Zag. JJ. Pharm. Sei., Vol. 3, No. 1, April 1994

PRODUCTION OF EMULSAN BY FREE AND IMMOBILIZED
ACINETOBACTER CALCOACETICUS (RAG-1) USING
ETHANOL OR HEXADECANE AS A SOLE
CARBON AND ENERGY SOURCE

Wafaa M. Mahmoud and Robert W. Coughlin*

Department of Microbiology, F aculty of Pharmacy,

Zagazig University, Egypt and
“Department of Chemical Engineering,

University of Connecticut, Storrs, OT, USA

ABSTRACT

Production of the bioemulsifier, emulsan, by Acinetobacter calcoaceticus RAG-1 (ATCC
31012) using ethanol or hexadecane as a sole carbon and energy source was performed.

In free cell culture, ethanol was more favorable for growth than hexadecane. Most of
the emulsification activity was found in the foam collected from the culture. Cells of
A.calcoaceticus (RAG-1) were immobilized in Celite R-635, particles of calcined
diatomaceous earth. In some experiments Celite particles were coated with alginate layer. In
ethanol culture, coating the Celite particles resulted in reduction of the emulsification activity
by 20% compared with culture containing the uncoated particles. In hexadecane culture no
detectable effect of coating was observed. Immobilization of RAG-1 cells onto Celite particles

greatly increased the total emulsification activity of either ethanol or hexadecane culture
compared with their free cell cultures,

INTRODUCTION (10,11), sand particles (12), activated car-
Much attention has been focused bon “3')’ ar?d porouhs glass (:‘4;]5) PTOVidCS
on the potential of biological surfactants dd}’d"‘dgc,S RVET Clt_lsc of free cells or
1o replace conventional surfactants in enzymcs in various biotechnological ap-
textiles, pharmaceutical, cosmetics and p]!lcalil;l)(rtl:(;alzgrt?l)éd(r:rlli)llc],ol-:gmOblIrlzz'lu‘on
food industries (1). They have been also (n;(‘)y' d/ ) e th g capacity
used for enhanced oil recovery and oil _ ) and/or increase the rates of produc-
spill clean-up (2.3). Biosurfactants are tion of microbial products (17) in bioreac-
‘ (e oati ic tors. In recent years, there has been an
produced by a wide variety of microor- Sl o " ¢
ganisms: Bacillus subtilis (4), Coryne- increased interest in the use of diatoma-

: : ceous carth (Celite particles) as support
bacterium lepus (5), Acinetobacter cal=  marices in biological process such as bi-

coaceticus (6) and Pseudomonas (7), are  odegradation (18) and biotransforma-
feported as biosurfactant producers. tion(15).

Acinetobacter calcoaceticus (RAG-

1), a gram-negative bacterium, is capable

‘l:{)luklxl:(7)|unlgiL:\(:?1ttzrgf):lntgll;)bri;;$€i Sl(})lt r/]\()ml(.d] fczfs.'il.)i'lil.y of using immphilized

. I ) ioh A. calcoaceticus (RAG-1) cells to pro-

h'&hl)’ cfficient bioemulsifier emul- dice emplsan in enlire media contain-

san(89), ing ethanol or hexadecane as sole carbon
and energy source.

The specific aim of the present
work is to assess the practical and eco-

Immobilization of cells or €nzymes
N4 variety of matrices such as alginate
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MATERIALS AND METHODS

Microorganism @

Acmetobacter calcoaceticus (RAG-
1) ATCC 31012 was used,

Culture Media ¢

Nutrient apar; nutrient broth; tryp-
tic soy-hroth (TSH) and a chemically de-
{ined muinimal salt medium, MSB-1 were
used. The MSB-1 medium was preparcd
by dissolving the following salts in onc
liter of demineralized water K5HPO4,
7.0¢. KHLPO,, 3.0p .\1;’,8(),1.7}]2(), 0.1

