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* ABSTRACT

Cassava is one of the economical agricultural feedstocks in
Thailand. The problem of the surplus raw cassava initiated the Thai-
Government to change the policy of sending raw material abecard to urge
producing industrial products instead. Butanol is one of the chemical
products which can be obtained by the fermentation of cassava. Now a day,
butanol is broadly used as the solvent in many chemical processes, and

the tendency of using with gasoline engine or diesel engine seems promising.

In our research, the production of solvent (butanol-acetone-ethanol)
by batch and continuous fermentation of cassava starch and raw cassava has
been studied. Firstly, they were hydrolysed to yield glucose. Then the

hydrolyed glucose was fermented by Cl. butylicum NRRL B592. The experimen-

tal results for defining the optimum conditions in batch fermentation of
cassava starch and raw cassava have showed that the temperature range of
30-35°C, pH range of 5.5-6.5 and initial glucose concentration of 50 g/1
was optimal. Yielding solvent concentration were 12.56, 14.64 g/l res-
pectively. Specific growth rate and specific rate of solvent formation of

cassava starch and raw cassava were 0.247, 0.174 hr_1 and 0.09 x 10_12,

0.032 x 10—12 g/cell-hr. respectively. It also has been found that the
solvent productivity from continuous fermentation were 2.2 time greater

than that of the batch fermentation at the same optimum condition

(ie. 2.9 g/1 of solvent concentration, 0.44 g/l-hr of productivity).
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AT 1 UFAIAINL AN T WTAR MR LA, aunIEn Y, e lalunig
NINUAE % conversion yield 232481587 157AATY 9
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Topinambour Cl.acetobutyli- 22.4 36 31.5
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strain selection
Hemicellulose -
- hydrolysate

Cellobiose ¥ 5.74 48 30.7

Mannose Cl. acetobuty- 4.28 48 25.3

Arabinose >--li(.'.!'l.ll'ﬂ ATCC 824 1.64 48 15.2
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1 L] 4 v

d . W - o - = = o
an1sANAsuIaMadLHe  LEIWL) ﬂ1iﬂNﬂHUUﬂﬂLuﬂﬂuiﬂﬂﬁﬂaﬂUQWWHBﬂ = 0.5 N/

1] ] 1] [ ] ]
w w o
fns-faTae  Aamanuitussozioan 1 17 duinfausdlau 9 Lo

P s [} L} L]

: ° "4‘\'& - o g . = o
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= - L -
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J a w 4 -3 o a w . o
lﬂﬂﬂﬂﬂﬂi“ﬁﬂxﬂqﬂTﬂﬂ1ﬂﬂ§1ﬂﬂLﬁuﬂ1?ﬂﬂﬂq3 WUIIAATINITHRAAINIACATIHATILNS
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2.1.1.1 azlulad (amylose) UFENAUAIY D-glucose unit UFLNW

- ¢ o ! Id ¥
500-2000 unit (35) Seamanuiduldens (wu'lulueue) M8« - glycosidic linkage
1 £ ' 1
%32 1, 4 alpha-glycosidic linkage a3Ui 1 Tamia 2 'l arluled azidudouid
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- = ¥
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[] 2 1 ) u L ql
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L

W (starch) 20-30 %
I (moisture) 60-75 %
Tulsdu (protein) 0.7-3 %
Lﬂﬂﬁiﬁﬁ (cellulose) g

o ' !

WIUATUIEIABY 9
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2.1.2 1oulg8 (Enzyme)
s [} = L] L) L]
=} = e v ]
taulganiiudasiidnalaaandaiddn dminTuianegawseann 50,000 ¥3au1nn

] L] i 4 & & L] v L]
vy Ty sau ﬂﬂmﬁuUﬁLﬂuﬁﬁﬂ:ﬁ1ﬂﬂﬂ tﬂuiﬁuﬂ1u1inLﬁﬂuqmn1w (denature) laiila
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2.1.2.1 aar-aslaued ( =- amylase) (4)

"4:0 = = oo
« - amylase \uiaulmdisnnnanuuaiia13a8IARE (Bacillus subtilis)

- f“ - v ‘
uazu1ad laimuinasid (Bacillus licheniformis) lod@msuldTlasladTuianazas

WANATIAMUL 1, kb alpha-glucosidic linkage W1IN1A maltodextrin, oligosac-

1 v ' : o
=] o - -
charide. -« - amylase uﬁﬂwqan1iﬂ1uﬂnﬂ1qnuiﬂﬂ1uuséh§maﬂ L2 NOVO ENZYME
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; o 1 L] ¥
qeidan Termamyl 60L, 120L (s (f Appendix I)

2.1.2.2 avlulangladiad (amyloglucosidase) (4)

W32 AMG Lﬁulﬂuqﬂﬁéﬁﬁhuﬂﬂﬁﬂf1ﬂﬁuﬂﬂLﬂﬂ{éﬂﬁa luiaas (Aspergillus
Niger) Tﬁ%ﬁﬂ€h1ﬂiﬂﬁ1ag maltadextrin UdY oligosaccharide. ﬂﬁﬂﬂﬁuﬂdé g ok
Uy 1,.6 alpha-glucosidic linkage “Hqﬁiéngucose unit éﬂﬂ1dﬂ1i£¥ﬁﬂ AMG
200L, AMG 300L (9 Appendix I)

o

& vﬂl: a=) . :
2.1.3 n3zuumsilasuwlauuninna 1ABIS Enzyme-enzyme hydrolysis US¥Nauals

7] <4
2 ftussu fa

1 v L)
2.1.3.1 Liquefaction Lﬂun%zu%uﬂﬁiﬂﬂﬂuﬂﬁqﬂtﬁu maltadextrin U8Y

LT AN '

v L}
-
Oligosaccharide Tagld « - amylase enzyme W pH, ATMULANAUUAY enzyme URT
A d,
qmwguw1uﬂnﬂnuﬂ_ (9 Appendix I)

LTS L4

; [l et
=
2.1.3.2 Saccharification lﬁuﬂ53U1unﬁﬁﬂﬂﬂﬁﬁqﬂﬂaﬂﬁEMﬂ1ﬂQqﬁﬁﬂ

a w v 1

- - -

a74.3.1 1ﬂtﬂuuwﬂ1angTﬂﬁ Tag'ld amyloglucosidase enzyme AIMUTNIAUUATENTIILN
mua (7 Appendix I)

L} v v
(% =} ) =i
ﬁnﬁmzﬂﬂilﬂﬂﬂuuUQ1ﬂtﬂuu?ﬂ1ﬂﬂgTﬂﬂ uﬁﬂq1uEUw 3
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 5bhbbbbbd

sy lome K- amylase

L,5 mlphes Linkosges

Amay Ll opeser Ll N

_ bbbbbobY

amyloglucosidase

FRNSCRT
%QQ

_ bbbbbbbbd | %

bbbbbbbb

Zl acrarmer

Ca Ll vanies o

] a v o
T
v 3 udasnaseagluianawy 1aslY « - amylase

Uae amyloglucosidase
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2.2  N1sHana T lAu-UIMIUAR-LANIUDE AIRNITVNN
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2.2.1 Lia3aun3s

= = g -n. w ! '
Cl. acetobutylicum lﬂUﬂUﬂﬂLiﬂHﬂMﬂﬂﬁﬂiNU?ﬂ EﬂiﬁdLﬂuuﬂﬁﬁuﬁﬂﬂ13
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2.2.2 Morphology

w ] = =1
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o Y o w o d' d'
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Parnas (EMP). Va3l pyruvate nﬂtﬂaﬂuiﬂtﬁu acetyl-CoA wiaunu1nn1ﬂ

Hy, CO, BANNT AM acetyl-CoA Fouusananalunsmmalen wiln i Aasdanant
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Elnans! .
DHawn : MHADH=H

ACETALDEHYOE
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253 qaumﬂﬂwmmm:}h (Kinetic of fermentation)

wr o =
a1n3ﬁnanuntﬂﬂa

iz M F: luedsanasivaizn-aan 2a9d@15azME

5 * a3  (ans/dala)

1 v w :
° XO, X : I.ﬁ'llﬂ"lﬂ’]'lulﬁuﬁuﬂﬂwlaﬁu’lﬂquﬂ‘l‘iﬂzﬂ’]ﬂ

= L7 o v o
ML IIABNNINAN (NTN/ANT)

s & 1uAnnNL INILYEIET SRR ST
Lanaannandn (nIN/ans)
v oW £

P, P : LUAANLININIBHARAGM luETTaTan

L} v

= o LY LI :
AMINLAI-2BNAIAR (NTN/RAT)

o
<

v o+ uihnSnnseasdrsazarsluocmin (Aas)

'
gunsaunasided g
dax S TR e (1)
B =Xy X, e B X
ac }IK + on VX_
L1 . L7 - L ) L
ans1n17ﬂ:ﬁuﬁ7u1a = pasmiTinatae + aﬁs1n1s1aaﬁaqﬁau7alﬂ1§

w LY

g - 8A5n15 Inarasdiniaiiaananoanin —
ANSINITALID U

1

,..
-2
B

=

|

1]
AnIINTL3YLAITARNLNL (specific growth rate) #2Ta

A
]

(]
BATIMNITAILAAINIE (specific death rate) HITMA )

4 '
dun sAuARH LI HRANIH

F F _
d—t= \IK-!-VPO -'{{'P—K,P : (2}



o N vl

2 & ] w |1

SasnELENRAATAM = BA3INIIIIHARIIM + 80515 InazandnnimiL argoamsin
= é%s1n111waﬂaaﬂaﬂﬁﬁéﬁaanqwndhnﬁh - 2A5IN5EALAL
18 90 AR

Lﬂa :

7 il a
v = AATINITATINAANUNIILNIE (specific rate of product
formation) niunammﬁ/nsuﬁ'}ma-ﬂﬁm

