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INTISARI

Telzh dilzkukan perccbaan produksi senyawa bispelmar poli3-kidroksibutiral), P{2HB, manggunakan
oekier Enwinia sp. USMI-Z0 dari minyak kelapa sawit ssbegal sumber karben, Fermentasi dijalankan
galama 66 jam dangan gknik pengkuituren sekelompok di dalam fermsnior berkapasitas 10 L secera
aerab, pade pH 7, sunu 30 °C, kecepatan aliran udara 1 wm, kecepstan penggancancan 200 rpm.
Selzma fermentasi berlangsung ditenlukan kenakan biomasss, kandungan polimar dan kansentrasi
polimer yang dihasilkan. Hasil yang diperolen menunjukkan hahwa bzkier Ervinia sp. USMI-20
mampy merproduksl PLIHS]} mercapal 48 % b/b dengan berat sel kering s2! bakieri 3.5 g/L dari 4.8
o/l minyak kelaga sawit yang cibernkzn ke dalam mediem. Wakly fermanigsi cpiimum unlux
rrenghasixan kandungan palimer tertinggi pads xgjian ini adalzh 48 jam,

Kata Kunon palit3-hidroksibwiirzt), minvak kelepa sawit, Ersindg sp. USRI-20 dan fermentar.

ABETRACT

A batek culture of 7 locally soil ssolztsd microorganism identified as Erwinia sp. USMI-20 was
investigated for producing tha intracellular bioplastie poly3-hydroxybutyrate). PI3HB) fram palm ail as
a8 scle caroon source. A fermentation pracess was mrl;lui:led through an sinole stage batch cultivetion
uncer asrabic candition st pH 7.0, incubation temperature of 30 °C, aeralizn rate 1 wwm, snd agitation
rate af 200 rpm for B3 hours in 10 L fermenter. The cheracterizalion af the pelymer production was
based on cell growsh, polymer content and  poiymer concentration during fermentation. |t was found
thal Envinia gp. USMI-20 could produced PISHE) up to 45 weichl % =f P(348) pabymar contenl with a
dry cellweight of 3.6 @l from a batsh farmenlatian in an 10 L fermanior from an initial concentralion af
4 & o/l of palm oil. The splimum {2smeniatian fime {o oblain the high levat of pelymer graduciion in
g sludy was 48 haurs,

Fepwords: palyid-hydroxvbutyrate), palm cil, Envinia 2p. USMIE-20, and fzrmentor,

(E

Amang  the cacn
widely reporled are  poly(3-hydroxybutyrate),
P{3HE], &nd its copalymer polyi3- Pg,r:jmx,m.hl.rra
{e-co-3-hydroxyvalerate, Pl3HB-co-3HV) These
polymers have been producsd and marketed by
Maonsanlo, who used fed-baich cultivation of
Alceligenss  eufrophus.  Howsaver, commsrcizl
applications of PHA have bean limited by their
high prics (gpproximately US 5 16/kg).

INTRODUCTION PHAS: which -have
Foly(3-hydroxyalssnozts) [FHA&] 5 z=n
intracellular microbial thermoplasiic that iz widsaly
producad by many bacteria. PHA are synthesized
25 carbon and energy rezerde malerials of the
bacleria under cerain environmental condilion,
such as nirogen, oxygen and phasphate-
limitation  condition These polyester s

accumulated as distingt granules in the cellz, and
it can be isolated from cells by means of solvent
sxtrzction * *  Biodegradable palymars offer an
aifractive sllemztive 1o fredisional pelroleum-
based non biodegradable polymers from an
envircnmental perspective.

DOne approach o reduce the cost of PHA
production is o use inexpensive carbon sources
for baclenial grawth in PHA bicsynthesis. PHAs
can be praduced from renewable resources and
ara bicdegradable.  Kato ef 2!, reported that 2
sail bacleria Pseudomonas sp 61-3 produced a
mixture of F{3HB) homopolymer and a random
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copalyrmer of 3-hydroxvalkanoate, 3HY units of
C-a Lo C-12 PLAHB-co-3HA) when alkansic acid
and plant cils were fad as the =ole carbon
EDIJ'EE'E‘.

