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ABSTRACT

Characteristics of S-acid and its derivatives, as biosurfactants, were investigated. Sodium salt of S-
acid(S-1Na) effectively decreased the surface tension to near 30 dyne/cm and showed superior dis-
persing ability than commercial surfactants such as SDS and Tween 80. The emulsion made by S-1Na
could be maintained even with increased concentration of calcium ion. Also the penetrating ability of S
-1Na was observed as effective as that of LAS. All derivatives of S-acid were degraded by microorga-
nisms much faster than conventional surfactants. Among the derivatives, S-3Na prevented rust forma-
tion as effectively as commercial anti-rust agents did.

A & Aaro]l & 4= glow u|HE AHZJA (Microbial
Surfactant) oukd o 2 Glycolipid, Lipopeptide,
A AE KT AA|, HAE 5 AY RE A Phospholipid, Fatty Acid $°02 &F3c}(2). 9
el 4} 2ol gle AREHAE dFT HF3tE AE AHBAAE S (454 2 HESA4)o] A
AES U488 AMEEle] FAE e Add Aol 2, AR A wad gk sk Yoo
th. old AHEAA Y A, F F4e] T AL =% 98, 4% £9, £&%, hydrocarbon, A&
7b ARA ke A 52 AE F SAYRA B A 718 5& olgdllM HA Aatste #A ol9
B AEAEF k7141712 k(D). o B}3tyo B Ao ol 5 F2EF 7HA
HT FA3 71 B0 Bl FAAR T glke EAe] it ol AAHE kA U]*é‘%
% olu] “Green round” §& Falf A FAEH AdEAddE HE olF, Avet FA94
of S A HEgA oo AFL FEXA Aabsle, RS 8 AR FEA 245116}41

2o sz Qe Aok @A 7|E

A 2 sely] ALs T AFAGRFol Glycohpld

AARtE F4o) A1 ALsrt 2EHe M2 A ASe o 4E ARGAATL 2ol 2o (3),
Wy gl AR A AHEA A (Biosurfactant) 7} Boj| 4] Glycolipid #%-¢] Sophorose lipid7} O]D]
FHT A9 diade] = gk "L°4§1r5]°1 AEe] U8R 2ol Qlrh(4). TAY
AR ARTAAAE T4, vAE SOl oA £ AHBAA o] dollE fel A= Alkylpolygly-
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cosides, Starch-based surfactants 59 g2} 4
A 29 “Green detergents”7} A £9 253
Aedsts]o] ok E=& AAE Ao g s AE,
ojekE, FAE 59 #3424 Carbohydrate es-
ter 59 AWLAAI} 2olT glE FAo]o]A o
of gk T AL F71 Ao 2 AgHc(5).

S-acid(Spiculisporic acid)+& Z%o0]9]l Penicilli-
um spiculisporum 2 2He| LTS 7|AE 3le A
AL (6). S-acide Wik F B84 AA e
O-acid2 ujefoll ol )30y o] O-acid: 7}
o ¢Jste] S-acid HHZ HFHE|e] S-acidE A
ol&3tAY FEEAL A ¢ <l S-acid9
o2 e vkl 28] 50~100g/¢ o4 m
FEE AAET A S Yo A B4R e}
o] &7t $¥sle] YAE Eeo T nlgs
A7 4= glrh. S-acide 454 2208 n-decyl
FEE, AFH FEoRE T Y slzEAv|9
g e FEYE N E F2A Eo|4g Xz
AcH(7)(Fig. 1). o|2ig F24 Eo|4 o&o S-
acide FEHEAMA|, AlA, WAA, AR A, 53
2, &84, dx, gAFA Yo 1 L8]
7]t =3 9)e}(8).

olgg u|YE AHTAA L HETAQ Ak
A s F 72 24 &, QAL yiEe
7|2 AWZAA} 7HR)A] FEe E4L
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Fig. 1. Relationship between S-acid & O-acid.
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S-acid 2 §-54)

sjeFA g o}sle] FA9t O-acidwhg 2L o}
S-acid& +33t7] #3le] SH4E 7K £ oF 100
Tolld 4087 712 S shodch. LA el9] O-acid
= o3ste] Ao £ejgt ¥ AAAEE Falo] S-
acid® 2ok S-acid®] YEFY ¢ dio}uleie
S-acidE oELEFE §6417 T AAZTAHE wiele
2 A k] NaOH £& dAolnlg 71g & 3
A AF 75 o8t AAFAFCH10).

