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1. INTERODUCTION

Thig  rvoepn b deso 1hes the  aobtivitie which  have  beon
wider taken in the wvrojoct "Alecholic Termonbaticon  of sanse
cane 1y @ highly soild stoate svstem (5.910)" spoonscred by Uhe
M fico of Lthe Science Odvisor of ALD Washinghon, gince Lho
beogiimidng of activitcs in Auoust, 1730,

The murpose of  Lhile progect i1s Lo study and improve the
altahiod i Fevmentaticn by yoast  of sugar cane an the solid
usivg @ mindmun ancund of wator.  Specifically the
yesean chr addi eses thie hondlion of Bhe  moist solids in & wav
o gecacra a homoosarons svetemt enhancing  the rate lTimiting
o lfFrozion and/Zor the penctraticon of the yoost

whepy of st a

(3 L el s solid mateing and  avoiding bactorial
tanbaminat ton whiich iy derease ethanol vield.
Gedditionallv. the offert of cane pressrvation technigues on
B porescrvation o fermentoble sugay s 1s being considered.
Thvis wvork bullds wsan the oxporience in ICAITI in doveloping
the H-FER mocons oo the sisultancous  exbraction @l

FovimemLal ton of suwaar cane.

The:  arlivitieos which ave desoribed  in this yveport cover the
wovk which has been coarried ont on the base studios of dicocl
fevmenbotion of saaor covee prepared 1y the mills modification
of  the cane oropacation o ease handling and bo improve

diffusimy  of the oo § gsystoms oy cane  preosecvabion,.
includica onsilane, stoam oxpleozgicon,s use of sodium bisulfifo.

a0 cowhiveticon ol thezes  improvement  of fermontalion
conditicons to pobance veast fermentative capacity and inhibit
metabolic activiby of contominants: study of ethancl toxicily
of tho  wvooast etrain: used: study of  Lhe kinelics of dordivan
prcchie bion by contaminants isolated 1o the studics dewscr ibed
aboved desion of & Fevmontation system which con be uwsed o«
i lodt Tl Al e Inded are the veports of  lhe
consul bant s Dol Acthar Humpheey,  financial statomente,  and
Pt A of Coming ac bivitios.,

The contonts of bhig voporvi are as follows:
1. Tulvoduction
2, Roowel o rosearch activities

Aal T bl Fermentation studices  uwsihyg cane  Trom the
oy e oss e T i

(IR R Y RTEI TR A

2.3 Twovoved formontabion conditions

A0 Flhiowl tesaciby studies

A0 Devtrvan wmreduction kinetios

v wverbhbon
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3. Equipmoent desian

3.1 Integrated svstom
3.3 M1l

3.3 Fenmenbabicon

3.0 FProssiog

3.0 Ethanal veoovery

G. Congultant s vigih
. Viwile
bH. Financial statoment

7. Fyvom om of coming activities
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2. REFORT 0N RESEARCH ACTIVITIES

The vesvarch  activitios undeviaken dwing the development of
this projoct include. first of &ll, base line studies on thio
Fermenbalicon of  suger cane  as 1t s prepaved  in the mill
pricr Lo suada ertractions with no extra water added.  Here
we found  bhat the  lono ribbons  of cane were difficult to
handle S50 we luckad 1nto alternative forms of  cano
prepa aticon. such  as wse of A m1ll to prepave a mwore finely
grouwnd matecial resesblinng saw dust.  This material  net cnly
proved to be wmoech easies to handle but  alse provided more
surface  earta to improve sugar  diffasion. Since cane varieby
and Tiker  content  have  been  taken  1nbto considiiration as
wmportant  precess veriables  in the sugar industoys we alaow
Tauked inti the fermontabion of three different varieties of
canp. Detail of these activities are described in trials 1,
2. and 3 iu part 2.1 of this report. At the end of pavt 2.1
the reader will find a shovt set of conclusicons for this
v k.

Cuk  snoar  cane,  particularly shredded or ground, is very
susceptible to detericration by micreobial contaminants with a

vesulting loss  of sugar . In order  to consorve  the sugars
present in the cane for use during the off season, different
prescrvation  techuigues wvere studied. First of ally ue

lecked into ensilaae of the cane ribbons with and without the
additicn: of a lactic bacteria ineculum. Then we studied the
steam ceuplosicn of the cane ribbons, and the ensilage of the
exploded cane. Following this, we conbtinued on to the use of
codium  bBisnlfite. commonly uwsed in the vine industry to
contyel bacterial contaminants. Detail of theose activities
are  described in trials 4, 5. and & in part 2.2 of this
yepor . AF Whe end of part 2.2, the readov will again find a
short set of conclusions for this work.

As wie sow bhe difficid ties encotntered  1n working with cane
fruom the mill’s patics, the rescarch tock more into Aacconnt

technignes  for Favea ivg yeast  fermentation cver metabolic
activities of contaminants. And at  this time procossing

technigues were  medified to yeduce time betweon gy inding of
the cane  and  additien of  yeast  ineculum  and conteol of
fevmenkabion temperatives  to levels above  those vepoo-ted to
be favorable for  dentran Tormation. We studied the effect of
vs i highoy levels of inocithun in thoe fermeontaticoons. ke
aleo studicd  the addition of water and use of agitation to




induce miding  of the cane and  yeast celle  and te Japrove
diffusion  of tho sogoar from the  intevnel cells of bhie soger
cane particles. Delail of these activities wro desccibed i
trials 7 theough 10 of  pect 2.3 of this veport. Theo a
cection  whore the conversion paramelors havo beon caloalated
for  bhe data  1e presented. anid compaved 1Tor simillar daba
caloulated from the Litoratuere.

Tt is  itwportant  to peint out that the sogar dndostey In
Central  america s in o point of changey with mechanical
harvesliog taking place of much of the harvesting by haod as
traditionsl  in the area. For examples the mill which we
weorkedd with dinina the  activities descvibed in this  veport,
Fantalooen in Guatemala’se south coasts fow procosses aboul 30%
mechamicatly harvested  cane and 204 hand  harvestod cowe. A
Faw voars  anos BHide relaticnship  was the other  way arcnnd.
The micharically hovvested  cave 1g burned 1o the fields o
remove  loavoes which vionld interfeore with the cuatting prucess
et Toabkor millinag. The tao-ning leaves  wouwnds on Lhie carie
stalls maliinag it wmore susceptible to microbial penetration.
Dedave  of len socws ine the field and  in the patic, also

increasing  the opportunity for microbial detericratior.
Do 1 e 19845- 1987 har vest season, we  encounlerad

contaminabiogn  levels Lthat we had oot seen  in earlier woirk
chr iy the last bton vears on EX-FERM. )

Fart 2.4 aoes on to describe a study on the ethancol tolerance
of okl yeasts  which Form part of  the  ITCAITI Cul by
Calloction and which are being wnsed in this study. It is
porticwloe bty inportant for o comeveial process that the yeast
col bhure used bo tolerant to othanol at temperatuwres commonly

foumd 1o thir sugi cane areas of the coastal yveglons.

FPart 2.9 describes very bricfly the work being dono on the
destty ay pooducticon kinetics of cultiwes isclated 1n the sugar
zame durina the 1986~-1987 season. e are looking for wvays to
delioy o teiibit  the  activity of  the dextran—producing
contamirinte.
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2.1 Intitial fermentation studies using cane from the mill
processing line.



Trial MNo. 1.
Februamy 10-200 1986

Low Moisture Fermentation of Ground Sugar Cane, 1.

Frasibility of aground sugar cane foraantation with o
additbicn of waker wae studied. Thinking of futwe scale-up of
the process. we chose o work with chopped cane as pirepaed

in the mill.

Matovials:

Sugay  cane was obtained Trom Inpenic FPantaleon, Santa Lucia
Cotznmal Quana.  Ceave  was taken  Trom the process line afbor
auing throudh Towr  chopperss just hefere entering  the mill.
foppesm ance of chopped  cane was rreaular . Stivaeddied vibbons
vere  of different longthe, the longest boing 20 em. Cane
was  Laken  frem  the will  bte ICAITI in plastic containers
(layne aarbaoge cans) and left in refrigeration overnight.

a Saccharamyces cerevisiae stirrain. L1811, was v,

Tvcculiun wags Q) S ma formentor for 20 h. Yuast
concontraticn in the formenicor reached 107 cells ml=—?t. The
mediog wsed  Tor  inoculum growth  was 4% sucirose, i.17%

(HHL ) B0, 0.043% Na HPOL - PHL0.  0.03% MgSQs, and Q.1% ycast
putract.

Method:

Flastic baos wae prepared conmtaining & kg of  the choupped
sugar Can. Inoculum at the 5% (Ww/w) was added
propevticonally after  every kg of cane was put  in the ban.
Ttans  wrre closeds pressing the cane toe reduce air bubbles
tyvapped Lielde.  Each 5 kg bag was put inside anctherv plastic
bag itn  which CO. waes  injected  to provide  an anaerobic
erwvironment. Fermeatation temperature was 28 C.

The bags were  opormed 3. B and 10 days after fermentation
startod. Sugar  and ethyl alechol analyses were made oo the
juice obtained by pressing a vepresentative sample (around
250 o) of  Termented cane. Residual sugacs in pressed bagasse
vies  alao deb yvintoed. Sugar  analyses  were made using the
Lo f-Schael metboed .t Ethenol Was detevmined by gas
chrematography.? Moistwre of bagasse was determined by dirying

1. Biweare 0. A0 and Foo H. Zevban. 1955, Fhysical and
chemical wethods of  sugor snalysis. Third edition. Hew
Yorvs Tetng Wiloy & Sons. pp.830-823.

2. Liee .. A. Haukeli and J. J. Gether. 1970. Gas
chiromatam aphic deteemination  of ethanol. Fryamestery e 11z
/81-289.
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te constant weighl at &0 C. Reported data are Lhe average of
bvien sampedes.

Miciebiolooical | coule  were made 1w Ehe  formented  cane

~eos. A weiahed poocticon of  cone was blendod wuith stevile
phasphate  Luffer. and decimel dilutions were then prepaced.
Aliguetes  weavre plated 1 omalt  agme,  and the plates woere
incubated At 28 C for  4B-72 h. Flora was differentiated by
microscopical observation.

Fosulte:

1. Theve oexiste strong evidence that delay in adding yeast
incculum bte sugar cane favored ancthor fermentation proce
prosumahlv a lactic fermentation. 1t can be swen in Tabloe 1
thet  inttial suow  content was  &%9% lower than the averango
value of  PO%. Data  in Tabkle @ shows  that ve ethanol waeg
formed befare cane  was inoculateds  and pH o values shown in
Table D aie low comparcd with a  value of 5.0 consideveod as
avoraage 10 Tresh sagas cane juice.

2. A Feomentaticon Lime  of  thyvee days was Necees:ay to
convert 811 of  Tecrmentable sugars  to ethanol.  The average
valtue of Yosm vicld was 0,44 q ethanol/ g sugar consumnnd .