L7 ﬂ‘,
K = ﬂﬂi?ﬂiiﬂﬂ1ﬂﬂ?ﬂﬂiﬂ§ﬂﬂmﬁ (rate of product destruction)

ans /g2 Tae
:
dun seunanLd9aIm g
ds _ ux F F VX
ac =Y +VSO-VS—mx-— v (3)
o p/s -,

w Frg o . o v o
ans N sesdNaIMns = aasNslgamls + ﬂﬂ‘iﬂﬂﬂﬁ“lﬁﬂﬂﬂ\}ﬂ'm'ﬁlﬁ"lfjﬂ\'mim =
LT L
L o~ W w -
ANTINIT LNATBIB M TAANIMNOMAN — AATINTSLYBMITLHB

o v > l; Y - ol i
5380 - 8n3n13l9a W3 LB IRARATM

4 s
Lda Yx/s = conversion yield of substrate to biomass
Yp/s = conversion yield of substrate to product

m = BATINITHIIMAILNIL specific rate of maintenance

nsUYABMIS /NS NTMIa-T2THe

nsminulagaiiay F = 0

- d‘ 4‘ ) .u o g
dunAg LA TarA BRI Sl INgaaminsantds X = o
o, W ¥ o]
- o o d' ” .v L
nasnam ludsasaiza I ILngamin - P = o
T ]
= o
Tugnamaip i Taassintia p > =
o ¢
Tugn122n1 3851 IEAAQH v > K
w
ludnraznasleams mx << px , VX = O
Y Y

x/s "p/s
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v ¥ <
NUU dunagy 1, 2, 3 q:aﬂgﬂtﬂu

_ o 1&x
U= X dt
AT
e K
pos e ot = A5 IMTl9a M SRUNIE (specific rate
Y X dt s

of subtrate utilization)

NSNS /N3 udama-12 T3

] 1

v 4
N Ivaniuuae LUa F#O0

() ) L

- * = o o o - <] .
ﬂugﬁgml.ﬁuLﬂmnunum'mnmmu‘luwmum waendn19e steady state

dx. " ds dp
n 0y ge = 0 oF

dun1si 1, 2, 3 eaguul

= 0

(]
p o= % = D .= dilution rate (ﬁaTNQ)~1
ARSUT B out
ME LSRR
Y = X/(s = 8)

x/s | o
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- v e e ‘:. yﬂad
351 n1iuﬂigﬂuﬂquuﬁ1U:waqLﬁuuﬂﬂﬂﬂngTﬂﬂTﬂHTﬂjﬁ Enzyme-enzyme hydrolysis

] -vu. cdv
ﬁquwﬁnﬁ§ULﬁuﬂuﬂﬂuiﬂﬂQﬂa1ﬂu

v v

L 7
3:4..1 n1iLﬂsauﬂniauanﬂuﬂquuﬁﬁﬂ"naq Twuﬂdqulﬁuﬂu 30% (W/W) n1tﬁu

v v

HIGD 1Hu1ﬂ1uﬂu1ﬁﬁduﬂuﬂiﬂﬂﬂLﬂﬂﬂﬂ uuLﬂuﬂuzan a9 u1[ﬂ1Lﬂiaﬂﬂﬂ (B1QQ"UﬂNuﬁ3U”

v oo <4 - 4! - WA w v
uaaﬁuﬂtﬁﬂnniaunanﬂ) (agum 6, 7) ﬂﬂﬂ§u1muuq1uwjuuﬁ1U:naQﬂ1uﬁq31Qﬂq

an'li

; o -

au oo e, | oen. | We. | BA. | an. | nw. | odR. | ouml | owe.
UiuﬁmuUa % 22 124 o7 | 2B ) 30 29 26 24 18
(% Tﬂauwuun)

“A
LY v L T V)

] v
e Vi) s v ° o = <
ﬂﬂuﬂﬂiNWWuﬁﬂ unuﬁq1nque1uﬁu§u1mu1 a.TUQu1iau . QHW¥§ ﬁﬁqﬁaﬁﬂ1i
¢ ¥ lv

IasisnwaTagn i Wiy (9 Appendix 2)

v W £Y)

ywavamius et aseudsaz aqﬂuﬁauuﬁﬂiwaﬂinLﬁuwu AINABINTS (R Appendlx 2)
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-:i ’ ) B .
w6 usnaLAFauatuaiis s Inufun

'
- ] H el v e o
I 7 UEAAZUABUN I TRATUIANUE VAR

1. wuamag 2. u”aﬁﬁﬂ"}ﬂ:ﬁ&"qﬁﬂag '
vaan

3. duaudlvad

4. adETewsegianInuma

5. wauEmas

v

3.1.2  mswsswsuduuhatanalad

£ 7] v w 1 v
nswsguanithanmengTadua iy 2 munau fia

v

3.1.2.1 ‘Liguefaction UMH158¢A8N 30% (W/W) WU pH A1
v i 1 : %
= : .
NaoH 1 N 1Ml pH BHIEMIN 6 - 6.5 LAN « - amylase enzyme MU 0.1%
: v [T 7] ] (7] E7] 1 []

a4 - = ° = J
winale  nwlnimnu (93U 8) TRTE RN (a3Um 9) W 120%  1ifu

;L = bt - ._v o lo]
5 UM Uadangompualnivan 60°C
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’irﬂ‘u Liquefaction B3
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LY L

3.1.2.2 Saccharification UMENIRLAIHAINTA 3.1.2.1 ¥WTIU pH AW HCL

L7} L7}
= - o
Ina pH BHYIEMINY 4.5-4.6 URILAN amyloglucosidase enzyme IMUM 1.5 ﬁNBI
v L7 v L]
- L w ]
alansugaaule  naulvioanu  2190ULATAN Magnetic stirrer with hot plate
n-ll o ﬁ » 4?; ="
Awanaompin 60°% i 48 dATHe (UM 10) UALMEA activity %84 enzyme
o v L 7] I v L 7] ]
- = o L7 “
ﬂ']ﬂﬂqiﬁuftﬁlaﬂﬂlﬂﬂljﬂq 10 UM ﬁ'l'iﬂa‘.'.ﬁ']ﬂw1ﬂU'IN'I'Q'leJJQWﬁ.']ﬂ:mﬂ\WzLiﬂn?
» )
o =
starch hydrolysate oozt 38031 cassava hydrolysate
A ¢ . <y - Sy
n1sitassmanainianglamlalaglyiaiay  glucose analyser YSI

i
=]
model 27 (i Appendix 3) (UM 11)

] v v
o w o=
gﬁﬂﬁnqezﬁﬂﬁuﬂqu

N9LUUNT pH 2oyl L2381
(°c)
= =
Liquefaction 6 - 6.5 120 5 Um
1
Saccharification 4.5 ~id.6 60 48 97914

v oW

AMNLBNIVBIFITALABULN © 30% (W/W)
« - amylase enzyme (Termamyl 120L) 0.1% 28 UIMMUNLIN

amyloglucosidase (AMG 300L) 1.5 932 /ATansumaquwl
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v I £
3.2 AssuunIwing i lau-imuea Tasnisminiaianalagilaaannasulsslwla

N A af ey M
3.2.1 punssuazdrsamaanldlunimaga

LV I

e S : £V .
i -] <
- Madauwani3y c1. butylicum NRRn B592 datiulaluputuiia Tagldls

] L L7 I

. <4 w ° = 4
U culture tube LNAMBINITNHNALUN culture tube UNY propagate W@

inoculate aqiunewunﬂaiu

Eowow 1

ﬁ1iaﬂn15uauaqn1sLﬁﬁuﬁ1ﬂ1ﬂun (Lﬁunin/aﬂi) X HPO4 0.5, Ki,PO,

0.5, MgSO4.?H20 0. 2; FeSO4 7H20 0.1, MnSO4 3H20 0 01, NaCl‘?;?t,

4 v
yeast extract 6 URY uqﬂ1ﬂna1ﬂﬂw1ﬂa1nn1iﬂﬂiiﬂﬂﬂquuﬂHU°ua WMNULANTUAIY 9 NY

= .
3.2.2 MNI9LATHY Inoculum

d150¥R1UBIVNT 200 NA. nnn11nﬂaﬂﬂLﬁﬂTﬂﬂTﬁﬂq1uﬂnauqmﬁn11~amﬁn

]
17 L] o

20%  1utamn 15 um waqa1nuuﬂq1nLﬂuaatnﬂamunuuae N1un1ﬁ1uTaiLauUﬁuu1m

20 UM LwaianwﬁaﬂnﬂLau1uﬁ15a~ﬂ1ﬂﬂ1n1i tuﬂqaqn Cl. butylicum tq?qiﬂﬁiu

ﬁnﬁﬁuiiﬂﬂﬂalqu (anerobic condition) uﬂﬁTﬁLaﬂ el butylicum M culture

v L}

tube q1u1u 15 a8, avlud1IRLAIHAMIT 200 8. H Nﬂuﬂ1ﬂ1HTﬁ?lﬂuﬂﬂﬂi¢ﬂi AN
10 UT“ Ul culture flask 1 incubate U water bath qungu 30 2 Lﬂulﬁﬂiz

48 72104 (ggﬁﬁ 12)  uay (gﬂﬁ 13)

1]
=
zﬂﬂ 12 Udnav

“culture flask

1u water bath
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Id 13 WHAIAM active inoculum

3.2.3 pasnswlian Lime s s
3.2.3.1 DIWMAIVIMN starch hydrolysate TEsaMiliaznI I BENGY
dUIBMIIMS

lﬂ“ﬂﬂﬂl‘lr;'llliuﬂll"ﬂ " i"uli'lnir
- IATlM Starch hydrolysate itm;u;uﬂm %0, 50, 80
mufins  Trssssnludvisss e mas i

= i IaEE e M 10 . 8¢ culture tube dngn Wimissnidn
Tomsdal 120%  (Hiomr 15 4 WA culture tube iuINGIN

m'mﬁmfh:n

(] w
- 18 e1. butylicum SYUM 1.5 UA. NI sterile pipette

- Tncubate W water bath ool 25, 30, 35% (hiam s Flus

[u;ﬂil 14)




- # - i L]
- WATIEMBCAIETADURIN IR gas .:hrm:nquphy (n ﬁppumii:ﬂ: 4)

- m-muulwuln1'nmlu4l.mﬂ'lqmﬁﬂul.mwI.wrrumm'lrm"l*rﬂmu"lzlu

] - W w
ﬂd 14 ufng colture tube WML EMMNAHIIEMIING 1 1l

gl 30°c

L]
3.2.3.2 RITUNINIIMID starch hydrolysate 'iI o

L

wsa 00 yunEa s 3.2.3.1 nﬁ1;:u;1¢qnqiul=lnmm#11
I‘II"II‘&I.IHL"IH li-'nr.lrr'lmdun'a’;ir un:ﬂtmnmu'jm"ni: M 5.5, 5.5
us: 6.5 Ilﬂﬁ'm'imu:m-m; Y.2.9.1 2
L P— T
- i nsny starch hydrolysate HaTINISIMEOONEIN Vhio
1.3 W3 nmhi'm?ninmman:mﬂunﬂ wn 2 s Wl
vrantBewomiian 120°¢ (ueom 15wl n'tﬂﬁiinn;ﬂmﬂib:u

