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Microbial Biosurfactants and the Treatment
of Volatile Organic Compounds

Ki Sup Lee and Gi Eun Kim*
Department of Biotechnology, Seokyeong University, Seoul 136-704, Korea.

Abstract For the biosurfactant production process at first Candida bombicola, Sphingomonas yanoikuyae, Sphingomonas
chungbukensis and Myxococcus flavescens were studied. As the most productive microorganisms C. bombicola,
S. yanoikuyae and S. chungbukensis were selected. During many petrochemical industrial processes variable
volatile organic componds are produced and they can cause an unpleasent and unhealthy atmosphere. Usually
the volatile organic compounds are treated with chemical detergents. The chemical detergents cannot be easily
degradable and can be accumulated in the nature. In this study we tried to develop a production process for
the biosurfactants, which can substitute some chemical detergents in some chemical processes, with
microorganisms. At second the treatment of the volatile organic compounds with the biosurfactants were tested
and compared with the treatment with chemica! detergent. The production productivities of the biosurfactant with
microorganisms were compared. The growth patterns and kinetics of the microbial cells and the surface tension
vaiues of the biosurfactants were studied. The changes of the surface tension in variable pH conditions and
sodium chloride concentrations were also studied. The volatile organic carbons were treated in a small plant
scale. As the result of this study, it indicated that the specific growth rate of S. chungbukensis was the fastest
by 0.144 (hr"). For surface tension, C. bombicola (38.1 dyne/cm) had the lowest value, and solubility of the
volatile organic carbon was similar in C. bombicola and S. chungbukensis. (Toluene: about 0.1 Unit, Chloroform:
about 0.6~0.7 Unit, Benzene : about 0.5~0.8 Unit). The biosurfactant, which were produced by C. bombicola,
was selected for the further study for the volatile organic carbon treatment. With the biosurfactans from C.
bombicola could remove the volatile organic carbon about 80% and this removal rate can be comparable with

chemical detergent.
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o] ZopllA A9l iR ARREI Stk 18y 33H
ARG AFoZ A3 P L 249 g, A
4 AAY B4 oz GRS R 23152 873
L4o] WAt FAES JHAI luk(0, 11, 12).
) REol| ojsf AikE APBAAE AEABIAA )
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B d7e A9 Zo] goFg Fopollq 31870
thie] 852 AMRE & Qe AEZARTPAE o)83]lo]
3 7718F31E4 (volatile organic compounds : ©J5}F VOCs)
o] Ag7iee Uigt 7FsAde Arsidnt 3 1718
EAEL T gslAsiitEe] $3oltt 3 R
SIEALS TRV ol 98 7HA] HulE 39
7EEAI7IH QIZte] @k AERE] ABHA FEFe
7|11 0|2 1% a7t STIEA6] Atk13). o= s
FUdME FEAE Fea) BAste {riskEd
off gt #4lo] EobAL UTh2). 1995 129 AR
7137 BAH 93 Y RIS FEDY vlEAAd
< #YE U=E ALY, 19979 7€ IUt 2k
SR FEA f71EEE wiER] tiRo] 1A
AA FAIEA R FEY FU1SEAS] wiETAsE
A7 o2 AYPHAE FHEA AU HERY AAE
AZH (AF d4H, Fu) 94, 5550 da
59), Bl A7 (349 FEY, S 239, vt
°]22¥ F%), T (K-Filter 3, 3719 £
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ARSSIR] a1, AEARBAAE YArehe FF wigels
olg3le A7ISERS] A2E A7t BEAEEA
AE A We o8 75 5 ARSIAE Aiksle R
0= HuE #F /KE A3 d5E C bombicola

(KCTC 7145)(5, 20), S. yanoikuyae (KCTC 2818)(20),
S. chungbukensis (KCTC 2955)(25), M. flavescens (KCTC
9843)(1) o1& T AFBANA HEs7lol 7P ARq
FFE AP, tFos Aust] s FUE TR
o 47 4§ AAE 2ok FF VPRI ol &
7Fsst 243} 712 volel2 &8szl st