9. Trials with uninccutates sugar cane showed a loss of &5%
of the formentable sugars afher a storage pevied  of eight
dave. As uhsorwved in Table 2. ethanol was not produced.

4. Data sheoun o Table 4 covvespond to vesidual sunar Fenl
in pressed bagase. A mass balance showed that 174 of

c iuinal sugins was skill  anfermented after thyeo days. This
rosidual sugar was distripoated in the fallowing way: pressad
banaase contained  3.3% and  juice contained  13.74. Ao a
fermsntalion perlied of oight days. unfermentod sugar was 7.4%
of e iainat. (.3% contained in pressed bagasse and  &6.1% was
racaverad  bn cans juice.  After  ten days  of Termentation.
wnfevineted suga lowered to 6,04 of criginal suga, 1.0% in
mrossed bagassn and  4.9% 1N the juice. Fesults show that
suganr v etatned i bagasse 1s wealigible  compared o suqar
el of juilce.

L

S, Freliminery microbiclogical coumts shoawed thoe presonce ol
hiah levels of bacteria in both cane treatments.  Ueo assume

Ehat thoe  bhactoeria are  vesponsiblo fo the low  pH and the
vapid  initlal  less  of  sugear. The sciuece  of  bacterial

contamination was not determined bubt could have been v am the
coiginal Flova in cavies Floca which develaped during delay in
theo mill e palilos. conkamivieonbs 11 the process 1inc, E AT
contaninanbs  bhat  develoeped due to faverable conditions
o ivdg boanspos Bk Ehe Toetd Bnte and the cvernight delay.
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Table 1: Total suger (g/100 ca™ juice)

Time (davs) Incoulated cane Cane without incculum
¥ 13.86 13.84
3 .44 nd
a8 0.99 4,87
10 0.80 nd
nad = net detereined

Table a: Ethanel produced (g/100 cm® juice)

Tiowe (davs) Inocﬁlated cane Cane withcout incculum
Q 0.0%9 0.09
3 4.83 nd
8 .78 0.00
10 .43 nd
nd = not determined
Table 3: pH value in juice
Timer (davs) Inoculated cane Cane withcuﬁ incculum
0 3.80 3.80
3 3.77 nd
a8 3.60 3.03
10 3.37 nd

ad = net detormined



Table 4: Residuwal suaar in the pressed bagasae (g/100 o welb
bagasse)

Time (daye) Incculabod cane Cane withoul inecudum
3] a9.5%2 .52
3 1.10 nid
8 0,38 3.53
10 0.31 nd

nd = not detevrmiveed

Table 5: Hicrabial counts in the fermented sugsr cane
(10% cells/qg)

Time (diavs)  Incculated cane Cane withcut Flora present
incculum

- o nd yveast
& 8 nd veast

46 nd bacteria
8 nd 0.5 veast

nd 81 bacteria

nl = net debkermined
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Trial Moo 2
Frbrumy 18-74. 1984

Low Moisture Fermentation of Ground Sugar Cane. ¢&.

Twe different sized particles were tested in the formontation
of suaen Conwe s qround  and styedded .

Materials:

S cange: Stiredded sugar  Care was obtained from the
Py Lt Tine of the mill  as befere. The smaller particle
size was oblained using A laboratary grinder that belonged to
the mill. This machine had swveral parallel sawdisks which
around sugar cane to tiny fibors, 1-2 cm leng. The material
gavdust .

Sinogulum Was propared as hefore.

Method:

Grovmd  and  chopped  suoar  cane was incculated the same as
described  before. Bamples were taken at 0, 2 and & days of
fen-meantal o, Analytical procodures ave those described
previously.

Resitl ke

Table & shouws the sugay concontration data. Initial suaar
content of canm  julce was lower than expected. Since stgar
coane was Tefl 1o refyiaeration cvernight, it 18 assumed that
bhacterial contaminants  and wild yeasts consumed fermentable
sunin” before tests bedai. after two days of firmentabicin
ar af 1nltial sugaws had boen consumed. Theoretical
conversion of suaay to ethanal was &5 fov chupped  cane avud
48Y% fTor ground cane.

fe swen  an Table 7. chopped cane Formentation reachod brigher
ethanel  concentrations than ground cane Fermentaticn. A
yeasomy for thils behavio: conld  be the estended swface area
that aroud cune offers to microbial attack. Contaminanle
arov boelbey 1% Ehis ervivonment coanyey Tlng sugay” to theidr
own metabolilc producte. Low Yere values shown In Table 8 and
bactarial coots ol Table 9 suppeort this idea.

The pH values for both treatments are similar, as can be seen
ine Table (0.

With  veaoards (W] Lhe micvobial Flon-a pvuemnt, data can be
feund 10 Table 9. Again bacterial contaminants predominate.
povbiculoar vy in the case of ground Ccane whim-e the yatio of

hactoria Lo veast at & days is 2.6 to 1.
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Table 6: Total sugms (@/100 cm® juice)

Taime (days) Shredded cane Ground cane
] 1464.37 14.820
& 2.97 5.02
& 1.02 1.94

Table 7: Ethanol produced (/100 cm® juice)

Time{udays) Shreddad cane Ground cane
2! 4,05 2.66
O 5.39 3.97

Table B: Yp,w values (g ethancl produced/g sugar consumed)

Time(days) Shredded cane Ground cane
= 0.44 0.3°

& 0. 44 0.34



Table 9: Hicirabinl coamts in fermenteod cane
Cane Time Count Flora present
(davs) (10% cells/q)
Shredded 2 a2 yeast?
b a8 yveast
4é bacteria
Ground 2 3o yeast?
b6 14 yoeast
135 bacteria

Racterial count was not detevrmined.

Table 10: pH values

Time(davs) Shhredded cane Ground cane



Trial 3
il -1, 1986

low moisture fermentation of ground sugar cane. 3.
Triale wore made using three sugar cane varieties with
diTferent fiboy content.

Materials:

Suaerv, _cane:  Three different varietios of sugar cane werz
g ovided by the Arr1cul tural Department of Ingenio Fantaledn.
Cane varietics were identificd as follows:

F=3%-11. a low fiber centent variety with about 10%
Tibey

FIMDAR. with about 13% fibaeyv

BI-67-32. & variety whose fiber content ranges botween
= .. . Ly 2]
= oand 17%.

Yoamt: Saccharomyces cerevisiae ctirain (ICAITI L-181) was
Dheculun woas  giown inoa fermontoy  forr 20 h as
deoscribed orevicously. Mediom “used for incculum growth was
the @ as the two previous eiperiences: 4% sucroses 1.17%
(HH ) 32800« 0.0483% MapHFO, o 2 H0. 0.03% MaSQ, and 0.1% veast
oxtract .

Mo bhodz

SHgal GV Was growad in the laboivatory grindey as described
before. Farticle size was aboud 2 cm long and ganeral
Appearance veosembled sawdust.

Haos wers prepaced with 5 kg each of ground cane. Incculum
was added  ab S¥%iw/w) . adding a portion after each kg of cane

was put 1n the bag.

Eormentatic was carried ot at yroom temperatuire, 23-27 C.

Analveis:

Sugayry  mufile  was detormined using high  pressuwre liguid
chvomatogyaphy.
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Table 11:

T1me

h

0

48

Table 12:

Time

h
Q
24

48

Ethanaol

13.9

11.2

18

Suaar s (@/100 cn® julce?

Fiber content, %

13

(g/100 cm® juice)

Fiber content.

13

1.7

%



Table 13: Hicrebial counts in the @round cane of differont
fiber levels

Fibe content Time Yeast count Rachorial cout
% h (10* cells/qy) (10¢ cells/u)
10 Q 0.3 nd

24 14 1305

48 21 1150

13 O &0 &10
24 17 805

48 20 1315

19-17 Q 100 700
&4 09 2070

48 20 465

nd =-not determined
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SUGAR PROFILE FOR THREE DIFFERENT CANES BEFORE

AND DURING FERMENTATION

TIME FRUCTOSE GLUCOSE _ SUCROSE FRUCTOSE GLUCOSE SUCROSE

(h) (8/100 c) (97100 ca°) (8/100 cn°) TOTAL (3) (%) (%)

Low fiber content 0 0.25 0.17 20.22 20.64 1.2 0.8 98.0
Sugar cane (10%) 24 2.22 3.42 8.13 13.77 16.1 24.8 59.0
-p-33-11- a8 2.84 2.12 6.49 11.45 24.8 18.5 56.7
wedium fiber content 0 1.85 0.74 16.46 19.05 9.7 3.9 86.4
cugar cane (132) 24 2.06 1.53 11.71 15.30 13.5 10.0 76.5
-PINDAR- 48 2.01 1.52 11.15 14.68 13.7 10.4 76.0
High fiber content 0 1.28 0.55 17.08 18.91 6.8 2.9 90.3
Sugar cane (15 - 17%) 24 1.18 0.94 12.57 14.69 8.0 6.4 85.6
85 - 67-32- 58 3.23 2.47 5.16 10.86 29.7 22.7 47.5

a?



Conclusions for trials !, 2 and 3.
Low motstire fermontation of ground sugar cane

1. Bacterial contaminaticon is a major problem in using sugar
coves prepoo ed in the w11l for elhanel fermentaticon trials.
De:lay 1n nroecessing of SLHIAT Cano favers growth  of
cunbaminnals and reduces sugay comversion to ethanol.

2. Tho cmaller size particle obtained with  the grinder is
famier Lo werk with.  Samples  can be  wixed move bthroughly

with arcund cane than with shroedded cane.

3. Cavier variety and fiber content  appeair to have ne effect
wn Formentaticn of sugar to ethanol.

Recomendations:

Coantrel of contaminants can be achieved by:
- uze of good quality cane,

vednced  delay between  grinding of  sugar cane  and
incculation with veast,

- improved yoast ionoculuun level.s

-~ use of chemical preservatives to  control bacterial
orovwth e end/ o

- wudd Tcation of  feymentatios conditicons to Favey
yrast growlh over that of contaminants by:

-  addition of water,

- temperature control.
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2.2 Cane preservaticon



Trial Mu. 4
March=-Septoaber 1986

Sugar cane preservation:ensilage

oesar vabtion of Teraentable sugars was  studied in sugor cane
which had been ensiled for ane and five months. The effocl
of adding lactic 1neculum te  the sugar cane previocus Lo the
ensilage povicd was also  studied. In both treatments. the
Fermentability of v omaining sugars to ethanol was tested.

Materials:

Bug@an | Cane: Stn edded sugar cane from  the mrocess  line of
Ingenic Fantaleon was uesed.

LLacti : nlum: A Lactobacillus plantarum stiain (ICAITI
AT pwes uwsed. Inoculiue was growm in tomato juice medium for
24 hours oo Lo use.

Yerants 7 Saccharomyces cerevisiae sbtvain (ICAITI L-181) was
used . The: wmodiwin nsed  for  inoculum avawth was the ssme

decciribed boefore.