st AW LA

S-acid 2 7 JEFIT dAoluleizte] A
BE ok ArgHon) A%s AzHd < EP-680,
WS-10003} SiFo)4 +9J% A% aAel GB
% S $3AYU A, B ARBYAL ()99
sl 713usten g o ARBAA
LAS, AS 5 R2847(F)el4] 7|28e e
o[ gah3ich.
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Ed3, A4y
AdA-2Z o A Surface tension meter(Fisher Sur-
face Tensiomat model 21, U.S. A.)& o]L&3}o] &
Hatelch, MHEe 2424 ¢odT EMPAILES
AHstglon] WA 99d¥ e LT E Chroma-
meter(Minolta, Japan)& ol&, &&s 1, 7+ A=
0.1%& AZstod A" LA Yo F oo
Yo 26°Cell4] 120rpm, 108 Eot A|¥&
T A A 2HEE Azl A
2 Chromameterel] 23] ZT & =A39r}.
(L-Li)/(65-Ly) x 100, (L, : M2 % 3
=, LiiAR A F)E Aibsbqdnt.

HxiuA e, 7jxg
ek Al Ee HA 7] &4 (Spatiron-M, Ja-
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Ak



Vol.10, No.1

2(gk, LAS9} 2¢4= LAS:Al8=9:1), 2]l
2H AL o 1087 g3 587 g2, A2 ¥
Ao g 5 FAY HAVE HAAA BAH
A7) EAstocH(53] W 3 HF A AHE).
71zEe] 242 1%, 05%(W/V)9] AEF o
A1) 30miE A F 25em Fold AL T
A2 & 20mlE 33, AR AEE Juh

2AH

100ml wl~A=e] 2tz 0.3g2] Fe,0:9 0.6%
o AgE Yotk 2 ¥ JAHEEE 7} AAARY
g 259 Fe Oy} F1F TAETE dtof &
A A Az AR F osaddY A
20ml HEEA 2mld FHsle 26ml ERHTE 3
A7 & 660nmel A FREE 5;‘45]"’4 A S
ehfgic BAE0l £84
ol slof4 W) E3b7} ofstafch
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ZR5IAY f3HEEAL 2 A5 (05%, 0.1%,
0.05%) 15ml®} olive oil 15mlE sonifier(Bran-
son Model 450, USA) =2 487 38 A7l & 2
A7 F ARG AAND T AL 435
o EolE 24, i8¢ A4sddc. g o]
Aatel A2 433 e 7 AE 05% 15ml, 2
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F 2447 £ daAYd] AR F AW
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Zo| 28 7$1 HaAAUGd YoiM 9 ol
2 doiz|7] XzstEs A7ke =Asldc). L=
25°CoAA $-7) &l 0.5%E &AL g &
2 438 AL s T ALdE &
A2 200ppm< seed?} TA BODHo|
o Eq 29 AR £EALFEE ALAF
o435t EA3te] AEATY HE =2 ARITH(1D).
e 248 100ml Zefazol 7+ A8 50ml
(100ppm) &}t F(7g)& ¥ 30T incubatorel] @
o] 32417 & AAE 5 A o] A (T T4
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A3 4 %

ZHAH Xdts
S-acid®] Sodium salt= O-acid ol 3}t
s A /e 7t2BAY |} F39 el et S-
INa(17]), S-2Na(2’/) 2 ZFA| 4 W7t 25
2318 7S S-3Na(370) 2 ZAJ3ledct. Table 1o
L 7Zzbel mwAte g TA)Egdth. S-2Na, S-3Na
Br} S-INazl o $& TR Asds Rolxn
glom E3] S-1Na:x 30dyne/cm F29 Hejut
Fazd Azl Heln gloh A AR
ol &5 1 gl= AR AHAL fARE 2HAH A
Clas 5‘-011 oltt. GB WA A o] THAE #3ls
< 9= Ao vl ABAe] glo] #Ae

L AL 1

MHH
747+e) S-acide) UEF 2 FAotrlddst A
Aqe AA F M F2 xﬂd%‘g Bole LASS}
AHEe wwsigde}. Fig. 2014 EXe] §-2, S-
3Na.4 7% LAS Brojs £2 AHHE BolA 4
o} 19% HEo) nliz ofzg AHHE B
E}. dul" o 2 o] YE AHRGAA7} AHHo| B
Atk AL 7rekggd v AE ADZAA FAA
Loags) 2 AHEE shAdy @ 4 ook =%
S-acidut o} gAotulgio A= AHHe] Hojx|=

