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ABSTRACT

Surfactants are the surface-active molecules that display amphiphilicity. Because of this surface ac-
tivity and amphiphilicity, surfactants have been used in wide industrial apblications such as foods,
detergents, cosmetics, medicine, polymers, paints. flotation, textiles. These days, their ap_:plic':'ations ex-
tend to high-technology industries such as microelectronics, magnetic recording material, advanéed
batteries, novel separations, etc. o |

As new applications of surfactants are found and the demand of the surfactants increaseé, surfactant
industry has been more pressed to face a formidable challenge, which is to develop surf'actants'that arg—i
envirionmentally friendly. | o

In this regard biosurfactants may be alternatives to chemical surfactants, since bio_surfactants. a_ré
biologically compatible, more biodegradable, less toxic, and highly specific. Because of these excelleht
advantages over those of chemical surfactants, much efforts have been made in biosurfactant researc_:h. |

This article reviews biosurfactants in several aspects, that is, their definition, structures, p'ropérties,
applications, and prosepcts.
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Thiobacillus

Ustilago Lipase
Shizinella Glycosidase
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Fig. 1. Patterns of biosurfactants’ production.

(a) Growth-associated production,

(b) Production under growth-limiting
conditions, and (c) production by resting
cells,
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Table 2. Common fatty acids
Acd

Lae kR0

Structure
Saturated fatty acids
Acetic acid CH3COOH
Propionic acid CH3CH2COOH
Butyric acid CH3(CH2)2COOH
Caproic acid CH3(CH2)«COOH
Decanoic acid CH3(CH2)s COOH
Lauric acid CH3(CH2)1:COOH
Myristic acid CH3(CH2)12COOH
Palmitic acid CH3(CH2)1«COOH
Stearic acid CH3(CH:z2)1sCOOH
Arachidic acid CH3(CH32)1sCOOH
Behenic acid CH3(CH2)22COOH
Lignoceric acid CH3(CHz)22COOH

Monoenoic fatt& acids
Oleic acid
Dienoic fatty acid
Linoleic acid:
Trienoic fatty acids
-a-Linolenic acid
y-Linolenic acid
‘Tetraenoic fatty acid
Arachidonic acid
Unusual fatty acids
Tariric acid

CH3(CHz)7 <£5 CH(CHz)7 COOH
CHa(CH2)7 <5 CHCH2)2(CHz2)s COOH

CH3CHz CH £ CHCHz)3(CHz)s COOH
CH3(CHgz)« (CH £ CHCH-2)3(CHz)s COOH

CHs(CHz)s <% CHCH2)s(CHz)2 COOH

CH3(CHz2)10C == CH(C2)4«COOH

CH:
Lactobacillic acid CH3(CHz2)s — CH(CH2)sCOOH
O
Prostaglandin (PGEz) — COOH
N7
‘OH OH

sophorose, B—D-Glcp-(1—2)-D-Glcol] X &e] &
e Zlo|th. Sophorose lipide olg°l A€ A
o @zt 2EH(Fig. 2a, 2c, 2d) kFEF (Fig.
2b)e2 JFeo I, FEFS CI'(17 &4 A E
olu| g}, 2d Fx) 9 C4%ol) X Ao] A= ae] S
o] FEE olF Ao, EHEFIL C179 A AHo] Z
38 =& 717}, Sophorose lipid (SL) o= X3
2 5 s A A €71 R(CE), RA(CET), Ri(A
W 'as AR —COORs:®] 3e)) 7t leH olgLS &
a(H), W187]1(Me), oFN€7](4c) S shilolr)

o] MIAZI7t H, Me, Ac2 XN 8H 2o o} &
7} 742 sophorose lipid(SL) 2] 7= 127}A(SL-1%
¥] SL-12)7} Yehdo}.

SL-1: Ri= Re= Ac

SL-2¢} SL-8: Ri =H, Rs== Ac
SL-3¢}SL-9: Ri=R:=H
SL-49}SL~-10: ki = 382 948", s = H
SL-59} SL.-11: Ri=H, R2 = Ac, Rs= H
SL-62+SL-8: Ri=H, Re = Ac, Rs = H

_6_
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Table 3. Glycolopids and microbes used for syntheses of glycolipids

Biosurgactants

Organisms (genus) or Enzymes

T_reha!bse mycolates

Trehalose esters

Mycolates of mono—, di—,
and trisaccharides

Sophorolipids

Cellobiose lipids

Rhamnolipids

Arthrobacter para fﬁneus,
Mycobacterium phles,
Rhodococcus erythropolis

Mycobacterium fortitum
Mycobacterium smegmatis
Mycobacterium paraffineus
Micromonospora spp.

