E2THESH AR5 AHBEARER Vol.27 No.5
2008 4 9 A Journal of Food Science and Biotechnology Sep. 2008

Y4B :1673-1689(2008)05-0078-05

5 BORHRLE B R B A = T R

FLE, KoY, e, pEE?
(LTHAY TUAMHARKHBEALRE, K 4% 214122, 2. THAY 2 HTRER,
L R4 214122)

H OE.NBHERMAEBAEET BT T AR, A Actinobacillus succinogenes Fo Aspergillus
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PRI MALAA SR LB 96 h T 8% 98.2 g/L, st 44 5 % 95.4%, A F R A 1.02
g/(L+h,
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Production of Succinic Acid by Simultaneous Saccharification
and Fermentation from Jerusalem artichoke
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Abstract: In the present work, the succinic acid production by Actinobacillus succinogenes with
simultaneous saccharification of sterilized jerusalem artichoke powder by Aspergillus niger was
found to be superior to separate hydrolysis and fermentation (SHF). During the fermentation
process, the reducing sugar concentration was maintained at a low level (10 g/L~40 g/L). The
inhibitory effect of high initial reducing sugar concentration on the succinic acid fermentation
could be eliminated. When fed batch SSF was carried out in a 5-L stirred bioreactor for 96 h,
succinic acid concentration of 98. 2 g/L, productivity of 1. 02 g/(L * h), and yield of 95. 4% were
obtained.
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TR XERHAM B—FHERORAAN
M. Ha T _MERRLUBMAAHS(LPG)
RAMNEMALEN T RARMAYY, BEEa M
REMPABHBUABERNABTE, RBEEE
FPT_REREZBAMNMER LFEXERIL
RS,

[&) 2 ¥ 4k, & B (Simultaneous saccharification
and fermentation, SSF) A K 2 F| AW HAEKE
BAEYRER (G . ERNAEES I MEMEE
FER B A S — R A O D i T RS R
EBRAAYARE . BAOBRERA, BE2™ YR
YmE, w R EEE SRR CETENE
FHEEUD AR TR SRR A=,

%% (Jerusalem artichoke), A B HE . R T
Z.¥50 28455, IR EKBEAEE K
VM ARRZE, L DHE. ERER EET
CHSBELEFHTER. THADE. £#EM.
MWESHFLMREZ AFE LHMHHE, FF
BRB A F BRI, KRB GEWH 1,2
BEENAFI— T EHEENSRERREHE Y . BRE
F32~34 WEF, RT P —FB RN s IR
Rk,

EERAEFRRITREBEW EERREST
RS RBAETT K.

1 #H# 575k

1.1 RARHH

FEOIALBREHAMRSSR: TYER
BO%23.6% MR RS 16.8% . MgCO, (T
W) BT EFAR = EXE . AILEKLA
PR BRI B (ard) . EigEY
AR, COREK. XGMFEIEERLAAF
i s AR B 0 H 7= T s s A 1R .

1.2 FEUE .

SLBEHR kB BIOFLO 110, % H New
Brunswick Scientific 24 A F=&h; BB AU BL.
DS1, bR AERT = ZERABRHBE L.
Thermo IEC j= ;752 5 4b0] W65 X Eit: b
BHEERENBERAF =& KEH: YXQLS,
MRV ERAR &K B% T/ESF.SW-CI,
HMBRLBREARAB =M B BBRERESR
#:PYX-DHS, b #BRHEFT BB ™ M LB E
BAKBHR -HHA, FMEIZRENE =R BT
XF Hit Mettler 28] 7= f s B EHN:R
B Waters A 8] 7= & ; RI K 1 4% : 32 § Waters 24 ]

B

T2 s XA S BT WO R 3 2% - 2 Waters 24 ]
72 i s Aminex HPX-87H B F f i H:; 300 mm X
7.8 mm, 9 pym, 3% H BioRad /=,

1.3 #H#

A. succinogenes SF-9 Hl F3-10. fEHE L 1
FHEH R s Asp. niger SL-09 LR R¥4EY T
BERKHEEHREN.

L4 FEBERHEST _BER

W RS ESERERCERO14], BER
HWETERCERIS]), ToMEBFESERE
Racwk(16], FSBILOKB BB B7E 5 L M5
HEABEPHT SRR 35 LASBELOKB X
BERBERBEXEG BFLEEREKD 60Cr
o H & 3K B (Asp. niger SL-09 ¥R HO A #
B 40 U/g BHMABEARBEHE,60CHRIE 10
min FHBERERNITC,. BEARBBRBETH
A. succinogenes, B 5%, KBEBRE 37 C,%H
MgCO, /45 pH {H, i 5 & 200 r/min, BA N
100% CO,, K& 0.1 m*/(m® *» min),

