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Abstract

Sterilizer condensate is one of the three major sources of effluent from palm oil
mill. It had the following characteristics; pH 5.05, 120,000 mg/l COD, 47,696 mg/I total solid
with 19,066 mg/1 suspended solid, 8,550 mg/1 total sugar, 1,670 mg/I total phenol, 800 mg/I total
nitrogen and contained trace amount of mineral salts. Effects of ethanol to sterilizer condensate
ratio and temperature on yield of the biopolymers were studied. Among various ratio examined at
room temperature, the ratio of 5.0 gave the highest yield. The biopolymers contained two subunits
with the molecular weights (Mp) of 1223 (SC-S) and 2525 (SC-L) dalton determined by gel
filtration chromatography with Sephadex G-25 column eluted by distilled water. The yields of
SC-S and SC-L were 65.31% and 12.82%, respectively. The biopolymers were partially purified
by dialysis. For production of polymer from Cordyceps dipterrigena BCC2073, the strain was
cultivated in six different synthetic media for preparation of inoculum. The highest growth and
biopolymer production (11.70 and 3.37 g/l, respectively) were obtained from using potato
dextrose broth (PDB). Optimization studies on biopolymer production in the diluted sterilizer
condensate (40,000 mg/l COD and 267 mg/l N) revealed the optimum condition at pH 6.2 and
cultivation at room temperature with 150 rpm shaking speed. After 6 days cultivation,
C. dipterrigena BCC2073 produced 6.53 g/l polymers and also reduce the organic matter with
COD and total solid removal of 70.7 and 58 %, respectively. Studies on some properties of the
partially purified biopolymers from sterilizer condensate SC-S and SC-L revealed that they were
soluble in water and DMSO but insoluble in eight organic solvents tested (acetronitrile, methanol,

acetone, propanol, dichloromethane, chloroform, diethyl ether and hexane). Characterization on
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the biopolymers revealed that they were composed of total sugars at 241.29 and 231.70 mg/I,
respectively. Results from HPLC, after acid hydrolysis, revealed that the biopolymers SC-S and
the SC-L were composed of glucose, xylose and arabinose in the amount of 41.29, 109.29 and
26.14 mg/g biopolymer (SC-S) and 5.86, 43.64 and 7.75 mg/g biopolymer (SC-L), respectively.
FT-IR spectra of the two biopolymers showed the presence of hydroxyl, ether, alkane and
carbornyl groups which indicated a group of sugar molecule. So they were classified as
polysaccharide polymers. The molecular weights (Mp) were 1223 and 6431 dalton, respectively.
For biopolymer from C. dipterigena BCC2073 cultivated in sterilizer condensate were soluble in
water and partially soluble in DMSO. The maximum solubility of biopolymers in DMSO were 47
mg/1 but insoluble in the eight organic solvents tested. The fungal polymer contained 205.33 mg/1
total sugar, glucose and arabinose of 147.41 and 120.68 mg/g biopolymer, respectively. The
biopolymers possessed the functional groups of hydroxyl, carbonyl, ether and alkane groups and
had the molecular weights (Mp) of 20,064 dalton. Investigation for prebiotic properties of the
three biopolymers by testing the resistance to acid (pH 1, 2 and 3) and enzymatic hydrolysis
which performed in vitro simulated the condition of upper-gastrointestinal tract in humans. All
biopolymers were resistant to acid (HCI buffer pH 1 for 4 h) in which 97.19, 97.80 and 97.46% of
total carbohydrate remained for SC-S, SC-L and biopolymers from C. dipterigena BCC2073,
respectively. For the resistant to pancreatic o-amylase, the SC-S biopolymer showed highly
persistent to enzymatic hydrolysis (1 unit/ml at 37°C for 6 h) with 82.16% of total carbohydrate
remained. The effect of SC-S biopolymers on the growth enhancement of Lactobacillus
plantarum and Lactobacillus acidophilus under anaerobic fermentation was studied in vitro.
Probiotic bacteria could not utilize polymers as carbon source. Flocculating activity of the
biopolymers in the kaolin suspension was markedly stimulated by the addition of trivalent cation
under the optimum condition at room temperature. The optimum values were 1 mM FeCl,, 2 mg/l
SC-S, and the initial pH of 6.0. The effect of interaction of these parameters on flocculating
activity of SC-S polymer was studied using the response surface methodology (RSM). The
highest flocculating activity of 7.45 (1/optical density) was obtained with 5.0 mg/l of biopolymer

in combination with 1.40 mM FeCl, (Fe") at pH 5.5.
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Table 1. The average values of raw material and waste generated from five selected factories in

Thailand (2002)
Wet weight (ton/ha/year) Dry weight (ton/ha/year)

Fresh fruit bunch 16.5 10.6

Fiber 2.31 1.6

Shell 1.0 0.9

Oil yield 2.75 2.75

Wastewater 10.56 0.64

Oil extraction (%) 16.8 -

Empty fruit bunch 3.96 2.6

Oil content in oil palm fruit (%) 17

111 : Chavalparit LazaANe (2006)

Table 2. Summary of the emissions associated with the crude palm oil production

Process Air emission Wastewater (WW) Solid waste
Sterilization Steam blow down High organic WW -

Oil extraction - - Fiber, shell
Loading ramp - Oil contaminated WW -

Oil clarification - High organic WW Decanter cake

Oil purification Vapor High organic WW -

Bunch stripping - - Empty fruit bunch
Steam generation Particulate matter - Ash

Note: WW, Wastewater

N1 : AAlag91n Chavalparit tazane (2006)



[ =

9
@ o w J 1 a o J
%1ﬂﬂi$‘ﬂ'J“Llfﬂiﬁﬂﬂu'lﬂJl!‘iJTa‘JJﬂl’i]Glﬁllﬂﬂ?ﬁﬂlﬂ‘lelLﬂﬁ@ﬁﬂuﬂuiﬂﬂqg{uﬂ

q

Y Y 1
a <

" P ¢ L s ks : o
Vlgmt’Jqu Lﬁuﬁlﬂﬂmuﬂzmﬂmu ﬂ”lﬂl‘Ll’E)WﬁTJWall LA UHUINN “ﬂﬁﬂ??ﬂll@]ﬂﬂ?ﬂﬂlﬂﬂ?ﬁﬂlﬁy

v
a 9

A dzl [ % 5’ Qy [ o o d A (A =
MaIUAUAUMNINGAUAIY Tagmmiziinann Isanuanaiiuhauilsmnaunde 0.87
4 1 Y] 4 d! d‘ =~ I =l = a g} Qy [
gnuAnasaedunzaeavae suienlssumeunlseumeulsnanimaveslssnuena
3’ % J Y 1 Aq v A a A 09; Qy 1w
Wniuthaw 4 Tseulumala wunlseanunleinso separater UU5uaimeaodunzate

) , ey A pq 22 <
hauaagendlssnuilfinsosduamaes Tushiadintamslugl §Tod 3108 veauia

Y £
o

g’ &Y [ A 9y =K o o ~ 1 a
pyruaes uaziiiuluszauge s@hmariudainalud) Wtew 4-5 (Table 3) 13519 FIA
1 { g’ z:y [ : Y 4 4 o 1
aranny1aluihnavesTssnuanainiuidy uaaaly Table 4 oS suifsudaau
1 4 1 VA A =¥ ° Y
serInmsvouae lulasau wunimigunsiziifosazves luTasnudlszuuiovas

g} Y Y v A 3’ Qy :’ Y d A 2K A o 3
AOIVDIUINUNLUHNN LmL‘Lli’]Qi]”IﬂLl”I‘VNSUE’NIiN11!1!1%141J1E13J3Jﬁ”|5611’i15€j_& RS RERVRETRISIAY]

E4
[ a ) v =

a ~Ad A a = = Y I 1 a o A
FagAudmIvasagaunsdinenan lsausaamed uaz 1t uunainaaunadInIm (Wuge
=y 4
Usziaagassn, 2542)
1 [ [ :I o o (= a dd‘
Hartley (1977) na11 aszurumsanathiudan lulimsauaisaioula
Y Y Y Y Y Y
o Y] Y] o 0o A [ o Y 4 a
UoN91nYT AaduddInIaveIlINgINNITVIUNISANnALINUI 1Ay 9191AA NN
{ o a Jd o 3’ &Y Y] 4
nlasuuilatesfdsznevuas Iaseadravesansounsdanaq ludhavidusuiieannmsld
3 3 4 [ o QSJI ~ Y]
anudouluduaounisialdy HazmMIuan@a1v09998U32N0U 1INIUADUNITHUDA
@ a . = d’d 1 o %
sandagnanuou In'lee1iiu (anthocyanins) azuaTsfiu (carotene) Nioglunathaugnana
Y] oy @ oy 4 4 4 o yw
ponunieunuihdunag levnilosnnwadrnathaugniiate uenaniidanuaslsznoy
as a = 4 oy Qy 9 & [ dy a A a
wan Inaduea unuiy taz Inaueanosoa 1agtiINIIINHIoUINUFBUUT VIR LAY
Tnatluoawiny 5.7 uaz 2.0 NFuAPAAT MNAIAD (Barker and Worgan, 1981 8191a8 Wug
a J a J (Aa =1 03} Qy [ oy % 4
UsziadTgassn uazae, 2544) msuanenlsmnaiuealmimnnnlssnuanaituilan
d‘u o [} = 9 1 A a A Y] L= d’d
NHIUNTEVIUNTITANFINNLAINUI T U 4.5-5.5 Uaansuaoans Aeyilszuna
a Y a = Y o v J J g’
9.4 AUAM UNIVTANT, 2541 913 TA8 Tan1Isal SAUWNUT, 2547) uaz Tueeallszneuveari
Qy [ 3’ % s o 1 o Y 1 g; a
nennnszuaumsanainiuihdudanoms lunguais In'laese laun udla iaie madu

