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Abstract: 1,3-Propanediol (PDO) is an important chemical extensively used in material science and the cosmetics
industry. The biomanufacturing of PDO offers numerous advantages, such as the renewability of raw materials and
environmental friendliness. Among various microorganisms, Clostridium pasteurianum emerges as an ideal choice for
industrial PDO production due to its safety, non-pathogenic nature, rapid glycerol metabolism, fast growth rate,
independence from expensive culture medium components, and its inherent efficient metabolic pathway for PDO
production. This review begins by introducing the current state and challenges of PDO biomanufacturing, followed by
an in-depth discussion of the methods for producing PDO using C. pasteurianum. Special attention is paid to the
glycerol metabolism mechanism, strategies for glycerol fermentation, and the design of the fermentation process.
Notably, our research group has identified C. pasteurianum mutant strains and developed robust processes that have
largely addressed the organism’s traditional sensitivities to environmental conditions, especially regarding iron

concentration and impurities of raw glycerol. In an electricity-aided fermentation process, PDO concentration as high
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as 120.6 g/L was achieved, with a productivity of 4.8 g/(L-h) and a yield reaching the theoretical maximum. We further
discuss the natural limitations of genetic engineering in C. pasteurianum, exploring strategies based on rational
genomic modification and directed evolution. Finally, the development of efficient downstream processing
technologies is emphasized as crucial for realizing the cost-effective microbial production of PDO from renewable
resources, since the industrial application of PDO requires a very high purity (>99.9%). The discussion on PDO
downstream processing mainly focuses on evaporation, distillation, and extraction-based purification techniques.
Through a comprehensive coverage of metabolic engineering, strain evolution, fermentation optimization, and product
separation technologies, this review discusses about the characteristics and advantages of PDO production from

C. pasteurianum, highlighting key considerations for advancing this microorganism as a new industrial chassis.

Keywords: biomanufacturing; Clostridium pasteurianum; 1,3-propanediol; crude glycerol fermentation; downstream

separation and purification
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Fig.1 Metabolic pathways for PDO bioproduction from various substrates
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phosphohydrolase; GDHt—glycerol dehydratase; YqghD—nonspecific alcohol dehydrogenase; DhaT—1,3-propanediol dehydrogenase; GDH—
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Table 1 Energy, reducing equivalents and product balances

in C. pasteurianum

End-
Substrate Energy, reducing equivalents and product balances
product

glycerol PDO glycero+NADH—PDO
lactate glycerol—lactatet NADH+ATP
glycerol—acetate+CO,+2ATP+2NADH+FdH,
ethanol glycerol—ethanol+CO,+ATP+FdH,
butyrate 2glycerol—butyrate+2CO,+3ATP+2NADH+2FdH,
*2glycerol—butyrate+2CO,+3ATP+NADH+3FdH,
2glycerol—butanol+2CO,+2ATP+2FdH,
*2glycerol+NADH—butanol+2CO,+2ATP+3FdH,

