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Recent advances in the bioproduction of mannitol

YAN Dong'”, CAI Xue'?*, XUE Hailong', ZHEN Ni', WU Yushuang', LIU Zhigiang®,
LI Mian'", ZHENG Yuguo®
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Abstract: D-mannitol is a six-carbon sugar alcohol and one of the most abundant polyols in the
nature. With antioxidant and osmotic pressure-regulating effects and non-metabolism by the human
body, D-mannitol has been widely used in functional food and pharmaceutical industries. At present,
a major way for industrial production of D-mannitol is chemical hydrogenation. In addition,
D-Mannitol can be produced by microbial metabolism or catalysis. Compared with the chemical
hydrogenation, the microbial methods for synthesizing mannitol do not produce sorbitol as a
by-product and have the advantages of mild reaction conditions, strong specificity, and high
conversion rate. Microbial fermentation is praised for easy access of strains and raw materials and
simple separation of the product. Microbial catalysis usually adopts a multi-enzyme coupling
strategy, which uses enzymes produced by engineered bacteria for whole-cell catalysis, and the
cofactor recycling pathway is introduced to replenish expensive cofactor. This method can achieve
high yields with cheap substrates under mild conditions without the formation of by-products.
However, the application of microbial methods in the industrial production of D-mannitol is limited
by the high costs of fermentation media and substrates and the long reaction time. This article
reviews the reported microbial methods for producing D-mannitol, including the use of
high-yielding strains and their fermentation processes, the utilization of low-cost substrates,
whole-cell catalytic strategies, and the process control for high productivity. The biosynthesis of
mannitol is not only of great significance for promoting industrial upgrading and realizing green
manufacturing, but also provides strong support for the development of new bio-based products to
meet the growing market demand. With the continuous improvement of technological innovation
and industrial chain, it is expected to become one of the main ways of mannitol production in the
future.

Keywords: mannitol production; microbial fermentation; whole-cell catalysis; synthetic biology;
cofactor recycling
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Table 1 Microbial fermentation for the production of mannitol

Organisms Culture Substrates Temperature pH Time Mannitol Productivity Yield References
type 0) ) (gL @Lh) (g
Mannitol production by homofermentative LAB
Lactobacillus Batch Glucose (50 g/L) 40 5.0 11 83.1 7.60 0.90 [21]
fermentum NRRL Fructose (100 g/L)
B-1932
Lactobacillus Batch Glucose (10 g/L) 37 5.0 24 56.8 2.40 093 [22]
fermentum Fructose (65 g/L)
CRL 573
Lactobacillus Batch Fructose (300 g/L) 37 5.0 136 198.0 1.45 0.66 [23]
intermedius Fed-batch Glucose: fructose (1:2) 37 5.0 92 2025 2.20 0.68
NRRL B-3693  pjtch SM and fructose syrups 37 5.0 22 104.8 4.76 0.69 [24]
Batch Fructose syrup 37 5.0 67 201.0 2.98 0.65 [25]
(300 g/L)
Batch Inulin hydrolysate 37 5.0 34 106.0 3.12 ND  [26]
(initial inulin, 150 g/L)
SSF Inulin (300 g/L) 37 5.0 72 207.0 2.88 0.69
SSF Inulin and fructose 37 5.0 110 228.0 2.07 0.57