Methad:

Five—=li  baas  of  shredded  sugar  cane ware incculated with
Lactabacillus plantarum incculum at the 5% level(w/w). A set
of baas of wninvoculated cane waz alse prepared.  Bags were
closed by ving to aveid atr bubbles tirapped inside and left at
voeam tomporatiee for one to five months. :

Formortat toor of enziled matevial was  stavted with a 5% (u/w)
veast incenlim.e Do ka bags were prepared  from cach five kg
ensileod bao 1n on dev te hoave samples at 0y 84, and 48 howws.

Ethanal and sun«ar  analveis were made on prossed julce  from
the  cmne samples.  Fopoes bed data are an average of at least
Lhres oxpovimental antts.

Suiger moTiles  show  the results of high pressuvo liguid
chromatoacanliy  analysis.  The total acids weve determined by
Eily alaeor wilth MeOH. Lactic and acetic acids were detevnived
by aas=ligquad chromaboaraphy .t

1. L. V. Floldoamans  E. F.o Cato and W. E. Moora. 1972.
Anancobe  Loborator.y Havtal o Faurth edition. Virginia
Felvbechnical Tuskitule State thiversity. Rlacksbings Va. p.
117-142.
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lactic acid bacteria wnable to use glucese and insboad.
formenl firactose Swe Rainbow (197%) for further discussicon.
The lantic acid hacteria are able to produce acetic  acid s
well  as lactkic acid. The high levels of acetic arid fouwwl
(Table 23)  would be toxic  to veasts and  acst bacteria (sow
Hov janc T aml Gray. 1987 aud  Fons et al.,1904, Fon &
dlgLuad ond s which would cxplain vesidual glucuse present.

‘7. Aeld profiles  ave shown v Table 23 for silaqge ab owe
menth and in Table &4 for silage at S months. Heece data foo
total acids  wid lactic acid  are aiven. A very inteyosting
point ig that the lactic acid 1s a  minor component of Ltatal
acidibtve G epreseantiya 9% at  five monbhs  when oo lactic
bacteria had  been  added.  and  16%  when the canm had bean
inoculated vuith & lactic cultiwe.  For the one-anonth samples.
acwtic acid was doterained,  showing 16 Lo be the principal
compenent ol tobtal  acids. Thic wendd  indlicabo  certaln
activity on the part of the lachic acid bacteria added. Allil
and  Habea (1982 stodied engilage of chopped canes ncludiig
leaves and  tupe. and veoported  lactic acid as  the principal
acids but by 10 davs of onsiling, the molar vatico of lactic
arid bte acetic acid wes only 1.1 to 1. From thelr data, we
caletlated bhe  juwice acidity {(sum of lactic awl aretic aride
beth calealated as acetic ncid)  to be 0.73 g/100 co®.  which
e mnch lowor than the values we observed.  How do we explaiv
[his?  The fisal pHo 1g koo low ke peveib act.vity by most
Clostridium. ey  lactic acid bacteria &avre  capablo of
produr inn acetlc  acid and ethanol as well as  lactic acid.
Yeasls alse producs aclds.

Falnbow. 0. 1978, Beeyv spoilage lactic acid bactevia. pp
169158 in J. G. Carey C. V. Cutting, and G. C. Whiting, eds.
Laclic Acid Backeria 1u Rovoragqos | and, Faod. LondenshAcademnic

Fre

Mo yenof Fe P T ennudd . P Giray. 1937. Optimization of
stean  exdplosion as a method for increasing susceptibility of
GO =23 bagasseo to enzymatic sacchar 1f1cabion.

Biotechnology and Biorngineering 29 733-741.

Fonizs Mog ie-Moelle.s Al Rajab  ad Jean-Harc Engasser. 1984,
Influsnce  of acetate on orcwth kinetics  and  production
cenliel  of Saccharomyces cerevisiae o glucose and ebhaned.
Applied Microbiology Riotechnology 24 198-198.

Alli, Inteaz. Hruce  Bakers and Gary Garcla. 1982, Studies
e the Termentation of chepped sugarcane. Animal Feed Science
and lichnalogy 7 At
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Table 15: Foivmentation of ensiled cane @ sudgay
/100 cu® juice

[N Firesh
Tackic
Lhcc o -

Time (1)

O 18.4
ah nd
H8 e.1

viel = not doetey mined

Table l6: Fesmentation of ensiled cano:
u/100 @ julce

Cane Frosh
lactic
oo biun -

time (h)
Q 0.1
24 1.1

Ha 3.4

o

Ensiled
one month

1.1 1.4
0.9 1.2
1.0 1.4

Ensiled
one month

+ -

5.3 5.1
5.3 4.9
5.2 4.8

concentiration,

Ensiled
five months

+ -—

0.8 1.0
1.0 1.0
1.0 1.0

ethannl concentration

Ensiled
five months

+ ——
4.7 1.0
4.5 0.9
3.8 1.0



Table 17:

Cane

tactic
inoculum

Time (h)

e
\’.) t)

pH vaiues 1o juice duwaing Fermentabion?

Ensiled ane month Ensiled Tive months
+ - + -
3.6 3.7 3.6 3.5
3.4 3.7 3.9 3.5
3.6 3.7 3.5 3.5

t. pH value of fresh cane juice-was S.2 before ensilaage

Table 18:

Sample

Fermontatian  of

f cane ensiled foy ocne month  with
lactic 1noculum: microbial counts. (10% CFU/g)

Timze (h) Count Predominant flara present
(¥ 450
24 4465 bacteria
48 243
4] 184
2h 149 bacteria
48 118
0 R36
24 158 bacteria

43 113



Table 19: Fermentation of cone stoved Yor one memth withoutd
Tactve inccnlumsmicrebial counts (104 CFU/g)

Bronple Time () Count Fredominant Tlovra present

0 37

1 24 127 bacteria
48 &4
Q 21

o 240 &b bacteria
48 37
O s

3 a4 a8 bacteria



a9

Table 20: Fevymeotalicn of cane ensiled with lactic incculum
For Fiwvee months: microbial counts (10€ CFU/g)

Sednp e Time (W) Conant Fredominant flora presont
18] O.003
L 24 0.011 bacteria
48 ST
0 0.38 yeast, fungi and bacteria
a2 24 nd count refers to yeast
48 0.18
O 0.17 yeast, fungi and bacteria
3 a4 0.0003 count refers to yeast
(2%} 0.0

ad = conmt was net determined because of fungal contamination



o

Table 21: lFormontabion of unionculateg cane stercd e Five
menthesr microbial countes (Lo CFLL 00

Samploe Tima (h) Count PFroedominant flora prozond
Q 0.0
1 24 0.01 bacteria
48 0.09
o Q.02 yeast and fangi
P 24 0.002 yeast and fungi
48 0. QOO% yoast
0.0018 bhacteria
QO nd
3 24 0.0014 yveast and Tungil
0.Q07 bactoria
a8 0.004 yeast and fungi

nd = ceaml was not detevmived because of fungal contamination

(Sampnles had a characteristic odor  of valatile acidss
particular 1y babyiric acid.)



SUGAR PROFILE DURING THE FERMENTATION AND ENSILAGE OF SUGAR

TABLE

22

CANE

TIME FRUCTOSE GLUCOSE SUCROSE TOTAL FRUCTOSE GLUCOSE SUCROSE
(h) (9/100 cn®) © (9/100 cmd) (9/100 cmd) () (%) (%)
Fresh cane 0 0.9 0.7 17.3 18.9 4.8 3.7 91.5
V 48 4.54 3.84 0.12 8.50 83.4 45.2 1.4
ONE MONTH ENSILED 0 0.04 1.00 0 1.04 3.8 6.2 0
Cane with lactic 24 0.06 0.81 0 0.87 6.9 93.1 0
Inoculum 48 0.02 0.94 0 0.96 2.1 97.9 0
CANE KEPT ONE MONTH 0 0 1.42 0 1.42 0 100.0 0
Without 2% 0.06 1.15 0 1.21 5.0 95.0 0
Lactic {noculum 48 0.22 1.13 0 1.40 15.7 84.3 0

-z




ACID PRODUCTION * (¢/100 em® JUICE) -ONE KOWTH ENSILAGE-

CANE o ACETIC ACD LACTIC ACID TOTRL RCIDS AL oI A aaf?gzznso
(h) (9/100 cn”) (g/100 cm) {9 Tactic/acid 100 cn”) ACETIC ACID LACTIC ACID ACIDS
(%) (%) (%)
- X X X
Ensiled with 0 0.75 0.73 0.74 0.95 1.26 1.11 2.79 297 2.8 43.3 38.5 18.2
Lactic 2 1.00  0.94 0.84  0.84 2.75  2.72
Inoculum 0.84 073  0.88 1.05  1.16  0.97 279  2.75 275 53.4 35.3 11.3
a8 0.90  0.91 1.00  0.89 2.84  2.61
0.60 0.60  0.75 1.26  0.89  1.01 279 2.79 276 a7.2 36.6 16.2
\:__\\’_‘\.:
Ensiled 0 1.37° 1.38  1.38 0.63 0.50  0.56 2.66 2.8  2.57 71.9 21.8 6.3 Y
Without lactic 24 131 1.27 0.45  0.74 2.57 2.52 -
Inoculum 1.19 1.8 1.4 0.55 0.5  0.58 243 2.3 2.47 77.0 23.5 -
28 1.4 1.18 0.42  0.76 2.75  2.48
1,37 1.3 1.33  -0.47 0.58 0.74 2.31  2.03  2.39 72.3 31.0 -




ACID PRODUCTICN

TABLE 24

(9/1C0 cm3

-1
-t
=
m

juice) -

FONTHS  ENSILAGE -

I'd

CANE T%l:% LACTIC AC:I;D TOTAL ACIDS ] -};—i(;_T_‘ﬁL—‘:i‘D—;—
(9/100 cm™) (9 lactic acid/100 cm”) AS LACTIC ACID
(%)
Ensiled with X X
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 \)3
48 0.41 0.43 8.65 8.29 N
0.70 0.63 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
43 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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Table 235: S comeenteration  dwing the Tevmentation of
slean orulodod sagor cane (g/100 e juice)
Cane Freahly Fusiled Ensilad
crploded ocne moenth five aiths
lactic
et tam - + - + -
Time(h)
Q 11.71 8.7? 7.4% 7.82 7.Re
24 10.5 2.5 ?.6 5.7 H.3
u8 10.4 8.6 8.9 5.8 H.h

1. Suwam content of  the cone juice was 15.6 g/100 ca® hefore
steam explosion. Explosion reduced  sugar content  to an
avizrage of 9.4 a/100 cm®y a vedaction of 40%.

a. Suoar concentration of the cane juice was 18B.4 /100 am®

before stoam eaplosion. Fuplosicn veduced sugar content  to
an averans of 7.3 /100 am®, a vedection of 60%.

Table 246: Flease sce next page.