SRR EHEABERPHEERT R
WHE N 15~40 g/L, AR 30 | LA — & # B i m 50
FREWE R 200 g/L B EKBHEBRRBEK.
L5 SWAE
1.5.1 Az RAETFHR HPLC ¥4
WHaEBEAT _BR.ZBAFRERE"Y. XE
Waters B30 #H 68 7% {3 , Waters 2414 RI #& U 28,
Breeze 5,3% T fE 3k ; Aminex HPX-87H & T & i &
(300 mmX 7.8 mm, 9 pm; 3 Bio-Rad); Ji 311
10 mmol/L Hik; &8 55 C; (&M F & 0.5 mL/
min; R 10 L,

1.5.2 #ehml e HEE RESHETENN
EF B Zobax NH, & # £ (250 mm X 4.6 mm,
5um; Agilent, USA), 34 EH 2 & 5% Z
BB E 1 mL/min, #FER 10 uL. SENE
FF3 DNS 307, il & bt s A R AR Y. R 1
mL HEFEE.O EEW®, A 1 mol/L # H, SO, B #
78 pH 1.0, ¥ 30 min, f§ 1 mol/L # NaOH
pH7.0, BRZBKEERBISENEKE. 1
mL Ak Ak B 9 RE & L A 3 mL DNS 7, & ¥
10 min, BRAH, EFH 25 mL, I %€ 550 nm 4§
WLE, BREA MR T LS E SO RER

TZRRA R (yield) E CHEIHFE 1 g BT
AT R, BHAEE L EEESL
BABER RSB O FHFRE ELULBERT .
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TR R A 6 B OF R IR B R BE 4 B K 30,45, I e

55.65.80 g/L B , MgCO; B it A B 3540 13 48 i 58 o OL#—lt=tweoe ez
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Tab. 1 Effect of initial sugar on fermentation by

A. succinogenes SF-9 from jerusalem artichoke
BB/ (g/L)
To®  EHA

M RER g ZME gy ;
UG ALR g CBE ma/% w/%

30 0.22 19.13 9.56 64.2 99.3
45 2.50 32,32 7.53 76.0 94. 4
55 5.21 40. 08 8.52 80.5 90.5
65 - 6.20 46.54 11.75 79.1 90.5
80 18.08 46.61  12.42 75.3 77. 4

*HEFRTE 150 mL WIR AP AT, 5 g H] 48 h, B4
LR 3 TR,
HERITUBL, UG ERERERESN
65~80 g/L T B M= & F B &, KBl 46. 54~
46.61 g/ L. IR B EME B IKE X 65 g/L B, T =
BRXTIHAEIETE 2R 79. 1%, BEFI FHER 90. 5%, REHE
BB RS EREMHER.
2.2 BMIABMEFEHEBERBEST B
2.2.1 BABAIBRIRASEST -8
BB KROSEHRBKBER £S5 L B
AEEPHTHIMERE. BHEIEBEIA Y,
KBEEE 37C P E 200 r/min, HK N 100%
CO, i BK & 0.1 m*/(m® « min), Z5 R WA 1 FiR.
5 LBiHE KB, 48 h BB AL W BBKR
BEHREBREEBRLEBRITERERBIRE N
55.38 g/L, kBB ARFEEFRBRE XN 3.32 g/L,
7= T 2R 40. 52 g/L, Xt #EHE =3 77. 820, BRI A
K 94. 0%, RE 0.84 g/(L * h),
2.2.2 BREBHIBRAAIRAFEFT R
SRR ERRBKBER.ES L
B Pl b AT AR A HE R B W0 0RO RN R BOR
H55 g/L, MR BRI 30 /L B, I EH R
LA — 52 3 BE i 6 I I B vk BE O 200 g/ L %
FRKBERRR BEABBRPOEFRRREEH
£ 10~30 g/L, ZRLERME 2 iR,

Bl HHMABRREFEHRRABEESREREST =
BM&R(5 L K HE)
Fig.1 Time courses of batch fermentation from jerusa-
lem artichoke hydrolysate by Asp. niger SL-09 in
a 5 L stirred bioreactor
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Fig.2 Time courses of succinic acid production in fed
batch fermentation from jerusalem artichoke hy-
drolysate by Asp. niger SL-09 hydrolysis ina 5 L
stirred bioreactor
5L B AR HRE,72h BRAFF
KB R IR BRI R R BN 84.0 g/
L, BB ARG RBRE N 5. 54 /L, TR
61.81 g/L, Xf 1 #E ¥§ 7= % 78.8%, ¥ 1l Al %
93. 4%, 43R HE 0. 86 g/(L « h), 3 HbE o #t
REEH A R 1 ) B 5% WP B O PROBE R AT
ERAMSHERY N NEE—EBE LREAR
FRKRE R EHNARSETRERAERE.
2.3 ¥¥RHMEASTHMUZBETT R
2.3.1 HFXRHIMRATRAELSLFT R
RBFHEREBITEVITR B LA R ER QR
DHEEHECGREIDITARHBERBES LK
B#T 2 HBRE DHE 0CH, MALBEH
LB 40 U/g BB, BIRGHAR S HEMER
BAT_BAEAMFR . ETRSELLE,
HMEWRBRE N 64.9 g/L. RBERE 37 C, Hi#
3% 200 r/min, WK 100% CO,,ESE 0.1 m*/