¥ wt
- punvluTasi s s Tud ez e tee pancdu e 20 Wit
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LR d
- YIUATIN I 1IBUEAY agi tator VIENM 100 rpm Uil pH Waan 1A

-

- F
-
L] uu‘m nmqnqmgunlnﬂ: LnEEEInEE 3.2.3.1

I active inoctlus SMTH 200 8. #4ludmin

¥ - 1]
wnnlulasiaunalugn 10 um

W W i d
LU MINIRNARE 3990 Tnoculation B0 LASLTURE 4 limn = & d2Tue

(apit 15)

L1 L - ] -
AT R T AL RTULAENY nnw ﬁr {Fin}

1!“11"I'lhllmghl‘ilﬂlﬂlﬂ IHHIHHMH glucose analysor modal 37
o -
'.III‘!HII‘II'I"I'I‘III’.IF'IH'H L | HH‘I.I'N'I'.II.IH'II'I'IH"'I

L L2

’unnmiml:mmam‘rlﬂm gC (TCD)

L L i
~ Al AL TUATINNG A9 TAIUURY henocytometer

RITHIRT Wi CH dgnh‘luinnru " ni

(8 Appendix 5}
4 - .
LT I LRI BN TIRARD A LMY pE TORN SN

T 15 efnan NI zIR I ME LB 403 starch hydrolynate

-
EpH A"
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3.2.3.3 NIYUUNIIMIN cassava hydrolysate WRE dextrose

l LTI 7

LNﬂTﬂﬁﬂ?3~HLHN1”ﬁNﬂﬂQﬂmﬂﬂu N2 L ANAUADIF1TIDMITURE pH Mﬂ? Qiiﬂ

wﬁnwsﬁnuwﬂaﬂaqn1stuaﬂuﬂwiaqu111u1ﬂu Cassava hydrolysate WAY dextrose

Y L1

i s@mlaaInme 3.2.3.1 UaLEa 3.2.3.2

Y ik
uAAUNITIVNARDI L NNAUTE 3.2.3.2
(2 Appendix 6)

3.2.4  ASHUNIMANLULAA LAY

(] Il ] [ ) w )

AN SNABE MANULLAE LA AN 12 L LUNNLEIM AR INTE 3.2.3.1 UALYA 3.2.

3.2 Tasld starch hydrolysate fudisamis

¥ dv' dy
ﬂuﬂﬂuﬂ15nﬂﬂﬂquﬂdﬂﬂ1ﬂu

) "y

- l1Nﬂu1ﬂnﬁuﬁ1n11ﬂﬂﬂuuu1uﬂﬂLHHQQTHQu 1 ans (working volumE)lﬁuliﬂ1

18 ﬁaTuq Tﬂﬂﬂ?ﬂﬂﬂﬂmﬂnu, pH  A21ML5958U28Y agitator

_ (ndnt feed pump iqm1nu1nﬁaﬂ1iaﬁn17 starch hydrolysate Mﬂaﬁu

LA o

lﬂuﬂulﬂu1uﬁuﬂ1ﬂQ1nﬁﬂ 3.2.3.1 1ﬁ1§ﬁﬁﬂﬂh %qﬂaqﬂui:ﬁﬁ1aﬁu?u1ﬂi

1 ﬁns ﬂ1ﬂﬂﬁiﬁclﬂ1 fermentation broth 2aNARAALIAT dilution rate

[} [} i w

L] £ .
L] =
#147un 13RI IWNAINAT specific growth rate LAAENLIAIINAIS

winanlama ila afisnt s e
o 'Ii
= tﬁunaaﬂﬁeﬁﬁuLoaqnszq1u Appendix 7
& W o

o L
= ﬂ1ialﬂiﬂzﬂlﬂﬁﬂuﬂﬂ Fi2:3.2 Hﬂl1“ﬂ?ﬂ1ﬂiﬂ1ﬂ1ﬂlﬂﬂﬂﬂi1ﬂ17lﬂﬂﬂﬂﬂ

(agU 16)
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AANTIVNABBIUAZN 1IN SIHHENTSUARAN

L T L% o
5.1 man1IwlIsiweliElinuatweaniidniuuinianalng

Nﬂqqnn1iﬂﬂﬂaquusgﬂuﬂqﬁﬁﬁﬁu:uéﬁuﬁxuuqqqnﬁﬁﬂﬂ1ﬂuﬁﬂqag?uﬂwi1qﬁ 5

- i w o - ¢ ! A “ :
1NN TMAsE L 2w eiid e vl s nBn mluna s 1aTas ladgan e nsiida Ay

&

o » 1. P 1 o )
Lutianaazifuinsziidaiiinlalas lasualass tasnannma tauldaladan savuign3en

o o u < )
nuTaanaza U laL A
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b2 HanA TR e’ AN 53 Tl

4.2.1  sanrsvainuuylage Lie

LT

h.2.1.1 HaD \'li!ﬂm_{]?luﬂ:ﬂ MAULANAUVBIFAIIALATE starch hydrolysate

AAN VAN

Nﬂﬂ1iﬂﬂﬁﬂ¢ﬂ1?ﬂﬂﬂﬂﬂﬂ1ﬂﬂﬁLuﬂQTﬂﬂ1ﬁ starch hydrolysate
v w1

wamunuuavﬂﬁqutﬁuﬁuﬁ1q | uﬁﬂQ331UﬁﬂH 17

L 4 ¥
E w o=
ﬂaaqﬂn1iwﬂaaqﬂ§u1ﬂﬂeu
LY

snaziumnedy :  fisamgd 30 - 35°C
(YR TE

D anuLaNmuzaangladly starch hydrolysate 50 NIN/8A3

LTI T

Ci M SR

T oUwWua’  4.20 - 5.11  NIN/AA3
¢ a1dlm 1.80 - 2.37 "

. lanmuaa 0.12 = 0.19 3
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ANTIyMM 5 i wanInAINL

oW w

PUMPDIFYTRL A B QRIFENA IR U MNINER, ﬂ11utﬁuﬂuﬂaqu1ﬂﬂan§1ﬂﬁ

L

oW '3
laaannasmasasuazngul, % Yssandnmlunislainglad

v oW L
.

LA e

AL BNUnaaE sasaswl

L »

AL BNULAUAARNg 1A

L w

AL BTN EBURANeNg Tad
QInnnug

- I3
o YseamsnmlunslaTasad

(N34/100 NINEITRLAN) QINNIINARDY A ¥
A (nsu/100 niddrsavans) | (NIN/100 NINEITATATY)
Y o g b ] vd L ¥ ¥4 4
AT 1 asMm 2 ATN 1 TN 2 AT 1 AT 2 AsIM 1 | AT 2 | Lads
uu w
IR PN 30 30 32 31.6 33.33 33.33 96.01 | 94.81 | 95.41
wleanauda 17.6 19.2 14,70 17.6 - 19.54 21.31 75.23 | 82.5 | 78.87
|
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NN

T
50
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IG/L!‘i‘ Z// 25.0
30°C

T T T T T -

d w8 n\u"-a:uv a
gﬂﬁ 17 udadninuLansunanannomanla (a1dlm-Dmuas

- =
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: . ] 4- 17 .;dq
nanqiﬂﬂaﬂqn1snunuuu1uﬂaLuaqTﬂﬂ1ﬂ starch hydrolysate ¥NU3NMU

o

Wme 50 nN/AnT  aamgd 30 c, i

pH h 5, 5.5 Ut 6.5

19 was 20 uﬂzﬁiﬂﬂanﬁiwﬂaaqT11uﬂ1i1qu 6

:: §
Y pH AN 9

C@1519n 6 N17LU B ABURARINNNIMIN starch hydrolysate

: -4
udavaglugv 18,

718019

pH

L.5 5.5

6.5

i1t

A1 L INIUEEAZANL MBS
a9dlm, tanuaa (n3k/ans)

(Auaha)

0.99, 0.75, 0 |9.38, 4.39, 0.26

8.4

8.47,3.84,0.25

2. Uinanglasigalaly (nsi/das) 48 51.3
T ) 13 13 12
AU BUTUGIAARY Biomass 2.06 x 10 1.84 x 10 6.9 x 10
(no of cell/l)
o i u
a 4 q a U -
Usuiasandnl naauvavia (ang) 2.47 17.79 24 .43
5. conversion yield (%) 20.71 29.23 24 .41
(ANLAWIT solvent)
6. Total incubation time (ﬁaTHQ) L7 60.5 61.5
B 'd. : yqu‘- vq .
IMNATINYINAY WUIT N pH 5.5 URY 6.5 |ANGANOMYDY solvent LNALAHINUAAD
= 14.03 UAY 12.56 NIN/AAT URE % conversion yield = 29.23 WAL 24.41 A13eIAL

w312 pH- 5.5 uar 6.5

.d'. uE 8' =5
tlugraminansdn  aauu lunasvasaezunalula

-
1a1Yasud158M15370 Starch hydrolysate lﬂu Cassava hydrolysate UAY dextrose

s 0 w w
= - =
(pure glucose Lﬂuﬂ1ia1u15UiqwﬁLuaiﬁtﬂun1iWﬂaﬂaa1eaq)
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12 24 =T 4z
TIME ¢ hes
: v ¥ OV LT, Gl ¥ g
U0 18 udnenudInusTen1IndanaemlaaInn1smin starch hydrolysate

Y

(A) Butanol (B), Acetone (A), Ethanol (E)
- ' - ]
wazsangladninga (s)
(B) Acetic acid SAA); Butyric acid v(BA)
; ; o = -
i (©) UinAIsmEaIMY (H,, co,) WAl (V), Biomass (X)

|
]
:
;

o =
MLIa1 (time) N pH 4.5
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(n)
(B)
1 1 ]
15 A 3z 4E £4
Mmool x10 T cell/l),, o odx 10 @l >
[Ea ® U N
(c)

CTIME Chred

et v

-: .u{ . ‘i.v-kI Lo
zﬂn 19 uﬁﬁ4ﬂ11ﬂﬁhﬂuﬁi=H71lﬂﬂﬂﬂmﬁﬂ AIMNNIINAN starch hydrolysate