QSJJ = 3 1 g’ Qy v J |1a oy A A
wazinu 1a U (pentosan) 3374 1UsauN Iuanihnaazdaad Usuanhaanas Tldsaun

Y
wuludiuvesadndsosas 2.5 uaz 12.2 Taethminuianud1d (Hwang ef al., 1978)



Table 3. Characteristics of effluent from various steps during palm oil extraction and mixed

effluent
Parameter Mixed effluent Sterilizer condensate ~ Decanter effluent
Color Dark-brown Brown Brown or dark brown
pH 4.05-4.62 4.84 -5.35 4.61 -4.89
BOD 54,750 — 60,000 22,800 — 41,985 21,000 — 45,375
COD 80,523 — 115,934 45,360 — 80,146 38,246 — 67,567
Alkalinity 68 —200 37-1,576 86 — 480

Total solid
Volatile acid
Volatile solid
Oil and Grease
Suspended solid

Nitrogen

- Ammonia

- Organic

49,063 — 88,508
3,128 - 5,870
42,063 — 81,872
16 —2,449

18,500 — 52,000

27-61

551-1,172

26,367 - 76,733
998 — 7,125
24,415 - 67,635
20-1,165

2,600 — 6,100

7—-66.3

22 -1,287

25,634 — 47,242
1,838 —2,273
23,056 — 39,617
4.7

2,900 — 20,300

22-23

518

All parameter units are mg/l except pH

A o a -4
N1 : aauasan nug ﬂiglﬁiiﬁiiw HazAUe (2533)



Table 4. Characteristics and distribution of chemical constituents of palm oil mill effluent (POME)

Parameter Concentration
pH 4.7
Oil and grease (mg/1) 4,000
Biological oxygen demand (BOD)(mg/1) 25,000
Chemical oxygen demand (COD) (mg/1) 50,000
Total solids (mg/1) 40,500
Suspended solids (mg/1) 18,000
Ammonia cal nitrogen (mg/1) 35
(a) Mineral (mg/1) 3,560
Phosphorous 180
Potassium 2,270
Magnesium 615
Calcium 439
Boron 7.6
Iron 46.5
Manganese 2.0
Copper 0.89
Zinc 23
(b) Carbohydrate constituents (mg/1) 3,900
Glucose 140
Reducing sugars 1,450
Starch 360
Pectin 328
Others 1,622
(¢) Protein (mg/1) 2,830
Amino acids Not available
Peptides Not available
Others Not available

N1 : AALlag91n Ahmad LazAM (2007)
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Figure 2. Principal structure of galactoglucomannans in softwood

17 : Klemn Hazase (2005)
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Sugar units: B-D-xylopyranose (Xylp); 4-O-methyl-Q-D-glucopyranosyluronic acid (GlcpA);
a-L-Arobinofuranose (Araf). The lower representation is the abbreviated formula showing the
proportions of the units.

Figure 3. Principal structure of arabinoglucuronoxylan in softwood

17 : Klemn Hazae (2005)
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Sugar units: B-D-xylopyranose (Xylp); 4-O-methyl-Q-D-glucopyranosyluronic acid (GlcpA);
R = Acetyl group (CH,CO).
Figure 4. Principal structure of glucuronoxylan in hardwood

V7 : Klemn Hazase (2005)
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Figure 6. Structural details of AG-1. The galactose backbone is shown with the terminal
glucuronic acids and the infrequently occurring single arabinose side chain

117 : Brecker Lazamte (2005)
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Figure 9. Schematic showing the possible mechanisms of prebiotic action. Solid lines indicate
relatively well-established modes of action. Dotted lines indicate less well-established
or speculative modes of prebiotic action
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al., 2000; Li ef al., 2003; Yu et al., 2004; Park et al., 2005; Yang et al., 2005), u’f]ﬂmﬂfrgﬁﬁﬁﬁ
immunopotentiating galactomannan 8% L-tryptophan (Bok et al., 1999) @13 rythrostominone,

deoxyerythrostominon, 4-O-methyl erythrostominon, epierythrostominol, dexycrythrostrominal
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F35UA (Isaka er al., 2001) LONIINT Koh LazAaI (2002) W13 mycelia 910 Cordyceps 184
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Figure 10. The life cycle of Cordyceps sp.

131 : Cheah AZAME (2004)




Figure 11. Structures of compounds from Cordyceps nipponica (1) cordypyridones A (V-
Hydroxy-2-pyridones), (2) B (N-Methoxy-2-pyridones)
11 : 9An1adn1n Isaka 1Ay Tanticharoen (2001)

Table 5. Compounds isolated from Cordyceps species and biological activity

Scientific name Compound Activity References
C. militaris Adenine - Huang et al.,
Adenosine 2003
Cordycepin
Hypoxanthine
C. nipponica Cordypyridone A Antimalarial ~ Isaka ef al.,
BCC 1389 Cordypyridone B activity 2001
Cordypyridone C
Cordypyridone D
C. pseudomilitaris Bioxanthracene 1 Antimalarial ~ Jaturapat ef al.,
BCC 1620 Bioxanthracene 2 activity 2001

Bioxanthracene 3
Bioxanthracene 4
Bioxanthracene 5
Bioxanthracene 6
Bioxanthracene 7
Bioxanthracene 8
Bioxanthracene 9
Bioxanthracene 10
Bioxanthracene 11
Oxanthracene 12
Oxanthracene 13
Cordyanhydride A

Cordyanhydride B




Table 5. (Continued)

Scientific name

Compound Activity

References

C. unilateralis

C. sinensis

Cordyceps sp.
BCC 1681

Erythrostominone Antimalarial
Deoxyerythrostominone activity
4-O-methylery- Cytotoxicity
throstominone

Epierythrostominol

Deoxyerythrostominol
3,5,8-trihydroxy-6-methoxy-
2-(5-ox0-hexa-1,3-dienyl)-
1,4-naphthoquinone

5a, 8a-epidioxy-24-(R)- Antitumor
methylcholesta-6,22-dien-
3B-D-glucopyranoside

5, 60-epoxy-24-(R)-
methylcholesta-7,22-dien-
3pB-olergostery-3-O-B-D-

glucopyranoside
22,23-dihydroer-gosteryl-3-
O-B-D-glucopyranoside

Adenine

Adenoside

Cordycepin

Hypoxanthine

Cordytropolone Antimalarial

activity

Kittakoop et

al., 1999

Bok et al.,

1999

Isaka et al.,

2001
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Table 6. Chemical structures of homopolysaccharide

Linkages and types Sources Main chain Branch
(1 — 3)-B-d-glucan Scleroglucan from (1—3)-B-d-glucan ~ (1—6)-B-
Sclerotium sclerotia
An alkali-soluble glucan (1—3)-B-d-glucan (1—6)-p-
from Pleurotus tuber-regium
Linear (1—>3)-B-d-glucan  Auricularia auricula (1—3)-B-d-glucan -
Linear (1—>6)-0-glucan Armillariella tabescents (1I—6)-0-d-glucan -
(1—3)-B-d-glucan with 1-  Pachyman from Poria cocos) ~ (1—>3)-B-d-glucan (1—2)-B-or
2 or 1-6 branches (1—6)-B-
(1—3)-a-glucan Armillariella tabescens (1—3)-a-glucan -
(1—4)-a-; (1—™6)-B- Agricus blazei (1—>6)-B-d-glucan (1—4)-a-

glucan

11 : Zhang tazame (2006)