25 Mg % ALBHHR|

REARGEA gz +4
A8t

C. bombicola (KCTC 7145), S. chungbukensis (KCTC
2955), S. yanoikuyae (KCTC 2818), M. flavescens (KCTC
9843) ALE BiR] 2 H]%E C.& YM HIA| (yeast extract
3.0 g, malt extract 3.0 g, peptone 5.0 g, dextrose 10.0 g,
distilled water 1.0 L)E ©]8 3t 24C Xgujg7]ol) A
120 rpmoZ 397t w3tk

S. chungbukensis= TSB ¥lA| (trypticase soy broth 30.0 g,
distilled water 1.0 L)E ©]-8-3t 28°C JgH]F7]olA
120 rppm 22 3Y7F HiFEFATk

S. yanoikuyae= IF0O203 BJX] (teast extract 5 g, liver,
infusion from 25 g, glucose 3 g, glycerol 15 g, distilled
water 1.0 L)Z o]-& 3} 30C Zgu71oA] 120 rpm
S 3U7 HjFeAH.

M. flavescens< yeast extract 1.0 g, raffinose 1.0 g,
sucrose 1.0 g, galactose 1.0 g, soluble starch 5.0 g, bacto
casitone 2.5 g, MgS047H,0 0.5 g, K;HPO4 0.25 g,
distilled water 1.0 L9 agar B brothE A8t 30T
Fedikr)olA 120 rpmOE 3U7E viUSSIIT) HiRlel ok
HEe AEAIAAE (KCTCy ol AHstit
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C. bombicola (24C), S. chungbukensis (28°C), S.
yanoikuyae (30°C), M. flavescens (30C)E JI&H]47]
oA 120 pmellA 124170 AR E AFHSY FEE
(O.D 660 nm) ¥ ¥= FS Sk 4= %
35 A) (Spectrophotometer, Shimadzu)E ©]-8-5} 660 nm
A EAH3AYT =T B4 JFAY 2xF 24
F|EE olg3le] E3FTA A 505 nmellA Z38Hth
SN 12A17HE 7IECE SA9%Th

ojldE LESHE A+ o

el AR B W) A, TAE 9 54
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237 9% 71z AL 437 A9 1242 v
660 nmollA FFEE Sl WEFo T MBS 319
I 44EH (growth kinetics)& AAFSIATE ALk
nXE o] tha) A3 712718 TAAT. Anale

InX,— 1nX,
= =I5 otk 714 e MIAAEE (specific
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growth rate)o|Th 7|4 Ind AAZIZ T=Ep, 1= AR
& 590 JRSE YE Tk AL v= - 22 ol o]

A X biomass®] FLo|1, S 7129 B2 3T 24).
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A7) 2391 BRI ol87Fs 0] 1 e HFE
3171 A8l C. bombicola, S. chungbukensis, S. yanoikuyae,
M. flavescens7} A2¥ele AAEAAZAGA Q] LA )
EA] SIS S8t vk ASEAZRAL o
o} 2 o Fujgsie] AMEITE WL 100 ml
vlojde] 30 mee] AAEAHA 84 (HiUYH-S 3,000 pm
A AR T 0.02 um ZEE ] e G} 20 mee)
g I f71SEE £ (B, 222X E, dA)
£ AL T dES ol EFVIE |8 (800 rpm)3}
o 3083t ATk ke £AS 2087 948
(2500 rpm)3}l] &3NSR e I {7)8HEE 4
< E23 & HPLC (Waters 510)2 o]&-3l] BA51%ch
48 1O Z reversed phase C-12 columng A&+
3+ HPLCE ©]&3}d RI detectordl] 9J8) SAHUT) o)
A OPEUELD Hlo|25E 65135 HIEE T3]
ARR3IIT) 01579 A4 1 mL/min °]th

1
r

EHAE (surface tension) S 250 ml] HjFY =
A 12 it ASE vk oz RE A F 3,000 rpmoilA]
3027 AR F AedE o83 BuAHE 233
Tk AL RARES o= Egsi9it) HadEe 5
9] “KRUSS GmbH”AP7} A|&et THAEZA7) (surface
tensiometer) S ©]-83l] THAEE 23] WHESI SN
o S 20 & 2799 (ring method)E AME3ISITN(16).