For this  paper, we reparted  1he
produckzn PEHB) from paim ol as carban
sources by a locally z2il isolated microcarganism
icemified as Envinia zp. BEMI-20.

MATERIAL AND METHDD

Equipmont

Fermentzr 10 L (B Braun Biosiat 10-E), Incubstor
Fotary Zhaxer (B, Braun Ceromal RH}, Gas
Cnramatography (Parkin Elmer Aulosystern xL)
70 MEz 'H and “C  Huclear Magnelic
Fzsamznss {Bruksr], Freeze Drer (B Braua FD
SA05F) and Rotary Weoum Evaporaior (Evala)

Medivm

Feim ail was used a5 @ sols carban sourdes In
thiz fermentaton., The pH value of medium was
adwsted [ V.0 by he  adoition of MaDH, The
cormpsstion of mineral salts medium wWas a5
follows (por ter of distilfed water) 2.7 g of
KH.PO., 5.8 g af KHPO,, 1.1 g of (KH.3HPO,,
i ml oof 1.0 M I'-..‘lgS"._‘r_- and 1.0 ml of
microslemant solution,  Thg  microglemant
zalution coniain 2.78 g of Fe30, 7H:X, 1,55 o o
ranl AH2D0 281 g of CoS0,.THD, 167 g af
Call; 2H.0, £.17 g of CuCly.2H;0 and (.29 g of
ZnS0. THaO oer liter of 001 M HCI®

Culftare conditian:

cavinia sp WSME-20 WETS culfivatad n
mineral madia containing palm oil 4 62 g/ll] as
Mg carbaa sourca i 10 L fermentor {S Braun
Beastas £-10), The fermentalan waz condusied at
307 G, opH T4, asration af 1 wheim, agitalion of
200 rom for 66 hours, At recular intervals during
the fermentation process (0, 4, 8, 12, 18, 24, 30,
3G, 42, 48, 84, 60 and 66 haurs cultivation), 200
mL of samples were collected, harvesied,
washsd and lyophilized.

Analvtical procodurs

Tne celiu‘ar palymer content was delarmined by
using a capillary gas chromatagraphy method. Z0
myg of dried cells was subjacted to metnanclysis
willh & ealutian congisting of 1,7 mL methanol. 0.2
mL 38% sulfuric acid and 2.0 mL of chlaroform at
100°C far a minimum of 4 hours to convert the
constituenis 1o thair methyl esters. On campletion
of the mathylation reaction, addition of 1 ml watar
to tha resclion mixlure would induca a phase
separztion. The lawer chloroform layer was usad
for @ gas chromategraphic analysis with a
Supsloowsx colurmn (30 mm by 0.32 mm) and a

I55M - QES3-ED13

flame lonization detectar. The oparating condition
for the GC equinment (Farkin Elmer Aulasyslarm
EL) was as follows detector tamperature at
250°C, injecter temparature a2t ZE0°C will split
injection, (1:100), the column temperature was
held at 50°C for & minutes, then programmed 1o
22070 at 10°C i,