Table 7. Chemical structures of heteropolysaccharides

Polysaccharide  Linkages and types Sources Main chain Branch
Heteroglucans  (1—>3)-f3- Ganoderma (1—3)-B- Glucuronic
glucuronoglucan lucidum glucuronoglucan  acid
Xyloglucan Grifola Glucan Xylose
frondosa
Arabinoglucan Ganoderma Glucan Arabinose
tsugae
Riboglucan Agricus blazei Glucan Ribose
Galactomannoglucan  Hohenbuehelia ~ Glucan Galactose and
serotina mannose
Galactoxyloglucan Hericium Glucan Galactose and
erinaceus xylose
Mannoxyloglucan Grifolan Glucan Mannose and
frondosa xylose
Xylogalactoglucan Inonotus Glucan Xylose,
obliquus galactose
Heterogalactan ~ Glucogalactan Ganoderma Galactan Glucose
teugae
Arabinogalactan Pleurotus Galactan Arabinose
citrinopileatus
Fucogalactan Sarcodon Galactan Fucose
aspratus
Mannogalactan Pleurotus Galactan Mannose

pulmonarius




Table 7. (Continued)

Polysaccharide = Linkages and types Sources Main chain Branch
Other Fucomannogalactan  Grifola Galactose Fucose
heteroglycans frondosa mannose

Glucoxylan Xylan Glucose
Mannogalactofucan  Grifola Fucan Mannose and
frondosa galactose
Mannoglucoxylan Hericium Xylose Mannose,
erinaceus glucose
(1—3)-0-mannan Dictyophora (1—™3)-0- -
indusiata mannan
Glucomannan Mannan Glucose
(1—2)-B-; (1—3)-  Agricus blazei (1—3)-B- (1—2)-B-
B-glucomannan linked mannose  glucan

11 : Zhang tazame (2006)
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Table 8. Established applications of microbial exopolysaccharides

Property

Use

Polymer

Biological : properties

Chemical properties :

Physical properties :
Emulsion stabilization
Fiber strength

Film formation
Flocculants

Foam stabilization

Gelling agents

Hydrating agents

Inhibitor of crystal
formation

Shear thinning and viscosity
control

Suspending agent

Viscosity control

Antitumer agents

Eye and joint surgery

Heparin analogues

Wound dressings

Enzyme substrates

Oligosaccharide preparation

Foods, thixotropic paints
Acoustic membranes

Food coatings

Water clarification ore extraction
Beer, fire-fighting fluids

Cell and enzyme technology
Foods

Oil recovery

Cosmetics, pharmaceuticals
Frozen foods, pastilles and sugar

Syrups

Oil-drilling ‘muds’

Foods
Paper coatings
Agrochemical pesticides and sprays

Jel printing

B-D-Glucans

Hyaluronic acid (Streptococcus
EPS)

Escherichia coli K5 EPS

Bacterial cellulose

Escherichia coli K4 and K5 EPS

Curdlan, pullulan, scleroglucan

Xanthan

Bacterial cellulose
Pullulan

Various

Xanthan

Gellan

Curdlan, gellan
Curdlan, xanthan
Hyaluronic acid
Xanthan

Xanthan

Xanthan
Various
Xanthan

Xanthan
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Table 9. Some of the bioflocculant-producing microorganisms

Microorganism References

Klebsiella sp. Dermlim et al., 1999

Arcuadendron sp. Lee et al., 1995

Pestalotiopsis sp. Kwon et al., 1996

Oscillatoria sp. Bender et al., 1994

N. amarae Takeda et al., 1992

Nocardia restrica Tong et al., 1999

Nocardia calcarea Tong et al., 1999

Nocardia rhodni Tong et al., 1999

Streptomyces griseus Shimofuruya et al., 1996

Streptomyces vinaceus Nakamura et al., 1976d

R. erythropolis Kurane et al., 1986a, 1991, 1994a,b, 1995; Takeda
etal., 1991b

Acinetobacter sp. Kurane and Matsuyama, 1994

Alc. Latus Kurane and Nohata, 1991, 1994

Alcaligenes cupidus Toeda and Kurane, 1991

Alcaligenes faecalos Shimiziu, 1985

Corynebacterium hhydrocarbonacalastus Zajic and Knetting, 1971

Corynebacterium brevicale Nakamura ef al., 1976d

Dematinum sp. Tong et al., 1999

Mycobacterium phlei Misra, 1993

Psudomonas sp. Tago and Aida, 1977

Pseudomonas aeruginosa Nakamura et al., 1976d

Pseudomonas fluorescent Nakamura et al., 1976d

Bacillus sp. Kim, 1993; Suh et al., 1997; Seo, 1993;

Salehizadeh et al., 2000; Yokoi et al., 1995, 1996




Kluyveromyces marxianus
K. cryocrescens

Z. ramigera

Sousa et al., 1992
Kakii et al., 1990

Norberg and Enfors, 1982

Table 9. (Continued)

Microorganism

References




Methylobacterium rhodesianum Tong et al., 1999

Flavobacterium sp. Endo et al., 1976; Hantula and Bamford, 1991a,b
Lactobacillus fermentum Fumio, 1991

Brevibacterium insectiphilum Nakamura et al., 1976d

Staphylococus aureus Nakamura et al., 1976d

Phormidium sp. Bar-Or and Shilo, 1987

Anabaenopsis circularis Levy et al., 1992; Bar-Or and Shilo, 1987
Chlamydomonas mexicana Takagi and Kadowaki, 1985

Calothrix desertica Bar-Or and Shilo, 1987

Oscillatoria sp. Bender et al., 1994

Circinella sydowi Nakamura et al., 1976d

Aspergillus sojae Nakamura ef al., 1976a,b,c,d

Aspergillus ochraceus Nakamura et al., 1976d

Aspergillus parasiticus Hayashi et al., 1976

Aspergillus sp. Nam et al., 1996

Eupenicillium crustaceus Nakamura et al., 1976d

Monascus anka Nakamura et al., 1976d

Geotrichum candidum Nakamura et al., 1976d

Sordaria fimicola Nakamura et al., 1976d

Paecilomyces sp. Takagi and Kadowaki, 1985

Hansenula anomala Nam et al., 1996

Saccharomyces cerevisiae Saito et al., 1990

Saccharomyces diataticus Guirand, 1992

Enterobacter sp. Yokoi et al., 1996a; Kurane and Matsuyama, 1994
Oerskovia sp. Kurane and Matsuyama, 1994
Agrobacterium sp. Kurane and Matsuyama, 1994

111 : Salehizadeh 11ag Shojaosadati (2001)
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Figure 12. Mechanism of bioflocculation
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3. 21H131AL9IYD
3.1 911131289150 Potato dextrose broth (PDB)

- Potato dextrose broth (PDB) 3n8uA8 5131 200 uaxﬁywmaﬂ’giﬂﬁ 20 NFUAD
an3 (UTEN Himedia)

- Sabouraud dextrose broth (SDB) Usznouaie 1iTon)iTau 10 azng Iaa 40 niuso
an3 (UTEN Himedia)

- Yeast malt extract medium (YM) Usznoudae nglaa 10, 1w Tau 5, Sadana 3 uaz
UoARENA 3 NSUADANS (Kim ef al., 2003)

- Mushroom complete medium-1 (MCM-1) sznoudie ﬂgiﬂﬁ 20, 1w Tau 2, erd
ana 2, KH,PO, 0.046, K,HPO, 1 t1ag MgSO,-7H,0 0.5 N3ua9an3 (Oh ez al., 2007)

- MCM-=2 Tigasessdsznouomsmilounu ualdylasaununglna (Faudasan
Oh et al., 2007)

- SSY medium 1/sznoudie g Insa 10, nglaa 5, naasea 1, yellow soybean 5, 8@
ana 1, KH,PO, 1, MgSO,7H,0 0.5,KCl 0.5 1ag FeSO, 7TH,0 0.01 N3uADaNT

(nauas91n Xiao ef al., 2004)
=
GARIGEY

Hdq v & a a ¢ & ¢ 4
asninlfnduansaiiinsadinsiey (Analytical grade) 1911 uon1lsenoUvDI0IMNTIAL
dy 9 a Jd 1 A A A = = Qa: a 4 4
o uazlylumsinszviamdloa 1Ulea tazasuea sHunIMsnaTIzHesnlsznoLLay

L2 a J
AauauiiAveINeaINe s
¢
gulnsni

1.1A304 gel permeation chromatography (GPC) i: U PL-GPC U3H% Tosoh
2. INFOAHYUIIBINIVANGUHAN JW Universal 32/32R UTHN Universal 32R
3. 1A30 N0 Y (pH meter) 'i: U HK-7E UTHN Tokyo TOA Electronic
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5. 1A30IIAAINTRANAULEAY (spectrophotometer) 31 U-2000 UTHN Hitachi