CHEMdAE S MAE uix] uHeY

Hidel] ALSRF iAIE-S BihiRlo|ng Add oz nidks)
71E w2 WP 29E o9tk a8EE gulg By
HiR|e] ARSHUE Bt R ujAE 2S "a o) itk
AFe wiAe HYAe] dBFEEE vEsle g
g ARl A 220l FAEIRE AASIATH14). ©]
£ ol&3t Zdujx|e} B3t x| A Hlo|EgE v £
SIATH AT E C. bombicola T FUw|R]of] wjjd,

3 iR 2 A3l Algsked uiRIZ AL 3 4= Y
o duRE SRG F EFY 5%E A7l TESTE

o] & AFoME AL&HF (com oi)E 7} ATt C
bombicola?} A4rehe AEAHEAAIE 48771 7
HiRlolN T FEE Ao "ok =58 FsI3TH20).

pH 2rgd 3 o okdy

2 HiA] (500 md)ol) AE-7E 10 mAH7F F FeHj
St AZ AFH F AETol= B E73) e 7
S AAZ F 3,000 rpmolA] 3023 YAEETE FeHe
0.02 im&] oA =8l 1 N HC1# | N NaOHS
Ztz}y A7}¥sled pH 2.0~pH 10.07}A] 1.07HE0.2 thdsh
o] pH €98 WE ¥ pH 472 43l pHE
BABITE o] & A vHEo] oziE §oiy) tiekslh Heje
pH 89S 1:322 AArk A200A 24A12F 1] & I
FHZA7] (tensiometer) S ©831d pH F-Zl tist T
2 ko] H3ls AuERIT: 5732 33 RSl 275313t

Holl 3t oML pH A AP & e =w
ek 71BAA, Y48, =gt & 1 A o831
o} oJfele] NaClS 7Bl NaCle] 5571 1%, 2%, 4%,
6%, 8%, 10%7} HI=S Wt €9 T% B4 “Lutron
9] YK-31SA” (range : 0~10%)Z ol&3l3ict Y3le 5%
2 HAE 9 TUFRSYUIE ol&st] 1HFE 3
H3lE Awugitt 2342 33 ukEsle A3

njgiesl EME (Pilot plant) 2 HE

At A5 g 3 FEuRe] iRl sidE
FHE RN AT F7ISREAL] FF AEles Y
stk diElde vh3U)E ol &ekA] wa Eg2aE
ol-83lo] ASEARAL W} 2 2N Feduldatd
ok A8 FA7ke WA 1 LE 71802 20 mE A7HeI
ok el ARSI ZE Tween8l (Sigma APS- AME-
Sioick 292 7o} Evold BT ARE Ha 24
slck B4 2702 £330 13 JRAZERS (gas flow)
£ 0.5 CMM2Z 3¢tk B4 A zrleastds ofg-
3 A5t ka2 2vET#iT)E FID detector’} 72t
= HP6890 (Hewlett PackwardAp) 7I2=ZZrlE 1 E
o] &3}tk GC columna PE-1 ©]il initial tempe 30T
(10 min), oven ramp rate 5C/min, final temp+ 230C
(10 min)°]t}t. columnt] = ~2 mL/min®|th
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X BEEAS RIS 3 Bl widS Sl
FEAEE 660 nml A ZAAAG. FEFe] T
AL FEAdA AAlE el me} HeEtE
AHE 53} 22 Ae AMSSHY AlLE skch
LT (ng/100 mf)F= %%xzoo (/100 me). ©|
gAML ¥ edao] 600 mg/100 ml 7HA] FZAlo] glo
o] e gt Eo7HA FHste AU the
TFE BghjAl wiF A3 C bombicola, (Fig. 1),
S. chungbukensis, (Fig. 2), S. yanoikuyae, (Fig. 3), M.
flavescens (Fig. 4)°|t}h. H3uiR|o|Ae] Eolalare Gigl
ot e JekE SR vws) B M flavescens
T #F AEFo] o 6 gLE YEhgTh vl C
bombicola, S. chungbukensis, S. yanoikuyae®] 735 ¢
1820 g/ YR} M flavescenst= HNZ 08 AEaEo 2 o]
Ao} e Aog FHE HAUk F, M flavescens2)
BT 24N F RHe FER] Y] &% Tk 2s
A 4 Qrh ol9h 2 Al wiRle] A% HtE ¥
S B dElERAE BARICE O o8dlal YA T
Fe ILTE a5l dHde A2 4% 5 ok
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Fig. 1. Growth curve (@) and glucose concentration () during
C. bombicola cultivation.
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Fig. 2. Growth curve (@) and glucose concentration (M) during
S. chungbukensis cultivation.

