2.1 (Surfactant)

(surface tension)
(interfacial tension)
Vv (amphipathic
structure) 2 (hydrophilic)
(hydrophabic) 2.1
(phase)

2.2 [10]
”\/\ 2014
! W W
21 2.2
http:/loldweb.pharm.su.ac.th/chemistry-in-life/d030.htm
7 30 mN/m

(micelle)
(critical  micelle
concentration, ~ CMC)
, 23 CMC


http://oldweb.pharm.su.ac.th/chemistry-in-life/d030.htm

20-200 [11]

Surfactant Mclecule | "rewent= Fores
—= Mygrogic Porven

Surfactant in
Water at 20 °C

H
s-

§ -
3

» 4

»1

23
: Gilman [12]
Critical Micelle Concentration
(CMC) ) )

' ) Critical Micelle Concentration (CMC)

[12]



2.2 " (Biosurfactant)
2
(biosurfactants)
: : (bioemulsifiers)
6 L (glycolipid)
4 (rhamnolipid) (trehalolipid)
(sophorolipid) (mannosylerythritol lipid, MEL) 2.
' (lipopeptide and lipoprotein)
(surfactin) (lichenysin A) 3. (fatty acid
and neutral lipid) 4. (phospholipid) 5. !
(polymeric  biosurfactants) 6. (particulate

biosurfactants) [13]
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[13]

Cellobiose lipids

Serrawetti

Polyol lipids

Trehalose lipids

Ornithine lipids

Viscosin

Rhamnolipids

Carbohydrate-lipid

Protein PA
Diglycosly diglycerides
Whole cell

Fatty acid/ neutral lipids

Ustilago maydis
Serratia  arcescens

Rhodotorula glutinis,

R graminis
Rhodococcus erythropolis,
Arthrobacter sp,
Nocardia erythropolis,
Corynebacterium sp,
Pseudomonas sp.,
Thiobacillus thiooxidans,
Agrobacterium sp.
Pseudomonasfluorescens,
Leuconostoc mesenteriods
Pseudomonas aeruginosa,
Pseudomonas
chlororaphis,
Serratia rubidea
p. fluorescens,
Debaryomyces
polmorphus
p. aeruginosa
LactobacillUSferme turn
Cyanobacteria
Clavibacter michiganensis
subsp. Insidiosus

Antifungal compounds
Emulsification of
hydrocarbons

Anti-proliferative activity

Dissolution of hydrocarbons

Bio-emulsifiers

Surface active lipopeptides

Bioremediation,
Antimicrobial and
biocontrol properties

Bio-emulsifiers

Bio-emulsifiers
Bio-remediation
Bio-flocculent

Bio-emulsifiers
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0

Candida bombicola,
C. antartica, C. botistae
C. tropicalis
C.
antartica, Kurtzmanomyces
sp., Pseudozyma

Sophorolipids

Liposan

Monosylerythritol lipids

siamensis
Surfactin/ Iturin ) sgbhhg \
B amyloliquefaciens
Subtillsin B. subtilis
Amino acid lipids Bacillus sp.

. . Bacillus licheniformis,
Lichenysin 8 subiii
Peptide lipids B licheniformis
Phospholipids Acinetobacter sp.

Acinetobacter
Vesicles & fimbriae calcoaceticus,

p. marginilis, p. maltophila

Emulsan A calcoaceticus

Alasan A radioresistens

Antimicrobial, Antiviral,
Spermicidal
Bio-emulsan

Antifungal compounds

Antimicrobial properties

Antimicrobial properties
Antimicrobial properties
Microbially enhanced oil
recovery (MEOR)
Antimicrobial properties
Bioremediation

Bioremediation

Microbially enhanced oil
recovery (MEOR
Biodegradation of

polyaromatic compounds



2.3 11
(extracellular)
(cytoplasm)
(transport)
[14, 19]
de
novo
450 (Cytochrome P450 monooxygenase)
(alcohol  dehydrogenase) (aldehyde
dehydrogenase) (aldehyde)
(triglyceride) (lipase)
@
(o) hydroxyl fatty acid
NADP (membrane bound NADP monooxygenase)

450 |
(glycosyltransferase ) (nucleotide-activate



glucose) [uridine diphosphate (UDP)-glucose]
cr (glucolipid)
I (glycosyltransferase Il) C2
(acidic form)
vl (esterification)
I
6 6 (lactonic form)
6 | 6
(acetyl transferase) 24