¢y (NSO, 1.0p: NaNO;y, 1.0g: nitril-

otriacetic acid, 1.0g. The pH was adjust-

cd 10 6.7,
Preconditioning of A, calcoaceticus
(RAG-1) cells ¢

Preconditioned cells of RAG-1
were prepared in TSB, containing 2.5%
(v/v) of the corresponding carbon source
(ethanol or hexadecane). The cultures
were incubated at 30°C in a gyrating wa-
ter bath (150 rpm) for 24 hours. The
prown cells were centrifuged, washed
wice with sterile water and resuspended
in sterile medium. The cell concentration
was then adjusted to obtain ODsgq = 0.1

for further investigation,
Production of emulsan by free cells :

Fermentation conditions. A vol-
ume of 2.5 ml of preconditioned cell sus-
pension was added 10 250 ml of freshly
!zl'u"]j:xx(r.(l._MSH-I medium containing
2.5% (v/v) of the carbon source (ethanol
or hexadecane) in a 500 ml Erylenmeyer
flasks. Stenile, humidified air (1 vol/vol/
min.) was sparged directly through the
culture broth. A foam trap was connected
to each culture. Samples from culture
L\rmh were withdrawn for analysis ever
24 hours and at the end of l'crmcnl‘llimy
[he liguid collected in the foam lr'll ']:
also subjected for analysis, SRS

. Because micraobi; .

found adsorbed 1o the l;l'::plgl:'I l(:f Iw‘(:rc
decane (according to the lnicr'o‘s‘cu )w“
anmunation), the optical dcnsil.y -ll ILl the
protein concentrations were dClL:rll)l:il:i)ll;

11

only after extracting hexadecane with ap
equal volume of hexane. After hexane
ntrifugation and separation

(reatment, €¢| ‘
of the organic phasc, cells were resus.

ended in th

tical density was spectrophotometrically

determined at 546 nm. I’mdqccd emul-
Giln was recovered by ammonium sulfate

precipitation as previously described (8),
Production of emulsan by immobilized
cells :

1. Immobilization technique : Cc!itc R-
635 was used for immobilization of
RAG-1 cells as described before (19),
The sterilized particles were agitated
at 150 rpm for one hour in 150 ml of
the preconditioned cells (ODsy4p Of

0.38 and a total protein concentration
of 14 pg/ml). After decanting the lig-
uid, the beads were transferred to ster-

ilized MSB-1 medium.

2- Coating the immobilized cells with a
thin layer of calcium alginate : The
method of coating was similar to the
method described before (19). Immobi-
lized RAG-1 cells on Celite particles
were gently agitated for about 30 min
in 4% sodjum alginate solution. The
sodium alginate-coated Celite was
then filtered under vacuum then resus-
pended in 300 ml of 2% CaCl, solu-

tion to harden the alginate layer for
one hour. The calcium ulginatc-coated
Celite was then resuspended in 250
ml of fermentation medium.

3- lj‘ermenlalion conditions : Immobi-
lized cells (coated or non coated)
were added to 250 ml sterile MSB-1
medium containing 2.5% (v/v) etha-
nol or hexadecane in aerated shacke
(lasks with a foam trap and incubated
at 30°C on a shaker water bath (200
rpm), Sterile air was continuously
sp,urgcd into the culture (I vol/vol
min),

Analytical Procedures :

Determination of cell growth :

Cell growth was followed by moni-

l()ri ' 4 0y A .
ng the optical density of the culture

1¢ aqueous phase and the op-
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proth  (1.e., ODgge). Total protein was

determined using previously reported

)
;n'.\u'dllu.' (2am

Determination of ethanol and hexadec-
ane by s chromatographic analyses :

For Ethanol: Lthanol samples
were diluted with demineralized water
(1:100) and centrifuped for 5 minutes at
13.000 xg. Ethanol concentration in the
clear supernatent was then analyzed. A
Shimadzn Model GC-BA pas chromatog-
raphy with propapak Q-80/100, 6" x 1/
8", stainles steel packed column with i
{lame 1omzation detector (1F11)) was used.
Hydrogen and oxypen flowed through the
D at 90 ml/min and 200 ml/mm, re-
spectively. Nitrogen was used as the car-
ner pas which flowed through the col-
amn at 60 ml/min. The column
temperature was held at 160°C while the
mjector and detector temperature were
held at 180°C. The quantity of ethanol in
the 10 pl sample was determined by
comparing the arca under the cluted etha-
nol peak apainst that obtamed with stan-
dard samples of ethanol.