(TS, 400 g/L)
Mannitol production by yeasts

Candida Batch Glucose (50 g/L) 30 5.0 200 151.0 0.74 0.50 [27]
magnoliae Fructose (250 g/L)
HH-01 Fed-batch Fructose (30-120 g/L) 30 5.0 200 209.0 0.99 0.83
Glucose (50 g/L)
Fed-batch Glucose (50 g/L) 35 5.0 110 213.0 1.94 0.85 [28]
Fructose (250 g/L)
Fed-batch Glucose (10 g/L) 30 5.0 110 66.0 0.60 033 [29]
Fructose (200 g/L)
Candida Two-stage Glucose (100 g/L) 28 5.0 60 240.0 4.00 0.81 [30]
magnoliae R9 fermenter Fructose (300 g/L) 37
Candida Batch Glucose (200 g/L) 30 4.0 72 80.3 1.12 040 [31]
parapsilosis Fed-batch Glucose (284 g/L) 30 4.0 120 97.1 0.81 0.34
SK26.001
Candida magnoliae Batch Fructose (100 g/L) 28 NM 96 445 0.46 0.44 [32]
NCIM 3470
Yarrowia Batch Glycerol (150 g/L) 29.5 3.0 65 27.6 0.46 0.16 [33]
lipolytica AUV’1  Fed-batch Glycerol (250 g/L)  29.5 3.0 131 38.1 0.29 0.15
Candidaazyma Batch Raw glycerol 28 6.0 168  50.8 0.30 0.30 [34]
NBRC10406
Mannitol production by filamentous fungi
Asergilluscandidus Batch Glucose (32 g/L) 31 5.5-6.0 288 22.0 0.08 0.69 [35]
P. scabrosum Batch Sucrose (150 g/L) 25 6.2 288  43.0 0.15 0.40 [36]
IBT JTER4
Penicilliumsp.  Batch Glucose (24 g/L) 28 ND 168 1.26 0.75x102  0.05 [37]
T2-M10

SM: Sugarcane molasses; SSF: Simultaneous saccharification; TS: Total sugar concentration; NM: Not mentioned; ND: Not
determined.
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1 FERIABRLBMBAIBRLAEBOERESRE A FHALARER. B: FHILMRARE. PTS:
PR s T A T PR MRSV W B PR S R Tl R Gt 5 PG WRIR AT % Bl 5+ A ; MIPDH: H & 1-BE R A
Bilf; MlPase: T Esly 1-WEERME; PFK: 6-BRMIRWEMMAE; FDP: SUBE —EMRME; FBA: RME 1,6-—k
PRI AN ;s TPL: WEMR —WESFHUME; G3PDH: 3-BEERH MM 2M; PGK.: BEfRHIMMRFE M ; PGM.: B
fig H A WA REAL I ; PK: N ER MG ; LDH. FLERMGANE; PDH. NEWERM SN ; PTA: #5iR
LA ; ACK: CMRMNE; PFL: NEHR-T RN ; ALDH: ZMEBEN; ADH: ZMEHL=
fitf; ALS: o-ZWEFLIRG M ; GP: Hi4AgWiiEidlg; FP: RSN ; GK. HAjWHHM; G6PDH: #j
W 6-WEMR L 2N ; 6PGDH: o-WilR #i A IR 2 ; EP: 2210 AU ; PKET: WRMREWRENE; FK. 2R
WM ; MDH: HERFEBL ST, Co-A: 4l A; Acetyl-CoA: ZE4HHEE A

Figure 1 Pathway for hexose metabolism of homofermentative and heterofermentative LAB. A: Homofermentative
LAB. B: Heterofermentative LAB. PTS: Phosphoenolpyruvate-dependent sugar phosphotransferase system;
PGI: Phosphoglucose isomerase; MI1PDH: Mannitol 1-phosphate dehydrogenase; MI1Pase: Mannitol
1-phosphatase; PFK: 6-phosphofructokinase; FDP: Fructose-diphosphatase; FBA: Fructose 1,6-biphosphate
aldolase; TPI: Triosephosphate isomerase; G3PDH: Glyceraldehyde 3-phosphate dehydrogenase; PGK:
Phosphoglycerate kinase; PGM: Phosphoglyceromutase and enolase; PK: Pyruvate kinase; LDH: Lactate
dehydrogenase; PDH: Pyruvate dehydrogenase; PTA: Phosphate acetyltransferase; ACK: Acetate kinase; PFL:
Pyruvate-formate lyase; ALDH: Acetaldehyde dehydrogenase; ADH: Alcohol dehydrogenase; ALS:
a-acetolactate synthase. GP: Glucose permease; FP: Fructose permease; GK: Glucokinase; G6PDH: Glucose
6-phosphate dehydrogenase; 6PGDH: 6-phosphogluconate dehydrogenase; EP: Epimerase; PKET:
Phosphoketolase; FK: Fructokinase; MDH: Mannitol dehydrogenase; Co-A: Coenzyme A; Acetyl-CoA:
Acetyl coenzyme A.
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Figure 2 Mannitol biosynthetic pathways in yeast
and fungi. GPI: Glucose phosphate isomerase; FK:
Fructokinase; MDH: Mannitol dehydrogenase;