Rhodococcus erythropolis

Corynobacterium diphtheriae
Mycobacterium smegmatis
Arthrobacter spp.

Torulopsis bombicola
Té?ulopsis petrophilum |
Torulopsis apicold
Candida bogroriensis
Bacillus subtilis
Cornebacterium lepus
Rhodococcus erythropolis
Mycobacterium,

Pseudomonas,

Ustilago maydis
Ustilago zeae

| Pseudomonas spp.

Arthrobacter,
Corynebacterium,

Norcadia,

SL-7: R = R: = Ac, XM} €4 AlZo] o] 4
go} A,

JEFEY F=xe] SL-62 SL9] acidic formo]&}iL
BEY Ri=Mel AHE methyl-Slolgla REt}
SL-4(-10)& C1'9} C67F X2 = Ao 18 &
Aoz d&E HEY SLI & HE vepdo.
SL % SL-1, SL-7, SL-2(-8) & Tulloch §"0]
glucose /octadecaned 7182 AR wjakdlA,
SL-3(~9), SL-4(-10), SL-5(-11)2 Asmer 5% 0]
glucose /oleic acidE 7]ZZ AR v goll X 11 F
ZE s,

Trehalose lipide ©]3# <! trehalose(Fig. 3a) el

..._...7_.

| Hol AFF AolH(Fig. 3b). ol&E2 d&A tre-
halose dicorynomycolate $} trehalose tetraester&
Fig. 3c¢} 3de] Jehdct. o] 5 trehalose lipid+=
utelg) o}l Arthrobacter spE ALE3e] QoA WY
Trehalose tetraestere] 739l 21©]A] succinate 1
Fo] e Qxie HI7A & ¢ A UA e
U a=2¢ 383 why (hydroboration, acidic
hydrolsis) ¢} NMR(1H, 1D & 2D COSY) A
2l8)A} succinate 1Eo°] C29) &+ AHo] #13FH L,
122 NMR EAMoA olze] &P -
C2,, C3, C4oll ZAFs3sl= AWt octanonic(37.
8%5), nonanoic(5.7%), decanoic(53.3%) ¢l o
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Fig. 2. Structures of sophorose and sophorolipids.

Al 3%%= undecanocic, lauric, myristicelt}. C6%t
C69ll mycolic acid?} ZAg3H trehalose lipide
Mycobacterium, Nocardia, Cdrynebacterium dlg] 2] o}
o] Mol o WA

Pseudomonas SE|E]ob= A A$ FZAA] £
°] 24 rhamnolipid& 433 MA3= Rz ¢
A Ak MA3=" rhamnolipide @9®<! L-rha-
mnose(Fig. 4a)°l B-hydroxydecanoic acid’} 2%

o

A o
=2

=)
il

T

L.
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g Aot} L-rhamnose 3l1}9] f-hydroxydecanoic
acid 3ot €0 A¥E ¥EE 27} rhamnolipid 2
(RL-2)¢} rhamnolipid 1(RL-1)¢}g} 3}al, L-rh-
amnose =) B-hydroxydecanoic acid dh}e} ol
AgtyE F2E Z+z} rhamnolipid 4(RL-4) 9} rham-
nolipid 3(RL-3)¢lg} &t} (Fig. 4b). vl E viF2
ZRE dolxE o] AMAAHRTAHAE iEol
RL-3(90%) ¢+ RL-1(10%) o] 2. RL-29} RL-4% ¥
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A HO
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C‘Hz OH
OH
Trehalose
CHa
\
(9H2)n PHB
HOJ
O c\:H (CHZ)n
o=t N CHs (HoC)m |

Trehalose Lipid(TL)

) T
(€] o
O
OH o OH
(151 O
HO 3 OH O
HO 0
OH
HO 4 0
O'OH HO OH
TL-2 OH TL-4 HO

Trehalose dicorynomycolate (TL-2) ¢} Trehalose tetraester(TL-4)