FFor Hexadecane: Hexadecane was
extracted into hexane. An aliquot of 1l
of  hexane  solution was o piss
chiromatographed. The resulting peak
area was used 1o quantitate the recovery
of hexadecane using a standard curve
prepared by dissolving standard n-
hexadecane in hexane, A Shimadzu mod-
¢l GC-SAX pas chromatograph equipped
with FID and split/splitless injector SPL-
G9, SPL-GYM were used, The sample
was chromatographically separated by
passing through 100 meters of fused sili-
ca capillary column with inner diameter
025 mm and film thickness 0.5 microns
(Petrocol DH, Supelco). The sample wis
spht 100: 1 using nitrogen with a pressure
of 3.6 kp/em?. Nitrogen carrier gas
Howed through the column at 60 mi/min.
Fhe starting column temperature of 50°C
was maintaned for 10 minutes; the tem-
peratare was then increased 10°C/min. 1o
a final temperature of 250°C, Once the
column temperature reached 250°C, the
temperature was held constantly for 3O
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min. Both injector and detector were
held constantly at 260°C,

Determination of the Emulsificit-
tion Activity : An emulsification activity
assay was developed bised on the meth-
od of Pendrey (2D, 1t based on the surfac-
tant's ability to stabilize an cmulsion. A
finely dispersed emulsion of Jet-A fuel
and  water wis prcp;m:d by mechanically
mixing 25 pl of jet-A fuelin 2 mlof 1M
Tris base for | minote. A 100 pi} aliguot
of the emulsion was added to 2 m of a
0.1 M Tris buffer containing different
concentrations of test sélutions, Sodium
dodecyl sulfate (5D5) wis used as a
standard, The emulsion was mixed gent-
ly and then centrifuped at 700 xg for 10
minutes at room temperature (23°C). The
optical density of the emulsion, follow-
ing centrifugation wits then determined
spectrophotometrically it 530 nm. The
stability of the emulsion, after centrifu-
gation, wis determined by light disper-
sion al ODg3g. A standard curve wis
prepared using SDS. The ODgqq of the
emulsion is plotted vs. the final concen-
(ration of SDS in the emulsion solution,

Imulsification Unit : One emulsi-
fication unit (EU) is defined as the
amount of SDS (or other surfactants) that
stabilizes a preformed emulsion made
and centrifuged as described above 1o
give a net absorbance of 0.1 (D40 units.

RESULTS

Production of emulsan by free A,
calcoaceticus (RAG-1) cells in pres-
ence of ethanol or hexadecane as a sole
arbon and energy source :

Optical density (OD) and total pro-
tein concentration of the broths and
foams from cthanol and hexadecane cul-
tres are shown in Table | Changes in
(he OD and protein concentration in the
culture broths are nearly parallel to
changes in OD and to protein concentra-
tions in the foams. After addition of ei-
ther of the carbon sources at 96 hours
fermentation (2.5%), an increase in the
protein content and OD of the culture
broth was observed, In hexadecane