450 25

400}
g 350 | T ZOA
S 300} 35
~ 115~
g’ 250 | 2
e 1 Y]
@ 200 110 CE)
& 150} s
3
G 100} 1s

50 |

O i L o, - O

0 12 24 3 48 60
Time (n)

Fig. 3. Growth curve (@) and glucose concentration () during
S. yanoikuyae cultivation.
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Fig. 4. Growth curve (@) and glucose concentration (M) during
M. flavescens cultivation.

mEoizts (Surface tension)

| Eo] MEAHSYAE Airshd G2 o
At} o] AMES o83 HHAY oz wAEe] A3t
e AEABREAAAY B8 3l 2 4 Qick dyt
oz 38l ANTAAE THAHO) 25~50 dyne/cm
Aol Ay Zk& ZFRTKS). C. bombicolas] 735 A
o] 66 dyne/cmol|A 38.1 dyne/cm7}A] Hoix|1 %FH
A= 0.1~1.1 dyne/cmAtoldll AT} 8. chungbukensist
60 dyne/cmlA 56 dyne/cm7bA] EolA 1 EEFHUA=
0.1~1.3 dyne/cmA}elol| S, S. yanoikuyaes 60 dyne/cm
o|x] 55.7 dyne/emZ7FA] HolA| 11 HFHARE 0.1~1.0 dyne/em
Aleloll 913l M flavescens= 66.9 dyne/cmollA] 56 dyne/em
A @olA3 EFHAR= 0.1~0.6 dyne/cmAtolol] Atk
(Fig. 5). FHFEo] gk o] YEANEAIA ] B0l
953 Aol Forst wl, WAL 38.1 dyne/cm7}HA]
HolEH C. bombicola7} 53 WEAUGYA A4t
TFEYE R T & AUtk C. bombicolad AT
w2 H#F 37MAE 3R AWBAAA Hol Eo7A
R AoE Yyt
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Fig. 5. Surface tension changes during cultivation.
C-S.T (®) : C. bombicola surface tension,
S1-S.T (M) : S. chungbukensis surface tension,
S2-S.T (A) : S. yanoikuyae surface tension,
M-S.T (-) - M. flavescens surface tension.

ASEAA SHof|M FHed RoIsiElEEe] B &%

ABDIAL) LY 77151984 Sa= gL A
EAA17F A} B Fary S )38 EA S 483 &

Sl SeslsiciEe 6) 71 B 195 4718
EEE 83k A2 S chungbukensis©)il F WAZ
Y A ]ﬂ'ﬁ‘ﬂ'ﬁ@ Wo| $83= AL C bombicola

2 etk Sorlgke M flavescens] 8 F e
3 S8l olth. M. flavescens™= EF4 (toluene), 2
23X E (chloroform), ¥4 (benzene)e] £3)57} 0.2 Unit

ol3t2 UElNiT ol T wAEe| Ailshe AEA
HEYAe] S3=rt S22EEY] A9 0.55~0.74 Unit,
WA 0.2~0.84 Un1t7i]-7<] Yel= Rl v o}?i 4%
3] e by fUEtEdY £ 4858S BNtk
1311/} EF09) 739 M. flavescens©) E’-Z:‘.O]-ﬂ | =
7} =8tk wbA ko= o] Ao e 83Tt visst
ERels €9 FEREEY W49 &SlET R
M. flavescensE ¥iA|E}7|2 At

0.9
08 I
0.7
0.6
05
04t
03 [
0.2
0.1

0]

Unit (g/L)

C St S2 M

Fig. 6. The solubilities of toluene ([J), chloroform (M) and
benzene (K) in the biosurfactant.