MIPDH: Mannitol 1-phosphate dehydrogenase;
MT1Pase: Mannitol 1-phosphatase.
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M S U & ™ T B B 1ol N T3 8
G . SR AN AR Ak 245 AR ) b B SE T B n] 42
THe R B A 7= H #E R BE 1 . Hendriksen 45!
Wt B kR T 11 N5 (Penicillium
sp.) B AN [] T Ak, HG i — bk v 7 R A R TR
(P. scabrosum) IBT JTER4 FI| FHERE(150 g/L)FIEE
BT 25 °CR I 12 d Jo H EE R sk 38 1
43.0 g/L . Duan ZE0P7%F—k 3 2 1 (Penicillium sp.)
T2-8 #4754 UV)FIE A FE N (nitrosoguanidine,
NTG) AR, TR FeE A58k Penicillium
sp. T2-M10, LU A SRk T 2 IRt o8 i
A R R R T 125%, 5 1.26 g/L.

SR UN S S U I 151N B Y S
(L. intermedius) NRRL B-3693 FlA 2 {5 24 i £
(C. magnolia) HH-01 {7 rI LIE H, 2t th
HoF R T B A5 B 18 7 e JEE ARLOT 17T 75 98 v o At
FP A I AT A S A v G VR e A PR, HL
Al LA 1k % B I 39 7= A 1 BRI T, A R
R AR R . R EE R i T 87 B 1 )™ ik
235 pHAEMIE M . 7ERRZLR A EEY, 1 mol
AR CN 1 mol FLER A 1 mol Z FR B
CWE, 2t B A A MR S RRAR A B Y pH
B, W& AL KA ZE A Wi,
pH J¥ETER T AL IR R A 7 T g B A B &
SRR . 7E#EH L. intermedius NRRL B-3693
f) pH K 5.0 4T A5, 48 h N H RE = R4
HAEFGE pH AR T B 3 519, W
HEEmE R B R ESENERNE, E—F
S BEUR AR 22 R 22 % +):(C. magnolia) R9 2%
TP, AN A AN A L S A B B
FEAE W) LE LB B T A IR B2 22 37 °C, ¥ i
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KAl T T4 20%, K3 TR 22
o B R TR 7 I 8 T2 14 i v ) i 240 g/LEY
Zi b AR B H R IR R 2
R EL I At DR 1 ey 7 T R AR I 10 ) 4 T
2o M THMmMEBEEER, RAZRE R A
e Le 7 H R R, R s R, D
A, PR T AESEBR Tl A R BRI . SR,
N T AT A RE A H ER I, R TR N T BN
SR, A7 H R B A S RO T A I A
USRS o AR JEURE, AR M PR AR
b TR FEI AT R IEREAR T R IERAS , AR
HERE AT S RAAT IR

2 WAametx

2.1 BEEHIEHERNCERBANHMEEEE
FiE

1€ H &% i It & 1 (mannitol dehydrogenase,
MDH)##AL T, D-Fbli B3 by - E&EE, %
1R BN NADH 5 NADPH 12 5(# 3).