6. é)ﬂ‘u (hot air oven) ﬁq Y% UML500 U5HN Sanyo

7. uiloilaANud (autoclave) 3 SS325 USHN Tomy

8. Lﬂ"ﬁémlﬁlﬁh (shaker) j:u M.3525-1 U5HN Lab Line Instrument

9. NABIYANIIAU JU CHS VFEN Olympus Optical Co., Ltd.

10.1a5091%A 501 (hot plate) 31 HS 115 V5N Ika Labotechnic

11. 1AT 09NN EN (magnetic stirrer) 34 RO 5 U5 Ika Labotechnic
12. é’ﬂaam%@ (laminar air flow) j:l! 527044 U5HN Hotpack

13. 1ATOIHINATON 4§11 31 BP210-s UTEN Sartorius

14, 15 paFanAlon 2 A 4 HF-1200 U3HN A&D Company, Ltd

15. Lﬂ%i’fNWﬁ’ U (Vortex mixer) j:u 1297 USHN LAB-Line Instruments, Inc

16. Lﬂ%i’fN High Performance Liquid Chromatography (HPLC) j:u Agilent 1100 series HPLC
135N Shimadzu

17. 1n504 Inductively Coupled Plasma Optical Emission Spectrometryc (ICP)
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liadans uduANa1Tazan Ehrlich reagent 1 Nadans wanlmdniuananald 30 i s li3a

1 A tﬂ' zﬂl a = =~ %

Amsqanaunaiianuenau 530 wiluwas musuung Inaniiulasfieusuns i
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6 (ﬂgiﬂﬁ, Wiﬂiﬁﬁ waznuanlaa) laglsnios High Performance Liquid Chromatography
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Kennedy, 1986) (D1ANUIN V)
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a 4 1 < 09:
ATIZHYIAIF 10A (chemical oxygen demand, COD), UDILUININUA (total

. < . = g’ =& o Yas
solid, TS), UBLUILIVIUADY (suspended solid, SS) wazarsvuealuihisaulaslss
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7. M3IAMNINIINMIANAZNBUTITUVIUADYVBIAIANALNOUT INN
M3iananssumsanazneuasuuIuassluauud Taamseuaisazaleay
v luinduiinnuduti s afudedas wazdfufior1¥idu 7§10 1 N NaOH %30 1 N HCI
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1.2 anaznounguugil 4 evrnwaiea  1lJeunsunanisanazneungurgivie

U

(walude 1.2)

& a d ?;4! d
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s A a @ J 4 ¢ Ao A v Y I
nuneInedmesnthilathauluaansidaden ldvindiedu 1niuii
a P 4 o [} <3 a J
Msazareneauesn e liduaToaiu i unsdenude (freeze dry) laneawes anaey
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v v

a d o d
2. msuenvinaluanaveswaamaIvnitahau

a 4 a

uenvua Tuanavesneames laglHinaiin gel filtration chromatography 1ag
o a d o y o . '
imedwesananeui ldnnmsanazneualsenuea 95% ludasiaiutazanigi

Aa a 4 ] [ 4
MU EANIINITNITNABOITD 1 WIWENUYUIA TUANANDAINDS IAORNIUADANY gl filtration
a [ 4
¥UA Sephadex G-25 medium (molecular filtration rang 100 to 5,000 Da) Tagldnedutiving 2.2
Y
a a a @ 4 a
x 70 IFUANAT AWEINIA 54 13UANAT USuIaTwaninua 205 gnuisiiuAmuag 1d7 load
v @y a % Y v /3 7. 0 @ 1 (a a
ADANUAIYTITAZAIINOANDIANUAINIY 0.5 tedidFua (hnidinasilsuiag) Usuag 2
Aa aa ] d 9 Y g’ o Y o Aa aa 1 ~
iadans asluaeduiudrszdrniingu Tasldsasins lva (flow rate) 0.4 Tadansaeui
< a & A Y Y a Aa aa 1 9 A <
uaisazateneaues nuen la lurasaudidsuias | Jadansaenasa aluATeNY
Y
o 1 1 Y o a o [
@081 ULENTIU (fraction  collector)  MNTUUUIAITAZAWNOANOT IULAAZHADAN
a o o ' = ~ A Y

asrnlsuums 1ulaasa Tagiadimsganauuaananuenaaunas 620 w1 luwas 1a?

o { [ 4 o 1 <
esazaen 18 luuaag peak Wi unTosiudiauuusEenude (freeze dry)

v A rg A d' v a a a ¢ A
3. N13AALADNDTIHIIAYUBDNUHNISANADNTIAIYUASNITNAANDAIND IUBDIUYO I Cordyceps

dipterrigena BCC2073

RENEL) Cordyceps dipterrigena BCC2073 UU®1%13 PDA nANdadana 0.3%

= a

Y Y
w7 T daduloveusosrlusuduusnauvevlalaiiving 1.5 msiusudmas $1uau 2

U (Xiao et al., 2004) Ja 11113 PDB 151105 25 Haaans Fuaseu 131y warasvuia 250

Z)

aa o ] 4 1 { < 1 { a
aaans WININDUATUE1NA1INIET 150 SoURDUNA Ngunlined (30+2 s uaaIFo)

o A = I @ dy Ay
HIAT 7 U lWﬂ!@]iﬂulﬂuﬂjl%ﬂﬁN@u
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% A dy tﬂy ) a Y tﬂy a 9
Gluﬂﬁﬂﬂmﬂﬂ@WﬁWimﬂﬂW’ﬂ MMsaui v dsuusesas 10 aﬂummﬁ
Y 4 a { 4

[@e91%0 6 ¥1ia (PDBY, SDB, YM, MCM-1, MCM-2 uaz SSY) U359 luvlaranviia 250
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Table 10. Independent variables and their factor levels.

Independent variable symbol code factor levels
-1.0 -0.5 0 0.5 1.0
Polymer concentration (g/L) X, -0.05 2.00 5.00 8.00 10.04
Cation concentration (mM) X, 0.39 0.80 1.40 2.00 2.41

pH 2.98 4.00 5.50 7.00 8.02




Table 11. Central composite design matrix defining polymer concentration (X,), cation

concentration (X,) and pH (X,) on flocculation activity.

Trials Parameters
X, (g/L) X, (mM) X,

1 2.00 (-0.5) 0.80 (-0.5) 4.00 (-0.5)
2 8.00 (0.5) 0.80 (-0.5) 4.00 (-0.5)
3 2.00 (-0.5) 2.00 (0.5) 4.00 (-0.5)
4 8.00 (0.5) 2.00 (0.5) 4.00 (-0.5)
5 2.00 (-0.5) 0.80 (-0.5) 7.00 (0.5)
6 8.00 (0.5) 0.80 (-0.5) 7.00 (0.5)
7 2.00 (-0.5) 2.00 (0.5) 7.00 (0.5)
8 8.00 (0.5) 2.00 (0.5) 7.00 (0.5)
9 -0.05 (-1.0) 1.40 (0) 5.50 (-1)
10 10.04 (1.0) 1.40 (0) 5.50 (0)
11 5.00 (0) 0.39 (-1.0) 5.50 (0)
12 5.00 (0) 2.41(1.0) 5.50 (0)
13 5.00 (0) 1.40 (0) 2.98 (-1.0)
14 5.00 (0) 1.40 (0) 8.02 (1.0)

15 5.00 (0) 1.40 (0) 5.50 (0)
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Figure 13. Effect of ethanol to sterilizer condensate of palm oil mill ratio and temperature on
yield of the polymers obtained after precipitation at room temperature (®) and 4°C

(O). The results were expressed as the average of triple determinations and error

bars indicate standard deviations



Table 12. Effect of ethanol to sterilizer condensate of palm oil mill ratio and temperature on yield

of the polymers obtained after precipitation

Ratio of 95% Ethanol to Biopolymer (g/L)**
sterilizer condensate of Room temperature (~30+2°C) 4°C
palm oil mill (L/L)

0.1 0.82 +0.14" 0.81 + 0.42**
0.5 1.80 £ 0.05™ 2.33+0.07°
1.0 3.95+0.10" 4.45 +0.45
1.5 5.62 +0.03" 6.52 +0.10%
2.0 7.20+0.07" 8.30+0.21°
3.0 9.78 +0.17" 1022 +0.31"
4.0 11.00 = 0.28% 11.52 +0.03%
5.0 12.05 +0.35™™ 12.00 + 0.14%"
6.0 12.40 + 0.42™™ 12.85+035™

“Values are means of duplicate determinations with standard deviation. Different letters (a-h) mean significant
differences (P < 0.05) for the same column and the different letters (A-N) mean significant differences (P <