(C : Candida bombicola, S1: Sphingomonas
chungbukensis, S2 : Sphingomonas yanoikuyae,
M : Myxococcus flavescens.)

DME MTSHE ASE 0I88 MUY

uAEe] ST (WS UeRd Zlo] Table 1.9 ok
AT = vAEY AFEEE Ul o=
M. flavescens7t 7V¢ ¥ & BoFa ot o=
M flavescens®| A7) 718 Q8 dele o= At
g 4 Ark pgke 2S¢ AAEE o]8sie A7 (Hell
EH?;H =23}k :110}9114 S. chungbukensis7} H A%
&9l 71A4-go] 2L Ao = eyt Substrate yield
o] A% ¥NE M flavescens©] 7§ A Utk “1eivt
M flavescens®] 735 iAo 4% H/ME 2od 2 ZE
EQAE olfsld UR AATE 18 gAY g
o whe} wjAu S ‘:}”EE Halete] sk Al At
3]":}“4 AA R BRI & (FEFE E3lshe] g@igo]
FaHT AEHE 3’—3%3}?{] 201, THEd] 1 Aol AT
EO]‘C F-g)e] =4 LG el=

Table 1. Specific growth rate (u) and substrate yield

Microorganism { u value Substrate yield
C. bombicola 0.061 0.045
S. chungbukensis 0.144 0.107
S. yanoikuyae 0.091 0.061
M. flavescens 0.040 0.191

u : Specific growth rate (hr).
Substrate yield : g cells/100 ml substrate.
CHEMEAE 2ist B ey
gz B AE A2 9
A7 A9 Y6 A HA A7lsRIEAe) Sels
Ay A3t S chungbukensis% C. bombicola7} J|EA
F7183HEd 5 %
STHFig. 6). ¥ ‘3;{}74]7‘9‘} 7]7]}12559‘ 2 @ w2
WHASEAPE S, chungbukensis, S. yanoikuyae, C. bombicola
7} Bk Table 1). o 5 ABZ v Popd FE 75 4
& 8. chungbukensis7} HoloF 31}, AF EHL 958
RAEAREYAE ikl 7 o83 283 Aolr]
of ERRL YNA AR ANBIA B2 WY
5 W= C bombicola® HEXOE AYEIrhFig. 5).
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CHEMIAIS Plat SR whet

29 8e) Aeis e s ges oo,
AEARBAA} ol 8o ATl AT H) AL W o
ol 1t olg SR A £ AToNAE
GUAE ol §3ech PUHAE Aol A
e e AATIEA v AdeINie: et s
A9 w2 Aol Hn AU A SE} o}
Ao Qe BAU0E ABL ) AHUTH23),
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o] AMS nigte 2 AEAARGAA7} 7R G- =&
Wis SdslE At 5% FLERE v B3R
o} o o g kS Stk aElx FEEiAet B3t
vj Rl A AJakel AAEARSAAE vlwsted FEuR]e)A
o] ¥ Ast 58 QAL Agsnck 1 A% B
i Ech FdefRjolA HFE ®HWAEo| 3 dyne/cm A=
o v Zoz UERTE gy ZEbiRlexe EEiE
o] BhXET} oF 1247 A% HEA "o FHou}
FAAHAE ol & Hzke gle Ao et oiF
Ak w2 FUNRE 0] 8 = U2S ¢ 5 UM
(Fig. 7). FE3F @77} g wjx@gt ofjz), 4Hdoll &
< B T2 AR T Hofof Jitk P aeruginosa S8
& 083} Slo|=2TNREgEe] Bl HEANE
AA7} AEle AL #e1g A8} com oils H7ISH
Aol AEAFGEGAE Bo] Ardr= As Fof
B £ QTK17, 22, 20). o] =& FHuste FEHlA|
vjokat FujR]o) A8-HE AR whAleA T
B[ o] F HiRolA AAHE MEAHEGAY LA
F71E g EA Y] F4&3 v I TH(Table 2).

