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- INTRODUCTION

Th15 report descr1bes thn actlvxtwes which have been undertaxen

;dur1ng the second 51x-monuh per1ed in the prOJect ent1t1ed "T 18 converszon.ﬁ

Gf }Ignoceilulos1cs to eLhanci ardfor n1crob:a} b.onas: produc -fszhe
-1nter¢ed1ate ac1d dpnrcacn" sponscrcd by the 0ff1fe ov t e Sc encé :ﬂtd\.ﬂsofj
lof AID hasb1rg+on The L;m1ted Scope Gvart Agreement COVEFIBQ th!S proaectg
wWas. sxgned in Gdatemqla by the Da*ectors of ROCAD and ICAITI on August 27*
'~_1982. Tha f1rst progress report for the progech was prnsented in. Apr,T o;
1983, and in th at document were included the meaxf1catlons made to the or1—§

glna} proposal accordzng to. 1nstrucb1ons by AID and cranges in scarf a;

ICAITI.

The ac t1v1t1es which have been carraed out during the seccnd 57A
month Deriod are: estab?1shmen» of pra*oro1c for pre- treatﬂent of subﬁtrates
initial d.gestwbiﬁlty studiev of the Suberates, acqu1sat1on and handiing éf

pure cu!turos mantenance of ‘cca]ly obtained mixed cuiuures descr?bed 1n
the previous repart, tr1ps to the USA for consulting, terhn1cal 1ﬁformat1cn

and courses, ordering and purchase of equzyment_and_supplles. Deta11s .o??ow




1. Substrate pre-treatment

1 1 Qubstrates
| The f0110w1ng :19n0cel]u1osxc substra,e: are under study 1n the.;
’ labcratory j" - : | o

a)._c1trone1;a baeasse {Cymbopogon nardqs)

-

- b): ?emon grass bagasse (Cymboeogon citratus or C fi exaosus3

) 'sugarcane bagasse (Saccharum) from the EX- FtRM process

'I 2 P?e treatﬂents

' The fo]1DW1ng pre treatment proceduros haue been de»e:oned

1.2-1_ Organosoiv

Pretreating raw material witb'a wixtUre of'efbaﬂc}kr“

water'(ﬁa : 40, w : w) in the prasence ef smal¥ amonnf

" of sodium hydroxaae (27 of the dry mateﬁa1 on a:w”

base, expressed as Nag0). Sc?1d to 11q41d rat1ﬂ 15 1'6~
Cook1ng time. is fcur hoars thas t1me 1ac!ud*ng that
necessary tn reach 175°C about 140 menutes, and abaut

100 winutes -at 175°C The d]qester is then coo"

1y by submerg1ng it in water. There are & twa-lwter
reactors, heated in an oil bath, and-rotatzng_on:aﬁsna

at & rpm.

The proceche described above is *epeated bu* a cata-
1yt7c_agent 1s-adaed, anLhraqu1nonu : O Gw% based on
.the weight of the dry material. '
For both Grqano_civ variants the f0}70#1n3.?a%&ﬁé£égé:
are evaluated: |  >..
. 'pH'of cooking 3*quors before and_aftér theéﬁ%oté$33

. tota?kncnovoiatiié'so!ids content of fresh and spent
Tiguers S ERR SRR




The fOl}OWTng pretreatments W1}1 be deve?opea short]y

1.2. 2 A1ka]1ne solld ahase treatment

Varlous aYkalino chem1ca.s h]]] be sprayed on;' hear ;

' of bhe bagasse to- be Lreated and ‘the mauerxax w17? be

..'1eft at amb1e1+ temperature for ubOUt ene heek, V
d1ately f011o:ed by its further test1ng._ e:'!”A” .
;1;2.3_ Gaseous treatment o

e 302 w1?1 be used us1ng a STmlTar techn1que as 1n 1 2'

1;2;4 B1olog1ca1 de11gn1f1cat1on

‘A series of whzte rot fun91 nave been ordered frcm cui

_ ture cai]ect1o A techn1que will be;deve]oged;ye_g,

them in so?1d state cu1ture. .:  " L

The fellowlng preureatments w113 be done by oLher 1abera+o

..whom we have esLab11shed conmunlcat on-and exchange of resu?ts"'

I. 2 5 Pheno] treafmen+

BATTELLE»Geneva will treat our materaa]s w;th the1r ﬁs
' phen01 water patented pretreatnent

1.2.6  Steam- expioszon o

N ForTntek Ottawa w*ll treys our substrates in thetr ;ma_

'scale steam explosxon gun,

1.3 Initial digestibility studies

'1.3.1 Raw materials

. Sugarcane

-'Sugarcane was ob»a1ned frov Iwﬂen10 Ceﬁeepc1on, Escu;n

-tia, Guatemaia (320 mete“s above sea 1eve:} durtrg Aar‘
(?aeer part of croe) Tt was: ctean cane. frcm +he “e—

ceiving sterase, cut by hanu and unburne :

a .




'7-*0Y Santsa?o)

The:cﬁxps were p%a»ed in YGQO_T

_lwas added +o gust ccver'them and 2 of cof:er jal ba

.”_5yeast was mlxed ?ha EX—rERN'cyc?e took 48 our:

'-f'3ng tne sucrose 1nto e;hano] (Ro:z et a]., 1979)

_mented uhaps were pressed .n a cent1naous f

_ :de1 VP 5F Vincent Coro ) Nashed w1th water 1n'a1 g

-ed tank and screwpressed agalr._ F1na1?y they were SU

-to a fanai noxsture around 6 and packed in: p?asnu

Lemon grass

- ILemon'g?aSS'baoasse was obtained7from-Fincé Cbhtepﬁiég

"Coatepeque, Queza?tenango Gaatemaia (428 neters

Tevel) during June (early Dart of crop) It WGS ce ected

as 1t came out of the e;senb1a1 oal steam d1St11]e y

was sun dr1ed +0 a f1na| ma1stura around 6 ?% and pabu"

_1n p?ast1c vent1.ated bags

. Citronella
C1tronen?a bagasse was obta1ned from f*nca Verapaz Santa'

'~Barbara, Suchltepequez Guatemala f4z0 meters abcve sea”

Tevel) durln g June (nar?y part of crop) It was ce?] cte
_ as it came out of the essent1a1 011 steam d}st1?‘e. -
was sun dr1ed to a - final no1sture around 5 7 and packed
in plastic vent1lated bags.

. Substrates as such {SRS) -

| The SAS substrahes were preparec bv nwxlfng in 2 pl’@t.f

 F1tz M1a1 Cemnzﬁutor ( ne F!tzpanr15n Cornany} the dr* 3]

raw_materzais, amp:c sing a 0.033" (0. 84 mm) sieve! Thé

_fwna} poauer ohta1ned Was packe in p}asch bags,:  ;§ 




1. 3, 2 ChemlcaY Ana?ys*s'{

”The netnodo1ogy for ana;yzlng the raw mater1a1s was |

"'fermenter systems. As the ob1ect1ve of the pTOJEuI 15
'eva]uate ‘the Dfodegradatwen in v3tro Lo organ1c ac1ds
- .fovner technque wWas more suxuable as meny feeds have

characterzzed that way.
The spe»1f < wethodologv enp?oyed was +he S0 ca11ed~"ﬁi'

gent SysLem" (uoerlng and van Socsb, 19/0, van Seest _““
Robertson, 1980} as depwcLed in Figure 1. Tne ma1“"