The composition of the polymer samples
wers confirmed by analysis of 270 Mhz 'H and
*C NMR spectra. The MME was recorded an
Eruker NAMR and letramathylsilans was used as
an internal chamizzl shif; standard  The biomazs
wias delarminad by & gravimetric measuremant of
tha dried cells. Tne sample was cenrifuged at
10,000 rpm for 15 minutez and washed beize with
cistilled water 0 ramove the remaining il The
cells were than dried in 2 freszs drizr (B Sraun
FD 550ZF) for 24 hours The smaunt of
remaining nitragen  in she  solution was
detarmined by Serihelot reaction at wavelength
of 626 nm’, The colorimetric  reaction was
formed by 2dding 5 ul of the aguecus salution
with 2.5 mL of a solution cantaining phenpl [1%)
and gadium niirpprussids [0 C055%).
Subsequently, 25 mL of 8 sscond solution
containing 0.5% sodium hedroxide, 5.4% socium
bydrogen phosphats and scdium hypochiarite
r1%2) wes addsd o the mixture, The resulting
blue solution was delermined against a slandard
calibration curve of knows amaounts of nilsogen.
The amount of remaiming palm il in the medium
was delarmined by g gas chramategraphy
methad after tha oil had besn extracted with
chigroform and convarted 10 dheir mespective
methyl esters The ol was determined indizactly
from the amount of palmibic:ackd mathyl eslar
from the exiractad il

RESULT AND DISCUSSION

The micraorganizm wsed in thiz sludy was
isolated from the soil in Universit Sains Malaysia,
Ferzng, Mzlaysia which codad a5 WSMI-Z0, &
spacific isplzlion medium conlaining pa'm oil 25
the carbon source was used o screen PHA
producers frem the soil samples. Sram 2laining
tzst on UEMI-20 showed that the microorganism
Wwas a gram negalive and short rod bactenum. s
colony gn nutriznt 2gar wes smooth with a
distinguished 2dge and wallewish in colaur, The
Eaclzrium was able 1o grow on Mac Conksy
medium. I} also showsed an obvious growth when
imesulaled an nuirient 2gar at 42°C for 24 hours,
Furlner igeniification of strain LISMI-20
was done by appling a fazl and  easy
enbfication kit, APl 202 kit oblained fram
bicherieux, France. This identification system

imwolvad 2T cifferent  tests  which  includa
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oachermucal resclion wilh the varicus EMTYMES in
e call, & posiive resull would indicale that she
slrain under investigation contain these enzymss
in its matabolism system. Olherwiza, a negative
raaclion indicates the absence of such enzymas,
in addition, the growih on the bacterium an some
of the common carban sourcs are also tested in
this dentification fest which include glucosze,

IS5H : OBET-B018

marnitol and sucroze. The dentification af the
slrain was done by using AP 20E kit wilh Lha
rasult shown in Tabla 1. The genus aof slrain
LIZMI-20 was confirmad by comparing the result
from the AP 20E kit with manuel guide given with
the identification ®it tesi strip. Bazed en the this
|':LrEI.-_ln_inar:,.l wark, LSMI-20 was ideniified as
Erwinia sp.

Table 1, Characierstics of Envin/a sp. USMI-20 by AP1 Z0E kit (hioMereux, France)

_ Reaction ! Enzyme Substrate Result
1, EBslz-gzlaciosidase Crno-nitrofenyl-galaclosids -
2. Argining dehydrelase Arging
d Ly=ing cecerboksilzse Lysine 1-
4. Ornitinedecarbaoksilaze Chrniding =
b Citrate usags Sodiurm cilrate +
g Reieazing of H;2 Saodium thiosuiphsts -
7. Lhresse Urea -
B, Tryplopheane deszmirase Tryiophans +
9 Indal farmatian Tryophans ¥
10, Acetone formation Zodium pyravale -
11, Gelatinase Kohn's gelatine 5
12, Fermentzlion/oxidaion Glucose +
13, Fermantalionfoxidation Manilzl Z
14, Fermeniztionfoxidation Inzsitol
1%, Fermentatizn/oxidation Zorbidal -
18, Fermerlalon/oxidation FEhamross g
17, Fermenizionioxidation Sucrose
18, Fermenlatzn/oxidation Malibiose =
14, Fermentziondoxidetion Amygdaline
20, Farmenlatiar'cridztion Arabinose z

21 Shocromesoxidzse

+ = positiva reaction; - = negetive reaciian

In an preliminary axperiment,  the
nfiuerce af tha ameunt af palm il an the growih
of e bacteris was siudied by increasing {he
armount of oil fram 1.9 gfL to 7.7 g/l with ihe
ammeniurn phosphale remained fived at 1.1 g/l
It was found that the maximal amaunt af P{IHE)
procuction was obtained by using 4.8 g/l of paim
cil. &n funher increment of the amount of oil
Righer than 4.6 9/, hera was na cormesponding
increase in the produclion of P{3HE) or the dry
cell weight (Table 2).