Fig. 3. Structures of trehalsose and trehalose lipids.
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| |
CHs (CHz2J)se (CHz2)s
{ {
CHs CHs
OH OH |
Rhamnolipid 1
O O« CH ~CHz2 — COOH
HO o |
(CHa2)s
{
' CH3
OH OH
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O
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HO | [
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Fig. 4 Structures of rhamnose and rhamnolipids.
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Cellobiose lipidye= ©13%%] cellobioseo] =Ao]
A34E Aolti(Fig. 5). o] AAARG YA = &+
o] 7RI AAS e FFolQl UstilagoE ] 43}
o AP ® Ustilago maydisE glucoseE &
o2 3o WigEE o AFE FELS diFrdol
Ce Awtatoln], coconut o0ilS €42 gog 9L u
v CeXWr4iH(37%), CuAraH27%), Cu it
(16%5) ©] A 2olch

cellobiose
CH: OH
CHzOH
B Cl‘OOH
CH -R
(CHz)lz
OAc O Ac
CHOH
? =0
(l:Hz
([:HOH
(?HZ)n
CH3

Fig. 5 Structures of cellobiose and cellobiose lipids.

4. X|cteli(Lipoproteins)/ | ZHEIO|=
(Lipopeptides)

o] BFo) &3t= ANAHE A= A 28 2
< AESH 2 Q3] B ol e F
Aol A2 = ojx @o] A3 Ut

Bacillus licheniformiso] 2]3f4] AAE= X3
glo] =8 0= jtyrin 289 iturin, mycosubtilin,
bacillomycine] Ay} &EF.9] surfactin, esperin,
polypeptin §o]t}. 2 o5 FollA] surfactin®] T&

A AY E8A 7 SR S8 11

£ Fig. 6a] UEIRIT} Iturin2 89 SEHe 3
EQelols s FAR F2E 7R Ak A5 »
L2 7719 olmjreitoe g @ cyclic peptidec]®? o]
F&o] At hydroxy &2 ester 2822 44
o] Art. Surfactin®] 77} o}vjie4t2 Glutamic

acid, Valine, Aspartic acid®} 478¢] Leucineo]s

] A4 ¥ E-& Cu AHiteldd, Surfactin 3}4) 2F8-
PR ohijsh ARBHE vehhe Fdololnd ¥
g EHElo|= FollA 7P Bol A=, Surfa-

ctin® AEEHA AFNE AHEE F ded ole

gojo] 219} YAl denaturization® A sl=
o] 7] " &o|c}, Surfactin® & +H: 2] &
o AH2-E % Ut}

Streptomyces fradiaeol 2l3jA4] QA= SER
g Egeto]=®¢ Fig. 6b°ﬂ’~19} Zo] 8789 o]
Ako] d12]E o|F 1l o] F-Eo] 3749 ojmliitF oljl

ol 2&H o A& 7£E et o] FRANA X, Y
o} R& o] FF{Y o4ty Ailypiz A
T N4 o) we} o8] g 27} Jebde o9}

< BAARGGA = Futele]of zH8-o] qleiA] 7}
&9 Agol Rrlste AHRE F Yok

X FHeloles FER FX ol cyclic 7+&
vlelditlt, Empedobacter halabium, Fusarium ro-
seum, Halicoma ambiens 59l =ik e cyclo-
depsipeptide¢! empedopeptine] WA HT} Fz}e
1] "%’%01] gailA AASEE traposin AQ} traposin
B®Z Fig. 6c¢} 6dol YERAT,

Aspergillus sydowioll S3|A] A== mulundo-
candin® ¥2 enchinocandin 2] ¢ £o|y o]9] F=
= Fig. 6edliAjet 2o}, o A AV ZA = FFF
o] & ggagw zLo] = AL gEA Ut o] 9
= A7 o BEZ o] &3t Tt 79| | X E}
ol=7} A H I U

5. X|C}=HLipopotysaccharides)
AFe dutdow  ohFE(polysaccharide) 7}
Adol| FH A 2S5 et ol o) 2 AA
£ lipid Agly R 20, 3F{ 28 O-antigen(F
& O-specific) # 4] 22 12F(core oligosacc-
haride) %22 Yy ojzt}. Lipid A &2 O-
antigen A& hydrophobic interactiond] £]3}oq
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Surfactin
G B
ty
(OCHa)/{\SD NAsn
\
Lys ‘{ Factor X Y R
Afp X A lle Glu 8-Methylnonanoyl (iCio)
Ala ,C=0 A1 lle Glu n-Decanoyl (#C1o)
\Sar...Thr..-O B Ile 3-MethylGlu z-Decanoyl(#Cio) |
Hl Bi Ile 3-MethylGlu 8-Methylnonanoyl(iCr)
(OH) Asn C Val 3-MethylGlu 8-Méthyldecanoyl(aCu)
Giu D Ile Glu 8-Methyldecanoyl(aCu)
Trp - E Ile 3-MethylGlu 8-Methyldecanoyl(aCn)
N|H | F Val Glu 8-Methylinonanoyl(:Cio)
!
R