Table (1): Optical density and
culture broth
(RAG-1) with ethanol or hex

Mafimoud and Coughlin

protein
and foam of cult

concentrations of the
ures of A. calcoaceticug

adecane

~
- . > (2
# Cultures with ethanol @ | Cultures with hexadecane'2)
Timc(” ODj46 ODg46
S Broth Foam
(hrs) Broth Foam =
: 01 NFt
0(2) 0.005 NF3) (1) g . 153
24 ().083 "’11.0 0-34 13.0
: 0.137 50.0 .
‘18 Y N 0 51 23.4
96 0.083 42.0 0 04 976
120 0.221 24.0 10.04 A
144 0.441 16.0 3.5‘6 Py
168 0.393 11.5 0.67
Time Protein mg/L Protein mg/L
‘ Y
(hrs) Broth Foam Broth Foam
0 0.01 NF3) 0.02 I\élg“om
24 5 1800 60 X
48 9 2060 40 41
96 9 1920 50 1090
120 12 1670 260 1510
144 15 1630 110 650
168 16 1760 60 670 -

Legend

(1) The hydrocarbot

at zero time and after 96 hours of fermentation.

(2) Highly turbid samples were diluted with demineralized water prior to measuring 0

density. Data reported in table was corrected for dilution.

(3) NF = no foam.

| substrate (ethanol or hexadecane) was added to the fermentation broth

plical

culture, the OD increased about 20-fold
and the protein concentration increased
nearly S-fold. However, the increases in
ethanol cultures were not as great as
those seen in cultures supplemented with
hexadecane. The pH of the culture broth
of both ethanol and hexadecane de-
creased in the first 48 hours (0.9 to 6.5
for ethanol and 6.7 to 6.4 for hexadec-
ane) and then remained relatively steady
during the remaining time of fermenta-
tion,

The concentration of ethanol in
broth and foam was shown in Figure 1A,

4

3

Most of the ethanol added to the cultvre
medium at zero time and after 96 hO}“_i
of culturing disappeared within the firs
24 hours of addition. Figure 1B Shc-)“tlh
the concentration of hexadccane in b0
and in the collected foam. The hexd
anc is utilized less rapidly by R(d .
cells than ethanol. Furthermore, hexd (cm‘
ane was consistently found in l}lghercc ]
centrations in the foam than in the
ture broth.

sificd”
Table 2 shows that the c:mulslf
tion activity of the cllu'lnol.cullurc
and foam increased with time Up

dec-
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30

N

Broth
[ ] Foam

Sup
24 48 Q6

24 b

iy

DN

N
X

18 |

12

e T
R

N

Residual Ethanol Concentration {ml/L)
o

A
120 144 168

Time, hours

Sup = Supplemented ethanol added, 25 mil/L.

80

B B

64 I

32+ — (7]

16F |7

48 96 120 144 168

Time, hours
Sup = Supplemented hexadecane added, 25 mi/L.

Residual Hexadecane Concentration (ml/L

FQ
18. (1): Residual ethanol (A) and hexadecane (B) concentrations in
the bulk volume and in the collected foam of the free cell
culture of A. calcoaceticus (RAG-1).
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o ~ . v ° & . d anm
I'able (2): Emulsification activity of culture broth an
produced by a A, calcoaco i (RAG-1) culture

containing ethanol‘!/
(- . Total Emulsification )
Time Emulsification Activity Activity®
- ‘——-—‘-.——_-—_-——_
(hrs) Broth? ['""m{ (Broth + foam) (Eu)
, (4) (EUmH™Y
(KU/ml)
24 3.6 43.2 12288
A8 5.8 800.0 2 o8
96 4.2 678.0 1728.
120 2.4 176.0 ‘776.04
| 168 3.0 755.0 2260. »
(1) The hydrocarbon substrate (ethanol or hexadecane) was a(.Jded to the
fe-rmentation broth at time zero and after 96 hours of fermentation.
(21 FEmulsification activity = [(250 ml) x (Broth Activity)] + [(vol. Foam) x (Foam
Activity)]
(4) The total volume of culture broth during fermentation equalled
approximately 250 ml. Samples of broth agsayed were about 5 ml.
(4) KU = Emulsification unity.
hours where it reached maximum. After uncoated immobilized cell culture 1is
that time a decrease in emulsification ac- greater than that obtained from the .cul-
tivity was detected. The emulsification ture with alginate-coated immobilized
attributed to decreasing

foam is nearly greater cells. This can be
the cell leakage to the surrounding medi-

um. A similar result was obtained previ-
ously (15), The total emulsification activ-
ity of the broth and foam samples was

activity of the
(approximately 7-fold) than that found in
the foam collected from the hexadecance

culture (Table 3).

