u] Al 2 o] AJALEL= Biosurfactante] A 4k# 3§
LG 38t A% - A% 974 $8H3% dT7H
A2
1A 8

AHGAHAZ & 22 Wl A7 25718 A e FAAAY 24
ZA AR Aaxez wWaEAsty AW AAS A MW= -t
ARGEAAE A 42de A =2A #3 7183, B4 83, AA, 7]
¥, @A &8 T 04T FE&E UHHEE on o2 AAR YEEL
of da AH&EHI U

WAl 9 1008E ol4sl PAAREHAN ¥9He2 AgsHm
0 E 19 ARBAA W Aol ek viskTol 1960€T) wRE FAA
HAZ dosle ALY, FARAL A AuAdl e FF S
24 So] RRAHHWA A4l B3 ARAACl $48 AVGAA U
7} was A Sk |

R A 457
re oo g e

wehr 71Ee] ©atrdst e HARAH AL EH a3
A ARBAAE st A HAE 2 AEAZRRE AWZEAES A
steie A7 AFREJAT 53] 19608 FHkd] A1XE g@EeAE HAYURE
g “HidETe A7 =5 ] Hlud fgFes g TR AUEEA
E AddTe o] dAUMREEH AEAPEAEA = biosurfactante] ™ B
AAHQA Aol AF HA

A A3 F< biosurfactant®] FLFAHQ AL F2 pAE o] & 7%
&S Qe H 2 olfre TE F - AE AX HFd mAEL TR 4
I AEFTY wel g THY ARGAHAELIS 98 5 Jon AREER
OE AEAC Hste] @4 wel gAdHl BmE e FXE o83ty th
ZFe| biosurfactantE AAH] & 4 AE FHo] Ur WE

BT biosurfactantg}l 3}H wAEo 23l AAEE AWHIAAAE 2
Ste #A biosurfactante] A4te]l 7bed wlAYB-L MF(bacteria), A E(veast),
THol(fungi) TLE 2 EFE F4%0] ol2x Y} AF AA] Bo] Izl
HE A biosurfactantZ2E E 29 ebd nhsbdol glycolipidf 2 ustilagod] <
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TABLE 1. AHEAAA LHHF

Aol F8 ALE AHEAA 5 A
1910014 | SOAP
1910 | NAPHTHALENE SULFONATE Hzo FAAREAAN X
1940 ALKYLBENZENE SULFONATE EZAHA FAEABZAA L
(ABS. 34 5
1950 | LINEAR ALKYLBENZENE SULFONATE| ABS¢] W AEHA o 77T
21960 | (LAS. 914 07 sty JAAMAZ uty
ALKYL SULFATE (4&A) OIL SHOCK=Z 13 A8
1970 | ALKYL ETHER SULFATE (A4-4) Adel BAAL YT 2 AQ
@ -OLEFINE SULFONATE (AOS) A A A%
FATTY ACID ISETHIONATE ARGAA ] AEHAG ¢
1980 | ALCOHOLA AREAA (AAA) g7 Uik tAH A YT
(AE, AES, AS)
ZF5 A9 ALKYL POLYGLYCOSIDE BIOSURFACTANTS] A%<
19900] 2 Gl A ARGAIAF] A2 AP ARG 28 o4
T ARgAA ARHA D QA Y mEA
2D AdHAHL e AUGAA




TABLE 2. Biosurfactants Produced by Microogranisms

Group Compounds Properties Microorganisms
Glycolipids Cellobioselipids Anionic, extracellular  Ustilago maydis.
Ustilago zeae
Mannosylerythritol Nonionic, extrace- Candida sp.
lipids llular

Mycolates of mono-, Nonionic, cell wall-
di-, and trisac- bound
charides as glucose,
fructose, sucrose

Rhamnolipids Anionic, extracellular
Sophorolipids Nonionic or anionic,
extracellular
Trehalose coryno- Nonionic, cell wall-
mono-and-di- bound
mycolates
Trehalose tetra- Anionic, extracellular
esters and cell wall-bound
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Arthrobacter sp.,
Nocardia sp., Cory-
nebacteria, Brevibacteria

Pseudomonas sp.

