CHAPTER IV

EXPERIMENTS

This chapter will be_focuse i« grials and methods of batch fermentation

and continuous fermentat ‘coupling filtration. The characteristics of

4.1 Apparatus

- Air compressor

- Autoclave model iring Corporation, Japan.

- Centrifuge model Kubota §100-0f K LIBOPBA Corporation, Japan.
S .
- Centrifuge model Kubota 78 208 K UB orporation, Japan.

- Ceramic membrape'model 1M-1 of Toshiba Ceramie Corpo
Y ')

‘E lectronics., Ltd., Taiwan.
|

- Dissolved oxygen metgr model OM-14-L,] ,of Horiba, Japan.

Femeter LEIRURIHY IR, e

Y W RTIREIP )

- Laminar Flow Culture Boot model VS-124 of ISSCO, USA.

ation., Ltd., Japan.
- Digital pH / Temy 41 :

Corporation, USA.

- Level transmitter of Technic Pool, Thailand.
- Peristaltic pump model Dual pump of New Brunswick Scientific CO., INC., USA.

- pH meter and controller of Mituwa, Japan.



- pH transmitter model INGOLD 2500 of Mettler Toledo AG, Switzerland.
- Rotary pump model SUS-316 of Nakakin Corporation., Ltd., Japan.

- Spectrophotometer model Spectronic 20D of Milton Roy Company, USA.
- Spectrophotometer model 220A of Hitachi, Japan.

- Water bath model Julabo of Labortechnik, GMBH, Germany.

4.2 Chemical reagents

- Buffer concentration kil¥ST 245 ‘ Instrument, USA.
- Calcium chloride diliydrasé
- Casein of BDH, Englangd

- Magnesium sulfate heptahydFate (83805 7110) of FLUKA, Switzerland.

- Potassium dihydrogen phgSphate (K iRCK, Germany.

- Sodium hydroxide @0

Wﬁﬂﬂﬂ

- OPTIDEX {glummylase} ofCun Thailand.

- SAG 30 (Antifoam) of OSi Specialities, Thailand.

- Soybean waste and extruded sunflower seed waste from oil processing
of Bangkok Feed Meal Co.,Ltd. , Thailand.

43



4.3 Strain

The bacteria employed in this study was Bacillus subtilis TISTR 25 obtained
from Thailand Institute of Scientific and Technological Research in a lyophilized
(freeze-dried) form.

- §Vy/

The complex & .. i sed of . ing substances. The unit was

4.4.1 Starch hyd ‘i ysa
tﬁim ate i !_1 ﬂ?‘:ﬁl which was termed after

the terminath i dcess [29). by enzymes, the yield
lﬁ; mxmmtelf 95 % convession ihf nﬁﬁ As shown in
B“"ﬂ‘ ﬁmumr] iﬁl ying a-amylase

(TAI{A.- RM, commercial name) and glucoamylase (OPTIDEX, commercial
name), subsequently. Before being catalysed by a-amylase, starch must dispersed in
solution and rendered susceptible to breakdown. Industrially, starch solubilization
could be accomplished by heat treatment (gelatinization). Once gelatinized, starch is
broken down by a-amylase catalysis to a soluble dextrin hydrolysate and this

procedure is called liquefaction.
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Left: TAKA-THERM (@-amylase) - is 4 Right : OPTIDEX (glucoamylase)

Figure 4-2 Hydrolyzed starch

Left : in liquefaction process Right : in saccharification process
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Then a subsequent process called saccharification is achieved by glucoamylase
catalysis that will hydrolyze dextrin hydrolysate to glucose units. Some more details
about their procédure will be described below:.