A lactonic lipopeptide form Streptomyces fradiae

OH o OH H CH;

HaC N NY(CHz)m-S
H 0
NH N NH H N OH /=0 CHs
TS e e R
o)
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fo,

OH NH H OH
0 0 O N
HO~~~oH OH
@) O E
s
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Trapsin A and Trapsin B Mulundocandin
Fig. 6. Lipopeptides.
’ﬂﬁﬂ"]—-q A X olute] upgk Zo 7 v g o] lr} 2 glycolipid=] o] 2l heterolipopolysaccharide ©]

Athge] & o2 A emulsan®) #ZE Fig. 79 t}.3! Repeating unit®} o) w}e} Expo) @24
el Atk Emulsan®] repeting unit= 3748 A2 o} £ 9o il 108 EE ¢ At} o]AL AAA
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Fig. 7. Emulsan.

HBAAA FolA FL3A FEs=] de Ao,
Aol FEE 715 Ay, 71§ 871 A3 2 g+
3]4(enhanced oil recovery, EOR) Z-off 291t}
EOR®] 739l emulsano] AlH#FAFL2 AT ofjd
A AR 2] w57 vf§ Folx gAY #2271 uiH
o] R A] ¢A ghc} =B

6. 2IX|Z!(Phospholipids)

212 A & membrane lipid¢} 3124 glycolipid,
cholesterol 3} o] & Aol vlAlE 9] M X &
HAsl= Fodgch® 14L& glycerol, sphingo-
sine, £-& Ht} B3d ¢F2RH {Fxdch Gly-
cerol2 2 e 5% phospholipidE phosphoglyce-
ridegtil &= o]Ho] 71 T2 TR o9 Fx2I
sl AuErz sioh

Phosphoglyceride= glycerol Wtho}] phospho-
rylated alcohol} 271e] Atate] A2 E0] U= F-
Z(Fig. 8a)& = o] 24r}.3 Phosphate 18- pho-
sphatidatec}™ <=
mine, choline, glycerol, inositol S|t} o]& & o]
2.0} phosphoglycerides®] F+Z & Fig. 8boll L}e}
WA,

UARALE F 71R] BEE et Lot sy
w2 olE o] g3t Aolx e s ER(EE

& REL serine, ethanola-

TE X M EX)E o] &3t Aol vt otef o]
X F 2 phosphatidylserines} phosphatidyleth-
anolaminee] AJA= 1 phosphatidylcholine& A4
HA g Ao gy, axd dsiMe 8§
Z 7491 diacylglycerol-& AJA38t8 o]A o] phosp-
hatidylethanolamine, phosphatidylcholinec. & A
g o 3l

Phospholipid®} C1 &2 C2 9}x]l°l] acyl 2E°]
= Ax)A& lysophospholipids#hil #+=6] phosp-
hoglycerides® o} AA&/go] FL AL LR
old AEY 3132 lysolecithing fF3tAl24 A
Ao g ol Qi

Phospholipide AR 84" = A 29 o} lipo-
some({phospholipid vesicle) & T==t] AL&E 4
Ak QAF L ¢3lm HRel AF& FA] golA &
ﬂﬁ-ﬂr o) eFF ol F-&8HA 24 # 3Urh Liposomes

g 3l AR oy EJF AR FA =

%—171] & 4= 9108 2 liposome W5 B4 EAS
o Yol HR-E F3te FFA71E Aol A
o] Bt& A} ® Liposomed] o]} & A&7} gE-of
liposomeS A Z3l=d AHEE F U= A2 EZ
o] SasladA liposomed 33 o]ek AtdollA ¢
S FastA 8 Rojg,
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O
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|
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|
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Fig. 8. Phospholipids.