10
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AN A Y, -:ﬂm@b Aol _ill— frkare
! ISA]:H Fatty acid
HO. NACP- ()

A
Hydroxy fatty acid
UDP-Glucose

uorP

(©)
o
"0':7%\/ e
OH
o
©

Glucolipid

UDP-Glucose H

o
o
o A0
" N
g e i AN 7
OH
Sophorolipid (acidic form) Lactonized sophorolipid
Acetyl-CoA (£2)) Acetyl-CoA # ()
CoA-SH - ( CoA-SH r
’éV\/
> c c o
.t\/\/z\ouﬁ\/.#
Acetylated acidic sophorolipid Acetylated lactonized sophorolipid
24 Candida bombicola ATCC

22214

(1) cytochrome P450 monooxygenase (2) alcohol-dehydrogenase

(3) aldehyde-dehydrogenase (4) lipase (5) cytochrome P450 monooxygenase
(6) glycosyltranferase i (7) glycosyltranferase Il (8) lactonesterase

(9) acetyl transferase
- Van Bogaert [16]



24

241

dyne/cm

CMC
tensiometer

(surface tension)

(critical micelle concentration, cmc)

2.5

CMC

72 mN/m
35 mN/m [17]

mN/m
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CMC
. Solubility
1? 3
2B ra
~

a S~ L /_ Do .
- g o — — Surface tension
o0 i —
2
o Interfacial tension

Surfactant concentration

2.5
. Mulligan [18]
242 (interfacial tension)
N/m
5
30-40 N/
0.1-1.0 mN/m [19]
243 (emulsification)
2 ,
, 3
( /0 emulsion) (OAN emulsion) (multiple emulsion)
0.5-100 [20]
24 [21]

[22] |



14

244 (oil displacement activity)

(clear zone)
Hr2
1

[ 10

245 Hydrohilic-Lipophilic balance (HLB)

HLB
HLB 8-18
HLB

Candida sp. SY16

246

(Chromotography)

(mobile phase) [25]
spectrometry)

23]

HLB 36

HLB 10-13 [16]
HB  88[4

(stationary phase)
(Mass

(sensitivity)

electrosprey ionization (ES) atmospheric pressure

chemical ionization (APCI)

(soft

jonization) matrix-assisted laser desorption/ionization (MALDI) uv lasers

337

flight (TOF), magnetic section ion trap
TOF

time of



(peak)
( f2)
2.5 2
[13]
25.1
p. aeruginosa BS2
maydis
B subtilis
CN) , (CP)
(C:Fe) (C:M§)

Response surface methodology (RSM)

(surfactin) B subtilis RSM
p. aeruginosa AT10 Lactococcus lactis
Streptococcus thermophiles
(protease)  B. lichenifoemis

15



2.5.2
2521 (carbon sources)
Zinjard  Pant [26]
Yarrowia lipotica NCIM3589
Sarubho [27]
Y. lipotica 1A1055
B subtilis MTCC2423
Lukondeh [28]
Kluyveromyces  arxianus
C. Clabrata
(7.5%) (5.0%) 10
144 Kitamoto [29] MEL  c. anarctica n-alkanes
alkane
MEL n-octadecane
Cavalero  Cooper [30] C. bombicola ATCC22214

-alkane ( Cl2 Clh

16



pH9

Biosurfactant
Rhamnolipid
Biosurfactant
Biosurfactant
Biosurfactant
Biosurfactant
Biosurfactant
Biosurfactant

Bioemulsifiers

C bombicoia
21 97
37 N/m (pH6) 38 mN/m (pH9)
(CMC) 6 pH6 13
2.2

[13]
Cassava Flour
Soybean oil Seeds
Sugar beet Peels
Sweet potato Peels
Sweet Sorghum Peels
Rice and wheat bran Stem Husk
Sugarcane Bagasse Stem Husk
Cashew Apple juice Pomace
Dairy Whey Whey

(n-alkanes)
25.2.2 (nitrogen sources)

(stationary phase)

17



Lukondeh
arxianus 1510700
)
253
2531
Antarctica
[26] pH

antarctica  c. apicola

pH

2532 (temperature)

25-30 Casas
(. bombicola - 25
25
30
30
Antarctica
MEL

Ochoa [31]
30

Deshpande

R clutinis 1rso
[28]
@ )
(PH)
(PH)
pH 48
Zinjarde
pH 8.0 pH
pH 55

pH

18

G

Pant

Daniels [32] C. bombicola

27

25
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2533 (Metal ion concentration)
cofactors
Fe2+
2.5.3A (Aeration and agitation)
Desai  Banat [11] N erythropolis  / calcoaceticus