0.05) for analysis between the column
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Figure 15. Gel filtration chromatography pattern of crude polymer (P-5.0) isolated from sterilizer
condensate of palm oil mill. Sample were loaded onto a Sephadex G-25 medium
column, resolved at a flowrate of 0.4 ml/min, and collected as 1 ml fractions. Peak
A: large molecule, peak B: small molecule. The solid line represents the absorbance

at 620 nm for carbohydrates
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Figure 16. Time courses of mycelial growth (a), exo-biopolymer (b) and final pH (c¢) production
by Cordyceps dipterrigena BCC2073 in synthetic media. PDB medium (4); YM
medium (M); SDB medium (O); MCM-1 medium (A); MCM-2 medium (A ); SSY
medium (@)
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Table 13. Effect of different medium on the mycelial and biopolymer production by submerged culture of Cordyceps dipterrigena BCC2073

Parameters Media

PDB YM SDB MCM-1 MCM-2 SSY

Maximum mycelial growth, Xmax (g/L) 11.70 + 0.01°(12)°  5.85+0.02(9) 4.86+0.09(18) 3.72+0.12(15) 3.78+£0.01 (9) 2.34+0.01 (12)
Maximum exo-biopolymer, Pmax (g/L)  3.37+0.34 (12) 0.64+£0.09 (15) 0.69+0.06(18) 0.18+0.06(12) 0.204+0.12(12) 0.16 £0.03 (12)

Specific growth rate, u (l/day)b 1.30 0.203 0.239 0.147 0.162 0.158
Biopolymer productivity, (g/L/day)b 0.281 0.043 0.038 0.015 0.017 0.013
Biopolymer yield on cells (g/g) 0.288 0.109 0.142 0.048 0.054 0.068
Carbon to nitrogen ratio (C/N) 10:1 8:1 6:1 16:1 17:1 81:1

“Values are mean+S.D. of two replicates.

*Values were caculated from the slopes of data obtained from 6 to 12 day.

‘Number in parenthesis indicates number of days in cultivation when the maximum mycelial growth or maximum biopolymer production was achieved.
Carbon content of the glucose was 40 % based on the chemical formula of CH,,0,. C % equals the amount of glucose (g/1) x 40 %.

Carbon content of the sucrose was 42.07 % based on the chemical formula of C,H,,0,,. C % equals the amount of sucrose (g/l) x 40 %.

Carbon content of the glycerol was 39.12 % based on the chemical formula of C,H,O,. C % equals the amount of glycerol (g/1) x 39.12 %.

Nitrogen content of the yeast extract was determined by the Kjeldahl method to be 12.41 %. N % equals amount of yeast extract (g/l) x 12.41 %.

Nitrogen content of the peptone was determined by the Kjeldahl method to be 12 %. N % equals amount of peptone (g/1) x 12 %.
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Table 14. Characteristics of sterilizer condensate from different palm oil mills

Parameters Sterilizer condensate

This study* Noparat, 2008 Prasertsan et al., 1990
Appearred color Dark brown Dark brown Brown
pH 5.05 5.1 4.84-535
Total COD 120,000 80,000 45,360 — 80,146
Soluble COD 34,750 - -
Total solid 71,900 47,696 26,367 — 76,733
Suspended solid 43,300 19,066 2,600 — 6,100
Total nitrogen 800 700 22 — 1,287
Total sugar 8,660 8,550 -
Total phenol 1,673.89 1.85 -
P 200 171.85 -
K 370 1624.25 -
Ca 600 140.25 -
Mg 800 673.00 -
Fe 149.45 82.80 -

*Analysis from 1 sampling from a palm oil mill (Permkiat Palm Oil Co, Ltd. In southern Thailand)

“All other parameters are in mg/L except for color and pH
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Figure 17. Comparison on growth of Cordyceps dipterrigena BCC2073 cultivated in different
organic matter concentration of sterilizer condensate of palm oil mill effluent on agar
plates at room temperature (30+£2°C) for 16 days where (a) dilution at 1:0, (b) at 1:1,
(c) at 1:2 and (d) at (1:3) and each dilution has a COD concentration equal 120, 60,

40 and 30 g/l respectively

Table 15. Effect of organic matter concentration in sterilizer condensate of palm oil mill on
growth during cultivation of Cordyceps dipterrigena BCC2073 on agar plates at
30+2°C for 16 days

Ratio of sterilizer

condensate:distilled 1:0 1:1 1:2 1:3
water
Time (day) Colony size (mm) Colony size (mm) Colony size (mm) Colony size (mm)

7 - - - 6
9 - - - 8.5
10 - - - 10
13 - - - 15
14 - - - 20
16 - - - 26

(+) Positive result, (-) Negative result; Results from duplication
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Figure 18.

4 6 9 12 15 18 21

Cultivation time (day)

Time course of growth (®) and biopolymer (A) production by Cordyceps
dipterrigena BCC2073 cultivated in diluted sterilizer condensate with COD of 40
g/l, pH 6.2. Residual sugar (H), %COD removal ([J), glucosamine content (O)
and pH (4). Values represented means of two independent experiments and error

bars indicate standard deviations



Table 16. Glucosamine content and mycelial biomass during cultivation of Cordyceps

dipterrigena BCC2073 in diluted sterilizer condensate

Time (day) Glucosamine content Mycelial biomass
(mg/g cell/L) (g/L)

0 0 0

4 33.997 £0.001 4983 £0.225
6 243.997 £0.031 6.121 £0.282
9 269.997 +0.007 7.396 £ 0.392
12 273.997 £0.001 15.673 £0.134
15 301.997 + 0.006 18.465 £0.391
18 341.997 £ 0.001 23.425 +£0.152
21 261.997 £ 0.004 22.897 £0.218
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Figure 19. The fibrous characteristics of polymer from Cordyceps dipterigena BCC2073
cultivated in diluted sterilizer condensate after precipitation with 95% ethanol (a) and

after freeze drying (b)
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Table 17. Solubility of biopolymers from sterilizer condensate (SC-S, SC-L) and Cordyceps

dipterrigena BCC2073 cultured in sterilizer condensate

Solvents Dipole Dielectric Solubility

moment constant SC-S SC-L  Cordyceps dipterigena

BCC207
Distilled water 1.85 80 ++ ++ ++
DMSO 3.96 472 ++ ++ T
Acetronitrile 3.92 36.6 - - -
Methanol 1.7 33 - - -
Acetone 2.88 20.7 - - -
Propanol 1.68 20.1 - - -
Dichloromethane 1.14 8.93 - - -
Chloroform 1.08 4.81 - - -
Diethyl ether 1.15 4.34 - - -
Hexane - 2.02 - - -

Remarks: ++ completely + partly - insoluble
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Figure 20. The infrared spectra of the partially purified biopolymer from sterilizer condensate of

palm oil mill; small molecule (SC-S) (a), and large molecule (SC-L) (b), and

Cordyceps dipterrigena BCC2073 cultivated in sterilizer condensate (c)
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Table 18. The dominant spectrum and wave number of partially purified biopolymers from

sterilizer condensate SC-S, SC-L and C. dipterrigena BCC2073 analysed by FT-IR

spectroscopy

Frequency (em™) Characteristic group

SC-S 3415.98 O-H stretching (alcohol)
2929.95 C-H stretching (methylene)
1746.57 C=0 (aldehyde)
1626.71 C=0 asymmetric and symmetric
1419.73 stretching (carboxylic acid)
1265.24 C-H (methyl)

1103.29 and 1077.30  C-O stretching (ester) and C-C
1019.81-1050.06 C-0 (ether)
764.24 C-H bending




Table 8 (Continued)

Frequency (cm’)

Characteristic group

SC-L

3407.22
2936.50
1743.34
1625.72

1424.10
1373.72
1145.70 and 1101.75

O-H stretching (alcohol)

C-H stretching (methylene)

C=0 (aldehyde)

C=0 asymmetric and symmetric
stretching (carboxylic acid)

CH, deformation/C-C (aromatic C=C)
C-H (methyl)

C-O stretching (ester) and C-C

1022.45-1049.16 C-O (ether)

895.20 C,-H (B-glycosidic linkage)

763.80 C-H bending

C. dipterrigena BCC2073  3403.01 O-H stretching (alcohol)

2932.46 C-H stretching (methylene)

1637.54 C=0 asymmetric and symmetric
stretching (carboxylic acid)

1421.65 CH, deformation/C-C (aromatic C=C)

1147.63 and 1077.33
1046.07
892.49

C-O stretching (ester) and C-C
C-0 (ether)
C-H (B-glycosidic linkage)C-H (-

glycosidic linkage)
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Table 19. Molecular weight and polydispersity of biopolymers from sterilizer condensate SC-S,

SC-L and C. dipterrigena BCC2073

Biopolymers from Mn (Da) Mw (Da) Mp (Da) Polydispersity (Mw/Mn)
SC-S 856 1,233 1,223 1.441
SC-L 7,451 26,861 6,431 3.605
C. dipterrigena BCC2073 22,853 38,249 20,064 1.674
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Table 20. Carbohydrates components of the partially purified biopolymers