—————

(a)

(B)

(c)

Butanol (B), Acetone (A), Ethanol (E)
4 4
uazuSuangladhiinia (s)

Acetic acid (AA), Butyric acid (Ba)
o i v

U3H1A5 524200 1Y (H,, €0,) WLNAMY (V), Biomass (X)

_AULIT (time) W pH 5.5
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(a).
(B)
5 1
T o B 4
12 : 4 .
(xTP cellé}}x % U Woix 107 ml 2 :
- s H42.8
“:—‘-—F-—n———'——._“-_;#
2%
1.4
i 1

]
P

2 i A& g
TIME Chr 3
S T Ty ol
20 udAIRINEIMIGTEN 11 AnAAna AR Inn1avan - starch hydrolysate
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A5 7 1151038 LABURRAINNI TN cassava hydrolysate UWAY dextrose

d198m13 cassava
hydrolysate dextrose
318015 yrRy
1. AuLENUdsdaza vl A, andlau, 9.51, 4.86, 0.27 |(11.58, 4.49, 0.34
" lamuea (nTN/an3)
1 (AuaAAL)
! - d; -5 v e .
i 2. Usianglasvgnldly (nsu/ans) 52.6 41.3
| 3. AuLBNIIGIgAYAY Biomass 6.98x10 "2 2.29x10"°
(no of cell/l.)
£ - i 4: -.x ¥ -
| 4. UsuiasaaenEvLAAZUNINNA (A5) 24 .43 16.52
1| 5. conversion yield (%) 27.83 39.73
(ANLAUIY solvent)
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ﬂTUﬁﬂu 0.25% (38) uavwuIsuINIslY NH , OH lun1smain starch hydrolysate 91

L ]

v oW -y . v w
§9n27 WIRANUNUNITLAANTARIUIUNINAINY (9 Appendix 5, 6) ﬁﬁﬁﬁqquu3qﬂﬂaq
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Appendix 1

NOVO ENZYME

w ot

) - o dl
= - amylase AJUTHY NOVO Enzyme HﬁBW1Qﬂﬁiﬂ111 Termamyl U8E BAN (Bacterial

Amylase NOVO)

! &2 2 4
Termamyl iuiauldaimgomgiigalans 105% 19l8Tastas 1, 4 -alpha-

glycosidic linkage 'y amylose IRY amylopectin uﬁnﬁmzlﬁuﬂﬂﬁlﬂﬂiauﬂﬂ?ﬂﬂﬂ
T .
lmiﬂﬂﬂlﬂu 2 ﬂﬁﬂﬁﬂ Termamyl 60L WY Termamyl 120L (60, 120 WHAN activity
CE A o8
<!
aaviauldudeimmagiiy ko, )

w1y Termamyl 120L

o
= w =
AUAMIAYAY Termamyl 120L NANU

ALY 1.2 NSN/uA.
o
pH lunsldeu  6-8

activity 120 XNU/g
» vd v o
s lasmn 9 ANLTAM
¢ = - I oy
1KNU (kilo NOVO-alpha-amylase unit) nausniuiaulemlgsaswa 5.26
v HB e : -ﬂu »
nsumedalae  MNIBN1TPR NOvo G activity P89 Termamyl UWA11ARIA Standard

o

-;, . - w o
condition WNMUATURINUTEN NOVO emzyme A4l

Substrate : soluble starch
Calcium content in solvent - 0.0043
Reaction time 7.2

o
Temperature R fif i o

pH 5.6
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&5
Termamyl ﬁwun5n1ﬁqqu1ﬁ51uqﬂﬁ1unﬁiuuuq, UAANAZAA NIATMUASLATANAN  2AANAN

L PR ' 4 v M

t 4 o
=y - -
184 Termamyl favugaupilags 1olalugie pr sausiendne  Usaanisldemsnu

0.5-0.8 NN/AUZBIULN

T o ow 1 i

. ﬂ ‘y s i i ¥ )
Amyloglucosidase (AMG) (uiauldamldlanvaamnunn  wanlaangimT (Aspergillus

= o ot £
niger) danwayiuzasinaddnd 12lun1slalaslad 1, 4 uay 1, 6-alpha — glycosi-

: : y
dic linkage  YAWIN malta-dextrin URY Oligosaccharide 8A51N15lALATLad

; v o ¢ ' 5
1, 6 - alpha-glycosidic linkaged¢#1n21n15181as1ad 1,4-alpha-glycosidic
= = o

linkage AMG %84 NOVO Enzyme:s MWA1HYUANA AMG 300L AMG 200L, AMG 150L
d‘u nu‘:’d
Wy uI3suna AMG 300L

wm 404':’
ANENUAZAN AMG 300L AU

MUY S 1.2 RIN/NA.
v
pH Tun1slgau 3-5
activity 300 AGU/ml
azasuilaiun 9 A21wL B
A . A
1 AGU (Amyloglucosidaseunit)ﬂﬂﬂ?ﬂ1&tﬂu1ﬁnﬁ1ﬂuﬂﬂ 1 micromole
! -] - g : %
2184 maltose AAUIN ATNIWIGNITUBEN NOVO iﬁ activity UM11931n standard condition

i v
= o =5 o w =
YNMUATUIINUIEN NOVO Enzyme @M

Substrate maltose 10 g/1

Reaction time

maltose + enzyme 30 min
-glucose dehydrogenase 20 min
Total 50 min
o
Temperature 257¢

pH 4.3
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Termamy! *

ription

myl is a liquid enzyme preparation containing an out-
1gly heat-stable alpha-amylase produced by a selected
of Bacillus licheniformis. The enzyme is an endo-amylase
will hydrolyze 1,4-alpha-glucosidic linkages in amylose
ylopectin. Starch is therefore rapidly broken down to solu-
trins and oligosaccharides.

uct Types

nyl is available in the following types:

lermamyl 120 L

'ermamyl 120 L, type Lo-prot
‘ermamyl 60 L

ermamyl 60 L, type Tech

ducts are dark brown liquids with a density of approxi-
1.2 g/ml and a pH in the range of 6-8.

tyl 120 L and Termamyl 60 L are standard, food grade
s, Termamyl 120 L, type Lo-prot is also a food grade

. but with an especially low proteolytic side activity. -

yl 60 L, type Tech is a technical grade product.

ict Specification

ermamyl 120 L (all types) . ................ 120 KNU/g
ermamyl 60 L (alltypes) ..... ... .. ... 50 KNU/g

haracteristics '

d grade products comply with FAO/WHO JECFA and
commended specifications for food grade enzymes,
nented with maximum limits of 5 x 10%/g for total viable
nd 10%/g for moulds. '

ty Determination

0 Novo alpha-amylase Unit (1 KNU) is the amount of
which breaks down 5.26 g starch (Merck. Amylum So-
rg. B. 6, Batch S947275) per hour at Novo's standard
for determination of alpha-amylase based upon the
g standard conditions: o

T1oTo) (£ S g I RV e e et soluble starch
dlcium contentof solvent ..........coeiininnn... 0.0043 M
RACHON tiMB; s s gaiim s s 7-20 min.
MIPEIAIUIR Lot ee ettt eree s e snnnnereraeeeannes 37°C
3 B I T T B T ey ey .5.6

description of Novo's analytical method (AF 9) is
2 on reguest.

Applications
Termamyl is used in the following industries:

Starch

Alcohaol

Brewing

Sugar

Textile
In the starch industry, Termamyl is used for continuous lique-
faction of starch in steam jet cookers or similar equipment
operating at temperatures up to 105-110°C and thereby
taking advantage of the extreme heat stability of this enzyme.
In the alcohol industry, Termamyl is used for thinning of starch
in distilling mashes. Also here advantage is taken of the heat
stability of the enzyme. Furthermore it is quite possible to work
without pH adjustment and Ca-addition even if conditions are
somewhat removed from the optimum conditions. This is due
to the relatively broad pH-tolerance and low Ca-requirements
of the enzyme. This simplifies the process and minimizes risk
of Ca-scaling in the distillation column.

In the brewing industry, Termamyl is used for adjunct lique-
faction. Due to the extreme heat stability of the enzyme, the
cooking programme can be simplified; also an increase in pro-
portion of adjuncts is made possible.

In the sugar industry, Termamyl is used to break down the
starch present in cane juice. Thereby the starch contentin the
raw sugar is reduced and filtration at the refinery facilitated.

In the textile industry, Termamyl is used for _high-speed. high-
temperature desizing of textiles prior to dygmg. The technical
grade of the enzyme is used for this application.

Qur more detailed recommendations with respect to operating
conditions are given in separate papers for each industry
and are available on reguest.

Solubility

The active enzyme components of Termamyl are readily solub-
le in water at all concentrations which occur in normal usage.
Turbidity which may occur in the enzyme preparation has no
influence on the voiumetric activity or handling characteristics
of the product. =

Handling Precautions

The product is non-flammable and completely miscible with
water. Unnecessary contact with the product cr inhalation of
dust from the dried product should be avoided. In case of spill-
age or accidental contact with skin or eyes, rinse by flushing
with water.

A separate Novo Leaflet, "How to handle liquid Novo anzymes -
safely” is available on request.



mamy “Taan

. 37°C
0 60°C
i a90°C

pH

pH on the activity of Termamyl at various temper-
es for conventional alpha-amylase BAN shown for

0.5% soluble starch
30-60 ppm calcium

Termamyl Stability - Influence of Calcium

In a starch slurry. Termamyl is satisfactorily stabilized in the
presence of 50-70 ppm Ca--. In table 1, figures for the Terma-
myl stability in a 30% starch slurry are shown as a function of
pH and temperature for three different levels of Ca-- (ppm).
The data are considered valid for DE values in the range of
0-12.

