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KINETICS PARAMETERS ANALYSIS OF BIOFLOCCULANT
PRODUCTION FROM Alcaligenes latus ON TIHHE SUBSTRATE OF
HYDROLIZATE OF SOLID WASTE FROM PULP AND PAPER
INDUSTRY AND ON GLUCOSE
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ABSTRACT

There e two kinds ¢f waste being discharged in the pulp and
puper indestey, hamely wasiewater and solid wunste which contalne
lignocelluliale materals Lipnoccllulosic materialy sre poteatial to be
wicd mx subsirate for mlcrobial boconversion,  During the study
Alcaligenes latus uned the Liydrollzate of solid waste from pulp and
PAPET i;'u!llxl.r_" pould Moecculate
wostewuter thul cotitulived auspended solids. For nll the experiments
A fawy grew well wn sulid wmots hydrolizate, giving about 121 g
pnu‘lu("l.": snhxirstr and 1._0'9 ¥ hil.'ll!.ﬂ.lllu"[ subatrate. Culifvation on
plucose yiclded wbuul 4,41 ¢ product'g substrate rnd 2404 g biomesa/g
subsirate. The specifie growth rales af bacleria on the substrale of
hydrolizsic of solid wuate frvn pulp and paper industry smd glucose
were U527 and D023 Tk, respectively.

FKeywards: Alculipeners lutis, bioflocoulant, solidwaste, wasicwater

industrial  activities that attract a  lot  of

crvironmental concerns, due o the pollution that
might be generated. During the process, solid and liquid
wagtes are discharged, which need further treatment to
avold eovironmental pollution. One of the way to treat
wastewater from pulp and paper industry is floccutation,
Floccutation could reduce suspended solids in wastewater
and perform suspended solids and colleid 1o become big
partictes which are casy to scparste with precipitation

However, studies indicated that the monomers of
acrylamide being used to flocculate wastewater is both
newrp-toxic and stronply carcinegenic in human body
(Kurang & Nohata, 1994). The use of these flocculating
agents is therefore harmful to the environment and may
be a dangersus source of pollution that can adverscly
affect the fulure generations. Thus, a safe biodegradable
flocculant thar is praduced on subsieate of hydrolizate of
solid  waste from pulp and paper industry by
micronrganisms is expecled to minimize environmental
and health nsks. This study observed the kinetics process
during (he production of bioflocculant by Alcaligenes
fatus grown on the hydrolizaie of selid waste of pulp and
paper industry.

Pu!p and paper indusiry has besm one of the
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MATERIALS ANDY METHOD

Microorganism

A. larys which is capable ol producing a new
biofMocculant was nsed.  Solid waste was obtained from
PT, Kerias Bekasi Teguh (KBT), Bekasi-Indonesia, The
material was dried to 10% moisture contenl, grounded
and then sieved 1o pass a 40-60 mesh sizve.

Hydrolysis with Dilted Acid

Alkali treavment was applicd w the solid particles
of waste using sodium hydroxids 1 N (1 20 (b)) The
solution was mixcd for 2 hours then avtoclaved at 121°C
for 15 minules (Anis ef af., 1994). Hydrelysis of the selid
waste wits perfonned wsing sulfunic acid 0.3 M (256 g/
al 96°C [or 5 houwrs. The mixture was then [Olened,
washed and neutralized

Cultivation of the Micronrganism

Composition of te medium was as follows: 15 g
glucase or 10 g/l hvdrolizate of solid waste, 6.75 ¢
KJlPOy, 2,25 g KHPOy, 0.3 g MpSO,7H0, 015 g
MaCl, 1.5 g urea, 0.75 g yeast extract, and 1.5 desiled
water, adjusted 1o pH 7.2, Cultivation was carned out
a biorcactor (Mind Jarfermentor M-L0O8) at 30°C for 7
days with & blade turbines operated at 1530 pn (Kurane &
Wohata, 1994). Samples were analyzed every 12 hours
for biomass, preduct (bicflocculant), reducing sugar,
viscosity and pH values,

Purification of Biofloceulant

The culture broth was diluted with ten volumes of
distilled water, and MNaOH {0.02-1%}) was added io
dissolve the biofloceulant. The broth was then heated and
mainlaincd at 121°C for 10 min, following which the cells
were removed by centrifugation (40 000 g x 30 min). The
liquid sample was concenirated with a membrane filter

{0,2 tkm pores) afier removing the cells.

Kinctic Paramelers
Kinetics parameters of bioflocculant production

was estimated from logistic cquation [or cells growth,
Ax/dt = Jl 10X X )



Luedcking-Piret equation for biofloccelant production,
dPidt = nx + mddi . (2,
and madification of Loedeking-Piret for  substrate
reduction {Weiss & Ollis, 1980],
ds/dt = o{dx/dey - =) ... {3).

