0.0q247 
K35 0.17916 

L-130 K 0.12371 
r 0.96764 

K 0.13869 
r 0.92907 

K 0.28033 
r 0.98223 

K 0.2868 
r 0.9975 

Flocculentyeast ,250.13380 
K3s 0.28357 

L-131 K 0.11234 K 0.13229 K 0.16608 K 0.15967 K25 0.13232 
r 0.9343 r 0.99661 r 0.97493 r 0.96430 K35 0.16233 

L-140 K 0.33372 
r 0.97533 

K 0.34866 
r 0.97008 

K 0.54999 
r 0.98128 

K 0.56157 
r 0.9795 

KXS 0.34369 
Kr 0.55578 

L-142 K 0.12493 K 0.01637 K 0.38754 K 0.34709 K25 0.11068 
r 0. 1333 r 0.93025 r 0.91897 r 0.94111 K39 0.36732 

L-144 K 0.11755 K 0.12164 K 0.25903 K 0.23513 625 0.11960 
r 0.93256 r 0.99537 r 0.96874 r 0.91814 K35 0.24708 

L-149 K 0.26314 
r 0.97558 

K 0.2810, 
r 0.99158 

K 0.64519 
r 0.9412 

K 0.69922 
r 0.99246 

K5 0.27220
K35 0.652 

L-150 K 0.17103 
r 0.96239 

K 0.18327 
r 0.93157 

K 0.38276 
r 0.89490 

K 0.61132 
r 0.73425 

K2s 0.19605 
K3 0.32671 

L-150 K 0.16505 
r 0.993370 

;,0.21125 
r 0.99604 

K 0.30852 
r 0.89276 

K 0.3449 
r 0.84552 

K6, 0.16012 
K35 0.31903 

L-151 K 0.17007 
r 0.9160 

K 0.15197 
r 0.93623 

K 0,3035 
r 0.95685 

K 0.33465 
r 0.98733 

K75 0.16102 
K7,0.31908 

L-151 K 0.21234 K 0.190I K 0.22601 K 0.20643 K25-K35K2S 0.I9648 
r 0.9Y629 r 0.9h211 r 0.9945 r 0.94633 K35 0.21622 

1-153 K 0.37C51 K 0.29578 K 0.54503 K 0.54252 K2 0.33365 
r 0.9C135 r 0.9838 r 0.99032 r 0.99329 K39 0.54378 

L-158 K 0.Ir.447 K 0.151 K 0.25407 K 0.2377 r.5 0.15649 
0.97111 r 0.9:418 r 0.97228 ' 0.9595 63M 0.24589 

L-159 K 0.21103 
r 0.9554 

K 0.21994 
r 0.94460 

K 0.24293 
r 0.85383 

K 0.29442 
r 0.92942 

K2 0.21626 
K35 0.2686? 



IhLC 69 

AV[IR.r VALUES_F(I 1t,, . E PON NYI AL_ CONSTANT_._lt_.O...~^dL[(!C j_ ON9._ hLU_-

Ccontilued) 

ICAITICULTURE 
OLLCI11 NU.11dk 

1IMPLRAI!UPE215°C 
RU NO. I RUN€10. 2 

1IMP[RtURE 
RU NO. 1 

35-C 
RUNN0. 2 0SI",ATIMS 

L-162 K 0.07637 
r 0.63334 

K 0.20442 
r 0.67211 

K 0.15959 
r 0.66432 

lionlitar response Flocculentyels! 

L-162 K0.09191 
r 0.79950 

K 0.28711 
r 0.90154 

K 0.33012 
r 0.8232 

K 0.2725 
r 0.8176 

F1occulelt yoasl 

L-164 K 0.16033 
r 0.97219 

K 0.16687 
r 0.68213 

K 0,2246 
r 0.95012 

K 0.23765 
r 0.94109 

K250,35 
K3 0.21CA. 

L-165 K 0.18001 K 0.17346 K 0.15219 K 0.IG9l K295K35 K?5 0.1767 
r 0.90769 r 0.97103 r 0.94629 r 0.1995 K3!.0.15752 

L-166 K 0.22275 K 0.17912 K 0.38,36 K 0.39947 K25 0. 3i4 
r 0.98648 r 0.9901 r 0.93722 r 0.J,02 K]s 0.136'.? 