Torulopsis sp.
Candida bogoriensis

Arthrobacter paraffin-
eus. Rhodococcus
erythropolis. Myco-
bacteria

Rhodococus erythro-
polis. Arthrobacter
paraffineus. Coryne-
bacterium hydrocarbo
clastus



TABLE 3 (Continued)

Group Compounds Properties Microorganisms
Lipoproteins, lipo- Surfactin, Sub- Extracellular Bacillus subtilis
peptides, pepti- tilisin
doglycolipids,
protein emulsi-  Siolipin Cell wall~bound Streptomyces sioyaen-
fiers sis
Peptidoglycolipid Extracellular Pseudomonas aerugin-

Lipoproteins of
different struc-
tures

Protein emulsifiers

Lipopolysaccharides Emulsan

Lipoteichoic acid

Lipopolysacchar-
ides of different
structures

Ormithinlipids/lysine- Ornithin or lysine
lipids as pola com-
pound

Phospholipids,
fatty acids, neu-
tral lipids, gly-
cerides, alcohols

Other products

Cell wall~bound and
extracellular

Extracellular

Polyanionic, extra-
cellular

Extracellular

Cell wall-bound

Cell wall-bound

Cell wall-bound or
extracellular
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Corynebacteria, Endo-
mycopsis lipolytica,
Agrobacterium tume-
faciens

Pseudomonas sp., Can-
dida petrophilum,
Torulopsis petro-
philum

Acinetobacter tume-
faciens

Streptococcus sanguis

Candida, Pseudomonas

Gluconobacter cerinus,
pseudomonas rubes-—
cens, Thiobacillus
ferrooxidans

All microorganisms: en-
richment during
growth on hydrocar-
bons



maydis®) 218 AAEE  cellobioselipid, torulopsis sp.©l 9]& sophorolipid,
pseudomonas sp.9l €13 rhamnolipids ol AT w3t lipoprotein® 2 bacillus
subtilis?l 98]l AAEE surfactin®  lipopolysaccharide 2 acinetobacter
tumeficiensol 93] AAEE emulsanE el UTh

AYuA O 2 hiosurfactants A4 F F Ue AAEL FEEAY B@F5L
2o el Base #E HAEdA LAHY] Lok ol 884 ddTs
= Basls A4S0 nAE AXAYgd EAFNER oY FEEY B3F
A7 AZA WE Bortrl &AM IEA4 AXZEHE A He H
biosurfactant®] AJAte] 7153 nYEBEL oA AHUGAHAE A4, AxYg=
WZsto wlA] Yol 2Aste FEE4 BI5AE B4 v f3AA AFE
W2 f957] gol3 A2 w3 AY B AEHd FAZoy £ Ho]
oA AWRBHAAS AA, FIHANA Axde FZE vEE WYezE FE84
g3l4art AZE YE B9 F UEE i

olglgo] 3etA FAARBAASE, A e AAFE=L stpzxs
AHEE 2E biosurfactant® FAABEAZA R FH9 Hdo] thFsta =
AeAld e A0 A gle A2 d8A Utk =g AEFol ¢
7] i 2F 5L FAAA YA, 84 SHAAN FEAEEALA
AP s e EF2A ZdET A0

ol
-

Wy > 2 A

=

AR biosurfactants Af-ol o BFede £33 A, 12 FAL
2RE AMfe 33 3% BFEAF oil shell2RE olABE FF 559 Eof
o HE&Eo] FawA L Adolg SHAN Fag JTL ¥ Bk ol FY
2 A& B0} personal care products 59 EOFIAME FHAREHAE thA] &
£ &+ Ug AR Jddn

(2) Biosurfactant=2] AlHEA
2.1 Ad =R

Biosurfactant&9] 4Fd 3 83 #H3A AHEAGA Ui g2 A77)
Buzoen ¥ 3¢ JEld vlol@o] synthetic deposit water (NaCl: 100 g/L,
CaClz: 28 g/L, MgClx: 10 g/L)AlX pseudomonas sp. DSM 28749 2)&t A Ak
¥ rhamnolipidt rhodococcus erythropolis DSM 432159 <28t AJALH
trehalose lipids2 W2 EWFHEELE 25-30 mN/m7tA a2 Al & glod
n-hexadecane®¢] AW H L 1 mN/m7IAE Za Al 4 Aot =3 YA oA
FZ(CMC)XE 5-200 mg/L HHoll EAg

— 149 —



Table 3. Surface active properties of glycolipid from Rhodococcus erythropolis
and Pseudomonas sp. in synthetic deposit water at 40 °C.