BAHE. B¥RERE/ (/L)
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Fig. 3 Time courses of succinic acid production in SSF
from jerusalem artichoke by Asp. niger SL-09
and A. succinogenes SF-9 in a § L stirred biore-

actor

B 3,5 L A BEH R4 5 6 R 5 51k
KEBE4A8 h, —RHEBA LK 64.9g/L, RABHEL 9
g/L, =T 8 58.93 g/L, X M #E#E /™= 2 93.6%,
BRI 97. 0%, =R F 1.23 g/(L - h), Bk
AR BEFEHRSECEABRSEFEHERLE
BABMNTEHL, AESTHEIRKTEHE DER
HoRARAAR LA RETETUBSEFRSP
OB B B9 B L 5 S PR I DU R BE 5 8 T o AR
B XF B R BE R IR RIE AT
2.3.2 FEIRHRAITBLHGAIRSIREASELFT
—% TRBERWEFRES L HBHH#EPHT
IR ) 2 B AL B Ry AL R BE L WD BR BN T BIR
H 40 g/L, B REBERRIE RS 30 g/L AT,
FAME B R LA — 58 B RE im0 R B MR O 200 g/L
WEFER FRABEETNEREERERERHE
10~30 g/L, LREZRNE 4 Fim.,
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Fig.4 Time courses of succinic acid production in fed
batch SSF from jerusalem artichoke by
Asp. niger SL-09 and A. succinogenes F3-10 in a
§ L stirred bioreactor
S LB+ R i R L ML K B, 96 h ™
T M 98.2 g/L(4KEEFE K BF[A] £ 120 h T LA F
&b 04.2 g/L,ZE 160 h AT LLiEF] 110.9 g/L, BHA
BEBRBEBAKBUTERBRBRE N 134. 4
g/L, REEMAR SRR E N 31.5 ¢/L, X H#EHE
FEHE 95. 4%, ¥ I FI 5 76. 6%, AL PR IR E 1. 02 g/
(L-h).
i3 A WAL R B AR HE R B T K R
KFEERRE, KBEERT REFRKE, ™
REEFREOARE. XEBEUWRG TAEL
MR T ERETERBPEFEERKRE. H
BARAETRE, XM T hER™mREEm2
T RARWERI TS FIA 7T LR B SR A K f s
T BT AR CRL T8 0 25 4 B Ok A B0 ] R BBV
PR
2.4 ASBRUNDIABURBEEFT _RLER
BREBUEMNTHIBICRBEST _BRNA
KEB/HBRAE 2, -

HHR. TREARWRE/(g/L)
3
™~

[
S O

m 4

£2 REARHRSBUMNAMUEREETT _RER

Tab.2 Comparison of SSF and SHF in succinic acid production from jerusalem artichoke

BA

T-M

by

TR/

T®

B

il

e mEg  SF  mR  mE zm  arex/ Ee AE L®
e wie/ M wms mE/ REWRE/ /b)) RE/ B
(g/L) (g/L) (g/L) (g/L) (48 h*) (g/L) %
SHEE
(B ) 55.4 48 40.5 3.32 5.01 0. 84 3.32 ' 94.0 77.8
AR
(R i) 84.0 48 61.8 13.3 4,64 1.29 5.54 93.4 78.8
7] 4 B 4k 0.82 :
Gt % B 64.9 72 58.9 9.78 . 6.02 (1.23) 1.92 97.0 93.5
Tl 26 9 AL 40 1.02
BB B 134.4 96 98.2 16.02 6.13 . 29) 3L.5 76.6 95.4

*HAB T _MEFRE



82 £ &

5 £ H B R ¥ R

®21%

METR:ATZM>RRE, B 50k R R
FARM TG RBET R A B R BT 4
HEBENRRIBXEF APBELEABTARE
BUERBETAEMEN T _RIBDBRALE
e KAt R BT XA R REBOR B .

3 4 &
BERHELBASMAERE 8 hFT R

58.93 g/L, A BIEAL R BR & 34.5%., &£
FEIRBE 1.23 g/(L«h), T ZRR/ZM{E N 6.02;%

g/LAEPRE1.02g/(L-h), T_MEXAMAR
WHEEWE R 6.13,

BB E L R B X AR R BT
KEERETREST _BREE . 255 RE
hERE, BEAHERTR  FEH ST RAHST
FREFIRN 35 0 B 48 B B AR A K AR O,
REBTHROHE,

R EBERNTATHLREUREL
HBRTEENE MAFHTREETRE, #EH
FEHEEBEREBEEFET _BRPRANREN
—FEBELR.

E R E S B Ht 2 BE 96 h, 7= T B 98.2
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