7. 2Ol AE|2(Sugar esters)
Sucrose= # wHHE §3% 23 F9] shvoln =}

Ao|A &3] AT, glucoses= HTZRE] 44 A

o} 2 -

it o] F FHe AL AN &4A & F
NolA 873 FA) s g 3A 71E B ohiz) A
ANADREe] 7% RFo] Fo2 FAYFHE ATA
At ol FF-4H 1 ¥4 AEsS 7H

= T
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Auparate] o 2H 2 3gES AUBGARZ AHEE
Z Qed], o 2e 29 3l sucrose ester®] T

%% Fig. 99 Fehiich

RCOOCH:
O, H HOCH:
H/ g
| OH H
HO
H - OH OH H

Fig. 9 Sucrose monoester ( RCOOCH: indicates an |

ester bond witha fatty acid).

o] 2H| 2+ transesterificationol] 2]3jx] THE-of
A & 9rr® §49 pancreatic lipase® ARE-3}e]
6-O~-acylmonosaccharideE €& + JAULH, Can-
dida cylindracea lipased] 23| A& sugar dister¢]
Ce X7} 7 488 =l oA 22} C3: monoester?} &
o} H ¥ i Wyt op2l FLFLE FEXE lipase
odf ¢latd ester} ol ® Chromobaterium visc-
osum<] pancreatic lipaseZ} triglycerides®} hexitol
9] transesterification®l] AF8-%l0] 92% 2} sugar mo-
AAEE T, olH who g UL sorbitol
monoester®] AHEAo] AFFdHOZ go] MRo|=
sorbitan monoestere] AR R -3 Ao=w
ZAE At

B ZH 2 st Rt vl A543 5480
A3 T3 Aol A F9e] HLB#S veh= g 33
Fol) o] 88 F Ue, FAFo| & s3HEoln)

noesters-

IV. MHH|EEAO| S

st AR AR o] B ALe AeA ol
3t ole] Ao @ wulgtol AHGAA ] EAH A
2ot A= "aEstAS 249 shist I
A 1537 g HAS Bel Yozl AAARRA A
ZH 9 ANV HYAE Ao AT 5 Yom
2 PAARGAo) PAME o] ge ZA}s} o] Ro]
Aok,

AAADZAE AW Bopol A Mol AE #
A Rololl A B} B A7s Gtz A

AR A B3 7, 54 R S8 15

T2E Zte BEAE YAAUEER v 23] S
ot a8y ARgAdA = effectiveness9} efficien-
CYyE BAIHE AFEAE vehjojol girh E3] A
ARG 7T o] 82 o, & 3FE, oJkFE, AE, Al
A, HH A oM B AH 2 F2ol= B4
AE olFolo} slnz ARGHL Fa8A ¥ F
gict. ol2i§t FE 3;eist] AAAHEde] A2}
7, 8 - 3183 2 AW §EA4 S AHur|2 i

1. MESI =M
g Q"‘é d o3 /9 glycolipide 348 288 Y
Bt o]g & old AL vtei]o} &9 A (seb-
aceous glands) & F23tY T F& WTLEA g
ute) gl o} 288 Vel 7iE $1}3 Rhamnolipid 9
RL-1 # RL-39 &EEL F% 35ug /mL(mini-
mum inhibitory concentration, MIC)ol|A B. sub-
tilis®] AL A 3g .2 H, antibacterial, mycop-
lasmicidal, antiviralz}€-& YeEhiE rhamnolipids
pesticide2 A28 4 A}, R. erythropolisol ]3] A]
A E succinyl-trehalose lipide] LDs2 herpes
simplex virusol] &A= 1lpug /mL, influenza vi-
rusol] thaiAE 33ug /mLol B2 ) gujojj A 7]
T2 dNFHo R 48 4 c)t. Trehalose lipid &
2, 2°, 3, 3-tetra~-O-alkyl~a, a«’-trehalose+= 2‘;}‘%}
2Hgo] A= A2 R |
Fig. 69l 471¥ lipopeptidese 2% 3AUZLS
ERRTE, Surfactin® ¥ 33L& AAsta ¥+
& 83A71H ojm ute|z]o}e] spheroplaste}l ¥¥
AAE LHAA}.2 ¥ Surfactin® E£3 Mycoba-
cteriumf@e] vlAEY HAES AAE (minimum
inhibitory concentration, MIC=5000ug /mL), py-
rrolnitrin® 7] AMESPH  Tricophyton mentagro-
hytesell A5t g@golzg-S Jepd ok Iturin
A, bacillomycin, mycosubtiling & FojA 2 AR
g 4 lew, bacillomycin-F& Aspergilius nigerS}
Saccharomyces cerevisiaeoll T3t dhutele] o4&
3o}, Trapoxin A9t By F¢at8ol®, mulun-
docandin& &-FFo}e} gaw WS vepdc}. o]
o= B FH2 lipopeptider} UJ*&Z}% 01?:]
HESH 282 JepdT
Phospholipid+= 33t ®ele] F7] /AA AlHolA
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2AHEY, o) AAAARY ) Agog 5 By}
F18 X golok F4EA 3FE & 5 U 24
ol Foll= o] AAAHGA o] 13l TFIPLE
AP 73971 leH ©]E sudden infants death
syndromeo|2til Fth, o] ZAfol= bovin-
e-based surfactant® §U7) st 2 4 ok