Table 1. Termamyl stability (enzyme halflives in minutes)

93°C | 98°C

103°C | 107°C
Ca-- 70 ppm |
pH B.5 1500 400 100 40
pH 6.0 800 200 75 20
pH 5.5 300 75 25 10
Ca-- 20 ppm
pHBE.5 450 125 40 10
pH 6.0 250 75 20 5
pH5.5 100 25 5 2
Ca** Sppm
pHB6.5 150 40 10 4
pH 6.0 . 75 20 5 2

Termamyl Inactivation

T T T T T T o For certain purposes (paper industry and certain food proces-
IMfys activiy sing industries), it is very important to inactivate any residual
; Termamyl activity in a dextrin or syrup. This can best be done
by thermal treatment at low pH. Table 2, showing figures for
o Termamy! stability at low pH may serve to establish the guide-
lines for such treatment.
Table 2. Termamyl stability (enzyme haiflives in minutes)
g0°C 95°C 100°C
Ca=~" 70 ppm
pH 3.5 0.1 0.02 (0)
il pH 4.0 2 0.4 0.2
pH4.5 : 17 7 3
Ca+** 34 ppm
g 1 L 1 1 1 pH 3.5 0.03 0.01 I:O]
40 50 50 70 80 90 pH 4.0 0.7 0.2 0.04
G pH 4.5 10 4 2
:mperature on the activity of Termamyi Substrate: 30% DS, 20 DE dextrin solution.
0.5% soiuble starch ‘
30-60 ppm calcium - Example
5.7 In a 20 DE dextrin solution at pH 4.0, 95°C. containing 70 ppm
of Ca--, it takes 4 minutes to reduce the activity to 0.1% of the
initial activity (about 10 halflives).
arameters

ustrate the activity of Termamyl in dependence of
grature at test conditions, i.e. without the stabiliz-
tarch concentrations above 0.5%.

ictivity can also be expressed as an initial rate of
equivalent) increase for a given enzyme concen-
verage raie of OE increase over a given ume will
n the stability.

ra0.1% w/w dosage of Termamyl 60 L are as fol-

90°C 95°C 100°C | 105°C
:ase/hour 5.1 5.5 5.9 5.0
icrease over|
idard cond.)| ' | 5.3 l 5.3 4.3
- 15N ey ] ey g — ~ —

Storage

When Termamyl is stored at a temperature of 25°C, the de-
clared activity is maintained for at least three months. For lon-
ger storage periods. a loss in activity of 1-2% per month may
occur. When stored at 5°C, the product will maintain the de-
clared activity for at least one year.



ntroduction

Termamyl is used for the enzymatic liquefaction of starch to
(kxtrins. The 1,4-a-linkages are hydrolyzed at random, result-
g in a decrease in the viscosity of the gelatinized starch and
nincrease in the dextrose equivalent (DE).

‘he liquefaction is carried out'in such a way as to give the
-l;equired DE for the subsequent processes. For saccharification
’,P dextrose, a DE of 8-12 is commonly used. Higher DE's are
Jften necessary in maltodextrin production. The maximum DE
',Emainable is around 40. .

iquefaction

Jermamyl is very heat-stable. At a temperature of 105°C it is
Ighly active and sulfficiently stable to allow reaction times
nich permit thorough gelatinization of the starch without any
'}lgnificant loss of enzyme activity.

|

[nthis basis a special liquefaction process has been designed

r starch liquefaction, the single dose jet-cooking process,
Sigure 1).

A

-

-y

G-sans

.~ Starch Steam

A
'ri Starch concentration: 30-40% DS

it

/

T T T T T T T T

bl o 3 L

e

| pH: 6.0-6.5
IIS Temperature: 105°C/95°C
- Reaction time: 5 min./1-2 hours

- Enzyme dosage: 0.5 kg Termamyl 120 L/ton DS
j Final DE: 8-12
=R

:

rch liquefaction process

Focess

'‘mamyl is metered into the starch slurry after pH-adjust-
nt, and the slurry is pumped through a jet-cooker. Live
‘2am is injected here to raise the temperature to 105°C, and
usequent passage through a series of holding tubes provides
imin. residence time, which is sufficient to fully gelatinize the
farch. By discharging the partially liquefied starch the tem-
#ralure is reduced to 90-100°C, and the enzyme is allowed to
nct further at this temperature for 1-2 hours until the required
£is obtained.
'.l
|

Use of Termamyl®
for Starch Liquefaction

Operating Parameters

The jet-cooking process is normally carried out under the fol-
lowing conditions:

DS 30-35% (w/w), pH 6.0-6.5, and a Ca** content of 20-80 ppm
(w/v). The Termamyl dose is typically between 0.5 and 0.6 kg
T-120 L per ton of starch (DS).

The enzyme stability depends on the following parameters:
temperature, DS, pH, Ca** concentration, ion content and DE.
More details are given in A 5505.7)

Temperature
The stability of Termamyl (expressed as half life) at different
temperatures is as follows:

at 110°C: 15 min.
at 105°C: 50 min.
at 100°C: 200 min.
at 95°C: 700 min.

at DS 35%, pH 6.5, and a Ca** content of 40 ppm.

Dry Substance .
The stability of Termamyl (expressed as half life) at different dry
substance concentrations is as follows:

at 35% DS: 50 min.

at 30% DS: 30 min.

at 25% DS: 20 min.
at 105°C, pH 6.5, and a Ca** content of 40 ppm.
pH

The stability of Termamyl (expressed as half life) at different
pH-values is as follows:

at pH 6.5: -200 min.
at pH 6.0: 110 min.
at pH 5.5; 40 min.

at 100°C, DS 35%, and a Ca** content of 40 ppm.

Calcium Concentration
The stability of Termamy| (expressed as half life) at different
Ca** concentrations is typically:

at 70ppm: 100 min.
at 40 ppm: 50 min.
at 10 ppm: 15 min.

at 105°C, pH 6.5, and 35% DS.

Overall Stability -

From the above it is possible to deduce the enzyme stability
at nearly any set of conditions. The values for the stabilities
shown under w»Temperature« are simply corrected for
changes in DS, pH, and Ca**, in the proportions found under
the respective headings.

For example the stability of Termamyl at 105°C, 30% DS. pH
6.0, and 10 ppm Ca** can be calculated 1o be:

50 x (gg) X (%g) x( ;g) =~ 5min. half life

Addition of Ca** up to a total of 40 ppm will increase the half life
to 16 min.

*) P. Rosendal, B H. Nielsen, N_K, Lange, Die Starke 31 (1979) Nr. 11, 368 "Stability
of Bacterial Alpha-Amylase in the Starch Liquefaction Process’,
Reprints available on request :



 Decay
neactivity decay follows a first order react:on scheme
1o the formula:

/2
Bxp | = 'T-‘Z! xt

= the residual activity at time t

= the activity at time 0

- the enzyme stability (half life) in min.
= the reaction time in min.

esidual activity after 5 min. of reaction at the condi-
1 the above example (half life = 16 min.):

J(p( ';‘gxs) 80%

ct Formation

juefaction is carried out at pH 6.0-6.5. Lower pH-
eused in su¢h cases where improved stability can
by other means, e.g. by a reduced reaction tem-
her pH-values should be avoided due to increased
ormation (e.g. maltulose-precursors). Maltulose
nhanced at high temperatures, high pH, and long
es, and is more pronounced at increasing DE's.
ge of Termamyl is thus that the temperature is
yt0105°C (as compared with 140°C in a B. subtilis
ocess).

Maltodextrins -

The above-mentioned process (fig. 1) can be used for the pro-
duction of maltodextrins (De 15-25). In that case a higher en-
zyme dose and/or a longer residence time is usually needed.
The DE does not increase proportionally above DE 10-15, and
the following may be used as a guideline for dosage calcula-
tions:

Average DE increase per hour per 1kg enzyme/ton starch DS

Temp. 1-10 DE 15-25 DE
Termamyl 60L 95°C 5 3
Termamyl 120 L 95°C 10 6

Inactivation

In some cases the enzyme must be destroyed completely so
that no residual activity is present in the final product, e.g. in
maltodextrins. :

Termamyl is inactivated by high temperatures and simul-
taneous low pH. Approximate values for a 20 DE maltodextrin
at 30% DS are as follows:

atpH 3.5: 0.5 min. at 95°C
at pH 4.0: 5 min. at 9_5°C

Mare details are given in NOVO brochure B 204, available on
request.




AMG

cription

- Amyloglucosidase Novo - is an exo-amylase (gluco-
15€) produced by submerged fermentation of a selected
rof Aspergillus niger. The enzyme hydrolyzes 1,4- as well
-alpha-linkages in starch hydrolyzates.

g hydrolysis, glucose units are removed in a stepwise
er from the non-reducing end of the substrate molecule.
‘ate of hydrolysis depends on the chain length: mal-
se, and in particular maltose being hydrolyzed at a lower
han higher oligosaccharides.

ermore, 1,6-alpha-linkages are broken down more slowly
l14-alpha-linkages, but eventually almost complete con-
n of starch into glucose is possible.

uct Types

is available in liquid form as
AMG 300 L

AMG 200 L

AMG 150 L

AMG 300 L, type Lo-prot

ensities of approximately 1.2 g/ml.

“Lo-prot” has virtually no proteolytic side-activity, the
two products only differ with respect to activity.

uct Specification

ty

AMG 300 L (bothtypes) . .....vcvmivnn 300 AGU/ml
MG A00. b S S e s e e s 200 AGU/mI
5 =] 2 O Y. ST . S 150 AGU/mI
characteristics :

roducts comply with FAO/WHO JECFA and FCC recom-
2d specifications for food grade enzymes, supplemented
aximum fimits of 5x10%/g for total viable count and 10%/g
ulds.

;Iucnsidase

jlucosidase catalyzes the transfer of a glycosyl moiety
1,4-alpha position to a 1,6-alpha position. Saccharifica-
with ‘an amyloglucosidase which contains trans-
idase will lead to the formation of panose and iso-
e. -

\G-pr_oducts are free fromtransglucosidase.

ity Determination

ovo Amyloglucosidase unit (1 AGU) s the amount of en-
which hydrolyzes one micro-mole of maltose per minute
the reaction conditions uss-cl in Novo's standard assay
ure:

L A maltose
ABRCHORIME v i i o wdaan 30 minutes
lemperature .. ............... - e 2520
By S R e S e e e e 4.3

d description of the Novo analysis method (AF 22) is

Applications

Starch Syrup Industry: AMG is used for the saccharification of
liquefied starch (maltodextrins) for production of dextrose,
fructose syrups, and glucose syrups of different compositions.

Saccharification of maltodextrins is carried out batchwise or
continuously in large saccharification tanks with a total holding
time of between 40 and 100 hours.

For crystalline dextrose or fructose syrup production, the en-
zyme dosages will be from 0.65 to 0.80 litre AMG 300 L per ton
of dry substance - the lower the enzyme dosage, the Ionger
the reaction time.

For glucose syrups, the AMG is normally used together with
other saccharifying enzymes and the dosages are consider-
ably lower, i.e. in the range from 0 to 200 ml per ton dry sub-
stance. .