glucose—2lactate+2ATP

acetate

butanol

glucose lactate

acetate glucose—2acetate+2CO,+4ATP+2NADH+2FdH,

ethanol glucose+2NADH—2ethanol+2CO,+2ATP+2FdH,
glucose—butyrate+2CO,+3ATP+2FdH,

*glucose+tNADH—butyrate+2CO,+3ATP+3FdH,

butanol glucose+2NADH—butanol+2CO,+2ATP+2FdH,

*glucose+3NADH—butanol+2CO,+2ATP+3FdH,

butyrate

#£: *indicates that the conversion of crotonly-CoA to butyryl-
CoA is catalyzed by the BCAH-ETF complex.
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Fig. 2 Pathways of glucose and glycerol metabolism in C. pasteurianum®™
Enzymes involved in the metabolic pathways are numbered as follow: 1—Propanediol dehydratase; 2—1, 3-Propanediol dehydrogenase; 3—
Glycerol-3-phosphate dehydrogenase; 4—Dihydroxyacetone kinase; 5S—Triosephosphate isomerase; 6—Hexokinase; 7—Phosphoglucose isomerase;
8—Phosphofructokinase; 9—Glyceraldehyde-3-phosphate dehydrogenase; 10—Pyruvate kinase; 11—Lactate dehydrogenase; 12—Pyruvate formate-
lyase; 13—Pyruvate-flavodoxin oxidoreductase; 14—NADH-dependent reduced ferredoxin: NADP" oxidoreductase; 15—Ferredoxin hydrogenase;
16—Acetaldehyde dehydrogenase; 17—Alcohol dehydrogenase; 18—Phosphate acetyltransferase; 19—Acetate kinase; 20—Acetyl-CoA
acetyltransferase; 21—3-Hydroxybutyryl-CoA dehydrogenase; 22—Crotonase; 23—2,4-dienoyl-CoA reductase; 24—Ferredoxin dependent butyryl-
CoA dehydrogenase/electron transferring flavoprotein complex (BCdH-ETF); 25—Phosphate butyryltransferase; 26—Butyrate kinase; 27—
Aldehyde dehydrogenase; 28—Butanol dehydrogenase
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P PEPE B EE N K . Gallardo 25 ™ 1£ 2014 SEAF
FIFEL R T B R B DSM 525 1E 8k B 1 IR il 4% 1
(1 mg/L) AEkE ik &% (11 mg/L) FHHM
Kb, EREMRETRET, ETEZHT
fig B, TEE/PDO (1 FE R L Rk 5.03. A, Bk
5 BRI A F T PDO =4, 5% PDO A T LM
WPBEARIT o oA 235 5 e = B R AR R R I S
FERG IR pHL R PR . WILAH IR A
PRSI A Py aL ik g By s PRRkE, TR
WAERBERAT T, BIER 16 he ¥IGE Y EIRE
0.4 g/L. pH 6.8, JE30°C, T FE=fEamn] LUA
#]0.35 mol/mol, FLARMALET & H 219% B0+,

b5 O H T AR M — B AR B, A
BEAE LY 21 T FCRR B B H o A B FE
A DL 2 AT i AR K L AR AR R R P R
M E R AR R E R OB TRES
BUER, HidRa A m e E (ATP), RHit
I T AR A TE SRR A A B HhH AR 20 A AL
R tewl, SR EEZMH M T L EZENAT
BE. dbAh, WREE AL AR, £ R IINADH
A LA F H 0 A2 72 PDO. AR, B IR 1A
WENEERE R AN TR KR Z ™. Hik,
68 A8 P AT BRI A R TR Sk 1
P PRAR B 1 T I = B Y Sabra 55 MY iR T
TETR A ) A B v T2 IRAR R DSM 525 (1) T g 7= &
e UHAMSHMMLEI N1 D1 (60 g/L %%
PE+60 o/L T B, HR—Hum R, T
M) B 2% 4 5 N 13.9 g/L 38 i &) 21.1 g/L, W R M

0.25 g/g BN % 0.38 g/g, PDO I & IKFE 5.2 g/L
FEARTCARA . X5 AR T IR B IR 9
WA Bl e TR AR KR

B 75 %0 A LR K AN, MRS
SR ik A I 3 5 2 ERRR B R B AR TR T Y
A RUR 2 B AR AR B R B (CEF) ™. Ak BT &
51, NADH/NAD'[¥] Lt 5l 7 #%: 4% ABE B¢ PBE & I#
P R T TR A R AR A T e R AR AR
K F 9 A% R R P T £ N ET DA i B TR A A N
NADH/NAD [ EEAF], AT E T BB PDO /™~ &
FHn,  CAPRH T A AR R R B TR
BT EIRIE e, B IR B DSM 525 ¥4 |~ CEF
RGAE Y o T B AR PR AR P T B AT AT P B
1E— NP EAE+0.045 V vs. SHE B =, LG
W B AR & A T %A%, wn)iH FE NADH i AR i
PR, 5% B Ok A LL, PDO [ BB T
150%. 5K, DEHET (<10% .2 NADH
LR T mediator >k H P14, 7 44 N NADH/
NAD LU 5, AR T 3 5% ) 1% NADH Y #E L&
Wy B, #E Y — Tl Utesch 28 B 2019 4E BEAT (I 7T
o, S R AR AR G B AR 4 S OB AR
“All-in-One” Hitle, 5% T CEF Xf [ [KAR F DSM
525 I sE . HAESME AV R RG A,
J& #A8 FHER 2 BR M /S B %5, “ All-in-One” HLK
AL DU A TSN 5 308 A2 ) S 2% v EAT L B R B
{87 CEF 1Y) pH 4% fill F1 8 K 56 im o7 {6 v 2% ™o A
“All-in-One” HLARZFEMLT-400 mA (M I, FEi
IR CLAE R A, L B R 3
IR W B NADH b, 5 A8 o B9 R B A L,
PDO “ & B EMM CREREIR . RE LR KN
W] CEF & i % T IR s A i A %07 7%, HEE
F AR B A FRL T 45 UL AT CEF Hf A 35 7 2% i ML
T E VRl