Adamczak Bednarsk [33]
(. Antarctica

50% 2
84%
(end-product inhibition)

254

60%
HPLC HPLC
C-18 (acetonitrile)

uv detector 207 0.5
2.7 [34]



8005¢cLcee

HPLC

8
g
2
3 |
A T
Retention Time (min)
2.6 HPLC
Torulopsis bombicola
: Hu Ju [34]
(MS) MS
TLC
Hu Ju [34]
08:2 06:0 (m/z) 688.9 686.9 684.9

08:0 08:1 08:2 06:0
705.0 703.0 679.3

1-2

20

08:0 08:1

661.2
(m/z)

707.0



2.3

Adsorption on wood
Adsorption on Polystyrene

lon exchange Chromatography
Solvent extraction
Centrifugation
Acid Precipitation

Membrane Ultra filtration
Selective Crystallization
Ammonium Sulphate precipitation
Organic Solvent extraction
Foam fractionation
Thin layer chromatography
Dialysis

Lyophilization

Iso-electric focusing

2.6

24

21

[13]

Adsorption

Adsorption

Charge separation

Dissolves in organic solvents

Due to Centrifugal force

Insoluble at low pH

Micelles formation

Redissolution in organic solvents
Salting out of protein

Solubility in organic solvent
Surface activity

Difference in relative flow against solvent
Difference in solute concentration
Cryodesiccation

Electric charge difference
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Emulsifiers and dispersants
Solubilizers and microemulsions

Wetting and penetrating agents
Detergents

Foaming agents
Thickening agents
Metal sequestering agents

Vesicle forming materials
Microbial growth enhancers

Demulsifiers
Viscosity reducing agents
Dispersants

Resource recovery agent

22

! L [35]

Cosmatic, paints, additive for rolling oil
Toiletries, phamaceuticals
Pharmaceuticals, textile industry, paints
Household, agriculture products, high
tech produsts

Toiletries, cosmetic, ore floatation
Paints

Mining

Cosmetics, drug delivery systems
Sewage sludge treatments for oily waste,
fermentation

Waste treatment

Pipeline transportation

Coal-oil mixture, coal-water slurry

Tertiary recovery of oil
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2.6.1
(pseudosolubilization)
[36]
(bioavailability)
[37]
2.6.2
(apoptosis) (Human breast cancer MCF-7) [38]
cyclic adenosine monophosphste (cAMP)
[39]
HIV [37] (cytokine) [40]
[41]
2.6.3

Makkar Cameotra [42]
Bacillus licheniformis Jr-2 B subtilis
9.3-62

2.6.4



[43] Candida bombicola

(adipocytes)

(subcutaneous) [44]

Sopholiance Groupe soliance
Sopholine
Sofina Kao [45]

Pseudomonas sp.

[46]

2.6.5

(anti-adhesive)

Lactobacilli , GRAS

! [47] Meylheuc
Pseudomonas fluorescens

Listeria monocytogenes Lozs
(polytetrafluoroethylene)

24

[48]



2.5

[17]

Emulsification (water-in-oil)
Emulsification (oil-in-water)
Aeration

Improvement of whippability
Inhibition of fat crystallization
Softening

Antistaling

Dough conditioning
Improvement of loaf volume

Reduction of shortening requirements

Pan release agent

Fat stabilizer
Antispattering agent
Antisticking agent
Protective coating

Surfactant

Margarine

Mayonnaise

Whipped toppings
Whipped toppings

Candy

Candy

Bread

Bread dough

Bread

Bread

Yeast-leavened and other dough and
batter products

Food oil

Magarine and frying oils
Caramel candy

Fresh fruits and vegetables

Molasses

25



2.5
(171 ¢ )

Viscosity control
Improvement of solubility
Starch complexation
Humectant

Plasticizer

Stabilization of flavor oils
Promotion of “dryness”
Freeze-thaw stability

Inhibition of sugar crystallization

26.5.1

Molten chocolate
Instant potatoes
Cake icing

Cake icing

Sugar productions
Ice cream
Whipped topping
Instant soups

Panned coating

[

26
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(freeze-thaw) (pasteurization)

(sterilization)

