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I. H £

ABEAA (detergent, surfactant, emulsifier)= 24 83 54 2L g7
7MAE a3z EAol glo], AW THFYES HUFE FHE 275 EFol

ol2]g AL JEEW E-FVNAA-7IA), ZIEF-E(YA-qA), E-TA(Wetting@
AeE& E FUch.  oleld AAdEC APREEAS AFAAY v BHY olF
< 23X 71 k. gEA AREAGATL 2ols fxE dUE, AeE, AE,
%, AAT AdEobidA e ol A AIF olEV7HA AR thegsith
(gp a3l

a8y A gol AMEEHI Qe AREAA=E A 2 54 SHA B} kA
Slal 76 RFE AR F Ae FHAA AELE FE 77 AL JAHo] o2
e, qAERTAME, 53] WAL Fele ABEIA (Biosurfactant, Bioemulsifier)
= T8AFA wsl ArkA FHE A glol B de] Ha o F, wAE
o o3 iAol rhedin, 24 Aoe H, ARV FHI, 7R o2
OgE FoldE 7HA glol A8V Hoe A Fol nAE fd ARgAAAY &
23 Holgln & ok ]

oju] AHEAHAZ AHAo] dHA ’5]%%3“94 gum, lecithin, polysaccarides, &
@id T AFAAA FHASH AHEHO stow, FERH Yol Hut Sl

FET AMEGA A SAF, AA, JF A Fol AHEE stk olEe B §4

4% FHE 7HR A E AREAA F AEE HedE dEFHA AozE wF
Petroleum 3jAlolA AAHStE Emulsan® 24 7150 2499 H7A9 A, AA7|R9
32 AHE Fo2 AREEHT ok 9o of 204F] nABAAGAHA I 55 3}E o
A ZEAES FEAA g ot Aol AA F ReAAZ 3 YHgo] B
A A =

1947'3d Zobelldl 3] mAE frefo] AwRGdA EA7 FE 3, 2L FH9
nBESNA o2 EFe] Aito] AT Biosurfactant 2 bicemulsifierE
Aitsle A E S alkanedt3HEe] o843 WAz wal ol 3 groupl® U Th

™
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Table I : Biosurfactant Functions Most Likely to be Needed by Potential Industrial Users

Functions Industrial Users
2
g1 3
5 g |
" ) S )
2 &3 E=]
g ] o [3}
o 17 n ) 2 I
¥ai @ o is Y 2
[} ~ o o 8] [}
g Ay © © Q Ay
O 1 ¥ fui
5] 9 % 3 o o]
o | 0 @ — )
N a o o o § 4 0
hart o o <t - 5 v 0
~ a8 o [ j 3] Q O —
84 | 3 R T - VI VI - - R =
-A o + n i s o 0 = 5 0 v
bl2 | 8| 8|88 |5 |8|8 |8&]|8
< | 2| 2 S |1AE | 3|2 &8 | & e
Emulsification X X X X X X X X
De-emulsification X
Wetting, Spreading,
. X X X X X X X X X X X
Penetration
Solubilization,
Solids X X X X X
Dispersal
Ar Entrainment,
) X X X X X
Foaming
Defoaming X X
Detergency X X X X X X
Antistatic X . X X
Corrosion Inhibition 1 % X
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1) Alkane3t@ES 7142 o] & ALola ARBAAE Aabstes ogg ' " .
Corynebacterium sp., Arthrobacter sp. , Nocardia sp. &
2) Alkane3tq4E 2 84 IAFEL 7EA2 ALIHAS A EF ARTYAE A
Asls mAgE, (892 2]
Pseudomonas aeruginosa, Corynebacterium hydrocarboclastus, Torulopsis sp&
3) 584 HFEL 7|42 ol83ige AT ARTAAE Ak mAdE 25!
Rhodotorula sp., Hansenula sp., Bacillus sp.s |
n Ao 9siA AaEle ARGAAAY dREES lipdselth.  ol&e At
e w3sss FAHE 4254 BEF ester, alcohol, phosphate, sugargd #&
A5A RE 2@l M ARBHARAMY 7lFE ZEeTh ndE AW
AAE A5479 FF7o] w2 g VMR E75E F doh
1). Carbohydrate—containing surfactants (Glycolipids)
trehalose lipids, rhamnolipids, sophorose lipids,
diglycosyl diglyceridess
2) Amino acid—containing surfactants ;
lipopeptides (subtilisin, surfactin), ornithin lipids,
proteins
3) Phospholipids
4) Fatty acids and Neutral lipids
mycolic acids%
5) Polysaccaride-lipid complex