Table 1. Surface tensions of sodium salts of S-

acid.
s ! Concentration Surface tension
ampe (w/v %) (dyne/cm)
0.5 36
S-1Na 1 32
2 316
0.5 44.2
S-2Na 1 43.1
2 36
0.5 45.7
S-3Na 1 415
2 403
ok 1 325
EP-G80 5 334
1 38.1
WS-1000*
0 2 37.2

* . Commercial, biodegradable surfactants.
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Fig. 2. Detergency of various S-acid derivatives.
C : Tap water S : S-acid S-1:S-1 Na
S-2:5-2Na §-3:S-3Na
S-2n :S-2 Normal hexylamine
S-2e : S-2 Ethyl hexylamine
S-2¢ : §-2 Cyclo hexylamine
LAS : Linear Alkyl Benzene Sulfate

Table 2. Antistatic power

Sample Charge generated(kv)

Water 4.7
LAS* 48
$-1Na 47
S-2Na 47
S-3Na 45
LAS+S-1Na 6.3
LAS+S-2Na 8

LAS+S-3Na 6.2
DSDM** 0

LAS*: Linear Alkylbenzene Sulfonate
DSDM™**: Disteary! Dimethy! ammonium chloride

FollA 719} 8= ofok7] Eojetz

9 olzte
Bt}

Chztg x|

YA A Aol A Bashs A7) e
of S13384] B Tzt AT Aol A
WA AW $Aa] sl Wobech meby
Akeo] o3 FAlo] LA B2} QIrkd m
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Fig. 3. Foaming power of surfactants.
AS*: Alkyl Sulfate

HARAAE HoE Dot oA Hoh g4 S-
aCid—4 HEFFo] AHo] 34 dojx|x] ¢on

Z AlA S} aze}l A AL AZA FA]o) AHE

g 5 vk 2A18kein}. Table 2014 BEo] &
A A HAAR 2olk oke]e AHABAA
DSDM& AA7|7} A5 2] e wid S-1,S-2, S
-3Nag] A4 E9hg AHEE A9 F o)} 9ol
ov| LASe} #3ste] AM& w9 3] HA7)7}
o HAEo}A S-acide] RSP A gl A
22 B} oj& S-acid HA] o] AHTA
Aol22 gfdA] EX81F u= Polyestere}e] uhat
# ajFolzbar Ayztgic).

7|=

ZIZHAATHE AHSAEH, FA2LEd] T
DHEAY 5 AHEAHA Y HEA EAo|r}. Fig. 3
o= S-1Na, S 2Na, S-3Na9} #3} AdgAAq
ASste] 7|28 ulzahsich. S-1Nas} S-2Na, S-
3Nadtl=s £2 7]1"'3" Holxw 9o} ASHT}:=
FA9S 2HE Holx itk armoq Aags
o] & AlWE A9 Sophorolipid 2] 7% FH4#
o] S-acid9} fAsI} AEo] BAER ke Ao
Hol 3] ZALH stel] oa] AFo] LA
. BU)e ofgch(12).
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Fig. 4. Dispersing power.
C : Control(water) T80: Tween 80

S.L :Sophorolipid Dodecyl Sulfate

Table 3. Emulsification power.

Sample  Concentration(®)  Degree of emulsion(%)
0.05 83
S-1Na 0.1 100
0.5 100
0.05 0
$-2Na 0.1 0
0.5 93
0.05 0
S-3Na 0.1 96.7
0.5 100
005 96.7
SDS* 0.1 100
05 100
0.05 0
T-80** 0.1 0
0.5 96.7