L-I8 K 0.23157 
r 0.98 0W5 

K 0.26740 
r 0.93117 

K 0.?,310 
r 0.99110 

K 0.217?9 
r 0.9951,8 

>2K35 K2 U.249 4 
135 U.27M/' 

L-169 K 0.1265.9 K 0.11503 K 0.16113 K 0.16924 K25 0.1'01 
r 0.99662 r 0.99999 r 0.9q4102 r 0.9)J13 K3!,0.05621 

L-170 K 0.0.9044 K 0.01073 K 0.110C5 K 0.11514 K25 0.1:459 
r 0.96C36 r 0.99180 r 0.92540 r 0.943'0 K35 0.11609 

L-171 K 0.07511 K 0.00050 K 0.?4997 K 0.23516 K25 0.05201 
r 0.923M, r 0.97134 r 0.97596 r 0.97323 K3 0.24211 

L-172 K 0.078002 K 0.04621 K 0.71112 K 0.20. K2s 0.C19711 
r 0.97020 r 0.9767C r 0.95930 r 0.96747 K15 0.21296 

L-14 K 0.14303 
r 0 97964 

K 0.13019 
r 0.99196 

K 0.31?Q7 
r 0.9034 

K 0.3 ;175 
r 0.85025 

Flocculent y'ast K! 0.165'? 
K]! 0.3;,! 

1-175 K 0.07072 K 0.01236 K 0.4140 K 0.4271 K25 0.67154 
r 0.97492 r 0.96892 r 0.86076 r 0 P9922 K35 0.47965 

L-177 K 0.11432 K 0.11604 K 0.78346 K 0.77261 K25 0.11511 
r 0.96517 r 0.92240 r 0.9a945 r 0.97610 K35 0.7;0j 

L-178 K 0.16439 K 0.14798 K 0.53572 K 0.5316O 625 0.1"619 
r 0.93670 r 0.98658 r 0.61A04 r 0.88315 K3 0.53366 

L-119 K 0.11923 K 0.10274 K 0.41390 K 0.43290 K25 0.11099 
r 0.98374 r 0.97522 r 0.86153 r 0.86639 K35 0.Z234 

L-180 K 0.12906 K 0.14887 K 0.12599 K 0.14164 K2!. 0.13007 
r 0.98020 r 0.97345 r 0.88/07 r 0.1715 K63S.1391l 

L-180 K 0.3041 K 0.2649 K 0.4777 K 0.4227 K21,0.2 :;0 
r 0.9081 r 0.903 r 0.8057 r 0.9722 Ky; 0.4:-,2 

L-181 K 0.20344 K 0.1503 K 0.39445 K 0.29452 625 0.1771f7 
r 0.99389 r 0.9446 r 0.93940 r 0.92332 K39 0.34419 

L-11 K 0.20570 K 0.16105 K 0.37M04 K 0.40.91 K25 0.11"38 
r 0.9/792 r 0.96996 r 0.99339 r 0.990 K3!.0.3993 

L-182 K 0.13816 K 0.11992 K 0.5568 K 0.5479 02S 0.12990 
r 0.9667 r 0.97941 r 0.9491 r 0.94017 Y.3 0. !t'35 

L-183 K 0.12019 K 0.14397 K 0.30203 r. 0.!3014.7 62! 0.13693 
r 0.99765 r 0.94849 r 0.90213 r 0.16793 63 0.3315 

L-197 K 0.35236 K 0.36467 K 0.5714 6 0.59,66 625 0.3%5? 
r 0.99215 r 0.99433 r 0.93?3 r 0.59213 K!s 0. 5.130 

L-191 K 0.28120 K 0.31076 K 0.80631 K 0.79710 K.s 0.2'!9I 
r 0.97571 r 0.96477 r 0.99169 r 0.91476 K3 0.85i7l 

L-192 K 0.205 6 K 0.19902 K 0.4204 K 0.42689 K25 0.2'224 
r 0.91513 r 0.97811 r 0.98157 r 0.96397 635 0.4332 