2. =c| - 35t §M

Glycolipid= E9l& A9 ¥R g3 /7] £
== Z4$7} A}t Trehalose-6, 6'-dicorynomyc-
g EFEl ==}, Rhamnolipid RL-13 RL
-3 Wes, 22X E, JdYotAHo|E, o €|
29] g3 A ¢ n-hexaned= &3HA] et} ®
Sucrose lipide 4204+ n-hexane, dlg€l2 S5
E2XE, 2F 5L 2TAME o ED v g9
|-sfe o]

Surfactin ¢Ze] #89, vgg, Jdegg, ofA
E, odolElolE, 2223 g, 2220, opE
Aol gH At &, 4}, petroleum etherd]s &
352 et

AAADGAA = o2 FokollA 0|88 F ez
oo} Wig-A 3 tFAJol Fa kA & 5 gt 38
g0 2= glycolipidel] djdte] T+ Bel B0
2 715Es), 48t whg, dlAe E3) wh8-0] FALE Y
=8 obF8 ojggo] glo] FPHNLH, A x|
st X = A ZA = ALE 7T vl 03},

3 AH &4

BRAAREG ] AH 5L ol AF T vk} 2o]
micelleg FAs7] AlFsle F5<¢ CMCe 39
(AR)Zgeoz 49 B = k. CMC ged &
A (effective) ol BA Aol 30mN/m(AR &
go] ImN/m) Fxo|H &S&3 (efficient) A=A
dEgder & 5 Uk AHAREHe CMCe} 89
(A1) FH 9 o & Table 49 AU}, Table 49 1}
Ehd A AR S A= CMCr} 1-200ppmEA] B 25
2 #Es Y g aoHolgln & 4= e, B
A(AH) FEHo FHN = rhamnolipid’}t E&3F
olZ}x & <+ <t} Rhamnolipide o]9}zo] ARG
o] Folr ExxonAle] ValdezZ ol 2six A&7}
FE HUS 9 ol & Xl shed AHgE A

HRmcRe

Surfactin® ¥A Ao} 27mN/m, AR #go)
ImN/ m® 24} 243 AHEAL JellolA, sur-
factin®] A28 A3 g Bo] o9 @go] 7lua
1=

A EAoRE 8 535, 7H-A, 848 5%
za A9}, Sophorolipide &A% M=
SESAT fF3h50] At S3E T e 2 A
Eo] o] &5 =] £t Qt}. Sopholipid /decane /w-
ater 324 AR ANA odH ] 30% whol] FEE]
7t Qojue AL BEE F ANGY

V. dAAHEde 8

AAARGAY = olv] AdFT AQAAA ] 2 9
QoA AHE-E F= 1ot AAAREA] 2] G&o] 17
He 3, AE, 9ok dF4de 8-S FAHe=
C LRl 0=

BAARG= EAT AF40] Ao Bgiel £
olx] FFF ol ALE-5 7ol A3} duolt), BAEA
9] sophorolipid(SL)& stick make-up2 & A}4-2
g ey, RgEo] Folx ¥} I8 FFL
2% A" 4 At B9 Kao Soap Ltdol| A=
Imol SL3} 12mol propylene glycolS& FX=Z 3=
BE sPAES MIsErIe st £ AY3diF9
emulsan<s Y29 F&F 2 Y& AW YA 9 &
3l cleansing cream 2.2 A}R-& 4= 9lon, QXA
liposome2 Y& 3t IF7 & He 42&
ElJjo] A SgEo] ALEHA=E Capture= lipo-
someg AME-E HZxeol 413t 8 FFoltt. o ¥
o] N-acylaminoacid= 379 Fde] H&8 SAE
7 9% 238 gl ARS-E 4 .