More detailed information on the application of AMG and other

. Novo enzymes for starch syrup production is given in separate

leaflets available on request.

Brewing Industry: AMG is used for the production of beer with
reduced carbohydrate content.

When added during mashing, normal type AMG is used and a
typical dosage will be 3 litre of AMG 300 L per ton of grist.

When applied during fermentation or lagering, AMG 300 L,
type Lo-protis used at a dosage level around 3-5 ml per hi beer.
The absence of proteolytic side-activity is of importance for
preserving head retention.

Detailed information on how to produce low-carbohydrate
beer using Novo enzymes is given in separate leaflets, avail-
able on request.

Alcohol Industry: Amyloglucosidase is used for the production
of alcohol from starch-containing raw materials. For this ap-
plication, Novo's amyloglucosidase is marketed under the
name of SAN - Spiritamylase Novo, - and a special product
sheet describing this enzyme as well as leaflets on its applica-
tion are available on request. A

Solubility

The active enzyme components of AMG are readily soluble in
water at all concentrations which occur in normal usage. Tur-
bidity which may occur in the enzyme preparation has no influ-
ence on the volumetric activity or handling characteristics of
the product.

Handling Precautions .

The product is non-flammable and completely miscible with
water. Unnecessary contact with the product or inhalation of
dust from the dried product should be avoided. In case of
spillage or accidental contact with skin or eyes. rinse by flush-

ing with water.
A separate Novo leaflet, "Precautionary Measures”, for liquid

products is available on request:



Fig. 3

bufter, pH 4.5

ntime: 30 minutes

MG is stored at a temperature of 25°C, the declared
smaintained for three months. For longer storage peri-
bss in activity of 1-2% per month may occur. When
15°C, the product will maintain the declared activity for
one year,

rand Stability Parameters

ence of pH and temperature on the activity of AMG is
infigures 1and 2, respectively. In industrial applica-
reaction times are normally considerably longer than
ssed for the test, hence the enzyme stability must also
into account. The influence of pH and temperature on
Plity of AMG is illustrated in figures 3 and 4, respec-
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npr on the activity of AMG Influence of pH on the stability of AMG
le: 30% wfw maltose, 0.1 M phos- Substrate: 35% w/w dextrose syrup, 60°C
phate/citrate buffer (Mcllvaine), 55°C Holding time: 48 hours
time: 30'minutes Stability measured as half-life at the pH given.
Fig. 4
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w
g
o ® 60 70°C 7]
S 40 .
20 p
A I A 1 Lss“c 1 1 1
50 50 70 80 3 15 30 a5 60
°C L Holding time, minutes
¢ of temperature on the activity of AMG Influence of temperature on the stability of AMG
fe: 30% wjw maltose, 0. 1 M acetate Substrate: 35% w/w dextrose syrup, pH 4.5

Stability measured as residual activity after the time given.

For optimal activity and stability during the long reaction times
(40-100 hours) which are used in the industry for production of
glucose syrup, the pH optimum is around 4.5 and the tempera-
ture optimum is 60°C.

Beside pH and temperature, other parameters, e.g. dry sub-
stance also influence the performance of the enzyme. The rec-
ommended conditions therefore depend on the actual applica-
tion and are given in the respective application leaflets.
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Appendix 2
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Appendix 3

o L}

- (-\ ‘: 5 =
N1372LAT1EM sa0UIAana Lad Tasl91A389 glucose analyser YSI model 27

Tasa1dundnns Aa

D - glucose + 0 glucose gluconic acid + H,0
2 22
oxydase
Rl Sy Sl 0, + 2¢”
+ -
4™ + 0, + de (II) 2H,,0

azarwd3 M iSea1v waadamae injecter wau polycarbonate membrane Zeaz
1imit mauwswae enzyme glucose oxydase mdvainifisufinFuwas glucose oxydase
#i membrane H,0, azrug cellulose acetate membrane  nazusf ety
szmavia anode  (dfaswait 1) ua;ﬁa cathode (uinZen# IT)az i dudes-uiy
ySunauhatanglealuansazany Tunisnaasuynasenay ca}ibrate LASBYAILAS
a;a15ﬁ%m1anngaqu131u 2 n3u/das

L * ] v
2o o' = a A
N1 FunuaananalasnL Naty

1 v LY

w (7] ‘: [Y) . -
Llalgdrsararsuaaidivinas 304 (Tasutwin) an'lalasles  adaUSinas

K i v a
%924 starch hydrolysate ¥ 1 ¥8. 132319n2eulai5u1A359% 500 .
1 ] w

v e ! - o
® - ) w
u1ﬁ1i6381H61ﬂ3tﬂ?1:ﬂﬂ18Lﬂ?ﬂd glucose analyser aquala 64 An/A8. LWIILRLUY

v
% uhm1anglad = 32 N33/100 NIUAITALAY

tialgdnsasanmniidn

L2 v v

wMLNTWEawWY, N wazi = 1700 N3N

d%ﬁﬁﬁlﬂ“?:ﬁﬂiﬂ:ﬂﬁﬂd%ﬂﬂﬂngfﬂﬂ (N389N1NBAN) = 115k.1 N3N
u§u1ﬂsLaﬂ15ﬁ1sa=a1ﬂﬁ%ﬂ1angTﬂﬁ " = 1060 na.
d%ﬂﬁhn1nﬁﬁﬁﬁﬂzwﬁh = 545,9 N3N
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L1 E7)
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ﬂ?Qﬂqiﬂ:ﬂ1ﬂu?ﬁ1ﬂﬂ§Tﬂﬁﬁ1ﬂTﬂiqﬂﬁqﬂ 1 Ha. 198973N78U7 100 A\, uTlaiasen

L L] v

AILLATAN glucose analyser A1UATLA 160 3N/9AA.

v U o ‘: / 4
Ay Usaanangladludsazatys = (160) (1060) an.

° udl -4 ‘: 4‘- (ﬁ ‘: =la (7]
winmaumivsainasa1elunn 800 ¥a. (WaILaT1zmlsiiauia1ana ladvanaglunina

LY 1 Fa L Ll L 7]
L]

o - -
w7l AsIEMAELATRNILATIEINAAA awnla 100 un/aa.

v ¥ a ‘: dll!.' o :
ﬂquuﬂin1mu1m1an§TﬂﬁwLwaaagiun1nuu = (100) (800) un.

\WIzRL % ﬁ%ﬂ1ﬂn§Tﬂﬂ =[(1°?Z§§3?)(1033?0)(1°6°ﬂ x 100

= 14.70
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Appendix 4

’ ¢ o
A1FILATITII TANAA MIaLaTl, NIA URLAIAITNALBRINIY

L T} L] v o w 1

w = -
2AUANIINUN starch hydrolysate VIBIMANUAEAIINLANTULBIFITBMITAIN 9

P L
5 - v g
1. ﬂ?ialﬂiﬂzﬂLwaw1ﬁiu1mﬂ1ﬂ1ﬂ361ﬂuﬁ:ﬂiﬂ

v o
W o=
1ue1u3Qﬂu1ﬂ gas chromatography 884 Shimadzu model GC 7AG ﬁﬁ

. ¢
<4 a - - w g
recorder integrator %84 chromatopac CR1A (WA IMIIILATIVUTHIWMAMIALAE

umenan
4: ”d w ﬂlv
dn12enlguac
Column H13 2 (AT, UM 1" Ui??ﬂ?ﬂ porapak Q 80-100 mesh,
- dldl (o] 8q - i (o] -
qmﬂguﬁaq column MW 210°C, qmﬁguﬁaa injector 280°C, Qmﬂﬂuﬂﬂi detector

C

300°%, 8nsn15inazaen N,
o [} ]

SUPINAINUEANAIAEIN chromatogram 2241 MIUAA-21T IAU-1ANUER, NTA

=
50 . /UM

= a =a
EWﬂﬂﬂuﬂzﬂﬁﬂﬂjﬂiﬂ

START 19.61.589,19.

B, H
=g
17 1 a4 o
= .9

- "
ol e
] 4.42
Klo
LE5
5TOP
C-R1A
SMPL # 38
FILE # )
REPT # 733
METHOD 44
# HAME TIME CONC MK HRER
.87 B2
4,48 198
H.62 15434
i ) I 9 W olls
1 ETOH 1.44 8.2515 16738
2 RACE  1.93 4.1934 Y 283745
3 AC 2.73 S5.2744 W 187281
4 H-8U0OH f.42 9.16m1 o 543178
5 AE  2.85 388 Y 236533

ToThL 22.75%0 15608549
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2 ¢ «
- o
2. MsItnsIsuiwanIamiscnavaaan

L

14 gas chromatography U8 GOW-MAC INSTIRUMENT CO:, SERIES
150, Thermal conductivity detector model 69-152 ﬁﬁ recorder A3
Shimadzu mndel R-111
o A v
ﬁn’n::ﬁ’ltiumu
column

! ¢
4 o
- Side A 5m x 1" MS 5A 80/100 mesh LHAILATIEY CO URe H2

8
— Side B 3m x 1" s.s., Porapak Q 80/100 PQL-2
lﬁa?tﬂi o g H
12U C 27 HEO’ & 4

o ¢
v < -
AATIN1T IMRTBINIYAIINAY 30 N /UM, qmngiﬂaq column 60°C, MANUBY injector

80°c, 2MMQABEY detector 80°C

L7 H v v B

o ] -
3. 2AUBNIIVAUN starch hydrolysate VNBOMAUURLAAULANIUEITAMITAIL 9

s ¢ - - -,
HEANMH qmm““wasq qm‘“ﬂ”“ 3!? = ﬂ‘wu 395 =
{na%/Bn) 815813 (NIA/anT) | 8198 M7 (nSA/aRs)  F1saMs (nIN/ans)
30 50 80 30 50 80 30 50 80