HIRBEARGE ) MDH SRR AR R T
XLA6L 7B 4 (Agaricus bisporus), 4 #4 it s
AbMDH & HE R A M R , TER R A
TR USRI, A4 NADPH, HA
SIRET NIV, HAEIEIL R Ser149,
Tyr169 Fl Lys173%. FEitim-4#175(Cladosporium
herbarum)H & LAY MDH tJ&—F NADP'/NADPH
MM 0 i B U, K/ 28.5 kDa.
ChMDH I DAZEV W rp LASAA . B AR AU 2R
TREIE AFAE, FFAF LY Hh DL G Fi it 44 285 #4) 1 T
KPR REAMEZHMREIK, HA8EET
Na' il Zn* IG5 G5 A HTIESE Zn® X DU ZR 4K
M3 A RUEME AP, S22 A%, k| T2
AR 5t 7 (Pseudomonas fluor escens)fy) MDH &
KEEREI A, eIy R Rl Rk,
B 74 NAD/NADH, H A& IRSFR Tyr fi
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A NAD(P)H NAD(P)'
D-fructose M D-mannitol
MDH
B

GDH
Gluconic acid ﬁ D-glucose

NADH NAD*

p-fructose M D-mannitol

MDH

FDH

CO, Y—T Formate

NADH NAD'

p-fructose M D-mannitol

MDH

B3 BgEELER p-BHEE A HEENA
fitf(MDH)%% 1k D-5 4 24 % D- H 82 F2. B: H & BEM
LA D-SFME A B D~ H 2 B 1 2 I A
fiti(GDH)F-4E 4 H 7 NADH. C: H @2 Wi & %
1k D-SFbEA B D-TH 87 BE I8 o H 2 I A g (FDH)
A HI N NADH.

Figure 3 Enzymatic synthesis of mannitol. A:
Conversion of D-fructose to D-mannitol by MDH
(mannitol dehydrogenase). B: D-mannitol production
from D-fructose by MDH and the recycling of
NADH through GDH (glucose dehydrogenase). C:
D-mannitol production from D-fructose by MDH
and the recycling of NADH through FDH (formate
dehydrogenase).

ML I HAK Zn® s H At 4 )8 B ORI
o JFANHT R, 5 PEMDH Z5# A B PE d
) 2 H I -3- 8% B2 i &= B (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH), N-(1-D-#&
CEL)-L-IE G A TR IR U1 . UDP-4) 7 W i & il
(UDP-glucose dehydrogenase, UGDH)#/ 6-fis
ZHRR Ik Ui (glucose-6-phosphate  dehydrogenase,
G6PDH), I Lefif 2 [a] i BEAAE HEIL G RPY,

2 5 )% 14 I F NADH 5% NADPH i 4%
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B ot S BRI A T B i E R
PRI, 75 28#b 75 NADH 5 NADPH S fiieix 4~[a]
Rt DR A4 SR A S Il B g %) vk
S, AR HRA TR SR ROV R
HMELFPES, Wikl 3 Fs . Hod—Fpor g
T # A S (glucose dehydrogenase, GDH)%A,
b 255 W A G 2 W R 1T T I8 NADHP?,
Wiy, #EBERRN S A5, A7 AR Y )
7 ) 7 2 R R A H 2R e L, HLREE R
FETT, RNVRRM pH B TR, Tl
pH™, 5 —Fh Ayt Fr2k J7 1 j& MDH Bk H iR
JIii & i (formate dehydrogenase, FDH), H &7E
FDH WAL T4k CO,, IR 1EE%H NADH
ARG, T MDH fiE{b B AL - T 8. &7
25 B it AR T IR AR AR A A B 245, FDH B2
EMEEZE BRI CO K5 5 e,
BT T SR B At fk

JE A% A Wy vh & B MDH (EC 1.1.1.67)38 %
i NADH i1, 75 FLA% FL BRI EERE b 2 B Y
MDH (EC 1.1.1.138)if % & NADPH ik,
HRAAAEFIANY . HETE &8 1 2 bk
5 %) NADH R 1 T 58 1 e S it e 2 Ak A 3R
fiE, {5140 s BEEFLAT T (L. mesenteroides)™! | 55
I B T (P. fluorescens) DSM 501061°°!, Hifif=#
PERUEE WA 2. REEH Rirvkdan i iy fecs
IR 30 °Chidy, fxik pH Z2 8 PR . Xt
T&F MDH 4 & mir v pF s 45 R, 4
J& B5 X T MDH 4 A6 16 PR BA BRI 5200
WHERUL, BIN Zo> T LR AL T, oA
HA R EER &) E R Ni* .
Cu2+\ Ca%%ﬂ MnZ+[57-59]O