4.4.1.1 Liquefaction

Starch powder was dispersed in an aqueous solution to a 30% weight

ratio and was then adjusted to the p K p using IN NaOH. The a-amylase solution

was later added to the prepare
kilogram of starch. The liglef:

of 0.25 ml c-amylase solution per
d 90 minutes at 90 °C with
continuous stirring. Prologged-h¥icolys ¢ =amylase resulted in the formation of

small quantities of gl o e ADextrin shur igure 4-2 left) was obtained

The pH of dex 1y froms Hgueraslion process was adjusted to the pH

of 42 with IN of HCI agt gluécsniv \ added to the ratio of 0.5 ml
Js |

lucoamylase per kilogram of sthch T he ating temperature was controlled at 60
k = ‘

°C for 2 days. Prolonged reaétion would : affect the final glucose

h *i
concentration. High “’, ase- ydrolysate (Figure 4-2 right)

was obtained after the p i
e TN EN NN
The most eﬁ"&ctwe medlum fo production by
Baci]lusm %ﬁﬂﬁmmm in this

experimenl. The medium was obtained from the acid hydrolysation of soybean
residual and extruded sunflower seed residual from oil production. After complete
hydrolysation, abundant amino acids were achieved. The details of hydrolysation were

given as follows :

Six grams of each soybean waste and extruded sunflower residual were mixed
together (Figure 4-3, A and B). Then 40 ml (IN.) of H,SO; was added to the



47

mixtures. The mixtures were autoclaved them at 121°C and 15 psi for 40 minutes.
After being cooled to room temperature, the mixtures (suspension) were then adjusted
neutral pH using 10N NaOH. The 80 ml of water was then added to the hydrolyzed
mixtures, which were later centrifuged at 5000 rpm 20 °C for 20 minutes. The

obtained clear mixtures were kept at -20 °C for storage. Protein hydrolysate (Figure 4-

3, C) was obtained after the hydrolysation was completed.

g E :
AL INENINEIN

AMIAN TN NN INYAE

Figure 4-3 Materials and end product of protein hydrolysation
(A) Soybean waste (B) Extruded sunflower seed waste

(C) Hydrolyzed protein or protein hydrolysate
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4.5 Strain storage

Freeze-dried culture was revived by making a deep mark around the ampule
about one inch from the tip of it, wiped with a piece of gauze moisten with 70%
alcohol. The ampule was wrapped around with the gauze and was broken at the score
area, lightly flamed at the open end. Using a sterile Pasteur pipette to aseptically add
0.3 to 0.4 ml of the appropriate broth to the freeze-dried material. A few drops of this

Aseptically, I {I \\\ ol freeze-dried culture was
transferred using a sterilgflog Z »\ nutrient agar slant. The slant was
incubated at 37 °C fof 24 Moufsfand bva }‘\\ mploying this method, the
culture could be kept fofabgl _. \

-

4.5.2 Long-term storage 2/

Covered ;-’:1—_':-"——-?‘-—“""—'#. was first transferred to
nutrient broth could loret AfureTs f -20 °C. Glycerol prevents

microorganisms from ice cr}rstal formed by wa:er compﬂsmnn in the broth.

ﬂ‘lJEJ’J'VIEW]ﬁWEJ']ﬂ‘E

4.6 Experimental procedures

Qﬁﬂﬂﬂﬂim N?ﬂﬂﬂﬁﬂﬁ d

4.6.1 Batch fermentation preparatio

Each two culture agar slant tubes (Figure 4-4) were filled with 5 ml
normal saline solution and were then shaken thoroughly, the slant-washed normal
saline solution was aseptically transferred to two seed flasks (Figure 4-5). Each of 500
ml seed flasks was prepared by filling 150 ml of dissolved medium composition
adjusted to the pH of 7.0 by adding 1.0 N NaOH. The prepared medium were then
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sterilized at 121 °C , 15 Ibg/in* for 20 minutes. Note that every substance involving
fermentation process must be sterilized before entering to the process. The two seed
flasks were incubated at 37 °C for 18 hours. A KMJ 3 liter glass fermenter used in
batch process was also prepared in the same fashion. The pH of the experimental
broth was controlled by a pH controller equipped with acid and base pump as
demonstrated in Figure 4-6 and Figure 4-7. Oxygen transfer in the medium was
proportional to both agitation speed aud aeration rate besides operating temperature
and medium compositions whigh bdt ﬁ:m fixed through the process. The

temperature of the expenmcmlbmth was ed at 37 °C by heating element.