AF A2 F e AAARIEAEE SR A
T Aeg AAdr) oA FXAA AAAAZE
A7} @Y oligosaccharide2] A MP4F esterE g
ol eJaiA A& A} ofF {FAFSH7] dj& |t} Sop-
horolipid= Zv|g& 2 A2 4 Jou, LrFe 3
stetd wa HAE BEUL © FFo] Folxm
shelf life® ot €c}h.® =3 mannosyleryth-
rytol lipid= 4] Fol A8 4 Sl AAAHAZGA
o},

AAARGA = ST FAAHo] Qloja] oloF
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Tabhle 4. CMC and in_terfacial tensions of some biosurfactants

Surface Interfacial

-Biosurfactant Microorganism C-source Tension tension CMC
| (mN /m) (mN/m)
Glycolipid
Glycolipids Rhodococcus aurantiacus n-alkane 26 0.35 na
Glycolipids Rhodococcus sp. HI3A hexadecane ‘na . 0.02° 1.5g /L
Glycolipids Torulopsis apicola alkane /carbohydrate 30 <0.9°  na
Pentasaccharide lipid Nordica corynebacteriodes alkane 26 <1* 25mg/L
Rhamnolipid Pseudomonas aeroginosa glucose 29 0.25 na
Rubiwettins Serratia rubidaea glycerol 25.5  na 10mg /L
Sophorose lipid Torulopsis bombicola glucose /oleic acid 35 1.8 na
Trehalose-mono, Nordica corynebacteriodes n-alkane
dicorynomycolates Rhodococcus erythropolis 32-36 14-17 4mg/L
Lipopeptide / Amino lipids
Lipopeptides Bacillus licheniformis JF2  glucose 27 0.016° 0.02mg /L
Lipopeptides Bacillus licheniformis 86 glucose 27
Viscosin Pseudomonas fluorescens glycerol 26.5 na 150mg /L
Serrawettin Serratia marcescens glycerol  28-34 na na
Fatty acid /Neutral lipids __
Fatty acid Corinebacterium lepus kerosene /alkane na Z°  150mg /L
| Fatty acid® Neutral lipids Nocardia erythropolis hexadecane | 32 .<'3 na
Others
Protein-Carbohydrate Pseudomonas fluorescens sucrose
Complex 378 97 na <
10mg /L
Phosphatidylethanol amines  Rhodococcus erythropolis n-alkane 30 <1 39mg /L
na Corynebacterium insidiosum hexadecane | 28.5 - 0.55° na

a: Interfacial tension measured against hexadecane.

na : Not Available

of AH-E 4 U EZolt. &(4)9 3uolA Aoj
A= AAAHE I 22 QA EAE v)5ole] AME
g Zol7] Y45t AlgHe §83 E-oln, vlxo}
2 "oluhs 2 orlelAle HE(Mil) o] FehE
FAANAFE ARELA7T X HA] golA v]5ot
= AFEEHA Hedl olE 9ol 3 AHSudden Infan-
ts Death Syndrome) 2}l glc}, v]&ole] ¥ 3
HE 4 71t {FRAIA S8 ABEAGA 7F A A ol A
AAAZ o2 AR o] SAAE GE FoleBR olF
A3t WA AV ELE oo|2E FEH=E e F4

b : against decane. c¢:against kerosene,

3HA g,

FRAZAIL AARAGE L= FF I shutolgl =
A& vdehlle AE 9t} Nagashima §9& 2, 2/,
3, 3'-tetra-O-alkyl-a, a’~trehalose g F%FE 713
Foll g3y AERNE o FFFAdol UL BH3A
o Kawai %& succinylated trehalose lipid7}
Herpes simplex type 1 virusoll ti3lo] ghulojajx
Aol Ae-& FFSY

A1 /lipopeptide A1E2] AAARGY= oef

2 siet Bojol A o8 £ AE Aol 2 B
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o]}, oju] AF3F vle} o] surfactind £ 2H2-0]
Jew, fusol& & 4Y ol F4 NS 434
e 37} 3o gHA Y. £33 poloamer 407
Ul ¥ g9 F38 w9} F3 delmoponol & &
5} &7} Slgo) Fe AT ool arthrofac-
tin, 'serrawetti'nol AAARGAIZA ] 98 S EF
3l 3 Ao 2 7 1 gt