'fzbrous resadue recovers ma1n1y ce11ulose aud 133n
.the i1fference between NDF and ADF glves an’ apero
value for ‘the hemicellulose xract1on. Although ce?? wa33
.VIprote1ns are also solub111zed by acxd detergent SUme 1
protein might alse be bound in crude ?1gn1n ‘or &xamb? 1S
Maillard products. “Hence protein was ngldahi deaern ed
in a d1fferent sample, as were also no1sture and to tal asn,
| by standard procedures " The NDF and ADF were determlned '
‘ emp10y1ng as ref?ux1ng ‘apparatus a- Labconco Corp Uﬂlu as
' suggested by the ADAC {1975). In this way crude values ﬁf
ce?1u1ose hem1ce1 uicse and. lignin were determlned :re_
resul ts are shown in Table 1. '

From these data the following points can be wadn bet: eeﬂ:'f
~ the three saﬂpEES'- R




b

| T_the wcr1d The h1ghest variat1on 3n noth set”:di_f
~are fcurd for cellulose-- o | g
b) . T

'_ lTose content {last column Table l) Thxs .7"
- pares well with the vaiues reporfed for whole
o (Iast colamn iable 3}, which on sugar rnwsvul

Q)

o planc nave been sumwar1zed compar1ng tre data the i
c10w1ng puints can be made -

__.'though the ADF vaiues ShOW‘a ?arge varzatzon (see
‘Table 2) S e

_cane which has not been ShinCtEd to any h?g
' eneray or- heat Tevels. Tnare are very few ref

A?l af then: have about the same awounts of llgnrn.,h
_Such va}ue TS aboat one half of v.ha+ 1s common‘y _
fcund in-wood. - L S
'PrOtEln and asﬁ are h:gher in cztronelia anc 3

'-grass bagasse thaﬂ 1n sugarcane bagasse.-.ﬁ

There is a poss1b1¥1ty that we cou1d bave ov
our ADF. value. This is the cause 01 our low“hem1ce11u

mately increase by two {1ast coiums Tab1e Z)ﬂ;?ﬁ
Most of the data of Tabie 2 refers co sugarc
This means that the who}e sugarcane has been_

and 1ts conblnat ons.
truly comparable to Taole 1 wh1ch refers to

‘have ordered and th not come’ as 3et Qo we w11‘4

our cemments to. tha next report._'-




'f_ in the tOp (Vﬂgetat1ve green méterial) frem
_(mat;re) 1nternodes ol_cann sta1ks wath i
maturity. there were greater wejghx*
‘jt1ssue and ‘rind and” 1ess of vaééﬁia
' -derm1s.

Sucrose 1ﬁureases w1th natU"'

Vamount 1n the bottom.. The data show _

'much more. ana;ytica? data 45 needed on thn
"~ e 1ntend to take samp?es from the sama

~the dxstrxbutlon of 3

by faber analySTS, An 1nd1cat10n of the uegreef

| ,dispers1on found in sugarcane and the -di fficulties

| found: in preaactwng any. trnnds 15 easx;y see ‘b'
conments of. Donefer and Latr;l?e (198&} wt&-savd‘

"age indicated an avera

ge of LcituXar'cnns+§ gnt%iq
- 47. 3% w1th a surnr.51ng range of 3 Sim




f‘_torso; we 1ntend to take some sa“ples from th _same SO
 during the ear?y part of the iry seaso'_,i

'anany dlfferences. ;j__-f

'_?ts cand1t10ns ‘0; temnerature, pH retentlon t
'_'prodact removal. On}y rormulas one and faur

=c2trone?1a and 1enon grass cagasse. 3

';Chand?er et a1 (1989‘ obta*ned three iorrulas to pre
_totaT anaeroch b}Odegradatlon for llgnocellu

the mode?s have been app%zeu to +he mcter1ais ai

-.and 2 aﬂd a;peqr in. Table b These ‘ormJias 4
tne maximum ccnvers10ﬁ atta1“abie under anaereblc

.'and tota? gasi ?Wcat1on obt =1ned cnly w1th Iong

'j'-tzmes LGGIC& 1y thev Dred3ct a h*gher baaéecvada




din the runen‘_ These methods have nou b : n d _“
 dupl }C?te .pe rfELL}j the cord;tlons fcund Ane the
 fbut rather*to provide a fqna? result that wou!d'
' ' 1'3n v1vs vafues Tﬁo prob]en has benr no* on?v of est
-:,lng so?usle cei!-cortentc and the d*str1but1ow 6f hn ce
fwaﬂ po?ymers but a'iso the af‘xount 0‘? mgesne_:'_e'
'i*cowporerts and the degracaticn rates of; ach ¢

'_7a} By usmng proteo]yt=c and hoilocaixuloiyt;c romre

'sader1na the foi?cv1ng methods: _ T
a}- Jones and Hayward {1973, 975) as modified by ﬁ95$é53 

H?of the organ1c mat ter) whrch is svmiiar Do the one
*"fpredched for ‘emon grass bagasse. \-nuerest1ngsy :

]_ the valJes for c1urone13a bagasse are defxnzte?y
- (50-69%) ks e

._;_1;3;4.

”1:,Jata .rem Lhe anaTysas by tne detnrgent systﬁm,,

-(ﬁanten and Barnes, 1980) and the one- by Jowman an

‘treated sequenflat1y w1tk a gro;eolyu1c an - a Ho?loce;

-EvaTQat*on o‘ in vzt"a dxaest1b1i1ky

this prowect he thought tha ' hqs parawefer, he'

recent and key pubT*cat%ons, Lhe one. bv USDA scaen j{f”
(1982) Ne choose to evaluaté this pqraneter ay t@c

- enzymes, and

b) By eﬂployirg a m1xed ca?tdre 1rocu1um o‘ pure cu?tarnU

of ce]lu?olytic and non- ce?]n?o?ytic bacterla

. The-enzymat1f met?ad In +ms methea the material

,,c1

lytic enVJWﬂ and the wexght 1035 s rergvded a‘ter a
reactaon time. The condxt1ons cnnioyed hQFE set a*uer

and Co??tns {1_8?)




ol dur1ng the day- The supernatart.has rewoved'a_ e

| “'_.-i.__-_'b;-l..'_"-':CTark and Beard '1977) as mod ﬁed by ﬁomna
o and Collins {1982) ST
i”_t); Pot0 and M%nsen (1077) mod1f1cations ef the_Jcnﬂ‘%
. . -Hayward (1973 1975) tecnnlque .  _' L
. .d) Roughan and Honand \197, as momf,ed i:y Dowman
' Coltins f1582) : o '
. &) Adegbola and Paiad1nes (1977)
" f) Mcleod and Minsen (1978, 1980) - -
"i“;Appro 1nateiy O 2 gof ;ne powdered raw mafer1a
“;pared as- }q sec+1on 1.4 wawo placed 1q a tafeu 60 1l
- pTast1c hentrzfugc tube. TPIS was incubated'a"40°c
'f1w1th ?0 mi of O 2% penﬁ1n (Stgma Chemical Lo )
:HC? for: 48 h Manual ahaking of the t ube was -

fugation at 10 GGO *“*"z, 4°C fﬁ)r 18 TH"! ] __
__' of T?qu1d was adaed the canteqts m1xed an&;f.
'fuged again awp?oying ‘the- same. condit*ons 3%
' fsuperratant was’ removed and ZD ml of 2.5% Gﬁ5
{Yakult Hansha Co. Ltd } 1n 0.1M acetate buffe: =
”_~:added The. samp]e was 1ncubated for another 48 13
"ishakzng 1t maruaisy tw1ce a day. ‘The retvdué ¥ &
ina sxntered glass crdczbie, Washed oncE; d”?&ﬁraﬂdj‘ _
' ;.wezghed. The dried mater1aT was 1gn1ted at 51“‘C.rqp 3"”
coo?ed and he1ghed aga1n A contro] sdmnle,w include
_  w1th no enzywe add1uions, th samp?es.were_don -;hjﬁu§}§¥
cate. o _ _