Equations (1)-(3) provided the basis for
describing the time course for xanthan and other
extracelluler polysaccharides production by
microorganism.  The major convenience of cquatiens (2)
and (3) was that the non-growth-associated paramelers, [
and n, could be evaluared from siationary plase data
(de/dt = 0) leaving only the single growth-associated
parameters of and m, respectively, 10 be evaluated from
the growth-phase Jata (Weiss & Cilis, 1950),

The values of certain parameters of these models
were calculated from the linear relationship.  These
maodels were assumed on unlimited condition for substrate
hydrolizate of solid waste of pulp and paper industry and
glucase,

Flocculation Activity

Kaolin clay was chosen as a (est standard
material for flocculation, In a 100 ml graduated cylinder,
%0 ml of kaolin clay suspension (5 000 ppm), 10 ml of 1%
CaCls solution, and 0.5 ml of the culture was mixed, and
adjusted o pH 7.0 with NaOH (or HCI). The test cylinder
was mixed gently al room temperature and then kept
standing for 5 min. The formation eof visiblz aggregates
was observed by measuring the decrease in turbidity of the
upper phase using 8 spectrophatometer at 350 nm. The
flocculating activity was calculated by the following
equation (Kurane & Nohata, 1994).

Flocculating activity=T/A-1/B .......... (43

A optical density at 550 mmn of sample,
B: optical density at 550 nm of reference,

RESULTS AND DISCUSSION

Cultivation

The decrease of pH value during cultivalion was
likely due (o the production of acid. Some strains of
Alcaligenes produced acid from D-glucose and D-xylose
and used Lhose acids as carbon source for growth and
produce bioflocculant (Breed et al,, 1974). The lowest pH
value (6.93) was obscrved 36 hours after inoculation
(Figure 1).
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Figure 1. EfTect of coltivad o e so gl vaboe

Curve of Cells Growth

A reproscotative course of flocculant formation
and a cells growth curve when hydrofizate of solid waste
and glucosc were used as the carbon source are presented
in Figures 2 and 3. The masimum e of flocculant
formation was obscrved in the carly stationary phase, and
no rapid decrease of the flocculating activity was observed
in the latc sintionary phase. As shown in Figure 2 the
production o bioflocculant was parallel te 1he growth
CUme.

According to Figure 2, there was no adaplation
growth phasc. It means that bacteria grew at exponential
growth phase dircetly, since the cells which were
inoculated into the biorsactor came from propagation
process for 2 days. This process incrensed the effizient
use of substrate by A. lates and reduced the cultivation
lime. Aficr cxponential phase, cells grow al stalionary
and death phascs. Stationary phase occurred at 84 hours
and then bacterial growth curve continued te death phase.
Death phase occurred duc to the depletion of the
substrate, and on the other hand. cells might lowve
produced secondary metabolites, which inbibited cells
growih,

The highest product (bioflocculant) viclded was
chserved at GO hours and then decreased. 1t happened
because ccll did not produce bioflocculant in the death
phasc and some parts of the product was conwvenied inta
other products by enzyme which was produced by A. fotus
{Kuranc & Nolata, 1994). Cells in the slationary plase
degraded bioflecculant which contained sugar, resulling
in Wie decrcas of bioflocculant concentralion in the
wedium from 13,01 gl 1o 11,51 g1 (Figure 23
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Figore 1. Elfect of cullivation s priduct, biomass, and

substrate by A latus on glucose

Kinctics Parameters of Cullivation

Kinclics of cultivation was analyzed from
biomass growth (dx/dt), bioflocculant production (dP/dt)
and rcducing substrate (d53/d(). On the other hand,

pamamelers 1o estimate kinctic variables ¢, m, n , o, fi,
¥p, ¥x) were used.
Riomass growih was calculated from equation

(13, where W the specific growth rate and Xp. 1S
maximum conccntration of biomass in the stationary
phase. The integrated form aof eq. (1) together with Xao =
X (t=0) are given as

Mty = (Kom W1 0-{XoMa {1 000 .. {5)
or rearranged Lo
Ln X/ (Xmax-X) = t-In[Xmax{Xo-1.03] .......{(6)

Integrated form of cg. {2) and X() from eq. (5),
give cqualion with two initial conditions (Xo,Po), final
condition {Xmax) and three parameters (L, n, and m}),

Pi1)=To-mo[en {14 X0 XK e} 1 2n'}]- 1+ /1)
In]1-X0/ XK el 18N oo T

Where P(1) is product concentration at t hours, and Po is
product concentration at =0 (p1). The value of n
calculated from the equation is as follows

n = [dP/distationarv]Xmax .__......(8)

Equation {3) was uscd o estiinate subsirale consumption.
The intcgrated form of &g. (3) 08 given as

Sa-50 = G{X-Xo0) - BN/ | 1-(X0/ K e -
g e (o

Where So is the initial subsirale concentmation and S(1) is

substrate conceniration at t hours. The [ valus was
calculated from the cquatian as [oflows

3 = [dsfdystationany]Slmax ... £10)

Y {yield product) value was caleuwlated [rom the
linear regression between So0-8 and P-Po, and ¥x (Yield
biomass) was caleulated from the linear regressiom
between So-5 and X-Xo.