Table 3 shows the emulsification : )
activity of hexadecane culture broth and shown in Table 5. The uncoated immobi-
foam. No emulsification activity in the lized cell culture produced total emulsifi-

cation activity, on average, 25% greaterl

broth was observed; this may be attribut-

ed in part, to the procedure for sampling than the culture with coated immobilize

of only agueous phase. In contrast, the cells during the first fermentation cycie:

collected foam possessed both agucous During the second cycle of fermentation.

and hydrocarbon phascs, s0 possessed the very little emulsification activity was de-

inost emulsification activity. tected in ecither the broth or foam of e
ther culture.

dual eth-

Emulsan production by A, calcoaceti-
The concentrations of resi

cus (RAG-1) cells immobilized on
Celite : anol are shown in Figure 2A for the coat-
, . , ed and Figure 2B for the uncoated immo”
Ethanol containing cultures : bilized cell cultures. It is evident that at
hanol 1B

Optical density (ODsg6) and total zero time the concentration of €t
o the culture broth is 1.7 and 1.9% for the

protein content of the foam and broth vvrtoor] - : elite
samples of the two fermentation cycles (:Uim'd_ fmd F’"CO,"“C" |mm0b1111:edﬂ$e eX-
are shown in Table 4, Results show that uf tures, fL("SP('ZEIl!VL‘]y, rather md? ay
both the OD and protein content of the pected 2.5%. This loss of ethanol | by
attributed to the sorption of ethano
45
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Table (3): Emulsification activity of culture broth and foam

produced by A, calcoaceticus (RAG-1) culture
containing hexadecane!l)

( N
Emulsification Activity Total Emulsification
Time Activity2)
(hrs) Broth!3) Foam
(EU/mI)(4) (EU/m1)'4) (Broth + foam) (Eu)
24 None 89.0 178.0
48 None 107.6 215.2
96 None 91.6 91.6
120 None 100.8 201.6
168 None 110.8 443.2
- ; y

See legend of table 2

Table (4): Optical density and total protein concentrations of

immobilized A. calcoaceticus (RAG-1) cells using ethanol
as sole carbon source

(1) Total protein =

Time ODy546, concentration (ug/ml)

h Uncoated Coated Uncoated Coated
vare) Broth | Foam | Broth | Foam Broth| Foam | Broth| Foam

Cycle| 0 | 0.024 0.03 9 8

1 24 7.3 |114.7 5.7 82.9 710 6000 600 | 5300
48 14.1 | 136.8 6.0 91.2 1200 | 9000 800 | 6100
72 31.5 | 98.2 4.3 52.8 1700 | 6000 1100] 4600
96 42.6 | None 9.5 | None | 1700 | None 500 | None
120 33.6 | None 24.3 | None 800 | None 400 | None
Cycle| 24 |12.123/109.0| 5.1 |109.8 | 400 | 4100 | 400 | 5280
2 | 48 14.7 | 1412 | 5.2 | None | 500 | 6100 | 600 | None
i T2 20.0 - 5.3 | None | 710 | None [ 800 NoneJ

(1) For highly turbid samples, a 1:100 dilution with dcmineral_ized water was performed
before measurement. The obtained adsorption was multiplied by 100 to calculate the
ODin the original sample.
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of jmmobilized A,

(2) The total EU was determin
the volume of foam.

Celite or dilution of the medium constitu-
ent by presence of wet Celite. For this
reason culture was supplemented with
6.25 ml (2.5%, v/v) of ethanol every 24
hours of the fermentation time.