'_Two parameters were ca?cu?ated'

o a) Tne in v;tro dry matuer d1gestlbi17ty {IYD&D) equa?

| IVDMD 100 [1.0- [{Bry weight after ﬂnzyme trPBLT )_
o+ (Amount :o?ub111zed in +he contro?}7 i {Saﬁp
dry wezght}]

b} lhe in v1tr0 orgaﬂic mauter aigest}binty -1¥ 3' 
_to: R '

_IVOME ~-1uG i1 G - L(Dry WEtght af*er enzyme *reatmewt}
v e (weaght of ashes) +. (Weight dszercﬂap in ash
a betwa61 samp}e and. contro}‘T / f‘awpaa a Gan_g:,

:d”v we1rht\] Lo el




"”H_1s appropr1a+e e remawber that the c1trere1?a and Ie-

'”"f:Results are presen-ed in Tab!e 6.

.':enp?oy?ng an organ1c matter content base..¢j S uit:
for Temon grass were. urexpected]y Tow.. A*' h 5ﬁpb§n

Jmon grass bagasse are raw materrals wh1ch have been

f;more reszdual 011 than +ﬁe c1trane11a one? ﬁe,w}al
'rES!dua} 011 conteqt on- Gur samples. - T

In Tab?e 7 we . have summar1zed some of the cerreSpaadi

~-:approached w1*h cautXOn. NeverthnTess 1t 1s seeri_ha
- the values- of Table. 6 fall within. the m1dd3e part: ¢
'range of span found in the data cf lab*e ? Wh1uh fo“
bagasse go frow ;.2 to 38.\..= g

Swakon (19??) studied in d etail tbe in V}tro d}g&S;}b
of different ‘tissues, A’l ‘tissues showed a S?gniflcan_
decizne in fiber ‘digestion with' maturity;_ The crcund
tzssue fiber was the most d1gest1b?e within a,matur=£
The d}fference in d19est1b111ty could be a*trx ute no
_on?y to Y}gnificat;on but also to the phvs¢cal orient
~ tion and structure of the ce]Tu]ocxc fibers as f1bers
in the rind were more d1gest1b}e than flbere 1n tne vas
culdr bund?e;..'

. Maxed culture. 1nocuTuﬂ o* ce]Tutoiytxc and non-.
ueliuiciyt1c bacteria -

| The metbndclogy is be?na dﬂv Ioaad afcordlqg te LEPQ-
: n1ques described by Ikkovits et (19 5),. Stewart =
ail. f1979} and. W?E“ET ’1982;._ The fo]sowzqg pure cu!
tures have been obta1ned'



- HWe are currently obta1n1ng a2 sample ef C?ostr1q1tm ;

- 1.3.5 L o
: WOrklng w1tn 50 grass samp}es of troalca? grasses,
-Leod and Minson {1982) proposed the fai?ew%ng cqua
“to prealct dry mat er dxgestxon 1n v1¥0 (x} frsm IVEF‘

~ valves: B PRI or &

'“'['d)- CToszr103um thermcsa ”,raiytacum ATCP 793

ttlbzl:ty.- : o -
a) Sugarcane'EX-FERMented bagasse: 31.33%
: b)"Citrbheﬁia bagasse: 31.85%

__'ffrem QSF Gctfangen | R :
.aj) Ace*xvxbrzo ce11u101yt1cus ATCC 33288

by Rum1nococcus 21bus ATCC 2;218 .

¢} ‘Clostridium thermoceiTum ATCC 27405

_from NRCC, Canada R
- &) Acetivibrio ce}1u¥01yt1cus CDgwﬁRC~2248
" from NIRD, Shinfield, Reading - ' :
f)_'RLﬁznococcus albus KCDO- 2230

g} Ruminococcus flave‘a::ens NCDD-2213
1_ﬁ) .Bacteroxdes su\,canegeneQ VfBG—ZZIZ K a? ,
‘Bacteroides ruminicola subs bYeV1S NCDG'22‘ 

;Baft°*0:des rumanrco}a subs rum1n1c0ia NC“OQ
2202 - : I

| ‘*om NCRL "retorla :
k) Butvrlv brio fi br1so?vens ‘

'.-1) Fusobacber1hm pO?ySQLChaTO}yt7CUﬂ :

Codiy ety
e

hcrmsacetlcun

'Predicu1on of 4in v*vo d1gest1b111*v

;mzwmafmz'_f=e%{9{em)‘y
Taking the IVDMD vaiues of Tab e 6 we calca?afe tﬁo fo’
ing figures for the ac»uai in vivo araerablc rumaa:d;ge

c) . Lemen grasa bagasse 27. 3 0%

The predzuted vatue for cane bagas;e fa??c in tbe upper
bracke+ of ‘se data tabulated. in fan1e 7 :
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“'*EVALJnTIOR-

ADF

| _t'v-_
. Cellulose

SAMPLE 4'f

100°C to consLant
we1qhu

 KjeIdah1 -

v
Protein

'_sﬁﬁ?uaf;zz%-;'

.KMﬁO4 N

~Lignin oo

| SRMPLE 5

 |3hatsoocc
Ash




A Sugarcane 95,

L2, Citronella 7.0 885 1132 .8”*7374.5 | ;; 2

Table .1._ ANALYTICAL RESULTS EMPLOVING THE DETERGENT SYSTEM
| UNDERLINED RESULTS GIVE THE AVFRAGE -

5 = standard deviatlon

L Neutral detergent Acid detergent o - 5: ;;_,* e - KJ@?dahT_ o Ce1JuTérjﬂ‘
Raw material = fiber residue = fiber Lignine  Cellulose - Ash rotein  constituents -

Hem1cel1u]ose

_(NoF)” (ADFY . . R _Nxs;zsqr;fl.(loofmsr)-._-

(]

©omented - (95.00, - (77.92, (12,28, (53.41, 42, 94, (2.40, (1,17,
- bagasse . 95.08) . 78.13) . - 12.68) 53.06, 53.17, 2.26, 1.21)
I s=045 . 47,97, 53.87, 2.43)
| 42003 Al21 50.09
47.16, 50.21} S
s = 5.01

=

e . . - e i 2 e it [hedhabuy . [T, W

(75.63, . (59.32, _;(11;18;'~(30 48, 29,50, (8.
73.89) - 59.64) - 10.93) 30.46, 30 22) 8.
T T

8

bagasse
e . (4 56

S8 temn 764 seE 1110f}:{7j’:30;0f7-7"7"'i0}4f3 ,}5517 L ze
Cograss. T T va..;n.ws-:aw;_f PRI oue I N B

oo bamsse (7626, (g (o

N - 78.0 ' .‘-'lgiﬁ ::_ 48 5 ,.' 2 4 lmg:, f;: 9 !Eil:"fﬂjf'
“EX- feP-_, R : o T T ' ' S

(NDF ADF)

e

LR

i F {5  i}. .:?_ 5_

17,0




e

: ‘Sugarcane
- bagasse

'”Jéckson (1977).
India ' _

.*ILYamas et al,

© TABLE 2. ANALYTICAL RESULTS FOR SUGARCANE BAGASSE EMPLOYING THE DETERGENT SysteM

fiber residue
{NDF)

Bt o it

| _*iNeUtra1 detergent Acid detergent

fiber
'(ADF)

Lignine .Ce?]uiqse-'Ash

 Kjeldahl . Cellular -
protein - constituents. -

Hemicellulose

Randal (1972). 84.2

- Puerto Rico

82.0b

(1979)

S Mexico

Rexen (1979) 83.4

: Dinamarca

. Ibrahim and - . 88.1

Pearce (1980,

1983)
Australia

Han and Ciegler . -~

(1982)/Han et al
)
JUSA L e T
7. ICAITI (1982) . 853 4

58,0 -

53.0

4§;2. :_ _

:_60;2   ;,.;

11.3

13.0
10,8
.8
414;§l 1

e

40,0
| 8456_~-85,7" - 68.0 - 68.3 fls;hgls.s;_48;8548;9-{fil_“_
38,4

466

504

mo

~ (Nx6.25) ~ (100-NOF)

542 16 158

C2.00 - g0

'
. ....'