Method Analyzed Item SC-S SC-L C. dipterrigena
BCC2073
Phenol sulfuric acid reaction Total sugar (mg/g) 241.29  231.70 205.33
L-cysteine hydrochloride assay - Hexose content 62.00 86.61 62.61
Ferric-orcinol assay - Pentose content 55.31 77.26 56.78
DNS Reducing sugar (mg/g) 101.78  100.22 66.89
Anthrone reaction Neutral sugar (mg/g) 124.04  149.97 164.12
Carbazole-sulphuric reaction Glucuronic acid (mg/g) 3.70 17.86 14.18
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Figure 21. TLC identification of sugar composition in the biopolymer from sterilizer condensate

of palm oil mill SC-S (a), SC-L (b) and biopolymer produced by Cordyceps
dipterrigena BCC2073 cultivated in sterilizer condensate of palm oil mill (¢)
hydrolyzed with 3 N TFA using Rhamnose (d), Xylose (e), Fructose (f), Arabinose

(g), Glucose (h), Galactose (i) and Mannose (j) as a reference sugars
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Figure 22. Calibration curves of sugars by HPLC analysis
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Figure 23. HPLC chromatograms of hydrolysate of biopolymer from sterilizer condensate of palm
oil mill (SC-S) (a), and (SC-L) (b), and hydrolysate of biopolymer from Cordyceps

dipterrigena BCC2073 cultivated in sterilizer condensate (c)



6. aaauiamsdumsniluledn

= a d
6.1 MIAFBNAITNDALNDT
o a e&’f a A a s v 9 g’ £ I A
AT NOADINN 3 ¥ia AD WOAINBINANAAINIUDAINUINIL AN
a 4 dy . . d‘dﬁ g’ £ J
SC-S uag SC-L uagwoaluaInniye C. dipterrigena BCC2073 maaﬂummﬂmn U
a < (a g‘ lel 1 a s A a :} 3
’Jlﬂ‘i?%'ﬂﬂih?ﬂ!ﬂ?ﬁ'lﬂﬂiﬂﬂﬂ WU ﬁTﬁWfJﬁ!llf]iWiﬁﬂimeu1ﬂ1@ﬂﬂﬁMﬂqqqgﬂﬁﬂ

WOAINDS SC-S  (505.851 HAANSUADNSUNOAINDT) T0I0911AD NOAINDS SC-L  (433.033

1 [ a

a o J 1 a s a § a
AANTUADNTIUNDANDT) muwaamaiﬁwaﬁmm% C. dipterrigena BCC2073 HUSu

v 9
o 4 ' v ! o w v

[ Aa A @ a 4
WManmuAINY 258.101 YaansuaenTuNoaes Mua 1Ay Autaasly Figure 24. 1ag

j=9)}

A a J a 3' aa sA 9 a A 3' aa I I

!,11'[’)'Jlﬂﬁ']g‘ﬁﬂijJ’]ﬂ!u'W]’]a3@’Jclﬂﬁ1]@UIﬂfnﬂJiu’]muqﬂ’]aﬁﬂ?“ﬁﬂﬂlﬂu 10.255, 11.488 uay
sE 2 A A o qa J o & a ¢

20.373 Lﬂﬂﬁl%uﬁ L?J@!ﬂ33]1]!,1/]ﬂﬂﬂﬂﬂﬁuqmu’lﬁ']a‘lfl\jwuﬂqf\iwuﬁluwaaluﬂiﬂ']ﬂ SC-S, SC-L

wag C. dipterrigena BCC2073 AUAIAL

B on)
o o
o o
I I

300 ~

Sugar content (mg/g)

= N
o o
o o
1 1

o
|

B Total sugar ® Reducing sugar

Figure 24. Total sugar and reducing sugar of biopolymers from sterilizer condensate of palm
oil mill; SC-S (A), SC-L (B) and Cordyceps dipterrigena BCC2073 cultivated in

sterilizer condensate (C)



\ ) d’ S|
6.2 wamaamﬂmﬂam‘masﬂuamazmﬂunm

A 1 1 {3 a 4
11!ﬂﬁ'i/lﬂﬁi’]‘]_lﬂﬂlﬁﬂﬂﬁﬂﬁ‘ﬂl!@]ﬂf‘ITifJ’E’)EJGLHﬁﬂTJgﬁL‘]Juﬂiﬂﬂl’ﬂ\iﬁ"ﬁWﬂﬁmﬂi
~ A oy o s £
‘]f'Jﬂ'lW'V]ﬁﬂﬂﬂ’)‘c’ll’f]‘VnuBﬁﬁ]'lﬂuTlNﬂWﬁiJ SC-S uag SC-L uazanye C. dipterrigena
Y

~A A g’ = J A o oA a =) AA o ~ ] 1
BCC2073 Mageluiiaaw L‘WE]ﬂﬂmE]ﬂW@mllﬁ]i‘]ﬂﬂ'I‘W‘VINﬁﬂﬂﬂ'lWVﬁ]gthQﬂﬂE]fJI@EJﬂiﬂ

= a A A a :(g A
Glumzmwmmi FINTLINIZDIMITVRIANL DA VL IO Y 1-3 IDYDYFITNOAUNDININNANY

=

I ) 1 I~ A a S 9
WY 1, 2 1ag 3 Wua 4 "]f’JIll\TW‘]J’J"I “luam’;zmmgﬂuﬂiﬂwwm% 1 W@ﬁlil’ﬁ]i'l/]l,!,flﬂvlﬂiﬂﬂ

Y 1
o =K

s Aa g o < ' A o A
umﬂﬂmumu‘wmumuﬂimaqamﬂ (SC-S) Qﬂﬂ@ﬂﬁﬁ?ﬂqqq@IﬂﬂmﬂﬂiﬂlﬂﬁT 4 ‘]J"JT?N o

1 < J a a sa g 3 IS a s [l A
fnyey 2.81 +£0.03 Lﬂ'ﬁ)il“ﬁu@] madﬂiuimweamaﬂ‘inﬁu 3'JMTNL’]JHW@QHJ@ﬁﬂﬂﬂﬂﬂﬁquiq@ﬂ

U U

)

Y = 9 1 A £ £ o > =2
WOY 2 Uag 3 Ay TﬂEliJl!u'liull1Hﬂ15gﬂﬂﬂﬂlWNﬂluﬂluﬂuﬁ%ﬂjhﬂlﬁﬂ HAZAINIUDN 4
) ~ a S Y :’ £ 4 1 A :’ o 1 1
w2 Tus Tuvazinedwes nuen lavinmiisthavdrudiiimin luwanalue) (SC-L) nude

I Y A T oAaA ) Y A4
’tffﬂTJZﬂ’JTlJLﬂ‘L!ﬂiﬂiﬂﬂﬂaﬂiﬂﬂﬂﬂﬂﬂﬂﬂ‘lﬂlm% 1 a4 “lf’ﬂiN NNy 2.20 £ 0.04 L‘]J@ilclfu@

L} U
Y

1 a s a A . . P dy g’ £ J uazl ]
TIUNDALNDINNANINIYD C. dipterrigena BCC2073 maﬂﬂummﬂmuuugﬂﬂ@a 254 +
I3 ¢ A ) o qaxl a c’z a 1 1
0.05 L‘].]?Jilﬁ]iu@ ‘ﬁnm 4 ‘If’JIiN (Figure 25) AUU WOALNDTNY 3 %uﬂﬁ1h13ﬂﬂu@]@ﬂ1§ﬂ@ﬂiﬂﬂ

A A 9 S 1 ~ ] [} = IS 3 J o [ a S
NTIANNLDY 1 hlﬂqxﬂﬂﬂuﬁ')uﬂvlﬂgﬂﬂﬂﬂﬂﬁ 97.8, 97.19 Llag 97.46 Lﬂ@ﬁl%u@l AINTUNDANDIN
v S & s ' 3 o ' J o I a s
LLﬂﬂ‘lmmumﬂﬂmﬂumummumuﬂimaQaﬁlm}mazumuﬂimaqmaﬂ HAgNaatuaINn
a . . A dy :’ &£ < o w A a I <3 4
Wﬂﬁiﬂﬂ C. dipterrigena BCC2073 mammmﬂmu AU uazmawmamuﬂmwummﬁ
1 a = = Y] a S A A A 9 1
Qﬂﬂﬂﬂﬂ]’f)\iWﬂﬁmﬂﬁLTJSfJ‘lJWIEJ‘Uﬂ‘].IW’EJﬁL?Jf‘Ji%UﬂﬂuVINﬂ"l'i‘l/]ﬂﬁ@‘]JiﬂLLﬁ'J WU U1 ONU
l A ' = @ a Jd A a s A
f‘ﬂigﬂEJ’EJEJhl‘L!ﬁﬂ”I’J%‘VIL‘]Juﬂiﬂq\‘lHﬂ!mfJ’Jﬂ‘UW’Oam@iﬂ)’l!ﬂW@mL‘ﬂ)’ﬂﬂT"liﬂﬂWﬁ@ﬁnﬂ Weissella
cibaria A2, Lactobacillus plantarum A3, Weissella confusa A9 WUg Pediococcus pentosaceus
[ a a a’a’ o w
5S4 T%Qﬂﬂaﬂ”lﬂ%'@aaz 035, 1.59, 2.5 uaz 0.55 ¥ealSuaunedwesisudy mudidy
4
(IR 1FYNoq, 2550) IFUREINUTIBNUVD Ui YyAU (2550) TasfnuInsnuaens
' A g @ % = A ~ % M % a
EJ’t’]ﬂiuﬁﬂTJ%‘V]Lﬂuﬂi@]"U?N?ﬂiﬁﬂﬂ“’lﬂﬂil'LlL‘V]ﬁﬁ"lﬂ’JLﬂa’E]ﬂLm\T unin mwhq LUASNUINATNIN
A = < =) 14 o A 1 1 A v
Lﬂﬂ@ﬂ!”ﬁﬁ@\i W?J”J”Ill']Jﬁ3ﬂiu’€]Qﬂl]5zﬂ’t’]‘]_lm@ﬂﬁTiﬁﬂﬂﬂqmgﬂﬂﬂﬂlﬁﬂﬂﬂg 75.37, 84.25, 74.29