Minimum Minimum ]
. CMC . . CMC
Surfactant surface tension Interfacial Tension
(mN/m) | (me/L) (mN/m) (mg/L)
Trehalose-6- 32 3 16 2
corynomycolate
Trehalose-6, 6'- 36 4 17 2
dicorynomycolate
Trehalose-2,3,4,2' - 26 15 <1 10
tetraester
Rhamnolipid RL1 27 10 <1 5
Rhamnolipid RL2 26 20 4 40
Rhamnolipid RL3 30 200 <1 200
Rhamnolipid RI1L4 25 200 <1 200

* Interfacial tensions were measured against n-hexadecane.

E¥ Arthrobacter sp. DSM 25679 9|8 A Aby = mannose, glucose,
maltose, cellobiose, maltotriose®] corynomycolates$] EWHAY, n-hexadecaned}t
o AMZY CMCSol E 49 EASHAT). Anthrobacter parafineusl] ©)sted Aj
A== fructose-6- corynomycolates <} sucrose-6-corynomycolate + 30 mg/L
o FEAM AWFHE 2} 25 2 mN/m7AA] A A T AT Ao By
HAt
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Table 4. Surface active properties of glycolipids from Arthrobacter sp.

synthetic deposit water at 40 °C.

Minimum Minimum
. CMC ! CMC
Surfactant surface tension Interfacial
(mN/m) (mg/L) Tension (mN/m) (mg/L)
Mannose-6- 40 5 19 50
corynomycolate
Glucose-6- 40 10 9 20
corynomycolate
Mal -6-
altose 33 1 1 20
- corynomycolate
Maltose-6, 6'-
aroseT, 46 10 13 10
dicorynomycolate ,
Cellobiose-6- :
ellobiose a5 3 ) 4
corynomycolate
Maltotriose-6,6",6"' -
OHTIOSe 44 20 19 10
tricorynomycolate

* Interfacial tensions

were measured against n-hexadecane.

in



2.2 ‘Biosurfactant®] 3}

A JAxAd Lede AUAEA H7E2 Yggs  HLB
(Hydrophile-Lipophile Balance)oll wWel 1 §%7} th&3 o] AR}

Surfactant solubility HLB number £

in water

Nodispersbity  o-2
Poor dispersibility 2 -4 w/o F3A
Milky dispersion 6 -8 wetting agent
Translucent 10 - 14 o/w {r3FA|
Clear solution 16 - 7483} A

i 5l HEHQ biosurfactantE2] HLBF 9} & 7153 Hobo| ojshd]
A HIAT BoA e} 2ol glycerideR = w/o F3HA, rhamnolipid§ $& o/w
F3AE 7188 A Tol &80] y}53 o)

T3 M2 HolA = F A7 AMBHED 3 nAURS =
&l gsted F AAyt e AR Fe Y Yz 2 5= dye wa
ooolHAE f3 WL AF FAE, 5 HAE, JIT 3 oy T Lol
B A AHgdt Emulsione Egtdoz Eorgsinz HEZ o= Aia
7b dojuts] B4tE A =710 mat 9)ge] W3t ARk =77 1 4m o]
44 ™ milky white, 0.1-1.0 #m ZAE bluish white, 0.03-0.1 ¢m 7R =
half transparent©]3 0.03 xmoXE EHS oj@L Zr=o)

U

P

98 emulsion® TSI BL aging processE AH AHEE 7 dojuir)
2 AGAZ uFAe] g3t Ea® dalEe] sMe Azt A2 e
creaming, HA ] identityE FA3H AE EXE flocculation YRS o] B
3] A A= coalescence FH-S& ARt}