emulsans

22 A& APEAHAE exolipid2A] o]E9 EHl= AHE4] metabolic state
o 2lZ3}d life cycle® SBAIZI(HFF 7] 271, BAID o]FojAH, FA7|=L
Z dEAUA o} secondary metabolite®t overflow-metabolism, intermediates”}
Tisle ez dEiA dm, A CN, CPulel &shs Ao d#iA] glok 2!
n-alkaned ©Ahgoz st A{se wAEY Fe o5 o8 Asd AWZAAA

T—

= WAFY alkane 3FES HAG JEJAAZ FIAA celldt 71AT FZHL

= =
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Hdo2AM Bn 4A 238 & ASF 9, ol AU §F 34 9% HE
299 B4l 382 F UFE A, (2 2]

o2t AEEGA F 2-&84F0) 714 2 ol bicemulsifiers BATA] B A
Hole AT dAEE2A 2 AHgol g Aoz YZEw, w3 HEAT,
Ed Ag4gst F FEo A4 Y LFEA, oil-reoverySoE 1 g4
A ZlEds & 4 ok, 2 2]

B WEIAE SAFFANA ASHT e K34 2 wAEA ARGHAY LS
sl 3tkd] LolR 3 Norcardieds 3 #5%E £2¥ bioemulsifiere] 3}4E 0 2 9]
82 A% 72AT WEE 093 ol o

O. 313358 998494

FFE UolH AVBPAE 1FEY AFYAYL A8 T "ad HYRoaA =3
TrEAER 7183 2 24 AFS 2 FF AYAME ol9) AYo] uj Fg st}

Table HI. B X< wlol2 {349 HLB

Common Name HLB
84 dEd 20 $¥E mx gegolE 16.7
ETSA dldd 20 $¥E B 2y olE 150
ETZA] dlgal 20 €88 By AgolygolE 149
ETSA] dE 5 SHE 2y 2olE 10
ETSA] AEA 4 2B9Y AgE = 9.7
Svlg 2y gegolE 8.6
SH Y B Agolgole 4.7
Ehlg 2 2golE 4.3
Y g A7 gHole 3.7
SYle EFggols 1.8
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A Wre daos st HFES AVBHAL VR AT JH A4 £
gomz o8¢ 7% EAGA o5l W4T ALYt T A Fas

S ENA vlo|LANBAAS Y AEHY 21 YE olfFFS shie oo B
U ol 2atgo] Mo ghaAel $4sTe ol Y. H2E HFFAM FE AE
H3 Q= voleANY YA HLB @& LR

Il. Biosurfactantd 357 ¥ 3 22}

H2F biosurfactant®] 5o wW&

"

Z 2 HLBAS E=uE ylen, ¥59
62 biosurfactant$} A7l #AH 53 2 ATAFE Yl B!

£

IV. Norcardia< ¥ @3>} “JA}3l< Bioemulsifier
1-1. 5 2 WAz

Table IV. The optimum culture condition for the bioemulsifier

production

n—-Hexadecane 40ml
NalNOs 2.0
KH>PO, 0.1
KoHPO4 0.2

Medium(g/D MgSO,; 7Hz0 0.1
CaClz 0.1
Yeast Extract 0.2
Tryptone 0.2
pH 6.8-7.0
Temperature 30T

Other conditions Culture time Bdays
Agitation 120 rev, x 6cm

stroke

100ml of medium per 500ml flask
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Table IV : Patents Related to Biosurfactants

Sophorose lipid

Glycolipids
(trehalose lipids)

