20/08/66

a d d %
"lﬂ!‘lq!ﬂﬂﬁ(ﬁ)ﬂﬂﬂﬁﬁ1ﬁﬂ’i)‘“®ﬁﬂ1i?‘mﬂ

= nalulagnsnn

819138 3. Wadua1 duuzue

a 14 =)
augInenanima lu Taduazmsinbas

UM 1TAYYZaN

"lﬂm(?lﬂé(ﬂauwaﬂ‘lﬁﬂ%)ﬂlﬂﬂmiﬁﬁﬂ u!ﬂﬁr!aﬂ&(%ﬁuwaﬂ1ﬂﬂ%)mﬂﬁﬂ1ﬁﬁﬁﬂ

- R o

" Tunszuaumsiimn dshdwaige Aeramlsoinmsndn
a @ I

msnun lanAndueansniin (Fermentation kinetics) 13]u

a k4

= Gaiuiinmalulagsinindedesrndtnasilvszsuudion

o

2 3 A o q 9 a B ' A
al L‘ﬂuVIﬁ]g‘ﬂﬂﬁli1‘1’]5']’1J‘ﬁii1]“BWI‘UG\?ﬂ'liHJﬁEluLLﬂaQﬂNC]‘VI

1 v o a A o QYUY 1A
2 ' o _ L, aunseadiswanlsanniiga nieildldnTnernsediadi
AT IUTZHINNTZUIUMTHUD 1FU NITDT YUBIYAUNTINS Jasans

L y - R d. zaNEMNgIga
wasunlasvesdudamsn msmaranan msasunilasves pH

a a A dao o a o
a d |a a = = v ' » ﬂ15NiWIﬁ1§%'3ﬂ17‘ﬂu!1ﬁ?‘nm1’ﬂﬁﬁ1 @ﬂﬁ]ﬂ‘ﬂuﬂaﬂﬂﬂ]ﬁﬂﬂ15
wazgungil swnsSurmeendnungngadulily Taswwen

a do
4 Se 4y 4 HAANIABAATIMIUINN
Pnamsndsulauiluduavedunida deyanldaninmsane

v v
o =< o =

JamAndvosmaniing azifluilseTemiadrnnlumsaiugu ® msadewaiilsgega Suipesiuiumsmannsiminzaly
s v : YA o ¢
Javamaqinertestumsndn saunamssamsszuumsninly msahawdniunlagaa
< g . . ; iy 4
flulleddisz@nsam " fudemamldldndnsumanniigaluszaznmiiduiganas
Mmlideiga




a ¢ d o
u!ﬂ!‘l«!ﬂﬂﬁ(‘i]ﬁi!‘l/‘lﬁﬂ1ﬁﬂ‘§)"llﬂ\1ﬂ1ﬁﬁ3~lﬂ

d d Y
"lmuﬁna(ilauwamam)mmmmun

O iitelussgingusyasdiindadesannsnedmeszoums
asusadldludalTunm (quantitative) Wudo
samanivesszuy Funldinimansamanaananan
(yield) wazszaznm vazil#annsaimuavinavesds
Ufnsaidimwla

» [

k4 v J aaa a7 =) 4
D !iﬁlgﬂ6\1‘"51‘”50ﬂgaﬂﬁﬂ1ﬁﬂiﬂl@ﬂﬂ§]ﬂiﬂ1uﬂﬂu‘ﬂi]%ﬁi%ﬂ

v

a A away N %
szuunswanuinalng lumaljifdeyamartiazldonms
NAaeal e INNNVINAEN 1AZIIINVENEVHIANANDNASI

HULS 199N ANAM NS

- msnzRsuTadituszuuRineuihadududen

- ihszuiidasidh dnput) uazeen (OUtpUt) anmne

- wazuanmsanszuul fisenadl imsizdusal§asen (catalyst)
shuemnsaminsnoulddae damaladsinmeinlfuuusineamendinmand
(mathematical model) mielumsinnudieg

v v

o o N Ay Ay W ¢ ¢
I NUVVINANNNAUAATAINFINDUALTU ﬂqugﬁuwuﬁmwmaﬂaud’lﬂu

E = mc?