Table 27: Ethanal concentration during the fermentation of
steam cuploded sugar cane (/7100 cn® juice)

Cane Frashly Cane ensiled Cane enciled
exploded one menth five months
Canie

lactic
1rscud o ~ + - + -

Tima(h)



SUGAR PROFILE DURING

TASLE

THE FERMENTATION

26

AND ENSILAGE OF

STzAM EXPLODZD CANE

TIke FRUCTOSE CLUCOSE SUCROSE TOTA FRUCTOSE GLUCOSE UCROSE
(h) (97100 ) (8/100 ) (9/100 cn®) (%) (%) (%)
Zxplcded cane 0 4.1 2.0 0.6 6.8 61.1 30.2 8.7
25 4.5 3.8 1.2 10.5 £3.1 45.3 11.6
48 4.2 5.1 1.0 10.3 40.9 49.7 9.4
Cri2 month ensiled 0 5.7 4.6 0 9.2 5C.5 49.5 0
Exploded cane with 23 4.8 4.8 0 9.6 59.7 50.3 0
Lactiz insculum 48 3.9 4.5 0 8.4 46.2 53.8 0
1] 5.0 3.7 0 7.6 51.9 48.1 0
Explodad care kept 24 5.5 4.6 0 10.1 54.9 45.1 0
n - - -l . ~"\\
AR 4€ 4.8 4.1 0 8.9 53.8 46.2 0

without lactic incculum




Table 28: phl volues

Cane Froelily

i judcoe of exploded e

ga

Ponrmenn bod caree

Exnladed cone Euploded cano

capluded ens i ded sl led
Cane cne manth five wontlis
Ll
L] g - 22 -~ + -
Time{h)
O 3.4 3.6 nd 3.6 3.6
24 3.7 3.4 3.5 3.5 3.9
48 3.5 3.5 3.4 3.4 3.6
vild = not determined
Table 29: Hicrvobial counts during the fermemtation of fireshly
esnloded cane (10« CFi/g)
Time (1) Yeost Bacteria
O Q.04 0.01
= n.8 0.30
48 0.1 0.39
Table 30: Hicrobial connts during the fermentabion of  steam
exploded cane which had been ensiled Tor cne month
with lactic inecculum (10 CFU/Q)
Time (h) Count Predominant flora
0 0.01 yeast
Ph 1.35 yeast
48 2.56 yeast



Table 31: HMicrobial counts doving the  Tormeoiabion ot @b
euploded  caor  which  had boren  easlled Tor five
morthe with lackic inoculue (10e CFUL/Q)

Tinme (h) Count Fradomtnant flovs
O 1 yeast
4 4 yeast
g & veast

Tahle 32: Micrebial counts during the fermentation of steam
erpleded cane which had beean ensiled for ove moath
without the addition of lactic incculum (10 CFU/Q)

Timer (h) Yeasti Racteria
(¥] 0.0012 0.0012

24 0.,00182 0.0030
48 0.0014 0.Q0P0

Table 33: Hiciobial counts diring the Tfermentation of sieam
exploded cane which had  been ensiled for five
menths  withont  the  addition of lactic inoculum
(10 CFU/qg)

Time (h) Ceant Predominant flora
] nd fungi
24 14 yeoast
48 30 veast

nd = not determined



TABLE 34

ACID PRODUCTION -FIVE MONTHS ENSILAGE-

LACTIQ AC{D TOTAL. ACID§ LACTIC ACID TOTAL. ACID§ LACTIC ACiD
(g Acetic gc1d/ (g Acatic 3Ac1d/ (5/1C0 cm3) (g Lactic 3Ac1d/ TOTAL ACIDS
100 cm”) 100 cm”) 100 cm”)
Stean explcded cane _ _ _
. With lactic inocculum X X X X
Oh 0.31 0.31 1.20 1.20 0.47 0.47 1.80 1.80 25.8
25h 0.30 0.31 0.31 1.03 1.44 1.26 0.45 0.47 0.46 1.62 2.16 1.89 26.6
48h 0.23 0.23 0.23 1.56 1.20 1.38 0.35 .35 0.35 2.34 1.80 2.07 16.7
Wwithout lactic incculum
On 0.19 0.19 0.84 0.84 0.29 0.29 1.29 1.29 22.6
2ih 0.13 0.10 0.12 0.24 0.66 0.50 0.19 0.15 0.17 1.26 1.44 1.35 13.3
&8h 0.14 0.07 0.11 1.42 0.55 0.99 0.21 0.11 0.16 2.13 0.83 1.48 11.1
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3. hata frow  the feraentation of sodion bisulfite ensilod
cane ar e shown Lo Tables 40-4%, Cane at O and 0.13% (w/w)

godiun bhisulifite were alvaady feveentoed by wild yeast. Cane
at 0.30%  (wou) sedioaw biswdfite could  vet be  formonted by
viettheo wild o Incculatsd yeaxst culbuces.




Table 35:

Time

h

Table 36:

Time

t

Farmontaltan

tiaulfile.

14

of
Suaars

Tiresh
(/100 cm®

Cane

treatod with

wice)

SGodivm bisulfite addeds %(w/w)
[¥) 0.15
21.1 21,1
15.3 18.3
3.8 i2.7
0.7 21
Fermentation of fresh cane  treated with

bisulfite.

Q

Ethancl

Sodium bisulfite

(g/100cm®

0.15

juice)

added,

Alw/w)

soucliun

19.4

19.8

1.1

sodium






Table 39:

Time (h)

Q

24

Table A0:

Time ()

O

24

48

78

Micrvobiial  ceuoak dining fermentation of sodiom
biculfite treatod sugar cane (10% cells/Za)

Sodium bisulfTite %4 (w/w)

] .15 0.30

0.1 0.1 0.1
310 13 0.9
215 142 17

Fevmentation of sugar cane stoved for one month.
Suagars. g/lo0 cm® juice

Sodium bisulfites %4 (w/w)

u] 0.15 Q.30
1.0 0.9 15.9
0.9 0.1 19.1
0.9 G.1 18.9
1.0 0.2 nd

Initial suwoar content of fresh sugar cane  juice before
ensilaage was 21.11 q/100 ca®

nd = not determiaeaed



Table 4l:

Timeih)

24

ni

Table 4@2:

Time (h)

Table 43:

Time (h)

9%

Feo mentaticn of sugar cane stovoed for one month.
Fthianole /100 cn® jnice

Sudiwm bisulfite, % (w/w)

0 0.15 0.30
3.4 6.8 0
3.5 7.7 0.1
3.6 7.7 0.2

pH values of juice dwing fermentation of around
suaqar cane stored for one month

Sadium bisulfites % (w/w)

O 0.15 0.30
3.8 4.3 4.3
3.6 4.0 . 4.0
3.6 3.9 4.0
3.5 4.0 4.0

Micyobial count during fermenticon of sugar cane
rmsiled wilh sodium bisulfite (10% cells/a)

Sedium bisulfite. %4 (w/w)

0 Q.15 0.30
11 1.2 Q.4
=il 0.8 0.001
11 3.7 0.003












2.3 Improved fermentation conditions









L s
[NLE]

Tabale 45:; Froswoentatvon of arouwnd cane  wi bh added water and
cculum loevel sel gt 10O% celle/a cone

Flhhanel nrodaction (/100 cn? juice)

Uator additiov.s 4 (w/w@)

Tiwme (h) 0 S0 100
Q Q.00 0.02 Q.02
b Q.04 G.01 0.02
12 .10 0.08 0.12
18 0.31 nd 0.20

&40 0.70 0.58 0.37

nd = net detormined

table a6:  Fovmenbation of croand cane with  added water and
incculum st at 10% cells/qg

Tetal suaars (g/100 ca® juice)

Water addition.s 4 (w/w)

Time (h) O S0 100
y] ~l.23 14.164 10.62

24 12.28 S5.13 b.41






o
BELS]

Tabhle H9: Fewvmenbtalion of ¢ ound canc with added water and
incculum level set at 10% cells/g cane

Ethancl production (/100 ca® juice)

Water additions 4 (w/w)

Timw: (R) 0 S0 100
v Q.04 0.04 0.0

& 0.93 1.02 0.946

1P 2.06 1.95 1.79

18 Gd.4b 4,66 3.43

Ph 4.68 4,06 3.78

Table SOz Fermentation of oground cane with added water and
incculuwn set at 10?7 cells/qg cane

Total sugars (Q/100 ca® juice)

Water addition, % (w/w)

Time (h) 0 S0 100

0 21.23 14.146 10,69

24 1.24 0.15 0.07



572

Table S Fermontation of ground cane with added weler and
incculum level set at 10% cells/qg cane

Theoretical conversion,s %

Water addition.% (w/w)

Time h) Q S0 100

Q 0.4 0.3 0.3

18 2.9 vid 3.7

24 4.5 8.0 4.8

nd = viol deteranined

Theomretical conversion = g ethanel _produced + 100 wheve
a theorecticel ethanol

i

Theoretical ethancl 0.51(g original sugar)



Table 52: Fovrmentation of around cane  with added watoer

59

incculum Jevel set at 107 cells/g cane

Thearptical conversiorn. Y4

Timer (h) O

0 0.6

18 L 41

24 7.6

nd = not detormined

Theoictical conversion

Theoretical ethancl

Water additions %4 (w/w)

nd

9.7

=g ethanal produced

a theoretical ethanol

0.51 (g original sugar)

¥ 100 wheve

arid



59

Table 53: Fermentaticn of ground cane with added water and
inccuwlum lovel set at 107 cells/g cane

Theomretical conversions %

Water additions %4 (w/w)

Time (h) - ¢) 50 100

24 4%5.1 61.8 b0. b

nd = nol determioed

Theoreltical conversion = q_ethangl _produced_ _ * 100 whove
a theoretical ethancl

Themfetlcal ethanol = 0.91 (g original sugar)



FIGURE | Efiect of addition of water
on residual sugars

60 .
WATER ADDED, %

e 50
) A 100
2 40 o 50
S 30. o 0
[7,]
E 20 .
& 10]
@

o)

INOCULUM (cells /g cane)



kY

Table S4: Comparative Yp/s values

Incculum Wator addition, 4 (w/w)
(cells/a cane) Q 50 100
105 0.08 0.06 0.09
1007 0.08 0.08 0.10

107 0.7 0.33 .33

Y p/s = g ethanol produced
Q suga consumed






5H3

mionve waber diluwbed the  sugeans 10 the coanwe Fo such an extent
that the mcaotiman ethanel values cbitainable  would be 5 % w/v
ov less.




Table S5:

Tioer

h

20

Table

S4:

20

el

Ethaoo!l pradueed
sStay Cane wibh bhe addi b ion of  wa bee
(a/100 ca® juics)

Hater addede 4 (w/w)
75 100 1a5
0 0 Q
G.76 0.73 0.65
~.84 2.86 2.23
Total suwgars present during the formentation
ground suncgs cane wilth the addition of water.