Table 2. Removal of benzene, toluene and xylene in the
biosurfactant with the addition of plant oil

20 min 40 min 60 min

2g9= HyelA e FUMR|GA HjdkEo] AAkE
NEARGAAE 208NN Ay EFoo F5E2
0%31 TN 7A$- 33%2) E58-S Rk 40ETTH
=z AAL] 0% Aeg veht AHGAEA
A 5Eo] He Ao Hut 4= gk v FY
Hjx]ol] 2188 Hrlsle] midsie] ALkE AEANEA
A= 40ERE 453 AALL 2 208 gdle Z4A
(Xylene)el AAEo] & o HISBTL

Hgollx] AgEle AEARSEAE R pH B 99
wals 74 gk a8eE wiek 2709 pH 2 8¢ =5
Dy ujodslel BEAE ] QkgAlS 1Y) HoE AEAM
B BaE0] Qi Aol 098 pH S48 218l
pHoll that 22& FAuU, NaClS H7sl] fol tigk 54
& Q) 32 ¥A A9 9% FEEHE HEE ¥
NEAAGIA Ag9} tsl pH §4S 11302 42 &
24X7F ¥kx) gtk 1 A3} pH 2-pH 109] 2o 34
A ke A HIA g AS=E YEiitTable 3).

Table 3. Surface tension in the molass media with variable
pH conditions

M+tS M M+S M M+S

M
Benzene I-O (ppm) 0 192 96 160 0 272
removal (%) 0 80 75 67 0 85
I-O (ppm) 0 400 80 400 80 640
removal (%) O 38 25 71 20 80
I-O (ppm) 80 80 0 320 0 400

removal (%) 33 33 0 80 0 857

Toluene

Xylene

1-O : inlet value - outlet value, M : molasses, M+S : molass
with addition of plant oil.

70
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Fig. 7. Comparison of surface tensions between microbial
biosurfactants.
C-S.T (A): Biosurfactant produced by Candida
bombicola in compound medium.
MC-S.T (H) : Biosurfactant produced by Candida
bombicola in molass medium.

pH ST pH ST

pH 2 37.0 £ 0.1 pH 7 37.0 £ 0.2
pH 3 372+ 02 pH 8 372+ 05
pH 4 373+ 05 pH 9 37.0 £ 0.3
pH 5 37.0 £ 07 pH 10 374 £ 05
pH 6 374 £ 0.2 4 9 37.0 £ 0.1

S.T : Surface tension (dyne/cm).

Table 4. The surface tension in the molass media with variable
NaCl concentrations

NaCl concentrations 1% 2% 4%
medium 51014 51503 521404
culture + NaCl 374 £ 02 378+04 38.0+02

NaCl concentrations 8 % 8 % 10 %
medium 529+ 05 540%03 564+ 04

400+ 01 408 £04
37 + 0.4 dyne/cm.

398 + 0.6

Culture (without NaCl) surface tensions :
Medium : medium with molass (dyne/cm).
Culture + NaCl : culture with NaCl (dyne/cm).

culture + NaCl

C. bombicola7} ¥i¥HA e x7) Fanix|de)] d&
Arlele BEAE e wslE #AY UM ~%ol
wet 27) FujAjde] FHAEL 51~56.4 dyne/cmE
A7tE 49 FEUb 2842 ZuRE o] EoMHle
23S Ak NaCle A7t 812 2 wide] a4y
e Z335UY 37 dyne/emtk 1~10%2] TidRE 5
2 ujjofelo] dS H7IebE XA 37.4~40.8 dyne/cm
2 Zple Ao Uitk dukdoz 35k AHeA
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Fig. 8. Comparison of removal efficiencies of benzene (),
toluene (M), and xylene (&) between Tween81 and
biosurfactants from molass and plant oil.

M+S 20 : Treatment with biosurfactant for 20 min.
M+S 40 : Treatment with biosurfactnats for 40 min.
M+S 60 : Treatment with biosurfactnats for 60 min.
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Fig. 9. Schematic of VOC removal process with biosurfactant.
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