3 Mo GRS R LA
2t
31 EREMISERER

S IR I A T R D e S
T ERBED, (HE AR T R Bl R A 5 R
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Y CHE D M=y CTED M), X823
T REEGSFEM P &, o, ERRERREER
ATl H ML N2 REE= Y (PDO. T
BE. AHLR. —Hfuw. 8%, EXTFREA N
Y W PDO BT B, F=eilw iRk, Joik
SLELAH B S IR Tl R . 8 i X ik
A R AR TR O, TRl — S
EL AR B 77 A B bR = S I A Fe R = /. SR,
7E B PR 1A 1 2 TR o0 b A7 78 S 2 SRR A
5 & 2% B PEN A B, 5 2% BB Y B2 ERAR
A LA A5 TR T o SR W A B X 8, I B Ik T AR
DNA N4, PRIk, ) 2R 22 PRBH 4 48 1R % Ak ok
J5 DNA 8 5 A a0 == IRBA M AR s 8. @R JR
BT8R g B N /MR DNA, T8 R
R A R e R T IR A R AR Y 1
f, 2013 4F Pyne 55 "7 B T — M T EIKR
B AL BRI AR Y B AL A A k. ERIRRR
B ATCC 6013 1 I 4 B i ¥4 N V) 8§ CpaAl #iA
F Ml IR 346 35 N B TR AR B A DNA IR = 220 . 7EH
ARG, R E. coli H [¥) M.FnuDII H J£ % # i X}
AMJE DNA LRI (5-CGCG-3") #HAT1R I
HIEfh . EIXFIENL T, CpaAl ASREAE T H 3
1L DNA, Rt HL A AL 5 2 4 DNA I F0RL AT
DATE B AR B R R T AR B o SR b R 5
FEKCF 1 DNA B 8 8 E IR (54530 7C DNA
A 2.4 10 AN AL AR o (BB TRALFE, dnfd
FH &R ) 59540 f BE A1 2B N SRR, Ra
HL 10 PR BE (L ) DNA B B IRAR 1 v, Ak k]
PLE 4 m R4 3N E S (B4 DNA 7.5x10°
AN EAARD

JE T E AR T AR 2%, 0 3 10 A 90 224k
16 B AR B O AR R 4% DASR = SLAR M = M 1 A=
PRERM PR, B, Schwarz 2 B ¥k 22 R S
B AR B DSM 525 H i hydA FE R (4 f AL B
SER R, 1% R AR AAE AR LR B R
ST BEIRFELL BT A T R bRt S A% . R T RS
M FAaNERESE T, BEEFrH,
B B B T RE A T U B B 0 i 32 R T
fEE —® g, [ IKAR B DSM 525 1 i) dhaBCE
CHm B H i B KB W B Th bk, 72T —Fhag
% 75 H 1 R B T3 B PDO & R RS AR . AR