Fructose lipid
Spiculisporic acid

Biosurfactant

Emulsan

Sophorose lipid

Surfactin

Biosurfactant

Biosurfactant

Trehalose lipid

Biosurfactant

Torulopsis bombicola

Arthrobacter paraffineus
ATCC 15591

Corynebacterium
hydroblastus ATCC 15592

Arthrobacter paraffineus
ATCC 15591

Penicillium spiculisporum
ATCCI16071

Thiobacilluus, Bacillus,
Nocardia, Pseudomonas

Acinetobacter sp. ATCC
31012

Torulopsis magnoliae,
Torulopsis apicola

Bacillus subtilis ATCCZ21331

Candida

Candida, Pichia, Nocardia,
Mpycobacterium,
Pseudomonas

Rhodococcus erythropolis
DSMA43215

Corynebacterium salvinum
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Product Microorganism Patent
Emulsan Arthrobacter sp.ATCC31012 Biotechnol. Aktienges., US
4,276,094(1981)
Biosurfactant Corynebacterium hydroblastus  CPDL, US3,997,398(1976)
NRRL-B-5631
Biosurfactant Arthrobacter, Bacillus, CPDL, CA1,114,759(1981)
Corynebacterium, Nocardia,
Pseudomonas
Biosurfactant Arthrobacter RAG 1 Gutnick, D.,Rosenberg,E.DE
2,415,897(1987)
‘Lipopeptide Methylomonas clara ATCC Hoescht AG,DE3,312,166(1984)
31226
Biosurfactant Penicillium spiculisporum Inoue-Japax Research Inc.,Jpn

Kokai 7837,189(1987)

Kao Soap Ltd.,DE2,834,118
(1979),DE2,938,383(1980),
Jon, Kokai Tokkyo Koho
8192,786(1981),EP 0005004
(1983)

Kyowa Hakko Kogyo Co.Ltd.
DE 1,905,472(1970),US
3,637,461(1972)

Kyowa Hakko Kogya Co.Ltd,
DE2,445,472(1975)

Kobayashi, T., Tabuchi, T., US
3,625,826(1971)

Phillips Petroleum Co. US

2.907,389(1959)US
3,185216(1965)

Petroleum Fermentation N.V
US 4,311,829(1982),US
4,311,832(1982)

Spencer, J.F.T., Tullich, AP,
Gorin P.A.J., US3,205.150
(1965)

Takeda Chemical Ind.Ltd, US
3,687,926(1972)

VEB Petrol-chemisches
Kombinant Schedt, DD
139,069(1979)

Wintershall AG, DE2,401,267
(1975),DE2,843,685(1980),
DE2,911,016(1980)

Wintershall AG, DIE3,248,167
(1984)

Zajic, J.E., Gerson, R. K. US
4,355,109(1982)



Table V. : Patents Related to Biosurfactants

Product Microorganism Patent
Emulsan Arthrobacter sp.ATCC31012 Biotechnol. Aktienges., US
4,276,094(1981)
Biosurfactant Corynebacterium hydroblastus CPDL, US3,997,398(1976)
NRRL-B-5631
Biosurfactant Arthrobacter, Bacillus, CPDL, CA1,114,759(1981)
Corynebacterium, Nocardia,
Pseudomonas
Biosurfactant Arthrobacter RAG 1 Gutnick, D.Rosenberg, E.DE
2,415,897(1987)
Lipopeptide Methylomonas clara ATCC Hoescht AG,DE3,312,166(1984)
31226
Biosurfactant Penicillium spiculisporum Inoue-Japax Research Inc.,Jpn

Sophorose lipid

Glycolipids
(trehalose lipids)

Fructose lipid
Spiculisporic acid

Biosurfactant

Emulsan

Sophorose lipid

Surfactin

Biosurfactant

Biosurfactant

Trehalose lipid

Biosurfactant

Torulopsis bombicola

Arthrobacter pargffineus
ATCC 15591

Corynebacterium
hydroblastus ATCC 15592

Arthrobacter pargffineus
ATCC 15591
Penicillium spiculisporum
ATCCI6071
Thiobacilluus, Bacillus,
Nocardia, Pseudomonas

Acinetobacter sp. ATCC
31012

Torulopsis magnoliae,
Torulopsis apicola

Bacillus subtilis ATCC21331
Candida

Candida, Pichia, Noaardia,
Mpycobacterium,
Pseudomonas

Rhodococcus erythropolis
DSMA43215

Corynebacterium salvinum
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Figure 2. Electron micrograph of negatively stained Nocaardia sp.
BE-294. (x 15,000)

4-2. MEQFFA
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Figure 3. Time course of growth and emulsification activity.

oml seed culture was inoculated to shaking flask containing 100mi of
the optimum medium and cultivated at 30°C on a reciprocal shaker.
—m—  Emulsification activity, ~=— : Growth (g/1)
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4-3. BA 37

Culture broth
(centrifugation at 10,000rpm, 15min, 4TC)

Ppt. Sup.
— Precipitation with 50% ammonium sulfate.