L-194 K 0.11678 
r 0.96482 

K 0.10692 
r 0.95123 

K 0.16439 
r 0.93365 

K 0.37023 
r 0.93021 

1(20.1115 
Ks 0.31731 



TABLE 69
 

ICAITI CULIURE 
COLLECTIONUMER 

L-196 


L-19a 


L-201 


L-202 


L-203 


L-206 


L-207 


L-208 


L-209 


L-211 


L-213 


L-216 


L-217 


L-218 


L-222 


L-226 


L-232 


L-240 


L-243 


L-244 


L-245 


L-247 


L-248 


L-250 


L-251 


VALUESFOR TIlE EXPO (K) OF ETIIANOL-EiAVERAGE INTIAL CONSTANT HACIDPROTONIN|FLUX 

continued
 

35*C
 
RUNNO.2 


TEMPERATURE
25'C
TEMPEPRATURE OBSERVATIOUS

pull110.1 5U9110.2 RUN10.1 

K 0.15294 
r 0.97000 

K 0.13724 
r 0.98731 

K 0.47200 
r 0.97526 

K 0.5155 
r 0.97462 

K250.14509 
K350.49415 

K 0.18671 
r 0.55930 

K 0.22211 
r 0.94402 

K 0.53873 
r 0.95574 

K 0.55102 
r 0.95528 

K250.20441 
K3s0.54488 

K 0.19738 
r 0.953±6 

K 0.18312 
r 0.95746 

K 0.45804 
r 0.95773 

K0.48091 
r 0.97634 

6250.18875 
K350.46948 

K 0.19246 
r 0.95281 

K 0.16525 
r 0.95352 

K0.67452 
r 0.94728 

K 0.58801 
r 0.98533 

5K20.17826 
K350.63127 

K0.40428 
r0.77778 

K 0.40917 
r 0.78934 

K0.75726 
r0.83957 

K 0.79013 
r 0.84755 

K250.40673 
K350.7737 

K 0.51111 
r 0.80275 

K 0.47737 
r 0.80036 

K 0.74899 
r 0.85504 

K 0.75214 
r 0.87485 

K250.49424 
K350.75057 

K 0.35738 
r 0.77430 

K 0.3649 
r 0.75604 

K 0.8558 
r 0.85458 

K 0.8576 
r 0.8653 

K250.36114 
K350.85670 

K0.43785 
r 0.82964 

X 0.41489 
r 0.80869 

K 0.80052 
r 0.90998 

K0.85144 
r 0.92717 

K250.42637 
6350.82598 

K 0.6129 
r 0.91327 

K 0.59142 
r 0.91765 

K 0.85117 
r 0.93984 

K0.84303 
r 0.94684 

K290.6022 
K350.8471 

K0.39756 
r (,.83864 

K 0.42468 
r 0.84714 

K0.60640 
r 0.913360 

K 0.61113 
r 0.94199 

Flocculent yeast K250.41112 
6350.60877 

I 0.12405 
0.94473 

K 0.1199 
r 0.9919 

K 0.26737 
r 0.94136 

K 0.28291 
r 0.9754 

K250.12193 
K350.27514 

K 0.16523 
r 0.97892 

K 0.15867 
r 0.96599 

K 0.40946 
r 0.98351 

K 0.38501 
r 0.97085 

K2s0.16195 
K350.39724 

K 0.16124 
r 0.90701 

L 0.1677 
r 0.9786 

K 0.43062 
r 0.9738 

K 0.39864 
r 0.96340 

6250.16447 
K350.41463 

K 0.26967 
r 0.97581 

L 0.2705 
r 0.96387 

K 0.73573 
r 0.98877 

K 0.74302 
r 0.99321 

K250.27009 
K350.73938 

K0.22035 
r 0.97024 

L 0.21458 
r 0.97785 

L 0.60908 
r 0.99123 

K 0.62618 
r 0.99068 

K250.21747 
K350.61763 

K0.2186 
r 0.93148 

K 0.08868 
r 0.60853 

K 0.65955 
r 0.96455 

K 0.72420 
r 0.95463 

Abundant growth 

K 0.2472 
r 0.72184 

K 0.09211 
r 0.73758 

K 0.3782 
r 0.98978 

K 0.47785 
r 0.91001 

Abundant growth 
Flocculent yeast 

K 0.12171 
r 0.92125 

K 0.13481 
r 0.9788 

K 0.45382 
r 0.97636 

K 0.5229 
r 0.97768 

K250.12826 
K350.48836 

K 0.2688 
r 0.97704 

K 0.27769 
r 0.9928 

K 0.60662 
r 0.99056 

K0.60592 
r 0.98505 

K250.27325 
K350.60627 

K0.1676 
r 0.9955 

K 0.16686 
r 0.98311 

K 0.63001. 
r 0.95505 

K 0.62424 
r 0.95305 

K5 0.16723 
K350.62713 

K 0.2171 
r 0.9596 

K 0.24513 
r 0.9556 

K 0.36091 
r 0.98061 

K 0.3575 
r 0.99321 

Flocculent yeast K2s0.23112 
K350.35921 

K 0.2434 
r 0.98132 

K 0.2821 
r 0.9631 

K 0.6563 
r 0.96773 

K 0.63902 
r 0.9685 

K2s0.26275 
K350.64766 

K 0.2294 
r 0.94037 

K 0.2318 
r0.9819 

K 0.37898 
r 0.91159 

K 0.42748 
r0.9896 

K250.2306 
6390.40323 

K 0.10583 
r0.97162 

K 0.19R9 
r 0.9682 

K 0.13587 
r0.82432 

K 0.16124 
r 0.8959 

6260.19237 
K250.14056 

K0.3065 
r 0.9432 

K 0.4344 
r 0.9297 

K 0.3765 
r 0.9066 

K 0.3576 
r 0.9S316 

K2S0.4105 
K5 0.36705 

625>K35
 

K.25635 



lULE 69 

AVERAGE VALUES FOR :RE EXPONENT;IAICoNSTANT( 

(continued) 