SDS* : Sodium Dodecy! Sulfate
T-80** : Tween 80

= 5 7%, F9lE
5 RE Abgifole] o)1 Slt}h. Fig. 4ol S-
acid®] YEF 5} Sophorolipid, 313} A=A ql
SDS, Tween 803} wv|wsle] Abeds- vpefu it
S-1Na¢} Sophorolipid7} SDSv} Tween 802t} ¥
R F& BAHg Ro|n 9lor MiW S-2Nag} S-
3Na9] ZA¢E BAbsdo] g 7o' viehyt

o o
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Fig. 5. Stability of emulsion with calcium ions.
A, B: commercial products(from Bumwoo
Chemicals Co. Ltd.)
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HAHo B AFE FEF, g% FolM 2FHe FL
g Adolr}. Table 3ol FHTE AHEsls 7
2. S-acid®] YEF <iz SDS, Tween 80 At
A £38 vz g vehidet. S-1Nag} S-3Na,
SDS7} 2 F F& f3HE Relx ok od
T oAl A 35l F4% Flske AL
o] uto]ld A UAZ FA} 7] Wz T
iic), Al Fodgo2 F3AE A4 &7/
AHgatz] g FHETE AREA =Y o
T4 i Qe AFel g f3sHol
oAAAE}. 48 B9 gl Arlske #3449
A%, T4 AHA fEEe] 2EiEe A7
Z2Z BE5 o AgANN FAA) FHa g} S-
acid®] A% F 719 stEBA 9} ZEolo] A
817) ool 2 E3) MR f3t5e 2 A
o2 @cdste] Zge] HEE WHIAIHA F3w
& zAbsledch. Fig. 594 ¥rohA]l3 S-1Na, S-
2Na, S-3Na BF ZHgolo] Zrlsie AT #3
5 A8 Bo|x glx] otk whH, A AHTAA 9
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Table 4. Fenetrating power.

Requlred time(sec.)

Sample Concentratlon(%)

_water - 4292
05 0
LAS 025 0
0.1 1 )
05 0
S-1Na 0.25 1
01 - 4
05 5
S-2Na 025 22
01 8
05 28
S$-3Na 025 74
0.1 ) 124

Table 5. Solubility of S-acid.

Solvent Solubility

Ethy! alchol Soluble, Dispersed

Methyl alcohol Soluble, Dispersed
Benzene Insoluble
Acetone Insoluble
Cyclo hexylamine Insoluble
Petroleum ether Insoluble
n-butanol Dispersed

o g8 53 2 FAA ArlsEle AHEAA Y
F a3t AAo|c}. Table 4+ 7 = o2 S-acid
HEFHEH LAS9 AFEH uxE: Jehigrh
LAS¢} S-1Naz} 13 AFEE vediglon S-
2Na®} S-3Na HA] k33 HFHE Ho|x gir}.
LA AMgslE e 74] AL AGA 7L o Lefel] 4
A L3 g =71E BodF 1 glr}. Table 5= S-acid
o 72+ #7140 dellxe $HEE RoiFw i)
S-acide o¥YTE, HELTE, FEg 5 F2
dF LN A Lt AE & 4 9lsioh

A

H'I

=5
ALEE AHBAAAT} A T SHRA] o= A
T oy FdEerke AT oA st
Al zEisojol do}. E AgAedME v AE A
A 4]el SophorolipidE Z3Hah vl 2 odul Ad
A g EaliS e Hustdm (11) &
AtollME 22 e, & £2419 2SR
£ Bwg w2 S-acide] AEHEE =59
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Fig. 6. Degradation of various S-acid derivatives
and other surfactants. EP, WS, GB: Com-
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K 20Z =
ifi) /7
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PO Ee=ma e
C S §-1 S-2  S§-32 E AT A B

Surfactants

Fig. 7. Effectiveness of S-acid derivatives and
other surfactants on the prevention of rust
-formation. C : tap water E:EDTA-4Na,
S:S-acid, AT : ATMP(Amino Tris Methyl
Phosphoric acid), S-1:S-1Na, A, B: Com-
mercial products, S-2:S-2Na, $-3:5-3Na

t}. Fig. 62 7+ S-acid9 W}E§ 33} Sophorolipid,
Al AgHeR o4 e A AHH o
Akl A v|ws Jehllz gk, Sopho-
rolipid, S-2Na, S-3Na, WS-1000, GB A 47} 7}
A A7t & He Ae® vehyton &3] So-
phorolipid, S-2Na, S-3Na+ & g v A4
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C S-1 S-2 §-3 EP S-L GB WS

Fig. 8. Surfaces of nails treated by various surfac-
tants(concentration : 200ppm).
C : Control(water only), S-1:S-1Na,S-2:S
-2Na, S-3: S-3Na, S-L: Sophorolipid EP,
GB, WS : Commercial surfactants
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