Hexadecane containing cultures :

The optical density and protein
content of culture broth only (very little
foam was formed) are shown in Table 6.
There is no significant difference be-
tween OD and protein content of the cul-
ture broth in the two cases. The pH of the
broth containing coated immobilized
cells decreased from 6.2 to 5.2 during the
first 24 hours of culturing then gradually
increased reaching a steady range (pH
6.2 - 6.4). In contrast, only small changes
in the pH were observed in the culture
broth containing uncoated immobilized
cells. The emulsification activity of the
culture are shown in Table 7. Levels of
emulsification activity of both cultures
are quit similar. Furthermore, they re-
main relatively constant during the time
of fermentation. According to results of
free cells. hexadecane was slowly uti-

47

ed by multiplying the EU/ml times the broth volu

Table (5): Total emulsification activity
calcoaceticus (RAG-1) using ethanol as sole carbon
source
[ cie (1,2) )
Total emulsification anits I
Time B -
(hrs) Uncoated - Coate
Broth | Foam Broth & Foam Broth | Foam Broth & Foam
5045
Cycle| 24 2150 | 1800 3950 4820 | 225
1 48 750 | 2500 3250 1435 | 1075 2510
72 3025 | 1980 5005 1284 | 1825 3110
96 3450 | NA 3450 NA 1925 1925
120 | 3650 | NA 3650 NA | 1750 1750
24 400 | 392 792 105 0.0 105
Cycle| 48 0.0 612 612 NA 0.0 0.0
L 2 72 0.0 NA 0.0 NA 0.0 0.0 Dy
Legend :
(1H)EU = Emulsification unit
me or times

lized by RAG-1 cells. So, each 250 ml
culture was supplemented with 6.25 ml
(2.5%) of hexadecane after 96 hours 0
fermentation. Residual hexadecane con-
centrations in both cultures are shown in
Figure 3. At zero time the concentration
of hexadecane in the broth of the culture
containing uncoated, immobilized cells
is close to the added level of 2.5% (vIv),
whereas the hexadecane in culture O
coated immobilized cells is markedly
lower than added. During the first 96
hours of fermentation the concentration
of hexadecane decreased steadily in the
culture with coated immobilized cells. In
contrast, hexadecane concentration, in
the culture containing uncoated, immobi-
lized cells, remains relatively constant.
Addition of supplemental hexadecan€
(6.25 ml; 2.5%, v/v) resulted in increas-
ing hexadecane level in the medium. The
rapid decrease in the concentration O
!lexadegqnc in the broth of the uncoat¢
immobilized cells is in contrast to the
H‘UQh,S.lower decrease observed during
: I}Cllm[lll’;ll 96_1‘10urs of culturing. Interest-
gly, there is no corresponding change
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25

Bl Broth
Foam

1st Fermentation Cycle

20

L1

A

2nd Fermentation Cycle

Residual Ethanol Conacentration (mi/L)

] 24 72 96 120 O 24 48 72
Time, hours
25
Bl Broth B
o6 | Foam

1st Fermentation Cycle

Residual Ethanol Conacentration (mil/L)

120

2nd Fermentation Cycle

0O 24

Time, hours

Fi "
'8: (2): Residual ethanol concentrations in the bulk volume and in

the collected f of the coated (A),
¥ cult calcoaceticus (RAG-1).

immobilied cell cultures of A.

48

and uncoated (B),



Table (6): Optical density and tot
of the hexadecane cu
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al protein concentrations
ltures of immobilized A,

calcoaceticus (RAG-1) cells
# Protein concentration
| OD545) of Broth (ug/ml) in Broth
Time | Uncoated Coated Uncoated Coated
(hrs) culture culture culture culture
0 1.9 1.1 10 11
24 11.8 27.7 1600 1000
48 15.7 37.1 1800 1400
72 22.8 40.6 1400 1800
96 24.9 31.0 . 1700 . 1600
120 26.0 43.0- , . 1700 1700
144 36.1 38.7 500 610
168 56.0 25.5 1200 700
L 192 41.2 18.8 800 710 .
Table (7): Em_ulsification activity in hexadecane culture
of immobilized cells.
-,
Time Uncoated Culture Coated Culture
(hrs) | EUmMI D | TotalEU @ | EU/mMI M | Total EU (2)
24 22.5 5625 -
48 28.9 7225 o e
72 25.5 6375 98 4 2100
o 213 9325 26.8 6700
120 14.5 3625 29 3
144 20.4 5100 - 5575
s ) 14.6 3650
168 22.5 6625
[ 192 21.3 53 2 11.7 2925
' 0325 18.1 4525
Legend : —