orF"THANOL-ENHAC[D PROTONINIFLUX 

ICAITICULTURE 
COLLECTION NUMBER 

TEMPERATURE 2r *C 
RUNNo. I RUNN0. 2 

TEMPERATURE35*C 
R!UlNO. I RUN N0. 2 OBSERVATIONS 

L-252 K 0.35170 
r 0.99131 

K 0.3764 
r 0.9399 

K 0.43499 
r 0.96910 

K 0.4908 
r 0.99705 

K25 0.36405 
K3S0.46290 

L-255 K 0.30166 
r 0.9894 

K 0.3043 
r 0.9633 

K 0.33231 
r 0.9445 

K 0.3232 
r 0.93624 

K25 0.32M 62-K 
K35 0.377G 

L-256 K 0.3905 
r 0.9738 

K 0.44902 
r 0.9726 

K 0.40617 
r 0.9874 

K 0.40432 
r 0.9754 

Yeast gocs tobot 

L-260 K 0.1653 
r 0.9755 

K 0.1390 
r 0.9755 

K 0.4297 
r 0.9031 

K 0.4320 
r 0.9766 

Kas 0.3571', 
K3s 0.4301 

L-261 K 0.2589 
r 0.9746 

K 0.2901 
r 0.9894 

Non linear 
response 

Non linear 
response 

K2s 0.2745 

L-274 Non linear 
response 

Non linear 
response 

K 0.16522 
r 0.90268 

K 0.2041 
r 0.86742 K35 0.18466 

L-278 Non linear 
response 

Non linear 
response 

K 0.5035 
r 0.9554 

K 0.5147 
r 0.9798 K~s 0.5091 

L-279 K 0.1620 
r 0.9776 

K 0.1907 
r 0.9774 

K 0.4521 
r 0.9907 

K 0.4456 
r 0.9859 

Osimofillc yeast K25 0.1764 
K 3s0.4489 

L-280 K 0.2441 
r 0.9940 

K 0.2620 
r 0.9931 

K 0.3145 
r 0.8881 

K 0.3068 
r 0.9224 

K25 0.25305 
K3s 0.31065 

L-282 K 0.2557 
r 0.8030 

K 0.2397 
r 0.8052 

K 0.6047 
r 0.98827 

K 0.5176 
r 0.99694 

K25 0.2477 
K35 0.56115 

L-283 K 0.2961 
r 0.93157 

K 0.3051 
r 0.95462 

K 0.49314 
r 0.90740 

K 0.5045 
r 0.9945 

K25 0.3006 
K35 0.4988 

L-284 K 0.12967 
r 0.8088 

K 0.0892 
r 0.71801 

K 0.2811 
r 0.9838 

K 0.2736 
r 0.98420 

Abundant growth K2s 0.1094 
K35 0.27735 

L-285 K 0.19235 
r 0.9306 

K 0.1573 
r 0.8533 

K 0.4464 
r 0.9873 

K 0.4470 
r 0.99202 

Osmofilic yeast K25 0.1748 
K3S 0.4467 

L-286 K 0.1052 
r 0.6726 

K 0.05589 
r 0.45498 

K 0.3382 
r 0.79795 

K 0.3720 
r 0.84315 

Abundant growth K25 0.03053 
K35 0.3551 

L-287 K 0.2492 
r 0.9931 

K 0.2508 
r 0.9894 

K 0.5757 
r 0.9682 

K 0.5773 
r 0.9637 

Abundant growth K25 0.2500 
K3s 0.5765 

L-288 K 0.1092 
r 0.9918 

K 0.1288 
r 0.9740 

K 0.3525 
r 0.9986 

K 0.3092 
r 0.9909 

Osmoiilic yeast 
Abundant growth 

K25 0.11900 
K35 0.33085 

L-289 K 0.0840 
r 0.9069 

K 0.0814 
r 0.8S29 

K 0.3050 
r 0.9825 

K 0.3149 
r 0.9668 

Osinotilicyeast K25 0.0827 
K3s 0.30995 

L-290 K 0.1027 
r 0.9920 

K 0.1028 
r 0.8730 

K 0.2869 
r 0.9900 

K 0.2917 
r 0.9894 

Osmofilfc yeast K25 0.10275 
K35 0.2893 

L-291 K 0.1605 
r 0.9039 

K 0.1760 
r 0.8939 

K 0.3680 
r 0.9960 

K 0.3599 
r 0.9908 

K25 0.1&925 
K35 0.36395 

L-293 K 0.1142 
r 0.9705 

K 0.1316 
r 0.9285 

K 0.3320 
r 0.988? 