M T L8 SR AT, % 9 AR AR TE DLH I D M — ik
JR [ Biebl £ 97 3 rh VLA K . REESA H K
2x YT} 7: 3, dhaBCE 578 1K 1 A Kk R 5
AR Y, HIEH BB A AR CTER
LWEATED K= BEAANAE . Sarma%E ™ 11 5
— T 5 5 AE I R IA B R B ) dhaD1 F1 dhaK %
DR, 3 st 58 ] 4 S i ) 9o it g R 30 8 TR T
B . WKL, DhaDIK> 5845 fA T E T T £ (1
Hi, FEPEAE T LG AR R B B S 2 6% 19 PDO AT
LS5 T RE, SXIER 7l RIE S H il AR 21
ity B % 10 0 2 IR R (0 H R I RE . RE O &
TR T A B RAR 1 51N MR DNA (1 38 4% 45 4E T
Ho, R RERr . rUEd Rk, HBFRM
PR PE B0 R G0, B MR A 11 0L 1) 2 ] e A7 T
I Rk 7, AN [ R B AL 8 RIG, TR IERIAS
WA Y, JE SRR HE— 0 T R B R AU B IRAR B
BL R g 51

3.2 BREERIMNEZMERTEA

En ESCpTiR, PHAS B EHR B ok N A )
B S0 2 — 2 B ARG A v B AR P A i
ZW, XIE—EAKFE ESHE MO TR,
DA B FR P AR AR = AR = 1 P TR
1 R R PR TR T I S R TR TR
R, BENLEREL ELEF Tz HESRIRE
PO R AR AR 7 v B 7 7l B AL
] DU AL S AR EE AR m . AR e
RAFKPEIRATLE S A H ARSI O Hh/PDO/ T
B MRS MIARR b, s BMESH Hix
00 ) P 9 A 8 R e AR AT B B FEEE — R
MR, ] A B A 5 R R A L A B
PRBTGG T 52 R B (90% [ 20 M e A7 75 IR B2 A1
I E AR E Rt S~10 g/L), AR
FRAR B A G 1) 4 L ) AR A B A A ) . I AR
T 0 3 3 b IR 0 AR R UK B, RS SR AR
i 52 1 B G 1 R AR A Fob B T AR SR B R ROE
il R e iR 2 (EMS) . N-H 3 -N'Hi 3 -N-
WASFENT (NTG) FIN-Z3E-N-TERgHR (ENU) %5
2155 AR 5 AT DL B 2 3 I 5 460 HEE A B E A A
FTEREYRERA L, T UV B S TR 28R
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{10 4 38 175 73 U G o 5 5 ) R R E SR AR
DNA W24, 551 8 — 1570 SR IS R i 93 738 1k A
b, A2 R0 B AR 1) 45 A mT DA i 3k 48 Fae B
i 2 AR LS T, A, AN REES
BEATBEALE AR, DA g 50 K I SR AR A i k4T € 7]
B2 ), 2012 4 Jensen 25 B M @ I AE HAL ¥ H
A5 55 EMS %} 2 (R i DSM 525 #EATREALIA S, B2
FHAERLH M EE N 50 g/L B % 110 g/ (FRREE k%
B 10 g/L) BIBRNENR FREATImE . 45 R AR
AR B IR B MINOG {7 H Bl B A2 7Y B vy (R H
TMIHFER . TERTURH H R B8 120 /L HE ik &
FErb, AR 1) B K H A 2 I 4.08 g/(L-h) 3
3 7.59 g/(L-h) o SR, FEARRTE & A R H
R oRIE R R S 598 20 h (I8 K 5 1, PDO
AT EER) = EEEARAZ LW, FRHRBEINZ
PEIEAHAR . v T B AR A2 05 B 1) 93 A8 AT 46 A
RATHE N 2 M A P B TR, 2015 4
Sandoval 5 " %} B A4 AU AR 1 ATCC 6013 #E4T
THIRNTG A2 BEALE A o 45 57 A8 1 1 B A AE
FHH M P R B 8 n - (80~150 g/L) IV AR B 97
B AP T 10 Rk, R GHR AR K&
(M150B) 7E 150 g/L fH H i 2o H a3 i) AR Ko
JUT- 3 i Ja B D), 17 26 AR 5] (0K H ok B2 T B
A= TR TR PR IR AR K e A ] . SRAB AR 100 g/L H
H I e R R B AR R BT AR R 65% 1 T
THAE (404 g/L) M 91% T B =8 (R&KIKRE
N7 /L) K9 AA RN BT A R T ik AT 42 JE TR
W F0 LG 3 A i B, 0T I 3 B SR i
BRI~ spo0A F5 PR FEAR 2 1% B A 3 KR H vl i 52 14 11
FEJF K. 20194 Yang 5 7 1 55— Tt 5% i R
Tk &5 B Ak 2 R 3L AL 15 A 3 0 AR 1R R TR B X
FLARH =9 PDO I 52 P, B AR ) 1 ik 1 S i ik
NTG %, RIGIRAMAESH 70 ¢/L PDO (HLHI4G
My 52 R S g/L) BRI B WEw R, HT
Tk, PDOWREL F—%&s gL, T
HE AT BB S~50 MR RAET . % BV BE S
S % B TR (ARTP) MWEHEE, RIS
NTG 748 AH [F] (19 97 1 759, WRFE R I, AR
AR AA56F PDO (1)1 52 4 K 38 in 42 85 g/L, 1 B AE
BUAINTG AL AR 1 9] 46 it 52 B2 43 il 9 65 g/L
80 g/L. {E4LH AN RHILIR BB, &R