T b a5 S MBI AR, BBTE
fe il AR AR A TR Tl T b B 2 R
PeFA, AHERC YL B AT RE I . REAIR S N A o
(G RE . Ak S N OE A TR0 Sk | T g
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A A Y A g T LAVE SR AIF S I 2 N 43T AL 1)
U BRI A e M A REbE A pLER Y, B
R BB ST i E T MR g B 1 & B
) MDH f— S22 4 5T (% 2). 2008 4F-, Song
SEE WRARIE T — Rk 7 A S I A T A A
I I (Thermotoga maritima) ) H & 85 i & i
TmMDH, HAE 90-100 °CZ i) HA i fEAEAL I
PE, 120 °CHFA] LIRS 63%IHEILIEM:, (BAE 1R
ISP ARSI B A TG, PR P SE 00 3R W AE
80 °CH 274K 57 min, 7E 95 °CH}N 6 min.

i FH >R B AR AS ) 10 46 $4 42 74 (T. neapolitana)
) A SR TnXT 1 TmMDH 9 45 B 4k
180 mmol/L #ZGHH, HZLAEM T 19.0 mmol/L
D- TR, % ok AR A NNl R P AR AL
i, FIRE R T B A S A B D-TH I A 1Y
BRI . 53— bk R g RGO P 0y B A A
HITH(T. neapolitana) DSM4359 i TnMDH .
Sl , HKBITRFRXMEL TnMDH 1Y
AR Y pH MR 6.5, $5idE R K 90 °C,
1E 75 °C'F BABIF i A2 E M, 78 90 °CT i
F 1 h JEAREIRIE T —F, R KT

®2 ARERIFHH EE RSB REER

B FEZH 404k /Y TnMDH AT LU 1% (R AFL L)
D-SM N JFORE 7 D-H EEEE, FiIbFEN 40%,
TnMDH Mgy —PEacms, mli B RAREEE . L
B, AR . BN . HESR AR A ik
TR B R B R e M fi i) MDH 3k F
—Fh P £1 2 2 1 (Caldicellulosiruptor  morganii)
Rt8.B8, 75 °CHF & 3 h JG G 1] PAEE 90% LA I,
95 °CHFE 2.5 h SRS REE 50%LL 1, 7E
pH7.5, IR 70 °CHf, CmMDH 1% A it 2N
#h Bk (Ogataea parapolymorpha)ii) FDH ¥ kb
B 2:1 B 2544 F N, 400 mmol/L D-JRA % 1k
FiK% 80.0%, FHIXEAE Tl fbifil# p-1 5
W T HA R P
22 WEMIENETE D-HERE

1998 4F, Slatner 2 pg Y dikiE T FI K
F 2R 35 19K H OGRS I (P, fluorescens)
DSM 50106 f#] NADH i %4 ¥ PEMDH F12k H
AT 8 22 £ (Candida boidinii) ) F R Bk &
fitt CoFDH AT R BRI A SR, 76 A il S g
s ORI FE Ak 0% Tl R A T4 AR S SE B T D-2R
Wi LA D-H B BE(R 3), D-H BREEAY =ik F

Table 2 Comparison of properties of mannitol dehydrogenase (MDH) from different sources