K 0.3494 
r 0.9962 

Ks 0.1229 
K35 0.3402 

L-298 Non linear 
response 

Non linear 
response 

Non linear 
response 

Non linear 
response 

L-299 Nun linear 
response 

Non linear 
response 

Non linear 
response 

Ron linear 
response 

L-300 Non linear 
response 

lionlinear 
response 

Non linear 
response 

Non linear 
response 

L-301 K 0.1636 
r 0,9757 

K 0.1809 
r 0.936 

K 0.5476 
r 0.9810 

K 0.5665 
r 0.9797 

Floculent yeast K25 0.1723 
K35 0.5571 

L-302 K 0.2819 
r 0.9663 

K 0.2343 
r 0.9865 

K 0.5747 
r 0.9013 

K 0.5428 
r 0.9616 

K39 0.2751 
K35 0.5508 

L-303 K 0.1571 
r 0.9090 

K 0.139 0 
r 0.9279 

K 0.3641 
r 0.9199 

K 0.3545 
r 0.9855 

K25 0.14?1 
K35 0.3613 



TABLE 69 

AVERAGEVALUIISrOR TRlEEPI6NIIICL CO.NSNT ) OF ETIAIAL-IMIACEO PROITONItFLUX 
(continued
 

ICAITICULTURE 
COLLECTION NHUMER 

TEIIPERATURE25C 
RUNNO. I RUNNO.2 

TEPPERATURE35*C 
RUNNO. I RUNNO. 2 OBSERVATIONS 

L-304 K 0.2704 
r 0.9599 

K 0.2969 
r 0.9704 

K 0.4313 
r 0.9744 

K 0.4489 
r 0.9807 

Osmofilic yeast K250,2836 
K350.4401 

L-305 K 0.1415 
r 0.9396 

K 0.1275 
r 0.9378 

K 0.3715 
r 0.9987 

K 0.3715 
r 0.9960 

Osnofilic yeast r2s0.1345 
K35 0.3715 

L-306 K 0.1661 
r 0.9643 

K 0.177 
r 0.9492 

K 0.4548 
r 0.9630 

K 0.4474 
r 0.9564 

Osmofilic yeast K250.1714 
K350.4511 

L-307 K 0.115 
r 0.9975 

K 0.1055 
r 0.9986 

K 0.4469 
r 0.9972 

K 0.4380 
r 0.9910 

Osmofilic yeast K2s0. 1605 
K350.4425 

L-308 K 0.0494 
r 0.8503 

K 0.065 
r 0.9147 

K 0.2575 
r 0.9435 

K 0.2721 
r 0.9496 

Osmofilic yeast K250.0572 
K350.2648 

L-309 K 0.0980 
r 0.BS97 

K 0.0970 
r 0.9470 

K 0.3050 
r 0.9883 

K 0.3108 
r 0.9683 

Osmofllc yeast K250.0929 
K350.3079 

L-310 K 0.1135 
r 0.9610 

K 0.1339 
r 0.9399 

K 0.3855 
r 0.9613 

K 0.4084 
r 0.9822 

Osnofilic yeast K2s 0.1237 
K350.3970 

L-311 K 0.1997 
r 0.9953 

K 0.2069 
r 0.9842 

K 0.1364 
r 0.9754 

K 0.1471 
r 0.9780 

Osofilic yeast £25 0.2083 
K350.1418 

L-314 Non linear Non linear Nonlinear Non linear 
response response response response 

L-319 K 0.1250 
r 0.9916 

K 0.1398 
r0.9557 

K 0.3857 
r 0.9537 

K 0.3659 
r 0.9531 

K250.1324 
K5 0.3758 

L-321 K 0.1867 K 0.1874 K 0.6464 K0.6104 K25 0.1871 