T B PS42 T 37.20 g/L () PDO,  Eb B AR R B Rk
(28.73 g/L) 3RAF K E = H 29.48%. PDO I 5 5
i 5% P 7] LA R F 38 5 NTG Al ARTP 4b 3 78 3 £k
B DRI H T B BE A R AR

BRI AR B T 52 AR T 8 R R 1
fif 521, (EH TR A B AR R 8 UV/2 B 1k
FRSR O A N B ) g B XU, V77 A, AR
A ) B S o e T v 93 R T R I PR AR R
A T G T BEAR A0 MG g, AT BEAS 3 82 240 i
TR 55 U PR P 5 A R B AR 41 i
SRR OR A== B e N TP e VA 5 S
BEA (ALE) A3 T 1E 45 2 PR 5T i i A ) 4 e 458
FE AR FE 3L R 4H R i B R R T 2019 4R
Zhang 55 " X BF AR BT BRAR B EAT T ALE, LAEE
mAH R T R i 2P . 7E ALE IR —fe
M 30 /LG % 110 g/L Hl B )R ki 7%, &
TR R — A % ALE, 18I M5 g/L
W22 20 o/L TR EHLIREE IR B RAR R AE
AR W SEBIL T B = B PDO K (42.88 g/L
vs. 61.77 g/L), X & BT H il A E] TR 1 i
TS INETE. SR, AT IR1S H A 198 PDO 77
) 52T BRAR TR AR AR, ALE 7E &A1 )
WRE T 2/ 75 B 10 I B A s 37 DA S I AR KAk
HARaE . A ALE o B3 it4T 7l
8O VRV IE IR . MRBHE, ELHEA ALE J5¥ET LLE
B AR R R OR T, U 7R AR A IR R A
K& TAERGIEMIERA 2 R 46558 K
SILIG I [] F PR AR 55 30 i A 1 — Fh SR g A2 B 3 3
L ALEZEE ™, B ATHIN ™ 5 28 E—F
H 246 ALE %& B JF 5 D) 3 T 2 IR 1 724 H
BRI A, B 2R I B Re WS i 52 120 /L H
H B RAR B AR, 3@ 7E 1000 L 1 K I G
WA, 7R H Ry 7R Fdr, PDO A= 77 ik 5k 3
81 g/L, ;=i EiAE4.3 ¢/(L-h).

4 R K AL 7 PDO R i 4 &
alifk

JFR R N AL B (DSP) X 528l ]
P AR GRS AR W) R I A2 7 PDO AR BRAS 28 i 42 9% B



1396 GRAENE $55

g Bess) 3R O PDO b NP B SR AR
AT (>99.9%), {HPDO K B A 2t FEE K
BB =Y CENR . HAZ o
i) ¥, PDO M AT I B 2% i H 1) 58 42 ) B3
4 TN R B E1I PDO 7= S I
AL, PDO TE R BER T B b s IR RE &
SRR PRI B 33— 2B 3 0 T o0 B X 2
C4IRIE T 2R AEY S K PDO 4tk k. H,
T EAT LA KRS BT 28 /751 1) DSP
FEEF 2L DSP.