Tahle 1. vilucs of cerialn kinelico parmmwiors calonloled fieem Hoear
regrvssban of grawth of A afus o suldiate of hdeolizote of sodid
wnste amd gluvioe

Hinclic Faramelers Hudrolizale af [H e
-sailid wiste
s G237
H ( hour}
Xo(g1) 1.3%53 1 6172
n{ppEs bl 114H158 003133
m CevEe] 273 62U
054 n&
O (')
{00712 QR I
B tavseta
Y (preps) | 442
Ve (g 1oz ina

The Einclic parameters (Table 1} show that
specific growt! for bolle substrates were vory small, and
there was rclationship between bieflocculant production
and cells growth {m>n). Substrate was uscd for celly
growth and conly a little part of substralc consumcd was
used for non-cells growth >3y, On the other hand,
cultivation of A. Jatus on glucose had meore yickd of
product (4.42 ¢ product/g substrate) and biomass (2.84 g
biomass/p substrate) than that of the cultivation on
substrate of hydrolizate of solid wasic (2.21 g prodoct/g
subsirate and 1.0% g biomass/g subsirate, respectively). It
shaws that plucose was a better substrate for the growih of
A dares than the hvdrolizate of solid waste of pulp and
paper indusiry.

Substreaie Elfect

A. fatus which was inoculated on substrate of
hydrolizate of solid waste had a smaller ¥icld than that of
on plurose, because there was likely other materials 1hat
inhibiled cells growth in the media,  These materials were
produced during the degradation of hexose and pentose
into other maerials such as furfural and hvdroxil methyl
furiural,



Cells growth curve on substrate of lydrolizate of
solid waste of pulp and paper industry is presented in
Figurc 3. There was disuxic growih effect in ceils growth
which was likely due 1o the preseoce of many kinds of
carbuon svurces in the hydrolizate of solid waste from pulp
and paper indusity (for example xylase and arabinose),
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Figure 3.  Effect of cultivation on product, bivmasa, and subatrule
by A. lnfus on aubatrate of hyd rolizate of solid wasic lrom

pulp and paper industry

Productivity of Cullivation

Productivaty  of coltivalion was estimated
[ollowing the equation of
t= [{L/Hm)In{XiXe)] + 1T+ L +1D ........ (1)
where
t = Cullivation time
pm = Maximuom specific growtl rale
KXo = Cells conceniration {at the beginning of

culuivation)
Xf = Cell concenfration (ar the en of cultivation)
IT = Cyclus cullure (ime
t. = Lag timne
tD

= Delay timea

By assuining propagation time as the time before
cullivation {cyelus cullure tins, delay time and lag time),
the: cquation (11} and (12} can be used to determine the
cultivation tirne and the productivity of cultivation of 4.
latus on both a media (plucose and hydrolizate of solid
wasie of pulp and paper industry).  The results show that
productivity of culiivation of A. fotus on glucose (0.0444)
was higher than that of the productivity on subsirate of
hydrolizate of solid waste of pulp and paper industy
(004123
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Flocculating Activity of Bioflocculant

Floceulating activity of thic bioflocculant dirihe
cultivation is shown in Figure 4. The maximum increase
of foceulating activity was observed in carly stationany
phase and the pradustion of the bisfloceulant was parailel
lo the cells prowth (Figures 2 and 3). Therefore g
biofocoulant was probably not produced by cell autolysis,
but by call bieaynthesis (Kurane & Nohata, 1994y

Figure 4. Fiffect ofcultivation towe un flocculating activiey

CONCLUSTONS

Solid waste of pulp and paper industry which
contained lignocellulosic materials could be wsed as a
substrate for A. fafws growth to produece bioflocculam.
Cultivation of A. fatus on substrate of hydrolizate of solid
wasle from pulp and paper industiy (yielded about 2.21 g
product/p substrate and 1.09 g biomass’y substrate) was
lower than that of cullivation on plucoss {yield=d 4.42 g
product/e substrate and 2,84 g biomass/g substrate).

NOMENCLATURE

eip} = Gram of produoct
pix} = Gram of bipmass
gls) Gram of substrate

U = Specilic growth rate ()

m = Product growth-associated parameter [gip /()]

n = Product  non-growth-associated  parameter
[2(p)a(x).h]

¢ = Subsiratc growlli-associated pAErameler
[gs)Weix)]

= Substrate  non-growth-associutd  parameter
[{s)alx)h] _

¥p = Yield of product [gipi/eds)

¥y = Yicld of hiomass [g{xyeis)]
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