r 0.9632 r 0.9091 r 0.9069 r0.9255 K350.6284 

L-322 K 0.1956 K 0.1801 K 0.5242 K0.5206 K2s0.1879 
r 0.9683 r 0.8677 r 0.9100 r0.9221 K350.6224 

L-323 Non linear Non linear Nonlinear Non linear 
response response response response 

L-325 K 0.2110 
r 0.9683 

K 0.1872 
r 0.7908 

K 1.0102 
r 0.9828 

K1.0717 
r0.9577 

K250.1991 
K351.0410 

L-329 K 0.4034 
r 0.9425 

K 0.3327 
r 0.7998 

Non linear 
response 

Honlinear 
response 

Abundant growthK250.36805 

L-332 Non linear Non linear K 0.2959 K0.1991 
response response r 0.8493 r0.9385 K3G 0.2475 

L-335 K 0.3633 K 0.2943 K 0.3301 K0.3926 K2s0.3288 
r 0.9671 r 0.9357 r 0.9807 r 0.9595 K2s 0.3614 

L-336 K 0.1523 K 0.1358 K 0.2163 K0.2295 K2s0.1441 
r 0.9326 r 0.8481 r 0.9660 r 0.8311 K3s0.2229 

L-338 Non linear Non linear Non linear Non linear 
response response response response 

L-339 K 0.1102 K 0.1620 Nonlinear Nonlinear K29 0.1361 
r 0.9191 r 0.9191 response response 

L-340 K 0.1914 
r 0.9841 

K 0.2319 
r 0.9494 

K 0.4053 
r 0.9690 

K 0.3043 
r0.8855 

Bakersyeast Kis 0.2117 
K350.3548 

L-341 K 0.2039 K 0.2155 K 0.2228 K 0.1641 K2. K2s His0.2097 
r 0.9580 r 0.9604 r 0.9304 r 0.9146 K3' 0.1935 

L-342 K 0.2155 K 0.7172 K 0.1290 K 0.1243 K35>KsC Ks 0.2164 
r 0.9421 r0.9330 r 0.9392 r 0.8688 K3m0.1267 



FIGURE 2. Tolerance of the yeast to e; 
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2.5 Doxtran prodution kinetics 
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3. EQUIPMENT DESIGN 
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FIGURE 3. PROPOSED PILOT PLANT SUGAR CANE FERMENTATION' PROCESS
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4. CONSLT01'T "S REPORT 



SUI-MARY I> 'aRT 

OF
 

A TECIINICAL REVIEW 

by 

Arthur E. Humphrey 
Director, Biotechnologjy Research Ceniter 

Lehigh University 
Bethlehem, PA 18015 USA 

February 23, 1987 

OF 

AN AID SUPPORTED PROJECT AT ICAITI
 
ENTITLED
 

"Innovative Scientific Research (Low Moisture Processing
 
of Solid State Bagasse)"
 

On February 16 and 17, 1987 the author visited ICAITI and
 

met with various researchers for the purpose of reviewing and
 

offering scientific advice on the US Aid supported project on
 

"Low Moisture Processing of Solid State Bagasse."
 