4.1 ETFEREMEFBOEMSE PDO HHRI T
LRI

R EARTE T B iz TR IR &
Yoy (k2. Bk, XEHEARCH=EEHT
LR MBI PDO M 2, P, NSE 4
LR CEYIED, DI BT A I P A
MR, RGBS AR KRR . 5L, &
OGS R AT AR AR, EElEk
FBRAE R B R A R T TR R R . R
H, mEENEARSEKyZSRE T SFE™
e VR N1 (PRI g v @ S U VR o
s N AR K0 AN BU R
HEAT ZRBE P B I R B DA KR T A R
o H T 20 0 A e Il e R L R R A 2 R A AR

REFE P R AEVUTE, A N IE R Y08k 2 B R R
FHER AR AN R b, NMRRRA B
B MAE IR . S0, XEERAEKD
AR E > 45 5, £ PDO ZR 1R AR o B BT
VE, 4h i BRI TTRR T AR e % TR BT AR AR )
W, BET S B0 BERE AT H AR A R R
LR A b B 20 1) T T R T S I B A
BT . AL A R — TUL R b fi R T 5 R
PEBAES 752 et i, B Ja B 59 Bk B 8 1 5 e
W R 2 R 2 07k . I 98% [T Eh AN
AR R LR XA IR T E SR A2
I R PRI AT, 7 22K R ) NaOH A1 HCLVA it
T L. Gong %5 U il TR 28 AR A fLis Hr itk
AT EE, BT R A Y G PDO ) 4
RAN6%. Bt FEd, W[ PDO i ki
Ko Wu S5 5 H 5T XM 5 R 95 B 2R 4T i 26
¥ ER AR BRI . KT, R EBRE
LI 85%. i ZARBIMZ, BT REIEAN S
RERCA B H AR W &, BHAS 7 AR Bt KSR AL S dh
F R b A 7 T SR BR R o BBk, ol B AL
ik & BB T Bt R, FRAS T G AR KR R K
CREEBARARE) 1~3 /%), ik B K 4H
JRE L, Zead il £ A PR 0 e B URT DA 2 R
RAFEFEFH RS (MVR) 28R &8 2 BRK oy,
I /5 3 I 78 1 5 K PDO 5 B B H i A% v i AR 2%
e . mT R HMER, KBRAKD)E, PDO R

F2 ETHERAZEMMPDO 4k 7%

Table 2 PDO purification based on evaporation and distillation

G EL IR YEH 5 i TAAE 1 1] 7 5 B R
B ANE BB BRI A AT R ED AR
i 5 F A BB B T MR 5 8 e K o 2R R I R P AR A
S 1 10 A R U NI TR ESSuN ey e IS
TG AR T PR
Y S 2% R W 3 G W E 2R RN 2R TR I R R R A T Gk
BRI AR RER T G IR AL, oA AR RN MR R, FE KRN BERGM
rp A3 45 i S 2 R R TR B R AR ISR R PR 1) 0, R TR NaOH RV HCLVE W kAT 742 TeHLER
BB T SHCEREREA H AR7T KT R HL B T I 6 SRR R R AR T
T PR T LR BN R R A
PR 7 2 2 o g s B P
FELIE R AN LU 002 R E B S vh VS A T2
FiRR 45 A LR 5k
ER R LR 7K
#*ig AR A P & Lok BUR IR, PR ER B H T AR H
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B M LI 70%, 725 Kk/Z5 T 1 PDO K [H]
W DL 90% e M, W R R
Je i #h 78 /7R TR I R kg B R R T 20% (1)
PDO ™ *, T e U AL B O R A AR K
FEh R K, Gao%F " HRH T A — i ER vk, R
T R AR RS dh . 1 ST I R AR AT A
AT 13 150Kk 4E, REIREREREE (gl 5
ARG o BT oL ) 26 75 B 28 v 16 0 e 2
fiX, ENTSEE MU, R, XA R AR
FBRTE R 2 TR S A BT v A HLER 2L, 91 i L RV A
TR Bk, XF7E R TR E 2 AR
PIRBER IS . AT R E AR, TAE
FH 88122 3 Bt sl H B T, Kaeding 55 "7 $2H T 5
— Pl R 28 R /ZE IR, BT E PR T 1 H v
FREEF 7 B PDO. 1R Rl RIS R, K
HE0M AE NaOH 2 KOH ¥ % il pH. 28 B 8 2¢
FRAMENEBRE, eSS A AR R K%
B BT 78 R8I 2, TR E S R R4
N, AR B 25 1T 5 T A B R SRR AR S R 43
T, JEHEE R IFINE @Y, ZEFEE 10 L/
PR 2R AR 34T T 30AE, JRRRIhIRTS T ali
FIPDO (>99%), HA=AATA] KK,