-“+ .'.T_.“_._l._  ‘ 16,6f 

20 16 -

L3 s

o 18.3-15.0

16,6-17.5

__ .i_34é2_ :_ _

27,9 o &




TABLE 3. ANALYTICAL RESULTS FOR WHOLE SUGARCANE EMPLOYING THE DETERGENT SYSTEM

Neutral detergent Acid-detergént

gwho1e sugarcane fiber residue
— R

Cellulose

‘1. Banda y Valdez
{1976) E

_ ) 54.1
- Mexico

2, Viana et al. -
C(1978) 65.3
"f(Mexico). '

- Kjeldahl  Cellular - o
Ash  protein -~ constituents Hemicellulose
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-TAQLE 4, FORMULAS OF BANDA Y VALDEZ (19?6) TO PREDICT RUM[:N
' DIGESTIBILITY OF WHOLE SUGARCANE |
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. FORMULAS OF CHANDLER ET AL.

B1 =-o.028x'+ 0.83;

= (Ce]1u]ar constituents/Organic matter) +. (
: ( 2.82 (X/NDF) + 104.61) -

“-(1980) TO PREDICT TOTAL ANAEROBIC o
BIODEGRADATION B

Tota]‘anaerbbic'biodegradation,f%-‘

X = lignin content as perceht of organic:matter

100 (0rgan1c matter)) .

Sugarcane EX- FERmented hagasse
.~ Citronella bagasse
Lemon grass bagasse
-Sugarcane bagasse
Sugarcane bagasse, Jackson (1972)
Sugarcane bagasse,
“Pierce (1980, . _
.~ Sugarcane bagasse, ICAITI (1982)

Randel (1972)
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1. Sugarcane EX-FERmented bagasse

TABLE 6.

Sample

2. Citronella bagasse

3. Lemon grass bagasse

IVOMD and 1VOMD OF THE (SAS) MATERIALS

1VDMD, 2%

18.76

(18.17, 19,34)

. 10.64

. (18.15, 21.13)

13,13

(12.61, 13.68)

1VOMD, %

17.65

[17.02, 18.28)

27.67

(28.98, 26.36)

1642

© (15.75, 17.09)

In itro dry matter digestibi11ty
T_'_lgro organic matter digest1b1]1ty

IVDMD
IVOMD
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TABLE 7. LITERATURE VALUES FOR SUGARCANE BAGASSE'iIVDMD s

:;IVDMD %a .

1. Randel (1972) Puerte Rico ST BRI
2. Dekker and Richards (1972/1973) Austra]1a - o _ 23.6
3. Martin et al. (1974) Cuba - - S ' - o

pith 3.8 - 20.5

o . bagasse o oo 8,2 -711.4
4. Preston (1975) Mexico _ S 2000
5. Rexen (1979) Dinamarca _ ' ' S 3.0
6. Cabello et aT._(1981) 'Cuba . ' T T

. pith y | R S Y
- . bagasse : S SRR § Y
7. Han et al. (1982/1983) USA ' R o 38;3b. 
6

8, de Hetnandﬁz (1983) Mnx1co : ' o : ;_', S ) I8

a In some cases the enzymes and conditions emp1oyed in the analysis d1ffer from
those used here, also in other cases . enzymes are substituted by the addition -
of rumen samp1es e1ther through 11stu1ated an1maTs or: emp1oy1ng the nyion bag-‘
techn1que ' S : '

b | A corres pond1ng vaTue of 33.0 is reported for IVDMD Ibrahim'and'Pearce §1980,
1982, 1983) give a value for. IVOMD of 32.8. R R R




1. 4 P1ans to quant:fy the 1i gnoce]?u1051c deq«adat1on by
 cellulolytic bacter1a_ SR

From several CJTtJrB coiicc ons, we ob a1red ce}lu]oiyt1c runen
bacteria as listed in section 1.3.4 (m,xea culture inoculum of cei?uto‘vtic
and non- ce]1u1o'vt1c bacteria). By usxng a def7nedvmeczum thn_tueﬁro]row-}f?
ing formula: trypt1case g/! (NH4)2S04 .9 g/1; KHoF '.QTng;-TNéQ}_L'
.9 g/1; CaCly. .02 g/}; MgClp.6H20 .02 §/1; MnCly.4Ho0 .01 a/1; Ca'c-z'g
6H50 .001 g/1; FéSO4.7H20 1 9/1; Resazurin' .33 g/1; rumen f’imd 53 cc,
acetic acid. 1.7 cc; pH'FdiuSted to 5.5. we inuend to provide as Lre oniy ;”
carbon source for a bacterial mixture the Tollowing. mater1a1s' ixgnoc qu—§:

sic residues from EX-FERmented sugarcane, citroneila Dagasse aﬂﬂ 1emcn grass

i

Basically the dry weight of the substrate w11! be quant1f1ed ta ‘1nd
if the bacteria have utilized the Yignocellulosic: material; also _ac d1ty by
volumetric analysis, pH, and total gas and composition of 1L.. '

Incubation temperature will be 35C and length of 1ncuhut1en Lroﬁa» 3
Bly around 72h. ' ' B

A1l these tests will be done under strict anzercbiosis. -

1.5 Maintenance of locally obtained mixed cultures
Y

The cultures are maintained with semiweek]y,feeding'and_cehffoifof
gas production. The cellulose substrate used is ground, untreated, EX~FER- -
mented sugarcane bagasse. Diluted rumen extract is also édded as a sourcéfé
nitrogen and minerals. : |

The anaerobic systems have been set up for testing degradatioh:éf-
substrates with these materials. A gas scrutber furnace was built iﬁ'the;f &
shop as well as a manifold. Gas flushing techniques have been established -
with 0p free gases. The testing protocol has been established and the e'x'--"-'f
periments will start momentarily. ' R

1.6 Report of trips made for technical visits and cornsultation A

1.6.1 Visit to the Bicengineering Research Center cf the -
Cepartment of Chemical Engineering, Lehigh Ln?VPrS? ¥
Bethiehem, Penn. .




L Carlos Ro]z made the v1s1t on WEdnesday July 5t_

- cata]yzed so?vent systems 1nc1ud1ng i

1.6.3

' Of spec1f:c 1mﬂortance was to obta1n thei,'
‘ nlons and rerent *epor;s of their work on s

The trxp repo*t is 1nuluded 1n the appendlx

- tion of byproddcts from h°mTC°I}dsOSES The'
- is presently doing some work in ‘genetic eng%neer”

~ the more 1rpQrtan+ is ethano] The ﬂork of Br. Det oy

enzymat1c suscept1b111ty of the waed
ethanol and pheno] asrsclvents,~ f_ ='f'

'Shety} de uabrera a+tended the course at MITf
Fassacnusetts “B1otechno]ogy mwcrob1aa pr

anaerobxc fﬂrmentat1cn w:th abud and ¢ hano?