Flocculation kinetics& 78 =}=0] g2k <3 s S5

— 152 —



$3IN)ONNS JURIOLJINSOIq puw sadads gupnpoid 1oyjo 10J (0g61) D1VZ puL YTJ00D) 935 ‘UMOYS e swistuedio fuppnpord [eordLy
K1srow o1qoydorpAy a1y jo IFuUs] UIRYD UOQIRD 31RDIPUL SSEID ORI 10) SISqUINN 4

[

1un12120qaul10)
spuowopnasg ‘421a0qoiyiiy
siswok sisdopnio]

wn3120qoISJY “13190q01UIY
spuowopnasyg
‘DIPADION ‘SNII0I0IINN
‘wni21o0qaullo) ‘12)o0q01aUdY

snyovqoiavy
wn131IDQOIAIN 13120qOIUDY

DIPADI0ON WNLRIIDGOIL LY
‘winaa1ovqaudio)) "12)ovqoayLy

T
81 0T
—
¢4 1"
_ . _
91 1T
T
vl 81
— _ —
vi 8l - SE 197 09
T T T
Vi 91 81
T 1T
4! 91
V@)
T
yusge 81 (4%
19Z1]1qn0s Juirom
\"\/\I/ : . A
Ayorydospiy onm“&mﬂu I21JIS[NWIa
T juepepns Juisearoul 12IS|NWI A /O ‘o/m
~— —A ™~ \l!\f
7€ 0€ 82 92 vT TT OCT Q1 9L vi ¢1 0L 8 9 v T 0O CT—

S3QOIDIA
Fuidpnpoid aaneIusaIdaY]

NN NE NN
sanjeA 41H

spioe
stpneydsoyd [Aoe1q

sprdijouureyy

spidi| asoroydog

sapuadA[Souoy

(paziuol) spioe
o1]Ax0qIrd pue 21100K 1A

saprraokidip
1As00K131(1

153

sapuadk|3iq
saso|ryany

1Kov1p pue a1p|
-00Aullp aso|ryaij

SSB|D) JURIDBJINSOIf]

(q (+SISSEID) TURIOVJINSOLG DWOS 10J F7TH PAIB[MO[LD AU} pue djEdg (g1H) 2ourjeg spydodri-apydoipA] syt g siqel



R=16 Drn?®

o2 FojAH r2 YA WA, De 4t AlFolth 3 Stokes-Einsteindl o
OIS

kT

D=67r777

olm ©Y Fdol Yoyl stel oA Fd EF EABTH
@9 23T A & ng WHEEE 0L Po| Wk

an _
7 kn
o]jv_

_ 8T (-£ 1D
k= 37 ¢

A7IM dn/dte AAEY FY SEoln HEd st

1_1

=t pt
” n,
ol o Aoz FHAL

o2 71| HIAARE YA} AcinetobactorS  ©]-&3}d] A Arsk
biosurfactant® thg-3 2L 2402 emulsions e AdAEE 23

T2y
cetostearyl alcohol 30 %
arlacel 165 05 %
isopropyl palmitate 140 %
liquid paraffin 1 200 %

water(5.0 % PG &) : to 100 %
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surfactant source of

(commercial name) surfactant 1 day 7 days
Mucrossi ext. Ext. of mucrossi 0/9 0/9

Sun-lecithin Lecithin 0/9.5 0/9.5
TENSAMI 4/07 Soy protein xanthan gum 0/9.3 0/9.3
TENSAMI 3/06 Milk protein xanthan gum 0/9.3 0/9.3
TENSAMI 1/05 Lecithin xanthan gum 0/9 0/9

Ethoxylated sitosterol E5 |Sitosterol (EO) 5 0/9.2 0/9.2
Ethoxylated sitosterol E50 (Sitosterol (EQ) 50 0/9.2 0/9.2
Lyso lecithin Lyso lecithin 0/9 0/9

Ecolome DN-4 Sugar ester+polymer 0/9 0/9

' TENSAMI 8/09 Egg york extract 0.3/9.2 0.8/9.2
Amigel powder 0.3/9.2 1/9.2
Biosurfactant Microbial surfactant 0.9/8.4 1/8.4
Thio—glycyrrhizinic acid |Glycyrrhizinic acid 0.8/9.2 1.5/9.0
TENSAMI 10/06 Saponins xanthan gum 1/8.7 1.5/8.
Kirayanin P-20 Saponins 1.5/9. 1.8/9.
Primal sitosterol Wood-derived phytosterol 1.7/0. 2.5/9.
Glycyrrhizinic acid Glycryrrhizinic acid 2.8/9. 3.3/9.
Lecinol S-10M Hydrogenated. lecithin 0.3/9. 3.8/9.