B 1.7633|1.4431|1.2607|4.1945/4.1971(3.8902| 4.4122{5.1123(3.9319
A 0.8536|0.7426|0.478 |1.646 [1.8023|1.4101 1.7969[2.3719[1.678
E 0.0692{0.0626/0.0621/0.137 |0.1197/0.1203 0.1457|0.1851[0.1266
AR | 0.4962|/0.3863|0.3884|0.366 [0.3314/0.4192 0.327 [0.235 [0.4286
BA [ 0.1061[0.0182(0.0693] - = 10304 | 0.0144] %4 |0.0232
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Appendix 5

w L]

o < :
YBNANIINANN starch hydrolysate W pH AN =
L Fd rd ; o

-
UAYIBHANITILATITNA M TENBUABINY

v v A

MINM 1 USRITBNANIIHL BUTUBA SRARIGMA LARINNINNN starch hydoly=ate :
butanol (B), acetone (A), ethanol (E), acetic ac:.d LR}, butyric
acid (Ba) UTmunaladivialy fermentation broth (S), wimATsam

o

: oty ; :
N1 (H,, €O,) MARTL (v), biomass (X), WLI8T (Time) 19 2

i, # pH 4.5

Time s | B | A [ E [ AR | BA ] v X
] T foh) (no of
e | (a/1) : l cell/1. )
%40 49.0 | 0.3581 | 0.2291 | 0.043 | o0.06% | = 0 o.32x10'2
6.5 48.5s | 0.7680 |0.3807 | o0.0602 | 0.s762 | 0.2936 0.59 | 0.72x10'2
12.8 48.0 | 0.6466 |0.3234 | 0.0094 | 0.4245 | 0.7015 1.54 | 1.53x10"2
17.5 48.0 | 0.9321 |0.4451 | 0.0785 | 0.7858 | 0.79Mm i 10.50x10"2
21.5 47.5 | 0.8935 |o0.s0s2 | d.0676 | o0.8332 | 0.8464 % 20.60x10"2
26.5 47.5 | 0.8446 |0.469 0.0628 | 0.7465 | 0.968 4 14.40x10'2
30.5 48.5 | 0.964 |o0.4897 | 0.073¢ | o0.8e13 | 0.8515 % 9.65x10'2
39.5 48.0 | 1.0014 [0.6272 | 0.0542 | 0.7255 | 0.8728 |  _ 4.25x10"2
44.5 45.4 | 1.2961 |0.7055 | 0.0632 | 0.8%02 | 0.87%2 = 13.30x10'2
47.0 40.6 | 1.3481 |0.9828 4 0.481 | 0.6254 2.47 |14.80x10'2
- Al B
UTATI M NH OH Walunamun = 2.0 m
. L4 ¥
2971 ENAVEA NIFAINLIILIR
Laa (1) UnnaTImeantd (aa1)| 2emlisnay 2 TamiFunas)
Hz co2

0 0 0 0

7.3 0.59 87.97 12.03

13.3 0.94 76.96 23.04

19.4 64.63 35.37

30.0 0.93 7h. b4 25.56

43.3 68,66 31.34
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¥ o £

UHAITALAAIINL THIUTD SR AAAIMA L A IDNITMIN starch hydrolysate:

butanol (B), acetone (A), ethanol (E), acetic acid (AA), butyric

- ‘i' - -
acid (8a), UIManglasMinaaly fermentation broth (S), YINAITM

o

1] - "
- -
co.) WUARTL (v), biomass (X), MR (Time)

na¢n1ﬁ t"z‘ s AN 9
nu, Wop 5.5

'f;':‘; = J : I . I _ 4 ] - | - A (no =] 5
{g/1) 2 cell/1.]
0 51 0.3847 | 0.273 | 0.0481 | 0.0992 _ 0 0.67x10'2
6 48 0.5459 | 0.2768 | 0.0321 | 0.3855 | 0.247 | 0.46 | 5.20x10"2
13 6 0.7132 | 02228 | 0.0474 | 1.4404 | 1.7178 | 3.38 | 18.40x10'2
18 24 3.4583 | 1.0604 | 0.1992 | 2.397 1.1338 | 6.09 | 12.60x10"2
24 16 6.2127 | 2.6981 | 0.244 | 2.0153 | 0.2576 |10.33 | 16.70x10"2
29 10 8.2379 [ 3.5785 | 0.2023 | 1.3079 | 0.2343 [14.53 8.55x10'2
37s 3 9.7579 | 4.6636 | 0.3115 | 1.2485 | 0.9922 [17.75 | 15.60x10'2
4a1.5 3 6.9978 | 3.1981 | 0.1585 | 0.8122 | 0.6496 [17.79 | 15.20x10"2
60.5 3 9.0175 | 4.1933 | 0.2632 | 1.0298 | 1.1046 [17.79 | 13.90x10"2

- A
YNNI NH OH Alaluvaomn = 29.5 m1.

L .

L
pamlTsnaumaanEmIa YA

o
UimaTioumannd (an1)

aemisEnay (% TamiTung)

1281 (fu.)
£ Hy €0,
0 0 0 0
6.5 0.46 85.29 14.71
15.7 2.71 52.44 47.56
25 4.85 39.13 60.87
30.5 3.60 35.20 64.80
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v W

oo

uamﬂauumwwuwna qu&mmi'l 7370N17MN starch hydrolysate:

butanol (B), acetone (M, ethanol (E), acetic acid (AA) butyric

ucj.d (BA}, mum?'[ﬁﬁmnaa'lu fermentation broth (s), UImAITM
.
ST (H,, €0,) i in (v), biomass (X), #L9m (Tise) M4
.
fu, # pH 6.5
.
v 4

Time 9 ' B ’ 4 L B ' o ’ i i
(hr) (g/1) {1) (oo of cell/l

0 51.5 | 0.6987 | 0.3525 | 0.0415 | 0.2555 | 0.0195 0 0.29x10 12

6 45.5 | 0.621 0.2472 | 0.0107 | 0.4083 | 0.4597 | 0.%2 1.95x10'2
12.5 40.0 | 1.2694 | 0.5133 | 0.1338 | 1.9704 | 2.2523 | 3.17 | 6.98x10'?
18.5 29.5 | 2.054 0.9654 | 0.1413 | 2.3681 | 2.6319 | 6.32 | 6.67x10'2
24.5 27.0 | 3.3174 | 1.57117 | 6.1706 | 2.9608 | 3.003¢ | 9.63 | 6.90x10"2
29.5 19.0 | 4.6147 | 2.1116 | 0.1992 | 3.5392 | 3.1955 |13.03 | 4.82x10"2
7.0 13.6 | 6.3962 | 3.0316 | 0.227 4.2132 | 3.4343 [16.13 5.26x10'2
42.5 8.8 | 7.1602 | 3.4508 | 0.2381 | 4.8025 | 3.7768 [18.59 | 6.%0x10'2
48.5 3.0 | 8.0765 | 3.6769 | 0.2395 | 4.7927 | 3.5416 |21.66 4.08x10'2
54.5 0.2 | 9.1601 | 4.1934 | 0.2515 | 5.2744 | 3.88 [23.86 | 1.86x10'2
61.5 0.2 | 8.944 3.99% | 0.2503 | 5.3561 | 4.1059 [24.08 | 2.42x10"2

- Hid E
USHNTTW NH,OH wldlunavun = 34.2 ml
. L ke
ﬂ{ﬂﬂ‘:nﬂuuaqn'\gﬂ'}uﬁ14¥1ﬂ1
- @ - - -
181 (2H.) YTmasTIueaan Y (881) | semisznay (% TamiFunas

0.92
2.25
3.15

3.31

co,

2 2
o 0

88.83 11.17
51.86 48.14
L7.03 | 52.97
53.85 46.15
50.40 49.60
45.38 54.62
50.93 49.07
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Appendix 6

L _
ﬂay@mmu"n cassava hydrolysate,dextrose

o v Wy PR’ o

URLEANANTTALATIENAIN TENAUAAINY
. . s b B
MIA 1 UAAYTENAAIINL TUTUTANHARAGNALAIINAIINN cassava hydrolysate : butanol
(B), acetone (A), ethanol (E), acetic acid (AA), butyric acid (BA)
o
s ui‘nmgTaaﬁ‘Lﬁa'{u fermentation broth (s), UTiATINMmAINY (H,, co,)
p A ; ?
FUFABY (v), biomass (X), W81 (Time) #1909, W pH 6.5
:

Tink = , 2 I : l z ] = l = I:.') (no :t i
(hr) (/1) 2 OF cell |

0 53 0.5056 | 0.1513 | 0.0117 | 0.3669 |- 0.057 0 2.88x10'2
6.5 | 46 0.7636 | 0.3892 | 0.0531 | 0.7881 | 0.5138 | 0.36-| 7.20x10"%
1.5} . 38.5 0.973 | 0.4632 | 0.0825 | 1.9146 | 2.0723 3.73 |18.30x10'2
17.5. | 27.5 2.0663 | 0.9794 | 0.1098 | 2.1275 | 2.1164 | 7.70 [17.10x10"2
13.5 16.5 4.022 2.0482 _0.15 2.5786 2.257 11.64 13.50}(1012
30.5 6.0 | 5.2769 | 2.7147 | 0.1101 | 2.5078 | 1.%228 | 16.90 |22.20x10'2
35.5 4.4 | 7.0385 |3.5816 | 0.1937 | 2.8755 | 1.7967 | 18.80 |16.00x10'2
41.5 0.4 | 9.4939 |4.8861 | 0.2612 | 3.8955 | 3.0115 | 21.75 |20.50x10'2
47.0 0.4 9.1679 | 4.5335 | 0.1605 | 3.2499 | 2.1629 | 21.75 |12.9%0x10"2
55.0 0.4 9.4434 |4.8951 | 0.2423 | 3.3824 | 2.2892 | 21.75 | s.62x10'2
60.5 0.4 8.643 [4.2645 | 0.2332 [ 3.2127 | 2.1658 [ 21.75 [10.40x10'2
68.5 0.4 9.5096 |4.8592 | 0.2698 | 3.1769 | z.0412 | 21.75 =

- I
UTHINTIM N OH wlalunamun = 23.5 m1.