4.2 ETFERRIEYER PDO LAY T MERAR

ARPTFA R, K5 75 5% PDO A2 1 it b B o
FERE S i I R . K PDO M /KR A8 SR 3 i HL

GYER A NIE RIS, o7 DUKIEFE(RREFE. A
M, BT 3% 7K M PDO 78 7K Hh 1) 375 fift B 3t 5 T 76 53
WA SIS 1 e o i N T e 1
FA R LA MK EYPDO (£3). 2010 4F
Boonsongsawat %5 V7 it 75U T AE H 4R LB AEY A
R 1¥] PDO #EAT ¥ 7R HL . M SI2 Bs R 8 R BT 0
PDO 15 =1 7 Bic &4 (s 774H 1 PDO R B /7K A o
PDO WKL) 12 0.14, KWK 7 PDO 558 B #E 7K
FH . 360 PDO TE B K I 771 P AR B 1Y) — o 52 s
F ¥ PDO # 4L N K M PDO T4, AR5 76 V5 77
AWE, WL B LAERAS PDO. 40, 2010 4
Boonoun & Y $E H T —Fh R FH 2R AR S S R4 R
RN RNEERGR, MR B [E1 PDO 1) R AR
UGS 2. PDOE I PDO F 21 2 1] 1) 2. kA 2 3
TE AR RS T 0 B 258 42 0 70 4 A0 R e 10 2- -1,
3-WE LT, AE KM R IR A R I A Rk T
92%, K¥B5r PDOFTAMIME L KA. 518 T
IKA# R PDO AT AE W) e A 5] PDO, 5 4k 26 ik
99%. A% FH S )3 A6 Y SR g 440 PDO 1) 3 2 2
RYIFRERG#H A 2, HRE#@+ 5 PDOHA
ML= P (2, 3-T B, Hi,
TR WMARES R M) K AE R B . B i, Cui
S VBT — R AR A A A T PR B A Y
AL B W T 43 B PDO. B I A 5 = R I
B Ak ) SLAE NG T B A AL T, K PDO A R B K B o
ZR A PDO BA AR H m R, 1 PDO 4L

F3 TR PDO 4ifk 77 i3

Table 3 PDO purification based on extraction

PR =WiRiA YEH 5 thig TEAE 1 ) FREUR
W-AE HEHBKEIERN G H RS A SR PDO BT MSEPR R B [FI PDO Wi B R30I 12%
1% .15 TR HL L% 0.14
BT B S.  PDO A NBUKYEPDORTAEY, A RIS HMERGIH A 5, REERH 5PDO R 91%
I BUFEFIZENUS , 85 10 R R ASRTS PDO AR ALK 27 45 440 1) e A ot Cann 2,37 8 vl
SO 2 5 R NAR A S
BETAVMEAEA AR FHSFRIOEW RN PDORIRNT TR IR M AR, REELE = 90%
S RLAEHL ™, K PDO B4 A B K R VRS I P A 1 P A S o2
[iERAN “K,CO+K,HPO,” 5  fHHIRAKGHEFIMERTZERENK ST ZER ARG DR F NS ELR, B 98%
FrEEHL B SR AT R HUR 58 e T P [ AT S 7 72 it T R I T R K R 1 R K
Hi 2B R R A L ) BT 97%
T e
[CEZ AR B A KM IE TR 2B 95%