' (flour)
corn flour,
wheat flour 7 8 % rice flour
(starch)
(cassava starch)
(raw starch native starch)
(modified starch)
1.
6
10 : 5 (CeHI05N
(glucosidic  linkage) 1
' (aldehyde group)
(reducing end group) ' 2
( ) ' ( )

( 2.6)
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2.6 [49]
a-14 a-14 a-16
200 - 2,000 10,000
1)
2,000
Zglucosidic linkage) 40 - 19 2.7
a (19 linkage
CH,OH CHyOH ‘ CH,OH
H OH H O HW¥H O H
H |<H >| H
H OH H OH H OH
U 2.7 Tassasaveaueiilaa
[81
28%
20%
, 80%
105 106
(Degree of polymerization,
DP)
1,000 6,000 200
1,200 (rétrogradation)

2.7
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2.8

2 1 c‘nu
¢ axis o ol g
R
® N I
o o

2.8

http://eu.lib.kmutt.ac.th/eleaming/Courseware/BCT611/chapter2.html

2.7 [49]
%9 (NC) (%)
C0) (BP)
28 88 1,300 4.8 270 27
28 82 930 2.7 340 44
17
73 1,000 4.0 250 49
(Indica)
_ 81 1,100 34 320 31
(Japonica)
17 75 2,600 7.6 340 42

21 80 4,900 9.5 240


http://eu.lib.kmutt.ac.th/eleaming/Courseware/BCT611/chapter2.html

2)
1,4
(DP) 10 60
CH20H
0
H
0
OH
CH,OH CH20H
0
OH OH
0
2.9
2.8
(% ) 21
(% ) 79
DP
©h) 3000
( )
DP
©) 2 x 106
( )
30
(x 1020) 1
150
(x 1017) 1
200
DP
©h) 14,000

ch2oh

HO

28
72

800

2 x 106

130

130

1,000

3,000

OH

6]

28
72

800

2 x 106

130

130

1,000

3,000

CH,OH

OH

17
83

3000

2x 106

20

150

150

18,000

30

100

2 x 106

190

2,000,000



2.9

(amylomaize)

(waxy maize)

2.9

(waxy

maize)

(maize)

(amylomaize)

3

Nuclear Magnetic Resonance)

(blue value)

4

(%9
0-1 (setback)
(syneresis)

27

50-70

(iodine affinity)

(particulate material)

(surface material)

(internal components)

31

(12



32

2.10
2.10 [50]
65% RH, % % % %
20°C

13 0.6 0.35 0.1 0.015
19 0.05 0.06 0.4 0.08
14 0.8 0.4 0.15 0.06
13 0.1 0.1 0.2 0.01
13 0.2 0.25 0.07 0.007
13 0.7 0.3 0.08

0.8 0.45 0.5 0.1

0.1 0.1 0.2 0.02
13 0.4 0.2 0.07
13 0.1

4.1)

1%

(paste)

(inert complex)

4.2) ( )

1%

(Maillard reaction)



4.3)

4.4)

1)

(phospholipid)

10 17%
(bound water)
8 10%

[ ((6-10( 5m 2 )]

0.02

0.1%
0.06%
0.3
3

(free water)

0.4%

6 (3 O

(micelles)

33



95

211

2.11

(wrinkled pea)

> 1,000
97
71
72
54
46
24
22
21
19
64
56
49

13

(birefringence)

95

82
39
48
37
28
18
25
22
41
18
23
13
19
19
12
15

9

34



2)

(rétrogradation)

viscosity)

Viscosity (RVU)

35

(peak viscosity)
(final
(RVA) 2.10
- Finat -4
—— Peak T:mlv- o Viscesity :
00 |~ o - 80
I
- -4
y S =)
50 }— ;/' & Setback _" 80 :
’ N ! -]
- - ~ - Tompara!uro: §
4 Holding Strength ! .
00 — — 40 5
! —
= -4
|
50 — 20
Pasting !
Tamperatuca -
\ / 1
O e l o l 2 [ ' ! o
0 4 8 12 16
Time (min)
2.10 RVA
y RVU

(8]



2.6.6

Piasmopara sp. [35]

Saraya

[51]
[52]

Azotobacter vinelandii

24

[>4]

36

(wettability)

Pythium  sp.,  Phytophora  sp.