The aim of the Project as described is to study 'and improve 

the processing of chip or fragmented cane by yeast for the pro

duction of alcohol using a minimum amount of water. The research
 

is to specifically address (1) the handling of moist solids in a 

way to achieve a homogeneous system; (2). identifying and en
sucrosehancing the rate limiting step, believed to be either 

diffusion from the interstices of the cane to the surface fluid 

or the penetration of yeast into the cane matrix and (3) avoiding
 

bacterial contamination that could decrease ethanol yields. 

Process Objectives
 

Reasonable process objectives, within the constraints of
 
alcohol concentration
the project aims, are to achieve a 5-6% 


in the cane juice within a 12-18 hour batch processing cycle
 

and to do this with a greater than 80% conversion of ferment

able sugars. The attainment of these process objectives should
 

result in the chance of attaining an economically viable process.
 

Results/Observation
 

The following results/observation were reported to me during
 

my visit.
 

chips, gives a much
1. Sawdust, when compared to cane 

higher alcohol production rate. Increases in the
 

fermentation rates are linear with time, strongly
 

suggesting a diffusional process rather than a bio

logical process as the rate limiting step. This is
 

somewhat surprising in view of the fine character of
 

the sawdust. An understanding of this phenomenon will
 

be important to bioreactor design considerations.
 



;awdust_; (56% and. 1 	JOby %...;:;lt2. Addition of wn 	*: r to th,-

of 	 th(! ground cawust) produce ; i jnificnt].y fastL" 

than the ground sawdust alone.fermentation rates 

cane

3. 	 Higher yeast innoculant (109 yeast cells/g of 


higher overall fermentation.
sawdust) produces 

4. 	Only 65% of the theoretical sugar conversion (based 

on 55% conversion of fermentable sugar to alcohol) is 
24 with the best conditions to

achieved within 	 hours 
date.
 

5. 	Cane juice assays 20% fermentable sugars. This can
 

vary among different cane sources by as much 
as +2%.
 

A rough (approximate) analysis of the cane sawdust
 
soluble solids
is 72% moisture, 13% fiber and 15% 


(sugars).
 

Recommendations
 

as 

at ICAITI (in particu-
On the basis of these observations and a result of my
 

discussions with the various researchers 


lar with Sheryl de Cabrera and Silvia Saravia) 
I would offer
 

the following comments and recommendations.
 

I strongly urge that the project be extended 
thrcugh


1. 

a 3rd cane season. Unfortunately the project funding and
 

initiation was begun just after the sugar cane 
season ended in
 
cane have been
 

1984-1985. Consequently, only two seasons of 

(the 2nd one during
By the end of this 	present season
tested. 


this project contract) sufficient basic knowledge 
will exist
 

How
to suggest several potential pilot scale 

reactor designs. 


ever, proof of concept (using cane from a 3rd season) is needed
 

in order to have the necessary data for an 
economic evaluation
 

of the project.
 

The reasons for the linear increase in 
fermentation


2. 

rates with juice must be established. It appears likely that
 

the rate limiting step is diffusional, i.e., 
extraction of sugar
 
For 	this reason
 

from within the interstices of the sawdust. 


water addition and bulk mixing could be 
important both to yields
 

to how this might be done.
 were given as
and rates. Suggestions 

(I would be delighted to review the results 

if sent to me for
 

comment when they are obtained.)
 

125% water addition appears to be an upper 
limit if the
 

alcohol containing juice is to be obtained.

3. 


objective of 5-6% 
 an "upper

This level of water addition should be 

studied as 


limit" experiment.
 