' L] [
BymiIsnaunaantiany 19t 18

- - - v -
1287 (14.) UsaIRTTWIANTY (8n3) [aemlsznay (% Tamlzunag)

H, o0,

0 0 0 0

16.7 3.96 46.50 53.50

23.7 3.95 41.88 58.12

31.7 5.26 h2.77 57.23

35.7 1.90 4z.88 57.12

42.7 _ i 2.95 59.52 | s0.48
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v ow s
w

" - " -
MINA 2 UHRITENANITHL THTAIRARIGNA LA INNI TN dextrose  butanol
(B), acetone (A), ethanol (E), acetic acid (AA}, hutyr&c acid (BA)
UTunanglasiinaalu fermentation broth (s), UIuINITIMmAINT (Hy, €O,)

1] » .
WLARTL (V), biomass (X), WLI8T (Time) M4 9 T, W pH 5.5

: T R
it £ : > ) (no ot cel1/;
(g/1)

0 46 0.3952 | 0.3025 | 0.0426 [ 0.1751 = 0 0.44x10'2
10 45.5 | 0.464 |0.1312 | 0.0082 | 0.4038 | 0.4379 | 1.45 | o0.45x10"2
16.5 | 39 1.7147 | 0.6412 | 0.0548 | 1.0061 | 0.4777 3.31 | 1.31x10"2
22 32 3.2689 | 1.3074 | 0.1567 | 0.9233 | 0.2329 | 5.03 [ 17.12x10"2
28 | 26 4.5458 | 1.8749 | 0.0798 | 0.4516 | 0.1 7.26 | 19.72x10'2
34 195 | 6.484 |2.7127 | 0.1884 | 0.7562 | 0.1763 9.8¢ | 14.80x10"2
40.5 | 14.5 | 7.9676 [ 3.1107 | 0.2644 | 0.6985 | 0.1132 | 12.12 | 9.76x10'2
46 11.0 8.9897 | 2.099 | 0.2859 | 0.7639 | 0.1814 | 13.62 | 9.04x10"2
54.5 8.6 |10.6163 | 4.4517 | 0.2164 | 0.3498 | 0.1003 | 15.55 | 16.36x10'2
59 7.0 |10.4221 | 4.3235 | 0.3107 | 0.6313 | 0.1817 | 15.95 | 21.56x10'2
65 6.0 |10.852 | 4.5265 | 0.3623 [ 0.79 0.2839 | 16.23 | 19.28x10'2
70 | 5.9 [10.9137 | 4.4259 | 0.2205 | 0.2563 | 0.1404 | 16.38 | 22.96x10"'2
76 5.1 [11.580 |.4.4925 | 0.3387 | 0.6093 | 0.1127| 16.46 | s.84x10'?
82 4.9 |10.%014 | 4.3751 | 0.227 | 0.2414 | 0.1551 | 16.50 | 3.84x10'?
88 4.7 |10.7843 | 4.0107 | 0.2197 | 0.2652 | 0.2138 | 16.52 | 0.44x10"2

yinmITm we ok Alalvavun = 10.1 mi.

F =
29 TENAUERIN1TRINY 291 781

o i
1781 (1u.) UTinssamaantd (dns) | asmisenay (% TasuSuins)
’ |
B 0,
0 o 0 0
5 1.45 83.59 16.41
44 1.50 31.20 68.80
55 _ 1.53 '39.78 60.22
72.5 0.15 49.17 50.83
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Appendix 7

v ' '

w ' e |
FAYANIINANN starch hydrolysate WUAALUAN

v W

. - FANE & 4
M3 1 UFAIDAYXANIINLTNL TUDBIA #1A3IMN19WIN starch hydrolysate:
butanol (B}, acetons (A), sthanol (E}, acetic acid (AA) butyric

acid (8a), Uimanglasiivialy fermentation broth (s), . 811

o 1
nasinand (Hys co.y - (V), biomass (X), NLIA] (Time) A7 9

' ] r - - ] ] ]

- ~ - - - - H -1
Taoviny munuwylusa Lis NAULAIAIEAIEN T TMNNLUUAA LLAAN D = 0.15 H714

L
pH 6.5, gampii 30° AL mNmunaangTaslY starch hydrolysate = 50 N3k/Ans

Time - ] = l . | z ' = | = (m.‘.l.:min} (no oJf‘ cell,, )
thr) (a/1) < e
Batch operation
0 42.5° | 0.3751 [ 0.2268 | 0.0391 | 0.1022 | 0.0108 0 4.30x10"2
17.5 | 37.5 | 1.4731 | 0.5089 | 0.0798 | 1.5103 | 0.9826 | 6.25 | 24.60x10'2
Continuous operaticn : - :
22 | 34.5 | 2.0191 [o0.7876 | 0.0%3 [ 1.3783 | 0.4766 | 3.10 | 13.80x10'?
25.5 | 35 | 2.1614 | 0.8062 | 0.0943 | 1.5569 | 0.695 | 3.70 | 19.50x10'%
28 33.5 1.8874 | 0.74 0.0925 | 1.5811 | 0.8489 | 3.30 | 16.40x10"2
34.5 | 31.5 | 2.1043 | 0.7839_| 0.09 | 1.89% | 1.2408 | 2.70 | 20.80x10'2
*37 33.5 2.0506 | 0.7297 | 0.0905 | 1.8548 | 1.1733 | 3.00 14.40x10'2
39.5 | 33 1.9109 | 0.6347 | 0.0806 | 1.5525 | 0.9214 | 4.50 | 15.00x10'2
g 42.5 | 29.4 | 2.3151 [ 0.7365 | 0.0872 | 1.7824 | 0.8851 | 7.60 | 12.20x10'2
45.5 | 28.2 | 3.1413 | 1.2635 | o0.1026 [ 1.7755 | o0.5187 | 6.30 | 12.60x10'2
48.5 | 24.8 | 3.8515 | 1.7349 | o0.1248 | 1.6249 | o0.3848| 6.70 | 26.10x10'2
51.5 | 26.4 | 4.3681 | 1.972 | 0.143. | 1.6451 | o0.4s562 | 16.90 | 14.70x10'?
58.0 | 30.0 3.6441 | 1.5647 | 0.1244 | 1.3666 | 0.3%06 | &.77 | 15.00x10'2
61.5 | 31.0 3.0121 | 1.1227 | o0.1136 | 1.3647 | o0.6209| 3.62 13.20x10'2

BATI NH OH wlild = 1.9t ml/hr.
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Appendix 8

L7

AANONITAIIN u USY v BAIAMIALAI

- L B ﬂ’
na1suNnuuy lNRai uae
H198149193 Starch hydrclysate pH 4.5
ave. time spc. growth rats rate . of product form.:
{ hr { hr—t ) x10-12 g/no. of cell-hr )

42

45.75

.118251545
.121009651
.298254364
162379421
-.0708571429
-.0987525988
-.0863309353
.206267806

0427646263

f1723?3222
-.0340757239
.015837074
1.70418003E-04
-1.02742857E-03
3.18265213E-03
2.45083933E-C3
3.706552T7T1E~-03

7.5753007E-03
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[ *] i I | J
ATSuNALYY RS L uD e
#1907%1% : ZStarch hydrolysate ﬁ ﬁH 5.5
ave. time spc. growth rate apc. rate of product form. .
¢ hri) - hr=tin) {x10-22 g/no. of cell—-hr )
3 L257T4367T7 8.46831485E-03
9.5 .159806295 ; 1.61985472E-03
15.5 -.0748387096 .04812
21 .0466439135 .050476678
26.5 -.129108911 . .0517116832
33.25 .0686883449 .0225443917
35.5 —-6.49350653E-03 . -.0T7T10811689
51 —4.?024??85E~03 : .0112844999
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nsunnuuy laiRa L Hag
®#1987¥15 1  Starch hydrolysate % pH 6.5
ave. time spc. growth rate spe. rate of product form.

{ hr ) { hr—t ) { x10-12 ¢g/no., of cell-hr.)
3 .24702381 _ ~.0318154762

9.25 .173313808 .035751572

15.5 -7.57020763E-03 _ .0303833944

21.5 5.64971758E-03 .0466470155

27 ~<O?0939Tbll : .063679181

33,25 .0121452145 .0720607261

39.75 | .0483654277 ' . 035656068

45.5 -.0856102004 .0347237402

51.5 —. 124579125 . 0904657687

58 LO3L38ILTTS ~.0270827769

64.5. . 136104319 —-. 0657742461

fl.?S -.0288957688 —.0?38183694

81.25 f3.44?53286E—03 5.86726293E-03

IR T
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nrsulinuuy aRaL o
d15871173 Cassava hydrolysate % pH €.5
ave. time spc. growth .rate spc. rate of produc£ form.
{ hr ) { - hp=1) ( %1012 g/na. of cell-hr )
3,25 .131868132 .0164010989
9 .174117647 4.90666667E-03
14.5 -.011299435 0154124294
20.5 .0131086142 .0286020599
27 .025974026 .0132783423
32.75 ~.0721349622 0315543921
'35.25 .0379346681 .032264699?
44,25 —.0827436037 -8.48448554E-03
1 -.0497211896 8.3515335E-03
57ﬂ75 .0340311634 -.0275327408
64 -.0820367751 .0264833805
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nsuinuun seat fag
: .
RIS37U0S Dextose b ¢H 5.5
ave. time spc. growth rate spc. rate of product forﬁT
{.hr ) G =) ( %1012 g/no. of cell-=hy ?
5 2.8?511229E~03 —.030750224¢6
13.25 149933627 .315674562
19.25 .311941992 .0458205435
25 02352515638 .0159925805
31 -.04750869056 .027854384
37.25 -.0621420697 0245251816
4325 -.013926499 £.28626813E-04
98.25 673091709 .0362130616
56.75 .060247023 -2.67346462E-03
52 -.0186092067 5.58684295E-023
67.5 .03484384848 -1.71117423E-G3
73 -.1480083836 8.9266247E-03
79 :.131440589 -.0238748683
85 -.265357031 -,03310414f6
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d19a71%75 @ Starch hydr@lysate % pH 6.5
ave. time . spe. growth rate spc. rate of product fornm. :

{ hr J ¢ iy {-»x10=32 p/no, of cel.ll—hr );g‘- ,
8.75 .0802768166 5.61858626E-03

19.75 =125 9.66666657E~03

23.7%5 .087812Q978 2.82968632E-03

26.75 -.06908078 - -7.62116991E-03

31.25 .0363937138 2.18610422E-03
35.75 : -. 145454545 _2'5?72?2?1ETQ3

38.25 .0163265307 T =6.65578233E-03

41 -.068627451 .0125637255

44 8107526882 .0367903225

47 .23255814 .02073?2954;

50 ~. 18627451 : .0126127451

54.75 3.10800312E-03 ~.011912;%59
. 59.75 -.0364741642 -.0219817629
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Appendix 9
v
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¥ iy . = i,
- UIN2BBNEITALRIBIMNITMEN 50 NA. NIAIAIY milipore filter 2N
AL Y T v ¥ ¥ .‘l ; i 2y o
0.22 ym AWM 2 A59 W1 filter TWauipamgdl 70%  thitam 20 92T

(] w

I E w .pdu g .q .
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