(/7100 va® juice)

Wator added, % (w/w)
75 100 125
12.03 10.52 ?.346
3.59 1.93 2.%4

1 bhe fermentaticon of ground

ot



Table 57: Theoovelical conversions %, duwring the
i arocatnd suaar cone with the
Time Water added. 4% (w/w)
h 74 1a0
O (&) Q
g 12.4 13.46
20 0463 53.3

Theoretical ethanel ceversion = g cbhoncl
a
whore theoretical ethancl = 0.51 (g criginal
Table 58: Yields Yoaoas chwing the

sugar cane with tho addition of

Watoy addeds %
7% 100
Yerom Q.34 0.33
Regidual suoarss % /2.0 18.3

where Yerson clhoanal produce
L

gugar consumed

P

By =]

final _sugar *
criginal sugar

aond residual sugars =

addition of

pizeli

formentation of

Ternentation
waloy

¢}

13.6

46.7

¥ 100

thicoarotical ouhanold

sUgae)

arotnd

S Tl

A

¥* 100

100
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Table S9: Feoivmemtaticn of growud cane  in voetating cylinders
Ethancl oroduced (g/lo0 cn® juice)

Time Water addeds 4{w/w)
h S0 100
3 0.69 Q.52
8 2.22 2.17

20 2.02 2.94

Table &0: Fevrmentaticon of oround cane in rotating cylindey s
Tetal sugars (g/100 ce® juice)

Timez Water added, % (w/w)
h S0 100
3 12.05 Q.04
3] 4 .31 2.00

20 0.11 0.08
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Tahle 69: ph values n jpoace

ngitation Time Mator addede % (wlw)
h 50 100

agld tated Q Y. h Fals
5] Nl Lo

static O



it

Conclusions for trials 7 through 10
Convarsion paramcters calaulated for this wark.

In the Tollowing Table &4&8, we present the conversion
par amnter s calculated fur this work.  Here we have caloulated
the theoretical conversion  for each of  the four Lrials.
Lakina into account agilbalion oo static conditions. and lovel
of water additicon. Likewise, the per cent residial sugirs.
vield  (Ya.wds and pecitic vate of ethanol  production are
11V . A wsltatistical evaluation Tollows, as  well HE

Clountn aiave values from bthe lileraturc.
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Continuabion

Subistialie I vinent T = Inttial
atinre rate ol
3 Lanoed
|"||'|'ll|l|| Lian
<-|/1"t|.l

Suent Sovahitn cleanct .
o ahitun cult anto szcamanks
and dried at S0-
O 6 Lo less than
OA melstior 2.

) Sorahium peecleds 2F Karagr et
crahom aubee Tiber v al.. L9Y85
moveds conter
Chopped nto
sinall precnss thon
Tormented 10 the
fol lowing witys:

presancezed sorabium
solids and juico

iice alone L 500

unsqueezad sorgham &.700

PE.2% moistive con- 1.6892
Lents veasl arnoei--

lam 6 3 107 cells/q

sarahiim










pH/temperature moeters Keroco  Instcoanents Co.  LTDL, Hadel
A71). A pencil=thin eleclrode was used o Tacilabtate pH
measucenent  dicectly  ia the  tube (516GMA Ho. ESsEiE S H
cloc b ode) .

Maborials wsed:

18 Sloy age medivin for bhe veast stvains — Y4 Adar

Yeast extract 0.3%

Ilalk estiactk QLan

FPeptane Q. 5%

Glucose 1.0%

(A an 2.0%

2.  Liguid grewth mediwm Climenez and van Wden, 1985)

Glucosn . 0%
Yoast entvact O0.54
Feplans 1.0%

a2, Glucowe solutions 20% in distilled water

. Ethanol sclutions:
Noethanol sv/v Molarity (4 moles/ 1)
(4] 3 Q
& (RIS b
4 Q.49
& 1.04
a8 1.3%9

10 L.7%
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TAME 68

TOENTIFICATION OF YEAST CULTURES

TCAITL CULTURE

COLLECTION KUMBER IOENTIFICATION OF CULTURE RECEIVED FROM ORIGINAL KUMBER SOURCE
L-106 Saccharanyces ellipsoideus A 1089 Vino Yernaccla de Arfstano
L-108 Saccharomyces  ellipsuideus A 1104 ¥ino Nuragus du Sandati
L-110 Saccharomyces ellipsofdeus A 1 Yino Huragus de Sandatf
L-114 Saccharomyces  ellipsoideus A 1136 Vino Vermentido de Monti
L-115 Saccharomyces  ellipsoideus A 139 Yino Yermentino de Mont{
L-116 Saccharonyces ellipspideus A 1142

‘ L-117 Saccharomyces ellipsofdeus A 1154 Yino Canncnau de Oliena
L-118 Saccharonyces ellipsoideus A 1156 Yino Cannorau de Oliena
L-119 ) Saccharonyces ellipsoideus A 1160 Yino Cannonau de Oliera
t-120 Saccharonyces ellipsoideus A 1163 Yino Moscato de Scrso
L-127 Saccharvmyces cercvisise Y 0762
t-130 Saccharomyces  sp 4 Equilait - LG 78
L-130 Saccharumyces sp b4 Equilait - LG 78
L-131 "Saccharomyces cerevisiae B Ky -2-7-1
L-140 Szecharemyces 22. Mm 8
L-142 Saccharomyces carlsbercensis ¢ Ko. 18
L-144 Saccharonyces tp b
L-149 Saccharomyces cerevisiae B8 14744
L-150 Saccharomyces ellipsoideus € Montrichet
L-150 Saccharcmyces ellipsoideus E Montrechet
L-151 Levadura de destilerfa F NRRL ¥ - 567
L-151 Levadura de destilerfa F NRRL ¥ - 567
L-153 Saccharomyces uvarum F NRRL Y - 1347
L-158 Saccharomyces diastaticus [ PRL-77
L-159 Saccharomyces cerevisiae H KCYC 1026
L-162 Saccharomyces cercvisiae H KeYC 1119
L-162 Saccharomyces cerevisiae H KCYC 1119
L-164 Sacchareyces cereviciae H NCYC 125
L-165 Saccharomyces cerevisias 1 HYBRID 1
L-166 Saccharomyers  cerevisiae t HYBRID
L-168 Saccharemyces cerevisiae 1 HYSRID 4
L-169 Saccharomyces  cereyisise ! KYBRIB S
L-170 Saccharomyces cerevisiae 1 HYERID 6
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IDENTIFICATION OF ¥iAST CulTURES

{ continued )

ICAITI CULTURE

COLLECTION NKUM3ER IDERTIFICATICN OF CULTURE RECEIVED FPOH ORIGINAL  KUMOER SOURCE
L-171 Saccharanyces  sp J
L-172 Saccharonyces  sp 4 Celserheim 49
L-174 Saccharemyces  cerevisfae J
L-175 Sacchargryces cerevistae L Ko. 123
L-in Saceharonyces cerevisise L] €8s 2962
L-178 Saccharonyces cerrvisiae K €8S 1394
L-179 Saccharomyces curcvisiae K €6s 1196
L-180 Saccharomyces cerevisise M s 2959
L-180 Saccharomyces cerevisiae H €8S 2959
L-181 Saccharuryces cerevisiae [ CRS 1242
L-181 Saccharomyces cerevisiae M ces 1242
L-182 Saccharonyces cerevisiae K €BS 2961
1-183 Saccharuayces cerevisise K €8S 1235
L-187 Saccharonyces cerevisiae ] 156
1-191 Saccharomyces cerevisiae 0
L-192 Saccheranyces  uvarum L]
L-154 Saccharetyees  cerevisfae 0
L-196 Saccharonyces 0 Levadura port
L-198 Saccharonyces 0 Levadura tokay
1-201 Saccharomyces 0 Levadura bordeaux
L-202 Saccharonyces 0 Levadura audovin
1-203 Saccharomyces 0 Levadura beer
L-206 Saccharomyces 0 Levadura de panificacién
L-207 Saccharomyces 0 Levadura de destileria
L-208 S. cerevistae 4 5, carlsbergensis |4 1-8.¢C /194
L-209 Saccharoryces cerevisiae P l-s.¢/ 39
L2 Saccharoyces sp \ e 3
L-213 Saccharurnyces  sp /] Ysa 3
L-216 Saccharomgces sp v Ysa 22
L-2n Saccharoyces wvarum [} Ysa 2]
L-218 squies
L.222 Q NCYC 778
1-226 Q KOYC 742
L-232 Candidy brumptiy Q NYC 9
L-240 Sacchartey e fructum Q 28
L-203 sarcharengers  cercvisior Q MY 350 K
L2 Saceharcoyres cerrvisian ] Hontrachet
L-24s Sageharw e cerevlsiae ] HeYe 119



TARLE c

IDEATIFICATIG_ OF_YIAST (1t JURES

{ continued )

ICAITI CULTURE

COLLECTION HUM3ER IDEATIFICATION OF CULTURE RECEIVED  FRCM ORIGIRAL  HUMBER SOURCE
L-247 Saccharonyces  bayanus q Chanp U 5. A,
L-248 Saccharomyces  cidri Q KCYC 725
L-250 Saccharonyces baflid qQ HCYC 464
L-251 Saccharvwyces baflit qQ BYC 22
L-252 Saccharemycey  hiyanus Q WS/ 3%
L-25% Hansenula  conadensis q KYe  am
L-256 Hansenula  anamaly q Kye 18
L-260 Brettanoryces 2P ] BRAUSAS 2
L-261 Brettaronygos  2nomalus Q NCYE 449
L-274 Candida Srusei K s 573
L-278 Candida shchatae N FPL  0%0
L-279 Candidy sp R Melaza de cafy, Guatemala
L-280 Candida tropicalis L} €8BS 6948
L-282 Candida utills 1 1067
L-28) Candida wutilis 1 2361
L-264 Candida utilfs 1 20163
L-285 Debaryuwyces sp R Melaza de cafia, Guatemale
L-286 Endomycopsis fibuligera K €8s 6310
L-287 Hansenula sp R Melaza de caiia, Guatemala
L-288 KXlceckers sp R Melaza de caia, Guatemsls
L-289 Kloeckera sp R Helaza de cafiz, Guatemsls
L-290 Kloeckers sp R Melaza de caha, Cuatemals
L-291 Klocchera sp R Mclaza de cafia, Guatemals
L-29 Klupveronyces  fragils T 70343
1-298 Pachysolea  tannophilus 6 NRRL Y-2460 NRC 2507
L-299 Pachysolen  tannophilus N FPL K03-K03-4
L-300 Pachysolen  tannophilus N NRRL-Y-2460 £PL 240
L-301 Sagcharuuyces  bayanus K ces 380
L-302 Saccharomyces  cerevisiae Q Hontrachet
L-30 Saccharomyces  cerevisise Q AWY - 350R
L-304 Sacchdronyces  sp R Mclaza de cafia, Cuatcnals
L-305 Saccharoryers  sp R Melaza de cafa, Cuatemala
L-306 Saccharoryees sp R Melaza de caiia, GCuatemols
L-3o7 Saccharaiyees  sp R Melaza de cada, Cuwaterals
L-308 Saccharoayces  sp R Melaza de cafa, Cuatemald
L-309 Saccharanyces  sp R Mclaza de caha, Guatenala
L-a10 sagcharogces  uydrum K 85 395
L3 Sehizosaccharonyces  ponhe T DSH 70576
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DENTIFICATION OF_YFAST_CULTURTS