-

?isits made by Robertc de'Leén; Dur1ng the sonth th of
JuTy two visits Were: made dur1nc a urzp to tne J_
States. The f1rst V151t on the 25th oF 1u1y was ucqe

v;s1+1ng was to +a1k to Dr Robbru- Jeuroy who ha '

 for the past vears work1ng at th “center on the ut'

of the1r work relijes on the ut111zat.cn of peLuos st
strains of yeasts; one of the col]abovatcrs Drlf

the yeast Pachyso]en tanroph11us to enhance the use :

xylan hydr01ysatns. Adong tne producLs of thfs metaﬁo

and co?leaggcs 1nv0]ves the use o‘ pretw=a+m°nt cteps

alkalles or by the use of n1gn tempera tures under sfea

pre:sure to obtain f1na11y a xylecse 50|uh1on." The' ec
visit was donz to the Labcratory of.Dr, E.HB{jantf§?3f




: fhhima1i<5€eh: Peparfment Unaverszty of I?Tqrc}s at
‘:*  ?Urbana Champagne, . 11’1n01;.; Dr. Bryant is w1dely re—'
'"'5;cognlzed by his many - COHtT?bUtIOHS to the know?ndge.
'jnf rumen m1c“ohlo}ogy The 1nueresv 1n th?S vws *”was*
Zto f1nd frcn a ‘1rst hand conbact of qis 1mpress""'

'  fstudents were ass1gned to aCCOTnany *he v1s1t
" the exper1°nce of the resnarcr done by tbnsn
'cei1ulose degwadatzon has’ a1ways becn of gréat
'fbecause of the r01e 1t p7ays in: an1ma1 nutr1tlon.
Tn1s po?ymer has to e dograded ;nto ngre s1mp.e “Com:

'pounds then converted into organic ac1ds.k However
‘evaluation of. ce?lu?olytic Papacxty_gg[ se offihe
"73forgarisms involved is difficult because. qry data ‘obtat
' _;from the: actzvzty on ce?iuiose substrates cannot\ tu

'ly be extrapoiatea 1nto what is rea11y happen.ngf_.f
'-3c0mp1ex system ;1ke the rumen. ~From the experwerce'ea
.this 1ab0ra ory work ETUTEF&LlQﬂ proceduraa have R
evolved for .}quwus coming frem the rdmen and_are‘m
an applzcatxon of & most probable FUMUQP tech'fqu

-'ce11ulosvf ma;er1a‘s.

1.7 =DUrfng thisfpe%iod_thé following QUrchéSé orders were

Date -.- : ?urcha;s order o S”EEi{ef";

1982 | o SRR KR
- ‘Sept., 21 ' 12302 A. Gallenkamp - Spare parts for:

o : : L _ulab fermentorr
1983

" Ja" 7. 12486 ':'FiShEF'SCiﬁﬁﬁific G’asswarei
- Jan. 17 S 12487 Curtin MatheSon-x,G}asswarg,]'
I  rengente ot
Jan. oo 12482 0 Pierca Chem1ca1 - Glassware ar
S s Coo L. lreagents- .




M,Tf R Ma??l?tn'.T  e
e May 28

'Ldﬁﬁayf24 =

T aaya
- :?_Lcﬁa} suﬁpljeﬁ_f

"'TGTAL,7 fU5$  . 

12719
12781

12748
12888

e

| Cuftiﬂ'ﬁathescnﬁ_

* New Brunswick:

Biospec
Branson Sonic

Fisher Scientific

ZLéborafsry '

centrifuge
Reagents - -

~Uitrasonic o
~homegenizer
Reagents. - S
-~ Spare part for : .. T

Tab. ‘shaker




”312;L_Anticipatéd éttivitiES for fhé fé??owing_six'months

2 1 Pre‘reatment aCt?V}L]ES . _ o )
Contlnuation of pretreatment trﬁa?s ;0 eva?aage d fferenres

; during the' na*vest seasons of tha d? ereﬂt 3rasses.; Bevc]o

fwent of alaa?.ne S0 and bioiogica1 techniques. wr1f1ng of

. deta11ed report uwtn uhP pretreatment proceddrﬂs.

2.2 Biological eva%uatzcn of aretreatea Sbbst“qt83 anc as sucn o
SEbS;PuLES

2.2.1 '_ Contlnuatxon of dzgest1b1?1tv eVaTua ion é' €
descr1bcd in sectlon I. 3 |

 2.2.2 Evaluation w1fh pure uU?uures as. dﬂscrlbed -
in sectqon 1.4 '

2.2.3 Evaiuatior with 1oua1?y 3solaued m1xed Crltures
with and wztheut bu*ferzno syst m added af. th
50 mi 1°ve1 Ef ecL1ve conversien er 3lcn0ce 1
Tose ubstrcte w111 be Judged uhrough i ss ef L
solids, gas product10n and cempﬁs1tion, and”;jf-f
the case of non-buffered systems, acid produc?f'
tion. R i

2.3 Optimization of selected substrate pretreatment - microorganism
combinations : SRR

Acid profiles will be performed; cthanol and acetate produc:
tion will be cptimized. e

2.4 Evaluation of pretreatment spent liguers for acid and ethans]

ErOdUCL o o
Since the spent liquors may contain solubilized sugar f.aolyﬁérs;f
from degradat1u, of the hemicellulose, as well as lignin, we
will test them with selected yeasts from the TCAITI cul mf‘:«'_=
collection for ethanol preduction. The mixed flora frcﬂ-,be-f3

digestors will -be used for acid production trials. .




3. FINANCIAL PEPDRT ;
U PROYECT N°:  AID §36-5542
- ICAITI -N°: 82/6.5.. 77

”77gj-PERzea-- September 1982througn September 1933

' Eudget Category . Budget-" _'Disbﬁrsed

———

 INNOVATIVE SCIENTIFIC RESEARCH {LTGNOCELLULCSICS)

{*)

’-Commitments';

Tota]

1 Staff 11900000 27 3%0.13

f 3; 7Ma;erra¥s and

._f“ Za. Travei and Perdlem 4 ?EG.OO' : 1i 855.49 _

e
-

a7 300,137};5”
o 355 49

supplies 45 700:00 - _13 564.62
Total US$. 160 460.00 41 810.24

_7.836.12

7 836,12

_ _21t49o.74{" |
49 646.36

o~

PrepariéQi.:
0

2 P

/ I
Gefitrgl Division

'}(*) Purchase Orders issued, goods not yet received.
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'7:,Lic. Francxsco Agu1rre s., D:rector

:-Lic. Sheryi d; Cabre ra, JeFe, Sccc10n de ﬁwcrob1o1ogia st1510n ?7=f-5“
de- Investigac1on Apiicadz y

_'Inforre de vgage a los Estados Un}dos de‘ 31 ce 3u?10 al 13 de agosta 1°8

-f:Ing. Carics Rolz, Je;e,' ivfs‘ n_ue nVEStIQBCIGR Ap?icada

-Bel 1 al 5.de. =aosto atist1 al curso “810 technology: Ficronaa. p‘znwxj
. ‘cinles and processes fn” fuels, chemicals and 1nwred1ents“ en el.canpus
- del Massachusetts Institute of Tecﬁng¥ooy en Cambridge.  Coordinado cor
. el br. Anthony Sinskey, el curso tratd de sistemas Lraerobaccs princi="
“palmente, ¢on énfasis en a1 re+eb011swa, la termodindmica v el man?ﬁu-*,
{Eeo gEﬁetzco.ﬁ £l progﬂara se. encacntra adgunto al presente.;;-“ R