P — height of water phase separated

total height of emulsion

(3) Biosurfactant®] A4t
3.1 AakEHA

Bigsurfactant®& A4Hst7] 913 AP AU FAH process7} -2 1-1—]- 29
AlE QT 2™ 18 n-paraffin protein process, 1¥ 2+ gas- 011 rocess=
# T processE5 BPo 93l 5]9,10111 12 sterile
S AE® mineral ¥ growth factorEo] FuP7| 2 Tt Az Aoz
Q E].T'_ n- paraffln—— sterilization system BIE oA EQHET  FY)
zation filterS Z38tad 8127 Yz §HW AAS ar supplyd 2 %5

Yo} 7hxol oldte :’-:L%l‘jr 4 %‘-"ﬂ dAstE e dugr)d o3t
product stream= A£H 2R ZpEof 15-20 %lsolid7l HES @
ﬂﬁr. LA o 2 yeast creame AT ¥ spary-dry Al#A 343}

rt i
i1
oz
= 1
2
:lg

d

Mz 2402 2 4n EN
RERA e
g

o>~ &, eir

A

1

+ gas-oil processZA] non-sterile ¥ %O]Ui feed streamE ] 4
A &=t} 23y non- metablhzed drocarbon° productZ -
harvesting route7} —r_i%?f}ﬁ{ 2] 5-of] product streamo]
yeasts 23 A7 T YAEEA UEREY  residual
13T yeastE: AE A7 vlFY YA gas-oild d&4]
d| A 3o, R Eo R A7) YolA fulE AT EE £
td FR/RE 53
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Vent

Minerals
Inocutum v
St
‘ Separated Finished
n-Paraffins Water Product

Figure 1. Flow diagram for BP n-paraffin protein process. S:separator, St
sterilizer, C:coller or condenser, H'heater, B:bioreactor, E:evaporator, Didryer,
V:storage vessel.

Vent S

inoculum
Gas oil Product

Separafted Wafter
Hot Air
Vent

Minerals—=| B

Separated |_~Intermediate Product

Water

Air
Gas-ait

Water Recovered

Byproduct

Finished

Product

Figure 2. Flow diagram for the BP gas-oil protein process. L:leaching,
Rirecovery column.
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3.2 Bioreactor Design

B3l 428 c-source® ©]-§-3to] biosurfactant®] AAte]l o] &He oAHF
£ 9] bioreactorE°] 1@ 3¢l FAl HA (classical stirred tank reactor, stirred
tank reactor with draft tube, air-lift design, Kane afuchl-de51g_1'1, deep jJet
reactor, jet loop reactor). ©]2& bioreactorg9 AAA F8A He parameter
£ (1) microbial system& 29 &A ALAYL, (2) alkaned] EHEEE F
A Al7)7] 9% emulsification, (3) A4t FAF o LA thFe] €& AA A
2 4 e AAHA FZ system T ©olth

N
N
t
Air Air
A C
LN
NN
1
U
W Air — _
Air
0 £

Figure 3. Bioreactor designs which have been used for the production of
microbial biomass from hydrocarbon. (A) Stirred tank with baffle, (B)
Circulation stirrer with emulsifying sieve plate, (C) Air-lift design, (D)
Kanegafuchi air-lift design, (E) Deep jet aerator and (F) Loop-reactor.
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3.3 Economic aspect

Biosurfactant?} EFHA o2 Aljje] o] 457 Y3tdes S 1A AL UF
AlAcr "o}

(1) cheap substrate

(2) cheap process

(3) high biosurfactant yield

(4) highly surface active biosurfactant with specific properties for specific
application.

s 5 98 AHBA ) biosurfactant®] &9 kg% 713§ Ve

product price/kg ($)
alkylbenzene sulfonate 0.6
paraffin sulfonate 0.7
oxethylates 1.0

Food surfactant 1.80
preseving surfactant 2.50
biosurfactant =10.0
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