(standing for overnight)
(centrifugation at 12,000rpm, 15min)

:

Ppt.,Sup. TIloating material
~— Addition of hexane

(centrifugation at 12,000rpm, 15min)

:

Sup. Ppt.
— Addition of 4 times chilled acetone at 4C

(centrifugation at 10,000rpm, 15min., 4C)

Crude bioemulsifier

Ppt. Sup
— Concentration in vaccum

— Silica gel 60 column chromatography
(chloroform : methanol = 7:2, v/v)

Purified bicemulsifier

Figure 4. Purification scheme of the bioemulsifier produced by Nocaardia sp.

BE-294.
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4-4. %3183l pH B 259 9%

Relative Activity (%) Relative Activity (%)

Relative Activity (%)

120

5 4 6 8 10 12 14

120

2 4 6 8 10 12 14

120

80~

40

0 H T T
0 20 40 60 80 100 120
Temperature (C)

Figure 6. Effect of pll on the

emulsification activity.

The emulsification activity was
measured at plls ranging from 3
to 12 at room temperature.

Figure 7. Effect of pH on the
bioemulsifier stability.

“After the bioemulsifier solution
- (0.02%, w/v) was adjusted to

different pHs ranging from 3 to
12 at room temperature and
standed during 48hrs, the
remaining emulsification activity
‘was measured.

Figure 8. Effect of temperature on
the bioemulsifier stability.

After the bioemulsifier solution
(0.02%, w/v) was adjusted to
different temperature ranging from
20C to 100TC at pH 7 and standed
during 30 min, the remaining
emulsification activity was
measured.
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4-5. 3973¢ 2 CMC

80—

Surface Tension (mN/m)

0 12 3 4
Emulsifier Conc. (Log of mg/)

Figure 9. Semilogarithmic plot of surface tension of the solution
against the bioemulsifier concentration.

4-6. 712 Aol A o] F3itAA

Table VI. : Formula of O/W emulsion (wt %)

Formula
Ingredients ! i m
Liquid paraffin 40.0 60.0 80.0
Emulsifier* 1.0 1.0 1.0
Distilled water To 100 To 100 To 100
Emulsifier * 1 : Bioemulsifier
2 : Polysorbate 8 (ICI, U.S.A)
3 : Polysorbate 60/Sorbitan Sesquioleate (60:40)
4 : Polysorbate 60/Sorbitan Sesquioleate (50:50)
5 : Polysorbate 60/Sorbitan Sesquioleate (40:60)
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Table VE. Results of emulsion stability test

Ermulsion Stability(%6)
Frilsifiers \ Formmula
I o m
1. Bioemulsifier 100 100 100
2. Polysorbate 85 (ICI, U.S.A) 100 100 —*

3. Polysorbate 60/Sorbitan Sesquioleate(60:40) - - -
4. Polysorbate 60/Sorbitan Sesquioleate(50:50) - - -
5. Polysorbate 60/Sorbitan Sesquioleate(40:60) - - -

-% 1 No stable emulsion was formed.

Figure 10. Photograph of liquid paraffin-in-water emulsions formed by

the bioemulsifier(l) and commercialized emulsifiers (2,3,4,5).
v indicates a boundary between the stable phase and the separated
phase of the O/W emulsion. A ! Formula-II, B : Formula-HI
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Figure 11. Light micrograph of the droplets of liquid paraffin-in-
water emulsions formed by the bioemulsifier (A) and
Polysorbate 85 (B). (indicator bar : 5xm)

V.3 9

o] 322 biosurfactant®] 7H'ZAlel dfa] s LofHon, Egon iy F
3t Norcardiad 3 dF 2K E bioemulsifier AAHE $13 widzAz AAEH £y
3 FAE Bt oA FEEAY B AFFAA 2 &8 7HeAHE FES dgF
22 29%E UGk '

1. 8 FAAY bioemulsifier= glycolipid® FA = o n,

2. ¥ bicemulsifiers] CMC= 20mg/1 ol o]HojA EHAH L 29mN/melct.
E3 & bicemulsifiers Fad 718 TAA £ febde 2 dFAHE Bt

w
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