[ sUuuyvesmInIln ]

A131 «miswiin” (Fermentation) Tl Funu
aszuaumsnlfisadaiudas sl §aseludalfasaidainin
(bioreactor) w3esamiin fermenter) sunuumswiing

wanq og 3 HUY Ao

- mswinuuuads (Batch operation)
- miswuNnuvuaeties (Continuous

operation)
-mswinuuian (Fed-batch operation)

Type of Fermentation
(HLNMNANHAUZVBINTLUIUMTHIN)

Depend on process

1. Batch fermentation (M3nanuuvlaideties, szuvila, 1ms

k4 o

Bududia uaglifimsifnansermslaqasli)
- close condition
- limited substrate
2. Continuous fermentation (msﬂﬁmmndmﬁm)

- feed fresh substrate in and old substrate out
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3. Fed- batch fermentation (miﬁﬁmmu Fed-batch fermentation
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X: biomass

G: glucose

E: ethanol

V: volume

F: Glucose feed rate
G,,: Inlet substrate

concentration

- feed fresh substrate in but not X

feed old substrate out
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® 1. Lag Phase : adapt to nutrients
® 2. Log Phase : active growth
® 3. Stationary Phase : death = growth rate

® 4. Death Phase : nutrients consumed, pH to

low
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3. Stationary Phase
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Secondary Fermentation

Cells

Penicillin
produced

Weight or cell

Time

Batch fermentation
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Fed-batch fermentation
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The microbial growth curve

Log of Cell Concentration
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0 1 2
1 2 21
2 4 2
3 8 23
4 16 24
5 32 25
6 64 26
7 128 27
8 256 28
9 512 29
10 1024 210
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Generation time w3%s doubling time
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n
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‘ TuaavesTuuea (Monod’s model) ‘

M= PmS
K. +S

M = sanmswiaiumzgaga ($27ua)
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nm duowgawnidx In X

0 0 0

2 3 1.098

4 5 1.609

12 7 1.945

Y= ax+b
InX=pt+ InX,

U4 6.5 nimusnseondinfufieing In X, ~In.X, Mur
(gpwrm Jundusziiu unes, 2557)
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‘ Product #18neduasatingly ‘
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‘ Product vwilaeglusas wu polymer ‘
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Table 1. Composition of the media used for B. animalis subsp. lactis Bb 12 culture.
Whey rehydrated percentage | Skim milk rehydrated 4
Media Yeast extract (g L
) perctage vy) s
LCWP 10 80 10
MCWP 60 10
HCWP 40 10
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Microorganisms

Bifidobacterium animalis subsp. lactis Bb 12 was obtamned
from Chnstian Hansen (HOrsholm, Deamark).
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Figure 1. simulation of three bateh ' o p. Lactis
Bb 12 in various media according to Table 1, Calculated data (continuous lnes), exparimental data: biomass concentration (s). lacte
314 cetic a0 CONCONIAON (4), lactose concentrabon (c), (3) LEWP, (b) MCWP and (c) HOWP.

Growth kinetics

The relation between specific growth rate (u) and essential
substrate concentration was given by the Monod equation:

1= pa[S/(Ks +5)]

[Equation 1]

Or:
dx/dt =p[s/(Ks+s)] x

[Equation 2]

Table 2. Culture for free and animalis subsp. lactis Bb 12 cells growing without pH control
ht uppercase letters indicate differences between free cell media CWP, MCWP and HCWP, while left uppercase letters indicate
differences between HCWP free cell culture and immobilized cell cultures witha significance level P < 0.05.
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CONCLUDING REMARKS

A model was developed and wvalidated for free and
immobilized cells growth, total acid production and
substrate utilization. The biomass and production model
was considered advantageous since the inhibitory effect
could be adjusted by modifying the toxic powers which are
affected by environmental conditions, and hence the model
appeared applicable for a wide range of culture conditions.
Kinetic analysis showed differences in behavior between
free and mmmobilized cells. Indeed, medium composition
and the type of coating material affected significantly
kinetic data, and hence the appeared helpful for primary
estimation of nutrition limitations or the suitability of
coating matenals against deletenous factors. However,
further studies are needed dealing with physical properties
of biopolymers as coating materials and the modifications
of their properties during fermentation in complex media
with or without pH control. The above results showed that
for increasing protect effect of coating materials against
environmental deleterious factors, transport limitation
occurred, which is disadvantageous for cell formation. New
methods to produce applicable coating materials appear
therefore as an important task.
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6 2.45 97
12 3.1 90.4
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42 41 0.63
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