AAAARNGHL o] Q77 843 dUE AlF
3 87 A Eobol & &8E + Aok AgEHY
emulsang 345 &8 AFE A3 AHES
A 2x o] £43% &50] AFHA FH AU A
AAAGA FoA 4Ystd 2L @A emulsan o]
t}. Emulsang u]Z92] PetrofermAlel] ¢jdto] A
R, 7ivit}e] Geodyne Technologies®] AlG
AR Multi-BiotechS emulsang- o) &3t 9% IF
(enhanced oil recovery) 2] 43} FAE A+ Fol
AT,

Emulsan® %3 £& 529 #4348 zte A
AqMx Fe do] dojur] e Aoz A A
53 FIAZ ALEE 4 Qo o]fdx succi-
noyl trehalose lipid, emulcyanS % 24| 24 -5

g FAEE JHAA e Aoz dFTh

- BERm{cEesE

VI AAMAH &M o] Mat

QA ARG E, oo A B ulejzro], S5 A
RHE, Be B4, 87 13497 2& o3 FHol
itk e} olskne A E Bstn A AR
7t AR oz ol45E 6yt AL AL FARTE
7YZ o] vl 7] W&ot YurHR oz e 2ol 8

S AR A A=, Table 5419 o], 1990\d <]

7VEo 2 kg% 198 Fxolu AAARBY = o8
ot g8 vk wEba] YAAEEY 2838k 4
AE F-3te RS 7HF0] vy @S SHEste ¢
ojm o] & f13te] o7 Wito] LI Ut}

S AAAREZ S £&5 Fole Aol T30
AANARE Y= MAETD o0 sja P
2, +4% 438 vdedie T8 FohiAy Al
33, olE uAET 40t Hobte 8737 wiAE
Masts dol Fasid, £ wae v E, 713,
a2 ] @ AA A dojdez wAgo] 7] &
FHoz B £ I=F A A5 1FE A
& 3foqof Frt

AAAREY A Drte] det Axs 2E T30

Table 5. Comparison of biosurfactants with synthetic surfactants

Surface tension Critical micelle 1990 Cost
(mN /cm) concentration(mg /L) (% /kg)?
Producing organism |
R. erythropolis 37 15 12.20
P. aeruginosa 29 15 0.90
T. bombicola 37 82 2.80
B. subtilts 27 11(0.01mM) 20.32
Anionic synthetics
Detergent alkylate
Dodecylbenzene (LABS) 47 590(1.2mM) 1.03
Sodium lauryl sulfate - |
(SLS or SDS) 37 2023-2890 0.95(30%)
| (7-10 mM) 26.00(98%)

a : Biosurfactant costs are calculated on the basis of raw material accounting for 35% of the total cost, as-

suming kerosene, molasses and meal as substrates,

b : Accurate Chemical and Scientific Corp., Westbury, NY.

Source : Ref. 51.



Vol. 13. No. 2(1996)

71A37] WEol g B Y7 RFolof gt
ol& et AAARGA AT P §47
2, ojgg mgsiel o A, WAAE A BL
2E TH 58 AHyolo} gt

obzre WS £319 o] B AAAVRRE A
A stelate A AP S ADSAHAZA
o] 7158 Uehlojol gch gl 2] AAARGYE=
olm] XA F ule} o] FHAYH Z3lFol 43t

il r-{m

CMC7} Stobd AR BARZAN ESHoln FHHo]

i & 5 oy 73l%, 7184, 984, deterge-
ncy & NE2HE FF ol2x Rata Ut
Table 594 K= upelgo] T. bombicola®] 21844 A
FA == AR ARZA sophorolipide 714 o] kgF
2.8 2 T8 AAAREY BT AR A alkylate
detergent9}5 712 FA o] glo] BT}, ®el o]
& F&Ajo] ol FE FE3E F Jdov 7
3l5-0] vhulA] QEY G B AHE FASHA] KRR A
2312 93l = fabsol di§ A7} o o] FolF
of & Zojt},

Aol Al AHE vlelgo] | 711‘1‘%’“-—] 713 33
g Fol7] fsiMe (O vl €S /Mg, (W) uiA]
o] A, () =9 ST HddA4dE zte AAAY
g4 &4, () ag ARHE T's FFY AL,
(vh) &8 AF A3 42N 22 2407 5F 1L
2 Fojo} i}, wEhA] AAAHEG o] A& 3= bi-
ology, biotechnology, interfacial science A ¥¢}2]
HNEFECl 4% 58 T/ R B 8Kz &S
oS w2 A} o] FolA F & Aol

o
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