Figure 4-4 Culture slants of Bacillus subtilis TISTR 25



Figure 4-5 4

£

.
W< 1.0 N. NaOH
' 1+1.u N. HCI

STERILE AIR

Figure 4-6 Schematic diagram of the batch system applied for the protease production
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into the sterilized feﬁlﬁﬂiﬁf ﬁﬁéh cont

agitation speed of 350 ram (re erea;plicd to achieve a saturated

dissolved oxygen conditiop igll. the medium {&Fpendix B). An antifoam was filled into

the fermenter mﬁj% E}Qlwﬁqﬂ@ Wﬁ}yﬁ@mple was withdrawn

every 2 hours to‘@nalyze cell, glucnség and protease mncentratiu{& until the process

reached wﬂﬁw‘“ﬂaﬁ tgﬂmﬁ:mﬁﬂsﬁaﬂm to every-4-

hour collegtion. The process woul inated at hour of fermentation.
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4.6.1.1 The study of controlled pH effect on growth and protease

production in batch fermentation

As much as previous basic data was concerned, the shaken flask
fermentation could not provide controlled pH systems, hence the batch fermentations
with controlled pH were set to clarify the optimum pH for growth and protease
production under 37 °C and saturated dissolved oxygen condition. The controlled pH

and protease production ix b fermentatior

The aims g# ﬁ/ umdate the optimum initial
\ and protease production and

glucose concentration W , r.“ _.
to obtain maximum ic fegotly o ? \\ ing' initial starch hydrolysate

concentration (equivale

respectively). » ) ,-"'

a7

ucm' \ £1.0, 1.8,3.2,4.5 and 7.5 g/,

LR N 2N
4.6.2 The study of micrefiliration cha

-
\

Sui lc operating condition of

The objective™s

microfiltration unit whi¢h was applied in cell recycliy ‘u m. As much as the
p syste

microfiltration rﬁ;ﬁ mm ﬁjﬂt affect the filtration
process. Tem eir point thmughnut the
fermentation prncess, so these twofparameters could be negletied in this s

P fesm&cw@a 03@?? m m'f] g m H&M&nuanm were

optimized Yo the microfiltration unit.
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4.6.1.1 The study of controlled pH effect on growth and protease

production in batch fermentation

As much as previous basic data was concerned, the shaken flask
fermentation could not provide controlled pH systems, hence the batch fermentations

with controlled pH were set to clarify the optimum pH for growth and protease

and protease production j

The aims gifth; erimgent were ) elucidate the optimum initial

glucose concentration Whichfwas Suitalic'for \' aro \ and protease production and
to obtain maximum specific fo; Dyl - & ying' initial starch hydrolysate
concentration (equivaleniffo e flucase oo TN 1.0, 1.8, 3.2, 4.5 and 7.5 g/,
respectively). é’! ﬁ 7 \

R A

L _—.Ui-" b
4.6.2 Thﬂstl.ldj"ﬂ microfiliration cha

oo —
-

=3

of Suitable operating condition of

of th
I

[ |

The objective

microfiltration unit w ,]-u- was applied in cell recycling system. As much as the

microfiltration is Eﬁ. ﬂ:ﬁaﬁq e t affect the filtration
process. Tempe ( titheir point throughout the
fermentation pmglass, so these two#parameters gauld be neglegted in this study.

s YU T G S8 10 Y1 810N B e

optimized %or the microfiltration unit.
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4.6.2.1 Cleaning and regenerating the filter

A IM-1 alumina ceramic filter used in microfiltration process (Figure 4-8)
consisted of 19 carbon tubes with inside coated microfiltering membrane as illustrated
in Figure 4-9. Each tube in multichannel ceramic supporter is 4 mm. in internal
diameter, 85 cm. long. With 0.2030 m’ of filtration area, and 0.2 pm in pore size, this

multichannel ceramic filter could be employed to filter microbial cell.
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Figure 4-8 Ceramic filter (type 1M - 1)
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Perm
"' m; Permeate