It appears that the sawdust cannot absorb 
more than
 

100% water in addition to the moisture 
that occurs naturally
 

This means that with the higher solution 
addi

4. 


in the cane. 

tions, e.g. 125%, there should be some free juice available
 

for recirculation and 	mixing.
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5. It is iiimortant Lo inoculAte the cane sawdusL with
 
y'oast a: soom as possible after the grinding process. It is
 
believed that this will inicrease the overall fermentation rate
 
and minimize growth of competing micorflora and, in some
 
instances, the destran formation.
 

6. Use of bisulfite does not enhance the reaction rate. 
Consequently, I feel that studies on optimal size of inoculum
 
should have priority over those involving use of biocides. 

7. In order to formulate a reactor design, a comparison
 
test should be run at 100% and 125% water addition. In one set
 
of runs there should be no solids mixing other than that which
 
occurs initially. In another set of runs these should occur
 
every hour mixing of the solids and free solution by kneading
 
the plastic bag containing the fermenting mass.
 

8. Tests should be undertaken to see if the juice from
 
pressed spent cane is a viable source of yeast inoculum. This
 
could impinge on the reactor design concept.
 

9. Included in future tests should be the use of hot water
 
additions (37-450 C) as a way to inhibit bacterial infection in
 
the juice and cane as well as a way. to reduce the lag time of
 
the fermentation.
 

10. 	 Three reactbr designs appear feasible
 
a.) rotating drum
 
b.) screw
 
c.) packed bed with free solution recycle. 

11. A fluidized bed is not a reasonable reactor design
 
concept because of compacting of the moist solids and drying
 
which will lower fermentation rates.
 

12. Although the scope of the project is limited to handling
 
moist solids (cane) including ensiled and steam exploded cane
 
(both of 	which do not appear very promising) , ultimately a 
question will be raised about the possibility of extended pro
cessing through utilization of storable cane. Some thought
 
should be given to ways of handling cane other than ensiled, ex
ploded, or freshly harvested cane. One should determine how dry
 
(<10%?) cane must be in order to store without detrimental
 
changes. Also, are there economical alternatives to drying?
 

13. investigations should be continuing on characterizing cane
 
(sugar) deterioration on storage including measuring the microflora,
 
dextran, etc. content of cane on handling and storage.
 

14. Studies should be initiated to determine the effect of
 
alcohol concentration on inhibiting dextran formation and
 
bacterial (L. mesintroides) growth on cane as a means to under
standing and controlling this problem.
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15. 	 An obvious off-shoot to this project would be it new 
cane solids to paper. pulp.

study on converting the 	spent Such 

a study of a project might include 

depithinga. ) mcchanical/nicrobial/enzyme 
b.) organo-solvent delignification
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6. FINANCIAL STATEMENTS 



INSTITUTO CENTROAMERICANO DE INVESTIGACION
 
Y TECNOLOGIA INDUSTRIAL - ICAITI 

PROJECT: LOW MOISTURE PROCESSING OF SOLID STATE BAGASSE 

NUMBER: AID 936-4452 - ICAITI Nr. 85/4.6.1860 

PERIOD: APRIL THROUGH JUNE, 1987
 

Total
E X P E N D I T U R E S 


Total 
Budget 

This 
Period 

Prior 
Period Accumulated 

Budget 
availability 

Salaries 

Equipment and Materials 

Travel and Per Diem 

58 500.00 

38 000.00 

5 500.00 

3 067.97 

2 559.60 

10.13 

23 993.36 

19 400.14 

2 802.86 

27 061.33 

21 959.74 

2 812.99 

31 438.67 

16 040.26 

2 687.01 

TOTAL DIRECT COSTS 

Indirect Costs 
T 0 T A L US$ 

102 000.00 

46 800.00 
148 800.00 

5 637.70 

1 691.32 
7 329.02 

46 196.36 

13 953.61 

60 149.97 

51 834.06 

15 644.93 

67 478.99 

50 165.94 

31 155.07 

81 321.01 

1. that payment of the sum claimed on the voucher is 
proper and due under
 

"The undersigned hereby certifies: correct and such detailed
 
the terms of the agreement; and 2. that the information on the fiscal report is 


supporting information as ROCAP may require will 
be furnished promptly on request".
 

Marl 05, Chief 
Budget & st'Control Divisibn 

/amy
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PROGRAM OF COMING ACTIVITIES
7. 
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