{continued )

ICATTT CULTURE

COLLECTICN MUMBER IDENTIFICATION OF CULTURE RECEIVED FROM ORIGINAL NUMBER SOURCE
L-314 Schwannitewees  castelld 8 €CY 47-3-1
12319 Saccharceyees,  cerevisfae F NRRL Y-11572
L-321 Piehia stipitfs F NRRL Y-11544
L-322 Pichiz stipitis F NRRL Y-11545
L-323 Pachysolen  tannophilus F NRRL Y-2460
1-325 Candidy shehatse 3 NRRL Y-12857
L-329 Candidy curvarg L] [4:3 570
L-332 Hanserula satornus T 10278
1-315 Saccharoryces 1ipolytica T 70561
1-336 Hansequly ciferri T 10180
L-338 Saccharenyees Vipolytica T DSH 70562
1-339 Saccharenyees Tipolytica T DM 1M5
L-340 Mbrico de S ouxid X
L-341 Hibrido do 5. ciastaticus ¥
L-342 Saccharcoyees  cerevistae T LI









AVIRAGE VALLES  FOi THE TXPOREKTIAL _CONSTANT (k) OF ETUANOL-ENIACID FROTON INFLUX

1CAIT] CULTHRE TEMPERATURE 25°C TEHPERATURE 35°C
COLLECTION KUMBER RUN %0, 1 RUN KD, 2 RUN %0, 1 RUN MO, 2 OBSERVATIOKS
L-106 X 0.20145 X 0.18215 K 0.3(24¢ ¥ 0.42646 K25 0.1718
r 0.97705 r 0.93162 r 0.9948 r 0.99931 K35 06,3944
1-i08 X 0.175%1 X 0.15784 K 0.26708 ¥ 0.27203 K25 0.16683
r,0.97694 r 0.93316 r 0.99490 r 0.93256 K35 0,26756
L-110 K 0.21792 X 0.2056 K 0.57867 ¥ C.52616 K25 0.21176
r 095754 r 0.95901 r 0.98735 r 0.97217 X35 0.85242
L1114 K 0.3469 K 0.26816 K 0.39910 ¥ 0.41968 K25 0.30753
r 0.92344 r 0.91£86 r 0.83019 r 0.91991 K35 0.40939
L1115 K 0.17099 K 0.15935 K 0.70638 K 0.26314 K25 0.16517
r 098318 r 0.85110 r 0.95179 r 0.93198 X35 0.27476
L-116 K 0.12117 X 0.17357 X 0.16811 X 0.17600 25 0.14737
r 0.96971 r 0.93377 r 0.97796 r 0.86611 K35 0,18205
L-117 K 0.19571 K 0.03526 K 0.47648 K 0.50313 Repeat run
r 0.97416 r 0.93644 r 0.98533 r 0.98297 25°C
L-118 X 0.14382 X 0.17266 K 0.47278 ¥ 0.3466 Repeat run
r 0.95403 r 0.93110 r 0.99127 r 0.92274 35°C
L-119 K 0.17236 X 0.21295 X 0.42884 K 0.65521 Repest run
r 0.54297 r 0.97237 r 0.97906 r 0.92410 35°C
L-120 X 0.1€525 X 0.129226 X 0.12167 K 0.15455 K25 0.14727
r 0.94958 r 099053 r 0.98422 r 0.54583 K35 0,13811
L-127 K 0.10506 K 0.11341 K 0.46701 X 0.45387 K25 0.10974
r 0.95163 r 0.93706 r 0.95429 r 0.97768 K 0.46044
L-130 X 0.07645 K 0.10848 K 0.17340 K 0.18491 Flocculent yeast X25 0.09247
r 0.97715 r 0.99141 r 0.99634 r 0.99722 Kas 0,17916
t-130 K 0.12331 X 0.13349 ¥ 0.28033 K 0.2368 Flocculent yeast rzs 0.12380
r 0.96764 r 0.92307 r 0,98223 r 0.9975 X3s 0,28357
L-131 K 0.1323¢ K 0.13229 K 0.16608 X 0.15867 K25 0,13232
r 0,943 r 0.99661 r 0.97493 r 0.96430 K3s 0,16238
L-140 K 0,3337? K 0.348¢5 K 0.54999 X 0.56157 K25 0.34369
r 0.97533 r 0.97008 r 0.98128 r 0.9795 KT 0,55578
L-142 K 0.1247) K 0.07637 K 0.38754 K 0.34709 K25 0.11058
r 0.9/33 r 0.93025 r 0.91897 r 0.94111 K35 0.36732
L-144 K 0.11755 K 0.12164 K 0.25903 Y. 023513 K25 0.11960
r 0.93256 r 0.99537 r 0.96874 r 0.93814 K3s 0,24708
K25 0,772
L-142 K 0.26314 X 0.78105 X 0.64519 K 0.65922
r 097558 r 099158 r 0.9382 r 0.95246 Xx 0.65220
L-150 K 0.1710 X 0.18327 K 0.38276 X 0.61132 K25 0.19605
r 0.96239 r 0.97157 r 0.89490 r 0.73425 Ky 0.32671
L-150 X 0.1€035 W 0.21125 K 0,30852 K 0.3449 k75 o.mmg
r 0.993370 r 0.95654 r 0.89276 r 0.04552 K35 0.3190
L-151 X 0.17007 K 0.15197 K 0.3035 K 0.33465 K25 0.16102
r 0.9260 r 0.93623 r 0.95685 r 0.90733 K1 0.31908
L-151 K 0.21274 K 0.12001 K 0.22601 K 0.20643 K25eK35 K15 0,19640
r 0.96629 r 0.94211 r 0.9935 r 0.94633 ¥35 0.21622
L-153 K 0.37C51 X 0.29578 K 0.54503 X 0.54252 X25 0.33365
r 0,92735 r 0.9418 r 0.95032 r 0.99329 K35 0.54378
L-158 K 0.15447 X 0.15851 X 0.25407 X 0.2377 25 0.15649
r 097111 r 0.95410 r 0.97228 * 0.9595 K15 0.24589
L-159 K 0,21183 K 0.21K63 K 0.24293 K 0.29442 K25 0.21626
r 0.95544 r 0.94460 r 0.85383 r 0.92942 X35 0.26568



TAILE 69

AVLRACE VALUCS  FOR THE  EXPOKENTIAL _CONSTANY (K] OF ETHANGL=TWNACTH _PROTON  BNFLUY
{ continued )

TCAITT cuLTueE TIMPLRATUPE 24°C TELEPERATURE 35°C
COLLECTIUN  NUMEER RUN NO. 1 RUH hO, 2 RUN KO, 1 RUN HOD., 2 0BSEPVATICNS
L-162 X 0.07637 K 0.20442 X 0,1%949 lon Yinear response Flocculent yeass
r 0.639)% r 0.67211 r 0.66432
L-162 X 0.09197 K 0.28711 K 0.33012 K 0.272% Flocculent yeast
r 0.799%0 r 0,90154 r 0.8228 r 0.8176
L-164 K 0.1603) K 0.16687 K 0.2:4% X 0.23765 X2s 0,363
. r 0.97219 r 0.%8213 r 0.95012 r 0.93503 K3s 0.2:1C1
L-165 K 0.18001 X 0.17346 K 0.15213 K 0.16791 Kas> K315 X2o
r 0.98769 r 0.97708 r 0.93629 r 0.899% Kas
L-166 K 0.22275 K 0.17912 K 0.36436 K 0.39947 K2s
r 0,98648 r 0.95047 r 0.53722 r 0.9;202 X35
L-168 X 0.23157 X 0.26740 K 0.223%0 K 0.22153 K25> K35 K2 U, 24942
r 0.98035 r 0.93117 r 0.99110 r 0.99558 Y5 U.e22¢7
L-169 K 0.1265% K C.11503 K 0.16113 X 0.1€99 K25 0,
r 0.99662 r 0.99999 r 0,98402 r 0.99348 K3 0
L-170 K 0.03044 X 0.05873 K 0.11€85 K 0.11514 K2y 0.
r 0.90636 r 0.99180 r 0.92540 r 0.9432 Kas 0.
L-17 K 0.0755 X 0.08050 K 0.24997 K 0.23516 K24 O
r 0.9238) r 0.97134 r 0.47%96 r 0.97323 K35 0
L-172 X 0.078002 X 0.03621 X 0.21712 ¥ 0.20485 Kas 0.(3211
r 0.97020 r 0.9767¢ r 0.95930 r 0.96747 K3y 0.21295
L-174 K 0.14308 X 0.13889 K 0,3%¢27 K 0.35175 Flocculent y-ast Kas 0.13092
r 0 97964 r 0.99196 r 0.9034 r 0.8502% K3s 0.35361
L-175 K 0.07072 K 0.07236 K 0.4140 X 0.4271 K25 0.67154
r 0.97492 r 0.96892 r 0.80076 r 0 89822 ¥3s 0.4275%
L-177 K 0,11432 K 0.11604 K 0.78346 K 0.77261 K25 0.1]’\”‘
r 0.96517 r 0.92240 r 0.93445 r 0.97680 K35 0.7730%
L-178 K 0.1643%9 K 0.14798 K 0.53572 X 0.531€0 K25 0.17619
r 0.93670 r 0,98658 r 0.659M r 0.86315 K35 0.92366
L-179 K 0.11923 K 0.10274 K 0.41390 X 0.43250 K25 0.11092
r 0.98374 r 0.97522 r 0.88153 r 0.86539 Kas 0.4234
L-180 K 0.12906 K 0.14887 K 0.12593 K 0.14164 . [25‘0.13397
r 0.93020 r 0.97345 r 0.88707 r 0.82175 K15°0.13131
L-180 K 0.3041 X 0.2649 X 0.4777 K 0.4227 . K25 0.2':.1’30
r 0.9£81 r 0.9233 r 0.8067 r 0.9722 Ky 0.8552
L-181 K 0.20384 K 0.150) K 0.37445 K 0.729452 K2s 0.177'07
r 0.99389 r 0.9446 r 0.93940 r 0.594332 K35 0,34312
L-181 X 0.20570 K 0.16105 K 0.37784 K 0.40491 K25 0.]{33!1
r 0.97792 r 0.96996 r 0.99329 r 0.9903 K35 0.3:A3
L-182 X 0.13816 X 0.11992 K 0.5568 K 0.5479 5 0.1(?‘)5
r 0.96767 r 0.97941 r 0.9491 r 0.94017 Yas 0.5403%
L-18) K 0.12819 K 0.14387 X 0.30203 K 0.30547 K25 0.13?3]
r 0.9976% r 0.94249 r 0.90293 r 0.06793 K3, 0.3%371%
L-187 K 0.35236 K 0.35467 X 0.57344 K 0.52855 r2s D.]F’:S?
r 0.99215 r 0.9243) r 0.97323 r 0.5921) ¥ 0.5:100
L-191 X 0.28120 K 0.31076 K 0.8043} K 0.79710 ras 0.?:1’,91
r 0.97511 r 0.96477 r 0.99169 r 0.97426 X35 0.BUL7)
L-192 K 0.20516 K 0.19702 K 0.42004 K 0.42679 K25 0.?’,?24
r 0.9954¢ r 0.97311 r 0,98147 r 0.96397 X35 0.42322
L-194 X 0.11678 K 0.10692 X 0.36439 X 0.3702) Y25 0,1113%
r 0,90482 r 0.9512) r 0.933¢5 r 0.91027 X35 0.39731