Channel

Retentate

Figure 4-9 Cros flifationn 2 multi mel element (19 channels)

After each ope faftigime , ‘ s cleaned by rinsing and back
flushing with distilled w o thiat me partisles or cells were removed; however,
the residuals were remo immersion of ceramic filter in a 1.5 % NaOH solution
for 12 - 24 hours (HC| can alSo-be used)which would break microbial cells by

osmolic pressure. sepibrane was then carried out in

order to eliminate {/ig 570ut of the membrane surface.

The regenerated ic the ‘sam@hamcteﬁstic same permeate

flux at the same conditjop, as those befoge,the operation otherwise rinsing and back

el W%W 8IN3
’JWTW‘JW‘NW]’J NYIRE

The schematic of micrefiltration system is shown in Figure 4.10. Distilled
water was employed for filtration at 0.0" kggem® applied pressure and 0.4 m’/hr
recirculation flow rate in order to get reference water flux. The obtained pure water
flux is used to check the cleanness of the regenerated filter by comparing to the pure
water flux of the regenerated filter to it. If it is less than the reference value, it will be
cleansed again. Fermentation broth was pumped from a process tank or fermenter



55

(No.4) and flowed pass a flow meter (No.7) and a ceramic filter (No.9), then returned
to the process tank. The permeate flux was a criteria reflecting the filtration
performance and the permeate flux was calculated from permeate flow rate. Hence the
permeate volume was measured at a certain time period until it reached the same
constant value as that of the distilled water experiment. The parameters (cell

concentration, pressure and recirculation flow rate) used for each experiments were

Table 4-1 The operatifi®@ €ondiiion f _ on system for the study of the
: y rate, and cé) ntration on permeate flux

n
v g | L | 0.4, 0.5, 0.6
" | fueingwingang o
Vil Yg70 gn oy 04, 0.5, 0.6
vm'QI W &ki) Hz%'}?ﬁ%ﬂ' NE s
IX 14.42 g/l 0.0" 0.4, 0.5, 0.6
X 14.42 g/ 0.2%,0.4%, 0.6, 0.8 0.4

Note : X g/l in column “Types of fluid” refers to cell concentration in fermentation

broth
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Figure 4-10 Sct

ic diagram of @cmﬁlimmn system apphed‘i.‘?r the protease

9 DS IRBEERIHTINE 6 2

1. Feed tank 2. Feed pump
3. Level controller 4. Fermenter
5. pH controller 6. Recirculation pump
7. Flow meter 8. Inlet pressure gauge

9. Microfiltration module 10. Outlet pressure gauge

11. N; storage tank 12. Control block
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4.6.3 The experimental setup of the continuous fermentation coupling with

microfiltration

The reason why the continuous fermentation with microfiltration was
selected in this experiment was due to the fact that many continuous fermentation

with microfiltration processes can increase their product productivity by employing

the use of cell recycling technigue as fie: n the literature review section.
An Eylla - M

eﬁ-quippad with the microfiltration
unit, a 1IM-1 ceramic i unicss housing. All connections were
sterilized by applying 1t

recycling system illdStrated

startup and then the i

schematic diagram of the cell
lfon was started with a batch
¢ lermenter by a peristaltic pump
(No.2). The cultivatiog pgocg .a > until glucose ran out or cell
concentration reached a gongsts ft ¥ | anc & s = ne operating conditions as those
of a previous batch fermeniéti | \
speed of 350 rpm). The conti jeralion was started with introducing fresh
medinm ‘into the M d thé ferm th wes circulated through
microfiltration unit V o) (No.6) with the 0.4 m¥he
recirculation flow r@ and 0.0 kgrem™ press .ﬁhe permeate flow rate was
controlled in order to adjust dilution rate instead of feed pump manipulation. The

votune of 8} SYSADIFE DTN AN tevel contrlier e

controlled the ¥hedium feed pump, the pen tic one. At:. base were also

R W& U SJWI’J ﬂEﬂﬂ e

ation rate of 1.0 vvm and agitation
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5. pH controller 6. Recirculation pump