Macrocystis pyrifera
[53] 2.12
225

2.13
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2.12 [55]
Metals
Concentration of ores Wetting and foaming, collectors and frothers
Cutting and forming Wetting, emulsification, lubrication and corrosion inhibition in
rolling oils, cutting oils
Casting
Rust and scale removal picking and electrolytic cleaning
Plating Wetting and foaming in electrolytic plating
Paper
Pulp treatment Deresinification, washing
Paper machine Defoaming, color leveling and dispersing
Calender Wetting and leveling, coating and coloring

Paint and protective coating

Pigment preparation Dispersing and wetting of pigment during grinding

Latex paints Emulsification, dispersion of pigment, stabilize latex, retard
sedimentation and pigment separation, rheology

Waxes and polishes Emulsify waxes, stabilize emulsions, antistat

Petroleum production/product

Drilling fluids Emulsify oil, disperse solids, modify rheological properties of

drilling fluids for oil and gas wells

Textiles

Preparation of fibers Detergent and emulsifier in raw wool scoring; dispersant in
viscose rayon spinbath; lubricant and antistat in spinning of
hydrophobic filaments

Dyeing and printing Wetting, penetration, solubilization, emulsification, dye

leveling, detergency and dispersion
Agricultural
Phosphate fertilizers Prevent caking during storage
Spray application Wetting, dispersing, suspending of powdered pesticides and

emulsification of pesticide solutions



2.12

Building and construction

Paving

Concrete

Elastomers and plastics

Emulsion polymerization
Foamed polymers
Latex adhesive

Plastic articles

Plastic coating and laminating

Food and beverages
Food processing plants
Fruit and vegetables

Bekery and icecream

Crystallization of sugar
Cooking fat and oils
Industrial cleaning
Janitorial supplies

Descaling

Soft goods
Leather
Skins
Tanning
Hides

Dyeing

38

(s8] ¢ )

Improve bond of asphalt to gravel and sand

Promote air entertainment

Solubilization, emulsification of monomers
Introduction of air, control of cell size
Promote wetting, improve bond strength
Antistatic agents

Wetting agent

For cleaning sanitizing

Improve removal of pesticides, and in wax coating
Solubilize flavor oils, control consistency, retard
staling

Improve washing, reduce processing time

Prevent spattering due to super heat and water

Detergent and sanitizing
Wetting agents and corrosion inhibitors in acid
cleaning of boiler tubes and heat exchangers

Detergents for laundry and dry cleaning

Detergent and emulsifier in decreasing
Promote weting and penetration
Emulsifiers in fat liquoring

Promote wetting and penetration
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2.13 [54]
T. bombicoia US 4297340  27-10-1981  Abe Y., Inoue .,
Ishida A
Sophorolipid JP 61205449 11-09-1986  Akira ., Akira Y.
producers
Candida spp. EP0209783.B1  28-01-1987 Rothlisberger R,
Mager H,
Wagner F.
c. bombicoia JP 06100581  12-04-1994 Yutaka 1, Yasuo G,
22214 Masaru K
Micropoiyspora JP 06298784 ~ 25-10-1994  Ishigami Y., Gama Y.,
Someya J.,
Takamori Y., Ito T.
Sophorolipid US 5536155 16-07-1996  Futaki K., Shigeno
producers K., Hoshi K
Sophorolipid WO 97/01343 25-06-1996  Maingault M.
producers
¢. bombicoia ES 2103688  16-09-1997 Casas P. J. A,
c. bomhicoia Garcia-Ochoa .
Sophorolipid US 6057302 02-05-2000 Borziex F.
producers
Sophorolipid JP 2001131538 15-05-2001  Masaru K Takahashi
producers N., Yoji A., Kazuo
N., Tatsu N, iko

T,



c. Antarctica
T-34

C bombicola
¢.bogoriensis
¢. magnoliae
c. apicola

Sophorolipid

producer
Sophorolipid
producer
c. bombicola
Sophorolipid
producer

Sophorolipid

producer

2.13

JP 2002101847

US 6433152

CA 2192595

US 6596265

/ W02005089522

US2004242501

US2005164955

WO 03002700

/ W02004108063

adipocyte

subcutaneous

09-04-2002

13-08-2002

22-07-2003

29-09-2005

09-01-2003

16-12-2004

40

[54] ( )

Furubayashi M,
Nakahara T.,
Nomura N., Okada
K., Nakajima T.
Lang ., Brakemeier
A., Seiffert-Storicko
A

Hilliton G,
Marchai R, stoltz
C., Borzeix F.

Borzeix c. F

Gross R A,
Shah V.,
Doncel G. F.
Furuta T.,
Igarashi K,
Hirata V.
Pellicier F,  Andre

P.
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