TABLE 69

AVEPAGE VALUES FOR THE EXPONENTIAL _ CONSTANT (K} _OF ETHANOL-ERHACEQ PROTON _INFLUX
{ continued )
1CAITL CULTURE TEMPERATURE 25°C TEMPERATURE 35°C
COLLLCTION HUMUER LT KU HO, 2 RUK H0. 1 RUN HO. 2 OBSERVATIONS
L-196 ¥ 0.15294 X 0.13724 K 0.47280 X 0.5155 K25 0,14503
r 0.97000 r 0.98731 r 0.97526 r 0.97162 K3s 0.49415
L-198 % 0.18671 K 0.22211 K 0,53873 K 0.55102 X25 0,20441
r 0.95930 r 0.94402 r 0.95574 r 0.95528 X35 0.54488
L-201 K 0.19738 K 0,18912 K 0.45804 X 0.42091 K2s 0.18875
r 0.55116 r 0.95746 r 0.95773 r 0.97614 K35 0.46948
L-202 X 0.19246 X 0,16525 K 0,67452 X 0.58£01 K25 0,17826
r 0.95281 r 0.95352 r 0.94728 r 0.98533 K35 0,63127
L-203 X 0.40428 K 0,40917 K 0.75726 X 0.75013 K25 0.40673
r0.77778 r 0,789)4 r 0.83957 r 0.84755 K35 0.7737
L-206 K 0.51111 X 0.47737 K 0,74899 K 0.75214 K25 0.49424
r 0.80275 r 0.80036 r 0.85504 r 0.87435 K35 0.75057
L-207 X 0.35738 K 0.3649 K 0.8558 X 0.8576 K25 0.36114
r 0.77430 r 0.75604 r 0,85458 r 0.8653 Kas 0,85670
L-208 K 0.43785 X 0.41489 K 0.80052 K 0.85144 K25 0,42637
r 0.82964 r 0.80869 r 0.90998 r 0.52717 X35 0.82598
L-209 K 0.6129 X 0.59142 K 0.85117 K 0.84303 K25 0.6022
r 0,91327 r 0.91765 r 0.93984 r 0.94684 K3s 0.8471
t-211 K 0,39756 X 0.42468 K 0.60640 X 0.61113 Flocculent yeast K2s 0.41112
r ,,83864 r 0.84714 r 0.912360 r 0,94599 K3s 0.60877
L-213 ¥ 0.12405 K 0.1199 K 0.26737 X 0.28291 K25 0.12198
+ 0.94473 r 0.9919 r 0.94136 r 0.9754 K35 0.27514
L-216 X 0.16523 K 0.15867 K 0,40946 K 0.38501 K25 0,16195
r 0,97892 r 0.96599 r 0.98351 r 0,97085 K35 0,39724
L-217 X 0.16124 L 0.1677 X 0.43062 X 0.39864 K25 0.16447
r 0.90701 r 0.9786 r 0.9738 r 0.96340 K35 0.41463
L-218 X 0.26967 L 0.2705 K 0,73573 X 0.74302 K25 0.27009
r 0.97581 r 0.96387 r 0.98877 r 0,99321 K35 0.73933
L-222 K 0.22035 L 0.21458 L 0.60908 X 0.62618 K25 0.21747
r 0.97024 r 0,97785 r 0,99123 r 0.99068 X35 0.61763
L-226 X 0.2186 K 0.08868 K 0.65955 K 0.72420 Abundant growth
r 0,93148 r 0.60853 r 0,96455 r 0,956
L-232 X 0.2472 X 0.09211 K 0.3782 K 0.47785 Abundant growth
r 0.72184 r 0,73758 r 0.98978 r 0,/001 Flocculent yeast
L-240 X 0.12171 X 0.13481 K 0,45382 K 0.522 K25 0.12826
r 0.92125 r 0,9788 r 0.97636 r 0,97768 K35 0,48816
L-243 K 0.2 X 0.27769 X 0.60662 X 0.60592 K2s 0.27325
r 0.97704 r 0.9928 r 0.99056 r 0,98605 Kas 0.60627
L-244 X 0.1676 K 0.16686 K 0.63001 X 0.62424 K2s 0.16723
r 0,9955 r 0,98311 r 0,95505 r 0,95805 K35 0.62713
L-245 kK 0.2111 K 0.2451 K 0,36091 K 0,3575 Flocculent yeast K25 0,23112
r 0,9596 r 0,9566 r 0.98061 r 0.99321 K35 0,35921
L-247 K 0.2434 X 0,2821 X 0,656 K 0.63902 K25 0.26275
r 0.98132 r 0.9631 r 0,96773 r 0.9685 K3s 0,64766
L-248 K 0.2294 K 0,218 K 0.37898 X 0.42748 K2s 0.2306
r 0.94037 r 0.9819 r 0.9859 r 0.9896 K35 0.4032)
1-250 ¥ 0,18583 ¥ 0.1909 K 0,13587 K 0.16124 K23 0,19237 X25>K35
r 0.97162 r 0.9682 r 0,8243 r 0.8959 K35 0,14056
L-251 X 0,3065 X 0.4344 K 0.3765 K 0.3576 K25 0,4105 K28K35
r 0,9432 r 0,9297 r 0,9066 r 0,98316 K35 0,36705

i\



TABLE 69

AVERAGE VALUES FOR THL _EXTONENTIAL _COMSTANT (K} _OF ETHANOL-ENHACID _PROTON INFLUX

{continued)
1CAITI CULTURE TEMPERATURE 25°C TEMPERATURE 35°C
COLLECTION KUMDER RUN 4O, 1 RUN KD, 2 RUN NO, 1 RUN Ko, 2 OBSCRVATIONS
L-252 K 0.35170 K 0,3764 K 0.43499 K 0.4908 K25 0,36405
r 0,99131 r 0.9399 r 0.96910 r 0.98705 X35 0.46250
L-255 X 0.30166 K 0,3043 K 0.33231 X 0.3232 K25 0.30298 K25eK
r 0.5094 r 0.9533 r 0.9445 r 0.93624 X35 0.32776
L-256 X 0.3905 X 0.44902 K 0.40617 K 0.40432 Yeest gucs to bot
r 0.9738 r 0.9726 r 0.9874 r 0.9754
L-260 K 0.1653 K 0.1390 X 0.4297 K 0.4320 K25 0.1571%
r 0.9755 r 0.9755 r 0.9831 r 0.9766 X3s 04301
L-261 X 0.2589 X 0.2901 Non linear Non 1inear kas 0.2745
r 0.9746 r 0.9894 respanse response
L-274 Kon 1incar Kon 1{near K 0.16522 K 0.2041
response response r 0.90268 r 0.86742 Kx 0.18466
L-27é Non linear Kon linear X 0.5035 K 0.5147
response response r 0.9564 r 0.9798 K35 0,5091
L-279 K 0.1620 X 0.1907 K 0.4521 X 0.4456 Osmofilic yeast K25 0,1764
r 0.9776 r 0.9774 r 0,9907 r 0.9859 X5 0.4489
L-280 K 0.2441 K 0.2620 X 0.3135 X 0.3068 K25 0.25305
r 0.9940 r 0.9931 r 0.8881 r 0.9224 K3 0.31065
L-282 ' K 0,2557 X 0.2397 X 0.6047 X 0.5176 K25 0.2477
r 0.8030 r 0.8052 r 0.98827 r 0.99694 K35 0.56115
L-283 K 0.2961 K 0.3051 X 0.49314 X 0.5045 K25 0,3006
r 0.93157 r 0.95462 r 0.98740 r 0.9945 K> 0.4588
L-284 X 0.12967 K 0.0392 X 0.2811 K 0,2736 Abundant growth K25 0.1094
r 0.8 r 0.71801 r 0.9838 r 0.98420 K15 0.27735
L-285 K 0.19235 K 0.1573 K 0.4464 X 0.4470 Osmafflic yeast K25 0.1748
r 0.9306 r 0.8533 r 0,9873 r 0.99202 K35 0.4457
L-286 X 0.1052 K 0.05589 X 0.3382 X 0.3720 Abundant growth K25 0.02053
r 0.6726 r 0.45498 r 0.79795 r 0.84315 K> 0.3551
L-287 K 0.2492 X 0.2508 X 0.5757 X 0.5773 Abundant growth K25 0.2500
r 0,9931 T 0.9894 r 0.9682 r 0,5637 K35 0.5765
L-288 X 0.1092 X 0.1288 X 0.3525 ¥ 0.3092 Osmofilic yeast  Ka5 0.11900
r 0.9918 r 0.9740 r 0.9936 r 0.9909 Abundant growth K35 0.33085
1-289 X 0.0840 X 0.0814 K 0.3050 X 0.3149 Osmofilic yeast  Kas 0.0227
r 0.9069 r 0.8529 r 0,9825 r 0.9668 K35 0.30995
1-290 X 0.1027 X 0.1028 X 0.2869 X 0.2917 osmofilic yeast K25 0.10275
r 0.9920 r 0.8730 r 0,9300 r 0.9894 K3 0.2893
L-291 ¥. 0.1605 X 0.1760 X 0.3680 X 0.3599 K25 0.1£825
r 0.9039 r 0.8939 r 0.9960 r 0.9903 X35 0.36395
L-293 K 0.1142 X 0.1316 X 0.3320 X 0.3484 K25 0.1229
r 0.9705 r 0.9225 r 0,988} r 0.9962 X35 0,3402
L-293 Non 1{near Non linear Non linear Non 1fnear
response response respansc response
1-299 Hon Yfnear Kon linear Non linear Ron lincar
response response response response
L-300 ‘ Non Vincar ton linear ’ Non l§necar Kon lincar
response response response response
1L-301 K 0.1636 X 0.1803 X 0.5476 X 0.5665 Floculent yeast K25 0.1723
r 0,9757 r 0.9366 r 0.9810 r 0.9797 K33 0.5571
L-302 X 0,2819 X 0.2343 X 0.5747 K 0.5428 Kas 0,2581
: r 0.9663 T 0,9865 r 0.9013 r 0.9616 K33 0,54C6
L-303 X 0.1571 X 0.13950 K 0.3641 K 0.3585 Ka2s 0,1421
r 0.9098 r 0.9279 r 0.9829 r 0.9855 K35 0.3613