B de age to; visits e? Benart_ rento de Cienc 2 de A11*entos de} S
Georgia Experiment Stat on, cerca de Griffin, &b p"cﬁoszte de la vigi-
ta habia sido 2] de visitar a la Dra. hancy Moon, ocuien hab'a:reaiazuﬁo
muchos irabajss en el Zrea de microbiologfa ?ahtwca y del- rurcn.,;;

- Dra, Meon habTa dejzdo Ta Estacidn Experimental unos rases an;es .
trabajar en Ia industria- pr1vada._ Sin embarge, me atendid muy amzble~
menie 1 Dr. T .my ‘Hakayama, Jvefe dei Departavento Yy varaos;:raleafos
del centro. La Sra. Brenda V. ha1? “t&cnice del Dr.. RBechaut, me eﬁse-ﬂ
i las técnicas cue. ens:e“bdn e]los en trabajar con las cepas de As er-
¢illus productoras de afiatoxinas, tanto en su- enumeracxﬁn ccwo e;‘ s

propagac1on e inoculacifn de granos.

El Beparfavonto cuenta adpaas con una planta, pi?ate que cotabora esrre-..
= : chamente con la industria privada en procesar lotes nxperxﬂergaips v
L - lotes de productss enlatados especializades. Pay un buen laboratoric .
e : de andlisis sensorial, eszpe de secado, de cimaras de ambientes ccﬂ rc}a=
jado para medir ies parameuros asociados con e? secado, e;c. _ R

El 12 pase con ‘a Dra. Laura Carrexra en 1a UﬁlVézS?dad de Ceorc1a en -
‘Athens, qu1°n ccn el Dr, Weigel ha estado traba arndo con Clostricdium ;” ,_
thermoamyloliticum, un termofilico aislado de un nacimiento tarmico da
TsTandia. Produce este microorganismo 2 moles de H, y 2 wmoles de {0, -
Yactato y etznol de xilosz aT 20%. . En el mismo labbratorio se detecta
13 produccifn de dcidos orginicos conuna colurma de Biorad em EPCL de
Varian, modelo 5C00, con detector de RI. E1 etanol lo detectan con.un -
Cromatdgrafo Perkin Elmer LC-75 con detector UV:  También usan un. T :
~Carben Analyzur con el detector de Infrarrojo fijado para: L85 para ma=
dir C. Hizo mucho hincapié en 1a importancia. de cbservar téTnigas anae-’
robicas estrict as, ton buruuseo de’ hz, CO 0 gas Argon por los P~GIOS,_ 




- Jeringas, pipetas, viales, tubos, etc. antes del manicuTeo de los mi-
. groorganismos, - Frecuentemente se les pierden Tos cultivos, y por 1o

tanto, mantienen congelados ejemplares, tomando alfcuotas durante el .

per:odo de crecimiente Iouar3t11cos mezcldndole. con iqual cantidad deu7"

glticerol estdril anaﬂrob*co y corca7and01os a -20° por unos- anos,

Contaminacisn con C. t%e*ﬁaﬁvdrcsui*urwcum es conun, y por 10 tanto :
todo se es»erx]aga por 30 rzﬂugos. Azicares se etter*11za1 por le-_;__i
tracidn, :

Cada bacteria nueva que entra, se estudia con res¢°cto a] 0H 6p 1mh'"

temperatura optima, perfil de substratos, per;11 de productos, Compo- . ]

sicidn de pared celular, Dt A, RNA, Las condiciones Sptimas se d:*nrfff
minan sacando 1ss flewnos ce rep?1cacion (aupi1cac1on) de 1as curvas.
de crecimiente, : :

En este 1aborator1o, se estd empzando a estudiar 1a genética de estos =
anaeribios estrictos, pero es un irabajo dificil. No habian teni ido
mucha suerte en enco**trar ni-los plasmids ni curcadores md‘zcados o
apropiades para tajes esfuerzos,

Esta misma tarde, visitd los Taboratorios de J. LeGall.en el Departa-

mento de Biogquimica de 12 misma Universidad. Me atendié el Dr.

Mohoussine Nacro, quien explicd tos trabajeos de este grupo en_eétﬁdiarslﬁﬁ
los sistemes enzimolfgicos para los metanogénices, . S

El viaje tue de mucho poovecho nara las actividades de? proyecto de
lxgnoce.u gsicos (1777). BT .

Atentamente,

SDEC/jldeg
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-BE LCHNGLGGY ‘Y*C?GBiAA PRIX CIPLES AKD PROCESSES FOR ”ﬂZLS
= ChnWICALS AND IJLRLDIZHT A

: _,adule of Lee ture -= a/t - 8/:/83

9:00 - 10:15_- Introduction - (AJS) :

' ' s JTo review def1n1t‘on of blotechnolcgv
. . : ) . . outline microbial snd engineering.
S : - principles to be covered in ‘course

10:15 ~ 10:30 Bresk

An overview of the unit operations

_ 1mporuant to the development zf _

: fermentatloz‘ana tigconversion processeq o
‘fuels, chezicels and ingredients syntheses.

Consideration will be givin to selection :
and pretreatment of raw materials,

' bioreactor design and control, produ"t
separations, processes and recovery

L o . operations, examples of process flaw

o R o sheets, and an 1ntroduct10n into

. 4 process econoaics.

123100 - 1330 Lunch

1:30 - 3115 | Blochem‘cal Engxreerxqg ?r;nylpxes
Contlnued - fCLu) ' .

3:1% - 3:30 . Break

3330 - 5:00 ' Iﬁof&dﬁCsiOﬁ to. basice of the- nicrobial
‘world, ecophysiology end:laboratory -
technigues. with special emyphesis onf'
anaerobic bac*er;a (3cz2) o

O ' o | tgﬁ“kr-' }:fhixr-
6:00 - 8:00 Cocktails *t ' \‘

i{j ’ \\ \-\

©.10:30 - 12:00 - Biochemical Engineering Fundarentais - {CLC)




nS:QO - 10:15 - 'uxzcrobial Metabolisn :
' ' Thermodynamics and basic cancepts of
microbial metabolzam (rT) ' :

" 10:15 - 10#30 " Break

- 10:30 - 12:00 Energy ﬁafaholism in ééldégenlc and
: o . Solventogenic ‘Anaerobes (RT }

12:00 - 1:30  Lunch

1230 - 3:15 '-"Baszc Futagenlc and Gene c xechniques fo‘”. 1?

: ' Strair Construction {GW) T
Emphasis of tasic prﬂnc1ples “and

application of advanced _techriques. ;z
51te-51rec*ed mut&geneszs, etc.) L

3315 - 3:30 Bresk '

3:%0 - 5:00- = Basic Hutagen’c and Genetic T=¢hﬁi§ﬂeé for
Strein Construction (GW) Lo e

B Vednesday B:45

- 10:15 'Energy Metabolism in Sulfidogenic and
} (8/3) - Methanogenic Bacteria-(RT} : '
10:15 - 10:3C Breek
iiv - 10:30 =~ 12:00° - Fuel and chemicels production from
o ‘polymer transformatioms (J62) -
' 12:00 - 1:30 Lunch
1130 - 3:15 Fuel and chemicals productxon frqm:
single carbon transformatlons

Break

The Status of Gewetic Svete
Strlct Anaerobes {ﬂ‘uj -




- (e/4)

;]'Friéay:'
,jf'(afs)_.