Species Topt (°C)  pHopt Kn (mmol/L) Specific activity (U/mg) Cofactor Metal ion References
Agaricus bisporus NM NM 29.3 NM NADPH Ni** [49]
Leuconostoc mesenteroides 30 54 35.0 70.0 NADH  Ni* [55]
Pseudomonas fluorescens 25 7.0-7.5 25.0 46.0 NADH  None [56,63-64]
Pseudomonas sp. 1109 80 8.5 20.0 97.0 NADH  Zn** [57]
Caldicellulosiruptor 75-80 8.0 18.0 115.0 NADH  Mn** [58]
morganii Rt8.B8

Thermotoga maritima 95 5.5-6.0 51.0 54.0 NADH  zZn** [59]
Thermotoga neapolitana 90 6.5 20.0 86.0 NADH  Co* [62]
Rhodobacter sphaeroides NM 6.5 16.3 68.3 NADH  None [65]
Candida magnolia 37 7.5 28.0 314.0 NM NM [66]
Leuconostoc 30 6.5 44.0 450.0 NADH Zn** [67]
pseudomesenteroides

Leuconostoc intermedius 35 5.5 25.0 331.0 NADPH Zn** [68]
Platymonas subcordiformis NM 7.0 43.0 NM NADH  Zn* [69]

NM: Not mentioned.

http://journals.im.ac.cn/cjben
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®3 WEMECERIEH BB R

Table 3 Biotransformation strategies in the production of D-mannitol

System Catalyst Substrates Yield Enzyme amount Conversion Time References
rate (%) (h)
LpMDH Whole cell D-fructose 81.9 g/L OD¢00=30.0 81.0 24 [53]
BaGDH E. coli BL21(DE3) 100 g/L
CmMDH  Pure enzyme D-fructose 95.0 mmol/L  20% (V/V) 95.0 40 [58]
OpFDH 100 mmol/L
400 mmol/L 320.0 mmol/L 80.0
TmMDH  Pure enzyme D-glucose 180 mmol/L 19.0 mmol/L 1.0 mg/mL TmMDH 10.6 5 [59]
TnXI 0.772 mg/mL TnXI
PfMDH Pure enzyme D-fructose 72.0 g/L 1.0 U/mL 80.0 48 [63]
CbFDH 500 mmol/L
1A Pure enzyme Maltodextrin 214.3 mmol/L 1/2 000 IA 86.0 48 [71]
aGP 10 g/L and 50 g/L 7.5 U/mL oGP
PGM 10.0 U/mL PGM
PGI 2.5 U/mL PGI
MI1PDH 5.0 U/mL M1PDH
M1Pase 2.5 U/mL M1Pase
FDH 5.0 U/mL FDH
4GT 0.1 U/mL 4GT
PPGK 1.0 U/mL PPGK
LpMDH Pure enzyme D-fructose 80.0 mmol/L  25.0 U/L 80.0 50 [66]
CbFDH 100 mmol/L
LpMDH Whole cell D-fructose 393 g/L 2.9 g /L (dry cell) 43.7 48 [72]
MvFDH Bacillus 90 g/LL
megaterium
LpMDH Whole cell D-fructose 362.0 mmol/L 3.0 g/L (dry cell) 72.0 8 [73]
MvFDH E. coli BL21(DE3) 500 mmol/L
ZmGLF Streptomyces D-glucose 821.0 mmol/L 5 g /L (dry cell) 82.0 40 [70]
rubiginosus GI 1 000 mmol/L 2 g/L SrGI
LpMDH Whole cell D-fructose 87.0 g/L 2.9 g/L (dry cell) 95.0 24 [74]
MvFDH Corynebacterium 500 mmol/L
ZmGLF glutamicum

MDH: Mannitol-2-dehydrogenase; FDH: Formate dehydrogenase; XI: Xylose isomerase; GI: Glucose isomerase; IA:

Isoamylase; aGP: a-glucan phosphorylase; PGM: Phosphoglucomutase; PGI: Phosphoglucose isomerase; MI1PDH:

Mannitol-1-phosphate 5-dehyrogenase; M1Pase: Mannitol 1-phosphatase; 4GT: 4-a-glucanotransferase; PPGK: Polyphosphate

glucokinase.