7. Flow meter 8. Inlet pressure gauge

9. Microfiltration module ~ 10. Outlet pressure gauge
11. Air compressure 12. Air filter

13. Permeate storage tank  14. N, storage tank
15. Control block
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4.6.3.1 Study of the effect of dilution rate on growth and protease

production in continuous with microfiltration fermentation

The aim of this experiment was to elucidate the optimum dilution rate
which was suitable and practical for steady state protease production by varying the
permeate flow rate which directly affected the dilution rate of 0.11, 0.2, and 0.3 hr'',

respectively

arify the stability of protease
production by prolong | time d rate of 0.3 hr”' including the

.
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4.7 Analysis

L

4.7.1 Determin of cell concentration
V."

Cell canoe@-an
N Inens

@ell concentration gould be measured using tks spectrophotometry
i YGOSR T IH DI G e ot
diluted 9in order to be in linear range of absorbance. Spectrophotometer type
spectronic 20D was used at the fixed wavelength of 420 nm. to determine cell
concentration. A 5 ml fermentation sample was centrifuged at 3500 rpm for 10
minutes after which the supernatant was drained, and fresh water was added to the
tube to make a proper dilution. The diluted culture in cuvette was inserted into a
spectrophotometer set at 420 nm and the optical density was measured.
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4.7.1.2 Dry weight method

A 5 ml of sample was dried in the hot air oven at 90 °C for a day or

until its weight were constant.

4.7.2 Determination of glucose concentration

% analyzer type YSI 27. The 25 pl

by the Syringepet (25 pl

clarified sample was
micropipette) then,

which was immobiliz

ogen peroxide by oxidase enzyme
. The hydrogen peroxide was
then measured by eci€Ctro€hgr atinum anode. The glucose
analyzer was calibratedfy i ic "-"‘: I standard glucose, hence the sample
had to be diluted witigligfIU e NI\ Woper dilution for an scourate

measurement.
Bl

.:..r’"r" ey

4.7.3 Determination of prn tea

__..p- J...-‘J'L"j

_ i§ioh was set up to bring more
order into the existing, ire and mcasurement of activity, and their report was
adopted in 1961 by the temational Uniomof Biochemistry. The Commission defined
e “one uni i) S enerb ol bbbt Wil catyse the wastormtion
of one nucmm%ﬁc of substrate pep minute under defined conditions™ [1]. Protease
wﬁ*ﬁ@ﬁ%ﬁe‘%&ﬂd%m@%&ﬁuﬁm st
“oné! unit activity of protease is that amount whick will catalyse the
transformation of one micromole of tyrosine from casein per minute under

defined conditions”. Details of determination of protease is described as follows :

Firstly, the fermentation sample was centrifuged at 3400 rpm for 10
minutes. Then the supernatant was withdrawn and kept for further experiments. In
another tube, 1 ml of 0.5% casein in buffer solution (pH 10.5) was added together
with 0.9 ml of the same buffer solution. The prepared substrate solution was incubated
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in a constant 45 °C water bath. Next, the 0.1 ml. of sample supernatant was pipetted to
a prepared substrate tube under the controlled temperature. Mixed well, and incubate
in the water bath at 45 °C. After 20 minutes, the tube was cooled dowu by dipping it
in a coolbath and the reaction was stopped by an immediate addition of 2 ml. of 10%
TCA. The solution was recentrifuged at 3400 rpm for 15 minutes. The absorbance of
the supernatant was measured at the wavelength of 280 nm which could then be
related to protease unit activity, i {iitd the tyrosine standard curve. Note that the
defined operating conditions Were pil 10.4Catbonate buffer solution), and 45 °C

r-“.:-{ "ril ..

(bl A 2

J )
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