sl & o v o ' I @ A A
ag 88.09 Lﬂ’f]i!“]flm AU ﬁa\imﬂgﬂﬂi’)ﬂlﬂulfm1 4 G]f’JIlN NNLBY 1



Hydrolysis (%)

(@)

O T T T T T T T T
0 0.5 1 1.5 2 2.5 3 3.5 4

Time (h)

Hydrolysis (%)

4.5

(b)

0 T T T T T T T T
0 0.5 1 15 2 25 3 3.5 4

(Time (h)

Hydrolysis (%)

0 " T T T T T T T T

0 0.5 1 15 2 25 3 3.5 4
Time (h)

Figure 25. Hydrolysis of biopolymer from SC-S (®), SC-L (m) and biopolymer from Cordyceps
dipterrigena BCC2073 cultivated in sterilizer condensate of palm oil mill (4) in
HCI buffer pH 1 (a), 2 (b) and 3 (c). The results are mean values of triplicates and

error bars indicate standard deviations
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Figure 26. Enzymatic hydrolysis of two biopolymers from sterilizer condensate SC-S (A), SC-L

(B) and Cordyceps dipterrigena BCC2073 cultivated in sterilizer condensate (C)
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Figure 27. Percentage of hydrolysis (reducing sugar/(total sugar content — initial reducing sugar) x
100) of the extract by using HCI at pH 1 (##) and human pancreatic O—amylase (- ) of
ethanolic extracts from sterilizer condensate; SC-S (A), SC-L (B) and Cordyceps

dipterrigena BCC2073 cultivated in sterilizer condensate (C)
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(SC-S) (@), glucose (M) as a carbon source and without carbon source (A);
Lactobacillus acidophilus (a) and L. plantarum (b). The results are mean values of
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Figure 29. Percentage of carbon sources utilization by Lactobacillus acidophilus (a) and L.
plantarum (b) in minimal medium containing polymer from sterilizer condensate SC-S
(®) and glucose (M) as a carbon source and without carbon source (A) at 37 °C for
72 hours and residual sugar concentration for polymer (O), glucose (1) and without
carbon source (A). The results are mean values of triplicates error bars indicate

standard deviations
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Figure 30. The pH change in anaerobic fermentation by Lactobacillus acidophilus (a) and L.
plantarum (b) in minimal medium using polymer from sterilizer condensate SC-S (@),
glucose (M) as carbon sources and without carbon source (A ) at 37 °C for 72 hours.

The results are mean values of triplicates and error bars indicate standard deviations
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Table 21. Flocculating activity of biopolymer from sterilizer condensate of palm oil mill and C.
dipterrigena BCC2073 cultivated in sterilizer condensate of palm oil mill in kaolin

clay suspension. Different letters were significant differences (£<0.05)

Biopolymer Kaolin suspension

Flocculating activity

SC-S 2.185+0.013"
SC-L 1.809 + 0.023"
C. dipterrigena BCC2073 1.948 + 0.011°
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Figure 31. Effect of biopolymer concentration on flocculating activity using biopolymer from SC-
S (O), SC-L (®) and Cordyceps dipterrigena BCC2073 (*) at various biopolymer
concentrations; 2, 4, 5, 10, 15, 20, 30, 40, 50, 60, 80 and 100 mg/L in kaolin clay

suspension (5 g/L) at pH 7.0 supplemented with 4.5 mM CaCl,
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Figure 32. Effect of monovalent (a), divalent (b) and trivalent (c) cation concentrations on the
flocculating activity of biopolymer SC-S. The flocculating activity was carried out
using kaolin clay suspension with the addition of various cations at pH 7.0. Symbols;
KCI (@), NaCl (O), CaCl, (O), CuCl, (W), FeSO, A, MgSO, (A), MgCl, (X),

AICL (#) and FeCl, (O)
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Flocculating activity (1/0D)

Figure 33. Effect of pH (2.0 to 10.0) on the flocculating activity using biopolymer SC-S (5 mg/L)
and 1 mM FeCl,
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Table 22. The central composite design (CCD) matrix defining biopolymer concentrations, FeCl,
concentrations and pH and results on flocculating activity where X, = biopolymer

concentration, X, = FeCl, and X, = pH

Trials Parameters Flocculating activity
X, (mg/L) X, (mM) X, Predict Experiment
1 2.00 0.80 4.00 3.17 3.1+0.00
2 8.00 0.80 4.00 3.89 3.85+0.06
3 2.00 2.00 4.00 2.26 2.1£0.00
4 8.00 2.00 4.00 2.66 2.7+0.05
5 2.00 0.80 7.00 3.15 3.240.00
6 8.00 0.80 7.00 3.15 3.4+0.00
7 2.00 2.00 7.00 3.10 3.23£0.01
8 8.00 2.00 7.00 2.79 2.95+0.04
9 0 (-0.05) 1.40 5.50 6.61 6.68+0.00
10 10.05 1.40 5.50 6.95 6.75+0.01
11 5.00 0.39 5.50 2.58 2.5+0.06
12 5.00 2.41 5.50 1.51 1.45+0.00
13 5.00 1.40 2.98 1.02 1.2+0.03
14 5.00 1.40 8.02 1.11 0.8+0.09
15 5.00 1.40 5.50 7.87 7.87+0.09

*Results are mean + SD of at least three determinations



Table 23. Quadratic model coefficient estimated by multiples linear regression (significance of

regression coefficients)

Independent Coefficient Standard Degrees of Prob>F’
variables’ estimate error freedom
Intercept 7.87 0.074 1 -
X, 0.10 0.049 1 0.0640
X, -0.32 0.049 1 <0.0001
X, 0.026 0.049 1 0.6036
X12 -0.38 0.048 1 <0.0001
X, -2.06 0.048 1 <0.0001
X, -2.40 0.048 1 <0.0001
XX, -0.079 0.064 1 0.2450
XX, -0.18 0.064 1 0.0187
X, X, 0.22 0.064 1 0.0069

aX1 = Polymer concentration (mg/L), X, = FeCl,, (mM), X, = pH

bp < 0.05 are significant, R’ =0.99

Table 24. ANOVA for response surface quadratic model

Item Sum of squares DF Mean square F-value Probability > F'
Model 133.81 9 14.87 457.18 <0.0001
Residual 0.33 10 0.033 - -

Lack of fit 0.32 5 0.065 474.92 <0.0001
Pure error 6.833x 10" 5 1367 x 10” - -

Cor total 134.14 19

Root MSE 0.18

Dep. Mean 4.56

C.V. 3.96

PRESS 2.49

R-square 0.9976

Adj.R-square 0.9954

Adeq Precision 53.682 Desire > 4
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Figure 34. Response surface plot for flocculating activity of polymer from sterilizer condensate
(SC-S) to determine the effect of polymer concentration (mg/L) and pH (a), and the

effect of FeCl, concentration (mM) and pH (b)
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109 5.50  uarihmiladenla liin1InaassniaNINITUNMTANALNBIINO I UTUNANIT
NAA0Y FINIMINAADITIUIU 8 HUNATDY IAWAAIY Table 25 MNNTNAADUNDIUTUNE
< Y1 1A ] 1 = & A Y 2 [ () = =
i lanmnanssumsnaasseglusg 5.12 i 7.28 alisn Indinesnuaninede 5.18 d
a o Yy 9 a s Yy 9 '
739 Taganmeziminzanvesilatevosnnududuvoinodwes aAnudndu FeCl, tazai
oy MY 2.83, 1.47 uag 5.14 gwdny Taglia1nonssunmsanaznougagamng 7.28
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Table 25. Confirmation experimental design