TABLE (9

AERAGE YALUES TORTHE EXPONCRYIAL _CONSIANT (k) OF CTHANOL-EMHACER PROTON INFLUX

{ continued )

ICAITI CULTURE

TEMPERATURE 25°C

TEFPERATURE 35°C

COLLECTION NUMBLR RUN KO, ) RUX KO, 2 RUK NO, 1 RUN KO, 2 OBSERVATIONS
L-304 X 0.2704 K 0,2963 X 0.4313 K 0,448% Osmofilic yeast K25 0,2336
r 0.9539 r 0.9704 r 0.9744 r 0.9807 K35 0.4401
L-305 K 0.1415 K 0.1275 X 0,3715 K 0.3715 Osmofilic yeast Xa2s 0.1345
r 0.9336 r 0,93718 r 0.9937 r 0.9960 X35 0.3715
L-306 K 0.1661 K 0.1767 K 0.4548 K 0.4474 Osmofilic yeast K25 0.1714
r 0.5643 r 0.9492 r 0.9630 r 0,9564 K35 0.4511
L-307 X 0,1815 X 0.1955 K 0,4469 K 0.4380 Osmofilic yeast K25 0,1845
r 0,9975 r 0.9336 r 0.9972 r 0.9910 K3s 0.4425
L-308 K 0.0494 K 0.065 K 0.2575 ¥ 0.2721 Osmofilic yeast K25 0.0572
r 0.850) r 0.9147 r 0.9435 r 0.9496 K35 0.2648
L-309 X 0.0880 K 0.0978 K 0.3050 K 0.3108 Osmofilic ycait K25 0,0929
r 0.8397 r 0.9470 r 0.9883 r 0.9683 K3s 0.3079
L-310 K 0.1135 K 0.1339 K 0.3855 K 0.4084 Osmofilic yeast K25 0.1237
‘ r 0.9610 r 0.9399 r 0,9613 r 0.9822 X35 0.3970
L-11 X 0.1997 X 0.2069 K 0.1364 K 0.1471 Osnofflic yeast K25 0,2083
r 0.9953 r 0.9842 r 0.9754 r 0.9787 X35 0,1518
L-314 Hon linear Non Yinear Non 1inear Kon 1inear
response response response response
L-219 K 0.1250 K 0.1398 X 0.3857 K 0.3659 K25 0.1324
r 0.9916 r 0.9557 r 0.9537 r 0,951 Kas 0,3758
L-321 K 0.1867 K 0.1874 K 0.6464 K 0.6104 K25 0.1871
r 0.9632 r 0.9091 r 0.9069 r 0.9255 K35 0.6284
L-322 K 0.1956 X 0.1801 K 0.5242 K 0.5206 K2s 0.1879
r 0.9683 r 0.8677 r 0.9100 r 0.9221 Kas 0.5224
L-323 Non linoar Hon 1inear Hon 1inear Hon Vinear
response response response response
L-325 X 0.2110 K 0.1872 K 1.0102 K 1.0717 K23 0.1991
r 0.968) r 0.7988 r 0.9828 r 0.9577 K35 1.0410
L-329 K 0.4034 X 0.3327 Non 1inear Non linear Abundant growth Ka2s 0,36805
r 0.9425 r 0.79%8 response response
L-332 Non lincar Non linear K 0.2959 K 0.1991
response response r 0,8493 r 0.9385 Kx 0,2475
L-335 K 0.3633 K 0,2943 K 0.3301 K 0.3926 Kes 0.3288
r 0.9671 r 0.9357 r 0.9807 r 0.9595 K3 0.3614
L-336 X 0.1523 K 0.1358 X 0,2163 K 0.2295 K2y 0.1441
r 0.9326 r 0.8481 r 0.9660 r 0.8311 K3 0.2229
L-338 Non lincar Hon Yinear Non 1fncar Hon 1incar
. response response response response
L-339 X 0.1102 K 0.1620 Non linear Hon Vinear K25 0.1361
r 0.9191 r 0.9191 response response
L-340 K 0.1914 K 0.2319 K 0,405 X 0.3043 Bakers yeast ¥as 0.2117
r 0.9841 r 0.94%4 r 0,9690 r 0.8855 K> 0,3543
L-341 X 0,2039 K 0.2155 K 0,2228 K 0.1641 K25 K35 K25 0.2097
r 0,9588 r 0.9604 r 0.9304 r 0.9146 K3 0,1935
L-342 K 0,2185 K 0.2172 K 0,1290 K 0.1243 Kys>Kas*C K2y 0.2164
r 0.9421 r 0.9338 r 0.9392 r 0.8688 Ky 0.1267
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FIGURE 3. PROPOSED PILOT PLANT SUGAR CANE FERMENTATION PROCESS
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Table 70: Ghiawaal diagesnzsicns ol the Teomenbor

Hedlaht B.00 m
D tcune Loy 1.850 m
Vo luine .30 mP
Totald warking vedine 1.00 m?
Worlking voluwaa pac Lray I N A (T
Heziuht of cach tray 0.08

Hiight pev biray 143.38 kqg
Mambor of troays a8

Sinace betwoeen brave 0.30 m
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3.5 Stripping of bagasse

A container similar Lo those used for receiving the feransntead
cane will ke used to collect the press cake. Coils for steam
will be found i the  botton of the container. The Tid will
be previded with Gaocomnection  to the distillation coluinm.
The spent baoasses afber shrippings will be discavded.

Figure 9 shows a diagram of {he sugar cana fecmentation

eguipment: mill, fermenter and pres
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SUMMARY REFORT
or
A TECHNICAL REVIEW
by

Arthur E. Humphrey
. Pirector, Biotechnology Reseaxch Center
Lehigh University
Bethlehem, PA 18015 USA
February 23, 1987

or

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
"r.ow Moisturc 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-
hancing the rate limiting step, believed to be either sucrose
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
the project aims, are to achiecve a 5-6% alcohol concentration
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/obscrvation were reported to me during
my visit.

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

8
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2. pdditlon of wa.or to thn cawdast (56% and 100% by wisht
of the ground sawdust) produces sigaificantly faslter
fermentation rates than the ground sawdust alonc.

3. Higher yeast innoculant (109 yeast cells/g of cane
sawdusi) produces higher overall fermentation.

4. Only 65% of the theorctical sugar conversion (based
on 55% conversion of fermentable sugar to alcohol) is’
achicved within 24 hours with the best conditions to
date.

5. Canc juice assays 20% fermentable sugars. This can
vary among different canc sources by as much as +2%.
A rough (approximate) analysis of the cane sawdust
is 72% moisture, 13% fiber and 15% soluble solids
{sugars).

Recommendations

on the basis of these observations and as a result of my
discussions with the various researchers at ICAITI (in particu-
lar with Sheryl de Cabrera and Silvia Saravia) I would offer
the following comments and recommendations.

1. I strongly urge that the project be extended thrcugh
a 3rd cane scason. Unfortunately the project funding and
initiation was begun just after the sugar cane season ended in
1984-1985. Conseguently, only two seasons of cane have bheen
tested. By the end of this present season (the 2nd one during
this project contract) sufficient basic knowledge will exist
to suggest several potential pilot scale reactor designs. How-
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.

2. The reasons for the linear increase in fermentation
rates with juice must be established. It appears likely that
the rate limiting step is diffusional, i.e., extraction of sugar
from within the intcrstices of the sawdust. For this reason
water addition and bulk mixing could be important both to yields
and rates. Suggestions were given as to how this might be done.
(I would be delighted to review the results if sent to me for
comment when they arc obtained.)

3. 125% water addition appears to be an upper limit if the
objective of 5-6% alcohol containing juice is to be obtained.
This level of water addition should be studied as an "upper
limit" experiment.

4. It appears that the sawdust cannot absorb more than
100¢ water in addition to the moisture that occurs naturally
in the cane. This means that with the higher solution addi-
tions, e.g. 125%, there should be some free juice available
for recirculation and mixing.

-2-



5. I{ is inportant Lo inocnlate the cane sawdust with
ycast as soom as possible after the grinding process. It is
believed that this will increase the overall fermentation rate
and minimize growth of competing micorflora cond, in some
instances, the destran formation.

6. Use of bisulfite dces not enhance the reaction rate.
Consequently, 1 feel that studies on optimal size of inoculum
should have priority over those involving usc of biocides.

) 7. In order to formulate a reactor design, a comparison
test should be run at 100% and 125% water addition. 1In one set
of runs therc 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 (37-459C) as a way to inhibit bacterial infection in
the juice and cane as well as a way to reduce the lag time of
the fecrmentation.

10. Three reactor 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.

-3



15. An
study on conv
a project mig

obvious off-shoot to this project would be a new
erting the spent cane solids to paper. pulp. Such
ht include a.study of

a.) mechanical/microbial/enzyme depithing
b.) organo-solvent delignification
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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

Salaries
Equipment and Materials
Travel and Per Diem

TOTAL DIRECT COSTS
Indirect Costs

TOTAL US$

"The undersigned hereby certifies: 1. that payment of the sum claimed on the
the terms of the agreement; and 2. that the information on the fiscal report
supporting information as ROCAP may require will be furn

/amy

EXPENDITURES Total
Total This Prior Budget
- Budget Period Period Accumulated “availability
58 500.00 3 067.97 23 993.36 27 061.33 31 438.67
38 000.00 2 559.60 19 400.14 21 959.74 16 040.26
5 500.00 10.13 2 802.86 2 812.99 2 687.01
102 000.00 5 637.70 46 196.36 51 834.06 50 155.%4
46 800.00 1 691.32 13 953.61 15 644.93 31 155.07
60 149.97 67 478.99 81 321.01

. 148 800.00

7 329.02

= ==

os, Chief
st‘Control Division

voucher is proper and due. under
] is correct and such detailed
ished promptly on request'.
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Coming activities will be
oxperimental

of the pilot olant formentation

uni bt dwrina the coming harvest scason.

Activity
Ethanol texicily studies
Destbrran production kinetice
Design of fermonter

Consbruction of formentor

Installation of tho system in the
1ICAITI pilot plant

Trials with drving of cane to
doterming max louwm water contont
npermitted for conservation

Formentation trials in the pilot
plant to determine effect of water
addition and anitation

Evaluation of data and
preparation of final veport

Tocussed
activilties which are nou anderway, constiruction
and eperaticn of the

at fimishing  tha

Time _schiedule

Jan.-0ct.. 1987

June~-Dec., 1987

May-Sept.. 1987

Scpt.- Dec., 1987

Dec. 1987-JTan. 17288

Dec. 1987-Feb. 1988

Jan. ~ Apyr. 19288

April- Sept. 1988
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This research in this preject is being carried out by the
scigntists. research assistants and technicians of the
Applied Research Divigicn of the Central American Institute
for Research in Industry. This report was prepared by Sheryl
de Cabrera and Silvia Saravia, with the help af Eva Mejia and
Dina Melgar, and Graciela Saravia, secretary.