‘ Thursday

R F

_ .9:00_

| 10:}5_

10130

1:30

'-3:15

600

$0:15

10:30 

IE;;

10:30
12:00

1:30.

!0:553:.

10:30

12:00.

'Large-Scale Bzologically Berived Fethane

Procesaes (D‘d)

g '_Fundamental Bzology of Beiry Starte“-_
- Cultures (LH) . .

Break  _

Functlonal fole of Plasmids in Ba‘ry_.
Streptocecc‘ (LF) :

Lunch

Break -

rD\A *echnology for Enzyrme Engzneerzng :
and Haﬁ1ua1atlon of onchemlcal '

- ”athways (?“G)

"gocktails-aaa'sghguet

Applications and Strategies for_'l

Manufacture of Fuels, Chezicals

- .and Ingredients fAJS3- A 3mearzzlng
-perepectlve 7' B _

Breﬁk'i' .

{4JS) Continued

* Genetic and Strain Ccnstrucﬁzon Strateg‘es
for Dairy Streptococei {LX : -
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: In the EX- FERM process ethano} is obtaiaed by the exur- £1

_ fermentatlon of sucrose present in sugarc anﬂ by the action of su

. micreorganisms (Rolz, et al., 1983}. Irn one ton of cane (LOOG k

_are, on the average, around 130 kg of fermentzble. ;ugaws and 125
f1br0a< residue. Usuall ly thTS Tas; proé ct.;s.empioyed as_Fnel to pur

“ _;the ethano] produced.

e The hypenﬁe51s discussed here aea?s wztﬁ *he ﬂxxst1ng al
o to enp?oy this T1gnocelfu1051c residue, separating it into’ its

'f .cempcpenus by a serves of treagﬂents and empioving tho rEhL:ta;

'thau lower the pncrgy emaqd to purif y ferner;auio% ethano}
is 1mportant is that no matter how sna]1 still a fraCtIOF of th?s

- must be used as procesc fue1

PRI The prvncxpal macrocompanonts o+~ ?he i brous resxdue are
lignin and hemicellulose.. -Their distributicn varies with cane va
age, agricultural practice and eco?og;cai conditions. A samp}e of s

"‘--fram the Pacific coast of Guatemala taken in the later partiof the 8

o Was EX- FERmented: the lignocellulosic residue was dewatered and: washe_uﬂ
~screw press andsun dried. It was analyzed according to »echnxques use

-ﬂ _f1nroL; feeds or forages A{van Spest y(?ebert<on. 1380 gldinﬁ uhs_r
ival aes caiiuiose, 48 _ ,1an?n, 1?% and hE“?CEI h1os 'Z;M

' f;rw51gh gave_t#e_fn?}qwzng_average res;‘ts._ 44, ’S,EFd_?U




data are within the values for sugarcane bagasse repcrted in the literature
{INIP, 1983; Jackson, 1977; Randel, 1972; Rexen, 1579; Han at a?., 1583,
Ibrahim and Pearce, 1980, 1982}, The in vitro dry matter digestibility
{IVDMD) of such product is reiatively Tow due to its lignin content and
structural characteristics. However the reported values vary widely, not
only because of the factors mentioned above, but also due to analvtical &if-
ferences, for axample the use of rumen licuor or commercial enzymes 1o CJ“”]
out the hydrelysis. In the same £X-FERmented samoie an IVOMD of 18.8% wa
determined (emplioying commercial enzymes). In the literature valtue. betme:.
9.2 and 31.6% are found (Martin et al., 1374; Cabells et al., 1981; Dekker
and Richards, 1972; Preston, 1375; Randel, 1972).

During the design of strategies ic separate the macrocempenents cf
Tignocellulosic materials for their further bistransformaticns, it is nes es-
sary to reaiize that their rates ¢f reaction must be increassd and nence pre
treatment operations must be an integral part of zny process scheme. It is
well tc remember that there is no cptimum general pretreatment, as this will
depend on the process, the products, raw materials and mzcroorganisms to be
used subsequently.

One interesting aliernative in cases where ethanel is ths final prod-
uct sought is the ﬁc?wun1f1C“ticn “Organcsolv? process {Kleinert, 97 , 1G75;
Bowers and April, 1977; April et al., 1979, Baumeister y Edel, 1525: Katze
et al., 1980; Sarhanen, 1980; April et al., 1882; Green & Sawyer, 1982, Hansen
& April, 168Z; Marton & Graizow, 1982; Averignos & Hang, 1883; Neilson et al.
1983}, Bas‘C"”y in this process Iégnin is separated by mixiures ¢f eth anoi-
water acting abov a?mos,qerzc oressure values. Cellulose remains in the fi- -
brous residue an G u3uclzy nemi Eéuloses arz hydrolyzed to pentoses. Lignin
can be separated easily from the solvent. As the solvent ethanol is emy!gved
{which is alse the main Droduct of the process) and not a chemical derived from
fossil resources, 1ike phenol wnich has been used successfuliy for the same
purpose in the BATTELLE-Geneve process {aithough phenol can pvﬂntu=11y be ob-
tained from the gV“Oij is of the 5eparabed 139P1n;. Hemicelilulose is broken
te fermentable sugars {pentoses) and cellulose, still as a polymer, has besn ‘
transformed to a more .ea tive form. At ICAITI experiments have siarted employs
ing ethanol-water aikaline mixtures with and without the addition of anthra-
quinone. With ethanol:water {80:40} atf 175°C for 6 h a solids yisld of 74% :
was obtained with a Kappa No. between 129 and 139. By adding 2% NalH and reduc-.
ing the reactieon time to & h the figures obtained were 58& and 7 respﬂrblve}y.
And with anthraquinone the values were 60% and 5.5.

The a?ka?i action on tignocellulose causes a swelling ¢
matrix wnich ailows solvents, chemical reagents or biolocgical cat

he solid
a r
penetrate further within and establish a much better contact wit]

alvsts to
i

he internal

o T TR Y

J

structure. If the objective of the pretreatmsnt does not imply a lignin sepava- .o

tion or a hemicelluleose hydrolysis, an aacquabe aiternative is the solid pﬁase
alkaline process. In this case tna lignocelluiosic residue arranged in a2 piie
is sprayed with a concenirataed alkaline soluiion, followed by a storage zt am-
bient femperature usually for ong week. The dosis are between 3-5 ¢/100 g of
dry matter {Caoper et al., 1377: Jackson, 1977; Dobie & Walker, 1977 Wilkinson
&% Gonzédiez, 1978; Berger et al., 15979, 1980; Sclaiman et al., 1879; Acock et a
1979;: Garret et al., 1979; Church & Champs, 1980; killis et al., 1586; Lesoing
et al., 198Q; Berc & Vietz, 1680; Plasse et al., 1930; Benghedaliz et z1., 1%8
1981; Miron & Benchedaiia 1981‘ Chesson, 1981: Hiccins, 1581 Jayvasuriya &
Perera, 1932). In this p ess there are no effiuents and very iitile dry
-




matier is lost. Contrary when alkaline process employing suspensions are
ployed, liquid effluents are produced which need some kind of prOCstxna.
The alkali effects are dramatic on the :1gnuce‘]uios1c residue increasing
stantially their potential degree of hydrolysis. With 12% NaGH on sugarca:
bagasse the IVDMD and enzymat:c solubility increased by 58? and- 280p (Cab

et a?., i981) -

Sometimes the S0, treatment of the solid ressidue is more efgzbb,ve L
‘than alkaii. Dosis are around 5 ¢/100 g dry matter, followed by 2 syorage_fdr[v i
three days at 70°C. Experimenial data on wheat straw have been published by
Ben~Cheda]1a and Miron {1981). ' : ; TS