2.25 g/(L-h), &HRJELRF] 72.0 g/L, JEY D-R
WEEEAL R 80.0%, 2005 4F, Kaup 57 ¢ ARk
BT AR AR B T2 40 M A= P A
MR R GE, TR MH R o 2Rk ok AR
HH &8 2k 7 (L. pseudomesenteroides) ATCC 12291
1 H @A LpMDH Fk 3 B4 20 BT i

&: 010-64807509

(Mycobacterium vaccae) N10 fit) F iR it & il &
MvFDH, H M TR 400 rlfEfL D-RBE 5
D-T el E—Pad ik a e is E e
(glucose-facilitated diffusion transporter, gIf), fifi
0 L RE S A OB DR T D Rt .
Fik 3 FPEE R TR E R A0 D AR,
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TER ARSI G A 3 @/L (THEIF)IFE A R4 7
pH MR, 24 h J§ D-H %N
84%, HE—HWFE LIEIENE N KY A R D-H #5
B T 20, TE SN A4 R A A 25 0 S A g
AR AL RE T 82.0%.

TE FH A 76 W0 0B GDHL AE S 4l -7 A4 10
2R b, B4 T KB E RS
LpMDH Fik H F fif V€ ¥ 2 2 #T 7 (Bacillus
amyl oliquefaci ens) %) 5 25 4 Il & i BaGDH %% 1L
D-SRWH A i D-H 58 B o 3 3 1 7 ) EL A
P15 BaGDH (195 U1 it e £ = Sl il 19 76 31 g
FER N E 30 °C, PIUA pH fH 6.5, WINE 1A
B OD400=30.0, FJEY) -0 100 g/L, HEY)
D-H M5 FKY D-RAHE R 1:1 AIE T,
165 L RIEREAL 24 h, D-T EREEM & S =
H 81.9 /LY, Wei FEVIHGE T —Fh LLTEH A
YA D-H EE R BT, RN AR R R4l
BEMEALIA R, B 3 AN SOWBTRAL A, 7ERER 1
W, TERTEY a-1,6-BE B K R A B AR TE R
BLHe 2 4045 T FDH #8454 7 P42 (9 D-H 22
BEAE B AR, A 6 B IL N 5 BLER 3
VEM SE AR AL A, T EEA W p- 1 R
B, TERALBEES N . SRRV I . NAD IS
AT, ] 10 g/L F1 50 g/L 122 2 A
KEVE NIEYISEIL T 95%-98% M = r dh iR, N
Tl AL A i D-TH #E B B8 8 T — 2 (1 Bl o SR 11T
Z N R GRS E A, A s N
KU ES, T FREREEREZN
HF LB B — A w55, X — e i a
SEREXE LR R L g, SRR A —E 1
M

3 RE5R%

S DT Rl Al LU RARIRIC, fbov s
WL P A B R BRE A AR AT, AR T4
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TEARE &, HATTE p-TH #8042 i 2 H
Atk E kA . Rk, BE Takak
MR T, AR . 353 0 Tolk A= 7™ R ke i
ZREM FG, KK p-HE R FAIRA
fIRREFE . AR5 | ARHER 2R Py 1 B 2 a3
R BA S A . R AR T & L
Fo ok PRI AL T 2045 SR s i TR A9, A%
DLRE 28355 0 5 XA 7 D- T e EE R Pl Rk