Table 2. The irfluence of the amounl &f pa'm oil on the
growth of Ervdnia sp, USBKI-ZD and polymer condent

Palm Oil Dried Cells Palymer
all {all) Content ®
% bib)
1.6 2.4 o4.2
2.0 4.4 237 .
4.5 b6 GE.7 f
E.2 5.5 27.d
F 5.5 51.5

"Cultivation time 4& h, lemperalure 30°C, pH 7.0 and
_ agitation 200 rom
“Folymer content in dried cells of Enwinig sp. USMI-20
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Figure 1 shows tha time coursa for the  production of P{3HE) from 4.6 o/L of palm oil in 2
batch fermentation method carried cut in 19 liter fermentor.. Based on the figure, the baclena was
noted 10 initiate the polymer production under both nitrogen deplation as well as nifrogen limitation
conditionzg. From the profile also cbserved, while fermentatizn running, the pH of medium was
relatively stable around 6.5 to 7.0 The highest PI3HB] content was achisvad st 43 hours of
cultivation, Al this fima, tha dry cell weight and P{IHB8} content were of 36 o and 46 wi 5%
respectivaly
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Flgure 1. Time course far Lhe baleh praduction of P{3HB) inan 10 liter fermentar from paim ail by
Enddiia sp, UEMI-ZE,
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The palymer was agan exiracted ar'u}‘
n:har:nf‘la ized By the gas chramatography and 'H
ard  "C nuclzar  maegnatic | spectroscopy
iechnigues (Fioure 2 and 3). Through these two
iechnigues with compzrison to P{3HB) standard
soecira, Pi3HE] was confirmed 1o be
synthesized by the microsrganism &

Figurs 2. Tre 270 Mz " H MMR spoclra of extracied
paivmer from  Snviva sp, USMI20 cells  aRer
cultivation indicaled fhay he galymer oroduced was
PiaHE].

1 T T T T T T T T T
m m =l =i i 1l i ii il i i
m

Figura 3. The 270 MHz G HNR spscira of extracted

colymer  from Erednde sp. USKI-Z0  cells  sler
cullivatian indiceted that he polymer produced was
Fl3HEB).

Besed an this work, 1he ability of Ensinia
sp. USME20 to produce P{3HB) fram palm oil
indicates lhat the bacleria ulilize the ol by
breaking it down through the [l-oxidation cyele 1o
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forrm acetyl-CoA, fhe starfing unit for the polymer
producticn. Once the acefyl-CoA s generaled
tha nermzl pathway for the oroduction of F(3HB)
as in Alcaligenss oulrophus iz sssumed 2
However for Enviniz ep. USMI-20, the polymer
productian from palm oil occurs in both pitregen
dapletion and limilatian conditions Thus,
basad gn the results, Erwinia sp. USKI-Z0
provides the apportunity of investligating the role
af J-gxidaticn in lha preduction of P3HB) from
palm il Further investigatign is now being
studied 10 observe this =t 1he cellular leval
Besides this, lha processes for the fermenlalive
P{3HB) are also being developed by fed-baich
technigue today

CONCLUSIONS

The Enwinia sp. USMI-Z0 could produced PI3HB)
LUp to 46 weight 35 of P{3KE) polymer contan:
wilh a dry cell weight of 3.5 o/l from & batch
fermeniation in a 13 er fermenizr from an initial
concentraten of 4.6 g/l of palm ail. The oplirmurm
fermentation time 1o oblain the hiah level of
palymer produciian in shis study was 48 hours,
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