(1) KU = Emulsification unit
(2) The total EU was determined b
broth (250 ml) and for collected

foam.
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Y summation of EU/ml times the volume of
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l

-
5
50
5 —0—= Uncoated Celite
4
% a0 | —o— Coated Celite
: o
8 30 \o
°
0 (0} \'
8 20 \
8 o ’
] T
a() 10T- O>'<. \2\
I \ l ~
: ®
g (o] 1 1 , ? . * l
% 0 24 48 72 26
a

120 144 168 192

B Time, hours
= Addition of 25 ml/L hexadecane to the fermentation.

Fig. (3): Degradation of hexadecane in cultures containing coated
and uncoated immobilized Celite particles with A.

calcoaceticus (RAG-1) cells.

in pH, ODs4¢, protein level or emulsifi-

cation activity after addition of supple-
mental hexadecane.

DISCUSSION

Ethanol as carbon/energy source
was more favorable for growth than hex-
adecanc. The emulsifying activity of the
foam produced by free A. calcoaceticus
(RAG-1) cell cultured on ethanol was
about seven times greater than that pro-
duced with hexadecane. This may be re-
lated 1o the observations that hexadecane
Was utilized less rapidly than ethanol by
the microogranism. Furthermore, it was
observed that hexadecane was consistent-

Y found in higher concentration in the
am than in the culture broth so much of

the hexadecane was not utilizable in the
Culture,

CCIilc\Kh?n RAG-1 cells immobilized on

oty 235 and cultured with ethanol as
s ¢ carbon source in MSle‘medl-
i lca]f total emulsification activity (an
Was ing:e;(}rdthe emulsan production)
recordeq sed by about three time that

with free cells. Diatomaceous

50

carths are the fossilized silica remains of
diatom skeletons. They are characterized
by having large surface areas and are
reasonably strong (18). Thercfore, Celite
beads were found to adsorb considerably
high bacterial cells from a solution and
consequently resulted in increasing the
production capacity.

In general, coating Celite particles
with Ca-alginate layer markedly reduces
the fragmentation of Celite caused by the
agitation of the culture broth and it also
tends to secure the immobilized cells to
the solid support. But when the Celite
beads, in this study, were coated (after
immobilization) with calcium alginate,
the total emulsification activity produced
was reduced by about 20%. This may be
attributed in part to the characters of the
produced emulsan. The Acinetobacter
RAG-1 emulsifier is a highly;acidic pol-
ysaccharide with a molecular ‘weight av-
erage close to 100 (22). As a result, re-
lease of this high molecular weight
emulsifier to the culture medium through
the alginate layer will be difficult.
According to Wang and Wang
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(1989)(23), emulsan was found bounded
to cell wall or solid particles in the cul-
turc and addition of EDTA to the culture
broth was essential for extraction of the
emulsifier outside the gel. A similar ef-
fect was also reported before (19,%4? for
production of dextran by immobilized
bacterial cells in coated Celite and porou
stainless steel, respectively.

When cells immobilized on qui(e
were added to the medium, an immediate
reduction of ethanol concentration was
observed which may be attributed to
sorption of ethanol by the solid Celite
support.

In hexadecane-containing culture,
coating the Celite did not appear to
change the production of emulsification
activity. The levels of emulsification ac-
tivity remained fairly constant during the
time of experiment (up to 192 hours),
whercas they appeared to fall after simi-
lar periods of culture on ethanol.
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