T W) e T AU WAL 2 D-TH g i 2 22
WA A T, X EEARTR B LR R A P 1) &
BTG OLR T , JLAD 570 & I 7 ZL IR oA AR = iR
271 EE(C. magnoliae)& HRHF5t 4% . kKT
SRR BA B AR A T I P,
R FLIR TR 7 g, (ER A % 1R Fh A AR 1 [
BUZFERT R, A AR B HEE S &MER
HOEERL, REFRE A, fEA R R Y
AR YAEIRIRE, SBOYMELLG 5,
PRI F & B pH BORSHR A L W E S, K
22 R 22 B (C. magnoliae) & [ f 4 H & s s i
M RZLRR A Y, JF B ms 4 0F, Butkar
A G R BB IR AT RE 5 o Bk A TR I 3
R R WEFLIR A K, A LT 7 I 28 7 AR
LA & T 2ok 7 v £ 7 T 58 B F R H Y 1)
R AEL R R A A il RE R pHL, ] DLk #
Bz R RACRE, UEY R BRI A
PP BR BRI B, TSI IE R bk U A [] B
TERNIRY R, B2 173 Ry REA T
R, H R KIS IR RN
66.7% , i e [F) B 73 0 SROWE o028 2 W ok B2 v IS )
M EE IR b2, AR N T AP A K
T LU By SR HRE, S BUR ORI R U
AN . B G BUAEY FHOR T Z N,
ARA BB IR K, B R B R Ak
1) B PR e TR R A5 o ] T A i 2 O e O H R
BEGLA WAL T, B v T ™ a1 ] s
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W AR A T ICAR , LR T R BT T ol ) AN 0 2 K
FEMTC,  HATRE R BAXE TSR

Pl A 512 T2 R ] 22 T A 10K S 1o 5
M Ao 22 34 B S WA R B TR R i 2 O i
I, JFUHO Y ad B Ak 42 A p-H
Fal, W5k S B A A T R TR T
ARSCHF o A BN A7 7 2 e R B 26 A 2
SRARAFRERE , DA TR A 7 . 424
PEAEAL I DR RS, 26 AR IRLAT L 0 PRIE 2SR T
ZI. 7R E L RO, O B TS
HUARA D-H #R Ml 07 . SR, A fEfL
LAY B o —SE Pk, P e 2 R
— A A, U B A R R RO LS
. HATE &I &l 7T 24 iR ibn T
W, TEFRIN T ER N A M MDH Ry, ik
AW EUME GDH 5 R i 208 FDH #E7 4
DRl A P A 1 75 32 e el 2 s B A A L -
FE IR AT R E . BT A
QRRPEIRFT . i T IRIRY) DB &)
SRR, E A A TR AR, (AR AR A
e M) S B A 9 A AR R RS W R B A 2R
D-HEIE, FFAERMIT R, a0
TEIBAFAE TS — AN RIUE SV AERG 75 B2 4
BES S OB, U TREWRIRIB RS, LR
R FOA R AEALRCR . JiAh, BT
FRHEIR R ST, N 00 F- 47 m] RS2 22
o B I, W2 S R R T e L O
T B ¥ DAL . R TRk A 2 AL nl
BB — BRI 58, SEA T A DR A IS [R) AL
P FF s, DT A5 Al e A A S B A 7™ PP S

SARE, A Kk Rk A ek
BN, AESEERI T AP Al RS2 P Bl e
EA WA T A A B 1 e A AT LA
P A= A, 2 I ) R AT TR R S Y A A R
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AU i A SO A, A TR 12 F) BT R AR A P A L
BT WAL RS . R, T2
R 7 B BRI L L ] B A i e R A T
PERR, XN TR AR . T4k, B
WAl 1% A S5V 5 O T ™ Tl AR e AL TR 2
W, AR BN oA 0 A T 1 O 45V W RE B ]
B ARR R A D-H BRI U R AE T
K W 2R AR IORS HERE W), AL R IRE | pH IR A5,
DAYk A 85 5% B P XoF T (o A 0 2 L A A i
PYRIF R o TR TR YRS B TR S
R Y, HRCRA RAE T AP &
B n] DLHABORRY LS Xt 2 fe bl Bt
Il 25 RS B SE PR i N S 5, A0 A e A
AR AR RO L T S [ A BT R B
BEROAS, BN R G B - 2 R A T i e 01k, IF:
HA R — RO RN R AFAE, R RUEY)
HEAL S R B BN B BAR RO RCR o 121X — AT
WAFLEss 1, DLitk— e p-H B i g A2 T
ZHRH SRR
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