Trial Parameters Flocculating activity (1/0D) % error
X, X, X, Predicted values ~ Experimental values
1. 2.13  1.16 5.84 7.10 6.77 4.65
2. 6.68 1.57 459 6.65 6.62 0.45
3. 6.50 1.61 5.25 7.39 6.93 6.22
4. 6.16 1.72 487 6.62 5.89 11.03
6. 511 1.06 6.90 5.18 5.16 0.39
8. 283 147 514 7.35 7.28 0.95
9. 270 1.16  5.67 7.31 7.26 0.68
10. 7.70 196 5.00 5.22 5.12 1.92

X, = Polymer concentration (mg/L)
X, = FeCl, concentration (mM)

X,=pH

d‘ =) = 1 ' = d' d‘
Wenf3euMeuszrINganIINAasINoUANYITA I MM Y LaganIi
o= = v Y Y a 4
Mzay (Table  26) WU noUARYITAIEIMINzay TaglyanuTNTunea DS 2.00
a Aa o 1A A A 4 1w 1A
HaanSusodns Aududu FeCl, 1.00 Haalua1s wagiitomminy 6.00 1dmnanssuns
ANAZNOUFIFAIING 5.22 = 0.00 1/0D MU&IAY uaefnEIan Iz auual Tagld

a 4 A A o 1A Aa Aa J (Y]
ANMANTUNDANDS 5.00 Hadniuaoans ALY FeCl, 1.40 Tad luans uazfitoanminy



550 laAinanssumsanaznougegaiiny 745 + 009 1/OD dmiugaquinalg
1 a 4 a Aa o 1A
(composition of center points) WU ANUYNTUNBAWDT 5.00 HaanTunAeans Ay FeCl, 1.40
Haa lua1s Aoy 5.50 IiarnInIsumsanagnougIgaIiy 742 1/0D uaztiloRing
A @ = a’j 9 A A Yy 9 a 4 a Aa o T A
naaeguiuradnasilagldaniziminzanne AnudNdUNeaINDs 2.83 HaaNTuABANS
a a J -2 1A
ANUTUTY FeCl, 147 dTadluans uazfiewniny 5.14 1dminenssumsanazneugage

91171 7.28 £ 0.09 1/0D

Table 26. Optimization for flocculating activity by using the polymer from sterilizer condensate

(SC-S) as flocculant

No Parameters Flocculating activity
X, X, X, (1/0D)

1 5 40 (CaCl,) 7.0 2.20

2° 2 1 (FeCl,) 6.0 5.22

3° 5 1.40 (FeCl,) 5.5 7.42

4° 5 1.40 (FeCl,) 5.5 7.45

5° 5 1.40 (FeCl,) 5.5 7.45

6 2.83 1.47 (FeCl,) 5.14 7.28

X, = polymer concentration, (mg/L)

X,= Cation concentration, (mM)

* The values before optimization.

*The optimization values derived from conventional method

‘ The composition of center points.

‘ The optimized values derived from RSM regression and flocculating activity in this study.

“The predicted optimum values and predicted maximum flocculating activity derived from RSM
regression in this study

"The optimized values derived from confirmation of RSM optimization and flocculating activity

in this study.
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Table 27 Composition of the partially purified biopolymer

Quantitative tests (mg/g) Analyzed Item SC-S SC-L CD
1. Phenol sulphuric acid reaction Total sugar 241.29 231.70 205.33
2. DNS Reducing sugar 101.78 100.22 66.89

3. L-cysteine hydrochloride assay
Hexose content 62.00 86.61 62.61
Pentose content 5531  77.26  56.78
4. Carbazole-sulphuric reaction Glucuronic acid 3.70 17.86  14.18
5. Monosaccharide composition
Glucose 4129 586 14741
Xylose 109.29 43.64 -

Arabinose 26.14 7.75 120.68
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6. I5IAT1LHNMAIAIUA8IT Copper-bicinchoninate (Foxand Robyt, 1991)

-gamsazato C ldlunguueslulnslamesiwan viquaz 100 lulnsdas
- 1ANETazA10A10619 100 1uTnsans

-Ta'lulas lamesinan dronaradnla (Polyvinylchloride cling film) td2ldlugedl

a =

o { I o 2w 3
(plastic zipper bag) 1 TiduNgamni 80 s sased unar 35 v M lmeuiuiiiy
p pper bag

q U

=
391 15 U
) v 1 A A A 9 A . o
- u’lll‘]J']ﬂﬂ'lﬂ'li@ﬂﬂaut!ﬁﬂﬂﬂﬂ’]ﬂﬂ’l’)ﬂau 560 u’lIulﬂJ@]i PYLA T microplate reader U1

Ay Y o
ﬂTﬂhlﬂﬂﬂﬂWﬂﬁTV\liﬂﬂ‘iﬂﬂJW?ﬁiJﬂﬁ

0.5

0.45
0.4 - y= 0.0296x

2 _
0.35 - R? = 0.9977

0.3
0.25 A
0.2
0.15 -
0.1
0.05 -

OD. 560 nm

0 2 4 6 8 10 12 14 16
Maltose (ug/ml)
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Table 1. Hydrolysis of the biopolymers in HCI buffer solution with pH 1, 2 and 3

Hydrolysis (%)
Biopolymers from Time (h)/pH 1 2 3
SC-S % 1.69+0.030 1.70+0.051 1.60+0.035
1 2.80+0.036 1.71+0.021 1.77+0.023
2 2.90+0.005 1.95+0.074 1.72+0.013
3 2.94+0.009 2.21+£0.043 1.71+0.036
4 2.81+0.034 2.65+0.059 1.84+0.013
SC-L Ya 2.05+0.027 1.63+£0.066 1.25+0.550
1 2.14+0.013 1.41£0.011 1.56+0.042
2 2.37+0.009 2.37+0.013  1.66+0.000
3 2.16+£0.059 2.16+0.013 1.71+0.009
4 2.20+£0.035 1.98+0.130 1.72+0.033
CP2073 Va 1.71+£0.045 1.32+0.054 1.18+0.048
1 2.00+£0.018 1.34+0.026 1.18+0.083
2 2.10+£0.036 1.43+0.031 1.37+0.033
3 2.06£0.034 1.65+0.018 1.86=+0.020
4 2.54+0.052 1.47+0.001 1.75+0.033
Table 2. Enzymatic hydrolysis of biopolymer by Ol-amylase
Biopolymers Hydrolysis (%)
SC-S 7.8440.141
SC-L 19.62+0.022
CP2073 29.91+0.055




Table 3. Growth of probiotic used biopolymers as carbon sources in minimal medium

log CFU/ml
Biopolymer Time (h) L. plantarum L. acidophilus
SC-S 0 10.173£0.020 10.146+0.069
6 10.748+0.441 10.732+0.012
12 11.067£0.411 10.741+0.069
24 11.348+0.008 10.812+0.087
36 10.566+0.031 10.363+0.036
48 10.046+0.057 10.149+0.160
72 9.497+0.012 9.870+0.334
Glucose 0 10.093+0.120 10.185+0.111
6 11.116%0.034 11.248+0.183
12 11.126%0.100 11.265+0.281
24 11.268+0.036 11.283+0.135
36 10.945+0.013 11.212+0.084
48 10.866+0.010 11.212+0.373
72 10.309+0.161 9.363+0.069
No C-source 0 10.194+0.394 10.167+0.394
6 11.241+0.038 10.797+0.038
12 10.734+0.186 10.531+£0.186
24 10.626+0.669 10.416+0.669
36 10.318+0.097 10.337+0.097
48 9.813+0.017 10.122+0.017
72 9.187+0.054 9.830+0.054




MV
/:

0.00—|
] A {FA/
-2.00 \j
-4.00 {
E T D d T : T L . v ’ T ; T J 7 T . !
5.00 10.00 15.00 20.00
Minutes

GPC Results

Mn Mw MP Mz Mz+1 Polydispersity | % Area
1 | 7451 | 26861 | 2525 | 126747 | 272883 3.604824 £59.36
2 856 1233 | 1223 1543 1763 1.441077 40.64

Figure-Appendix 9. GPC chromatogram of biopolymer from sterilizer condensate precipitated

with 95% ethanol at ratio 5.0
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Figure-Appendix 10. GPC chromatogram of partially purified biopolymer SC-L
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1 22853 38249 20064 71813 | 120946 1.673717
2 2718 3404 2761 4418 5588 1.252571
3 931 987 998 1039 1086 1.059988

Figure-Appendix 11. GPC chromatogram of biopolymer from Cordyceps dipterigena BCC2073
cultivated in diluted sterilizer condensate after precipitation with 95%

ethanol
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