R TR TS b A SRR

i NaH, PO {E A #:Hr7, [ Y PDO
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RIAHN 62%, 2,3-T ZEEATH LA RAUR 0.06%
F10.08%. LAk, PDO-FRTS A A S B 2 BR 34 M
B /KM HANE T7K,  w DU I 7 50 1 b 2 A 2 A
R E, RS A REDGH. &
J& I8 I e 1 R R K R AT BA3R A3 PDO. AR
M, 73 PDO KW S T 90%, FREEHEE3
VR 5 B AL TS A S S o F T PDO IR R 2 1]
() S RLERA,  [EIORERRT- ol FE SR 1 R A
5 — B R B VR HE L PDO T SR I 2 9 A
PrZEHL, 1% 07 VA8 F oL 2R A A 64 1 7 0 5 7K
BHLEFAERNZERG . ST RFHE T,
PDO 7E K& B IS RS B35 I, 18 PDO ¥
BB EGR o 58 B KA AL 7 B i 7
REHUFA J LA UM B, 8 S8 7K A LI 750 ) 2R i
REHUAE MR T PR [RT WSS K 7 i 7 THD 3R IR HH . 5
B 0 BT . 2018 4F Vivek 25 U BE 5T T fE
K,CO,+K,HPO,/ 5 A i &5 B A I 22 48 K B b >
5 PDO. & 7 A6t PDO ) & K [l Wit 2 ik
98.27%, A I} 1=y R 25 bk 1 48 MR A 5 2, AR
MANIRE (FLRAER) 1EBREARSLE 65%.
HAHOBERABRAWHR T ER RS,
PDO I B3R 515 97.9%,  [FINT 254 7 99.1% (1148
. 81.9% (KK R . 75.5% KA HLER A 78.7% 1)
KU, N T $RE PDO T R 4 B AN R, Bl
Li%E U SR W T — o R D S A BEBOR R, T
MR BB I PDO AT R . 7EZE — B, {HH
B AKVE R IR T BR &I = R I T i 96% 1) T IR
T KB 43 PDO A AR SR KA . fE2E 2B, i
H T I3 0 NaH,PO /E N 2470, [B1 1 95.5%
FIPDO. EERE M, TEERNT AR RS I R
FHAT 75 R K CREF R B H 200~300 @), Al
I R 08 FA 8 R T A B AT I AR AE Tl R A R R A
SUFHRASE KRR EE ., N T BRI K E
ERIF U K HETR, W TR R VA T EH 2 6 A
AR R R I R 58, F T KRB 3 —
JUREE U1 A R T R R 2R R 2L ) R RE A R
Guor52,3- T RE, [FIRENT76.3%.

5 REiERR

EL QAR B 2 AR ) i i PDO 7 Tl S B H T R 1Y)

St HACHH i AR IF H PDO ™ B, i H.
R W B 7 2 AN T B0 I B R 5 R B0 SRR
A TG REVELT, T B IR 5L A 0 A K R
7P SON R BRI 7 B AL A T AR . ARSKRA
B FRAR 1 42 7 PDO R WF 78 B o 2 EAABLAE LU T )L
ATy @R L, H AR EEORYR TR
Yoo AT M, 7 BEAT BR 1 EL T 37 B A% B B BOK
RN 1Z A FIT AR AT B ORI A 4
FOK R 3 T AR A T AR R, S AR
TRESUE, A8 T MR T b 57 v R A e
A7 PDO (B £k @ Mg A% Biod i, ELIRR
AL s THREEZ, M H B SRR 42 1 &R
GALAL 3 BN I B AL BCRAR T, RRRLIZE
L AgE T B RO B ) B DR i A B A AL AR, MO LR
PR R AL . XECSOE BT, D i B IRR T
R4 J AN = 5 7™ b P 2R B8 5 2 A

& £ X W
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