Finally =wang sciid state pretreatments the biclogical grocesses must
be mentioned, either with bacteria {ues"haﬂps et al., 1981; QOdier et ai., 19813
Janshekar & erchner, ?982‘ or emniov1ng ba51d1cmyfetes (Slrg & Rajarathnam, “_
1977 Zadrazil, 1977, 1978, 1979, 1980a-d; fger. 1978, 1579: Chang,- 1978; an-'
denfelser, ot al., 1979; Rajarathﬂam et al., 1979; Li & qur ﬁumTOE 1979 -
Wicklow et al., 1983; Platt et al., 1981; Chang et al., 19813, Jsaa??« the ‘ﬂnjlﬂ
fructify producing an excellent human food and at the same time a dﬁsgructTOP of
the Tignoceilulosic matrix takss place due to the intensive search for- nitrogen.
by the fungi, which emnloy VEYy_ETf’Cieﬂt!y their enzymatic macnlneﬂy, one of;
the most potent found to date (Antheunisse, 1979, 1080, 1981}. Dry matier bio- |
mass is iost by the action of the UFG?; E]usose and -hemiceliulose are hydeo--
tyzed, lignin is usuaily broken to smal 1er melecules which in principle can be
further biodﬁg“aded Under optimal nditions and with the proper fun91 tHE'

gestibility of the rpsxdue can in rense by lﬁﬂa

A pretreated Tignocellulosic material is then more susceptible for its
biotransfowmat1or to ethancl or other chemicals. The many alternatives proposed ©
to date can be classified into two groups: indirect and direct processes. In |
the former, the basic objective is to hydrolyze the hollocellulcse (residue
that remains after Tignin removal) to monomeric units employing chemicalsy enz
or both. Once this is done the monomers ars later on transformed into sthanol
(Rolz =t al., 1983}., Glucese from cellulose is readily metabolized.by brewer's
and distiller's yeast. Hemiceliulose hydrolysis originate mainly pentoses and
to daie there are no microorganisms available for their rapid conversion to ai=
cohol and in sufficient gquantities. This is a disadvantage of this type'of [~
processes. L

o cilocellulose into chcFQi
takes p?uue in only one siep evoiding the preducition and accumulation of mom we*s.f
e

'.'.'J
o
-
3]

Recent work in the technical Titerature dascribe sxperiments where ancer051” bac~

teria have been able to convert hollcceliulose to a spectrum of primary metabs-

lites among them ethanol {Su, 1978; Zeikus, 1979, 1980; Rosenberg, 1980; ¥iegel

& Ljungdahl, 1980; Flickinger, 1980; Avgerincs & Wang, 1930:; Viilet, lGQT} '

Present research deals with the reguiztion and conirsl of croﬁlc» distrib Sy

genetic manioulations and selection and strain stability. One of the main prcbfw%

tems found has been the lack of telerznce by the bacteriz to high cencentra- -

tions ¢f the procducis, specially Clesiridium thermeceilum {Herrerc & Gomsz, 1933,

1981]. o
Another alternative which is being studied by ICAITI scientists is the

so cailed "intermediate-acid®. The idea is to transform hoiicceliulose o

volatile organic acids, mainiy acetic acid, as it is done in the rumen. The

acids will then be biotransformed to ethanct empioying altevnate biochemical



pathways. Two industrial cownanzes in the USA have recently studied the: ac1d1—j
fication stage: COynatech {Sanderson et al., 1978; hev, et al., 1981} and. L
Exxon Research (Datta, 198la,b)}. The acidification takes place under araeroa1c L
conditions under non-sterile conditions and its rate is increased by aikzlire
pretreatments of the lignocellulosic suusbrafe. T water- so?uble compounds
. and hemicelluloses are converted by 74-80% and celiulose by 37%. Two-excellent.
. advantages are the non-sterility requirement and the conversion of beth hemi- ¢
celluioses and celluloses to the same final product. Khan and collaborators~ o oo
. at NRC, Ottawa {Khan et 21., 1877, 1978, 1979, 1%81; Pate et ai., 1680; Saddier
' & Khan, 1981) have isolated a bacteria identified as Acetivibrio celiuloiyticus:
. which transforms with good yields celluleose to organic acids. These acids in -
' principle can be transfor”u to ethanol. Lactic acid can be oxidized to uf?u—=*
o vic catalyzad by lactic dehydrogenase and then continue by known biochamical =
L pathways tc ethanol. Corry (1978) believes that this reaction takes: place abr-";-
ing putrefaction of living tissue. . However lactate dehydrogeragxfn with' Fe b

3
gen as electron acceptor is thermed/naﬁ c¢aily unfavorablie and couid ta
under very low hydrogen pressures and without ATP synthesis (Thauer et 2
1977}). Conversion of acatate to ethanol is thermodynamically more fav
and possibly have acetyl coenzymeA as jntermediate.

The first reaction in this chain of bicevents still is *he nydrol v
of hoilocellulose. The most studied anaercbic cellul olytic bacteria are
ones present in the rumen: Ruminscoccus albus, R. flavefaciens, Bactiero
succinogenes, Butyrivibrio fibrisclvens and Fusohacterium po!ysaccnaroi}
The enzymatic compiex of the rst three has been re CE"L1J studied {Hali
& Brvant, 19635 Leatherwood £33 Walker, 1967; Krishnamurthi & Kitts,

. Smith et al., 1S973; Francis al., 1978, Gawthorne, 1979: Yu & Hungate,
Groleau & Forsberg, 1981; forsserg et al., 59811 e
also been studied: Acetivibrio celiud 0}VL1LJ§,‘
etobutylicum {Lee & Blackburn, 1975; Gordon .
At et ai., 1979; Ng et al., 1979; Rahma- ; :
dler & Khan, 1980, 1°981; Garcia eu'*;., 1980; ¥
1; Ng & Zeikus, 1Y8l; Johnson et al., |
cases the existance of a compld
been demonsirated as also t e
ucanases are extracellular and
ucosidase usualily is cell wall ass
g interaction between bacteria. and ¥
t
t
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Pettipher & Latham, 1979; Gro
Other cellulclytic anaeraobes
Ciosoridium thermocelium and
et al.; 1573; Shinmyo et al.,
tutizk et al., 19728; Khan, 188
Khar et al., 138 ; Allcock & Wosod
1982; Mackenzie & cl1ou, 19823,
and intrazellular ceilulase compl
. of hemicellulases. The endec and exo
celc- and xilo-biohydrolases. Beta g
Inthese microorganismsthere is 2 stro SR
Several mechanisms nave been experimentally found: a) strong surface “*tachment“-"
of the bacteria to the fiber, i nce of enzymes packed in vesicles or
satellites detached from the cell, and c¢) oo?y¢er1c geil that retains the enzymes
between bacteria and Tiber (Leatherwood, 1973; Costerton et al., 197%8a.b; Akin
et ai., 1974; Dinsdale et al., 1978; Morris & van Gv!sxyk 1880; Forsberg st at., -
1981). There is no need for aereation as is required with fungi and hich jevels.:
of mixing are noct required as they seem unfavorable Tor bacteria-Tiber inter-
actions. '
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Summarizing, then, the

elements for the conversion cf h

- ‘ through organwc volatile acids {
explored in the laboratory as ai

that direct orocesses will event
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