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FFG mIL KR RARRE, AERESEH 111 g/L 9Bk (ST 10g/L BEF) EARRLE, TZBRZFTE
420 g/L, HEIE KRB RAZATHEE. FRENEAAZERS. Faoibhifis SgLB#FFRALEI6hE, T=
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Recycle of spent cells from anaerobic succinate fermentation

Xuefei Bai, Kequan Chen, Guizi Ye, Xiumei Huang, Jian Li, and Min Jiang

State Key Laboratory of Materials-Oriented Chemical Engineering, College of Biotechnology and Pharmaceutical Engineering, Nanjing University
of Technology, Nanjing 210009, China

Abstract: Spent cells recovered from anaerobic fermentation by Actinobacillus succinogenes were used as nitrogen source for
succinic acid production. Three methods were investigated for cell wall-breaking. The results showed that enzymatic hydrolysis was
more effective for higher succinic acid yield. When the enzymatic hydrolysate of spent cells was added to reach a total nitrogen
concentration 1.11 g/L (equivalent to 10 g/L yeast extract), the succinic acid concentration was 42.0 g/L, but it increased slightly
when enhancing the level of enzymatic hydrolysate. However, when 5 g/L yeast extract was supplemented with the enzymatic
hydrolysate of spent cells, the succinic acid concentration reached 75.5 g/L after 36 hours and, the succinic acid productivity was
2.10 g/(L-h), which increased by 66.7% compared with the fermentation using 10 g/L yeast extract. Therefore, enzymatic hydrolysate
of spent cells could replace 50% yeast extract in the original medium for succinic acid production.
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JET CEE A, H OB 5 LR B Z R
IR, 353 46 ¢/L; Marco ZEHFSY T W HE 4 1
WWRAE S AR TR N, R T BRI VA
ABfE Ry SR AR P AR LB R BB R . IR DT R S5 )
Ji, i LREPE A 12% (VIV). Gao %DOLLRZE
WEAFTH Lactobacillus rhamnosus 20K G AE R
RVRFH T ZLIR 0 & e s il DA it 355 % 3 v i 18
I 20% , FLBRFAHEIAT] 80 g/L; Amrane! e %
SERLRRAT R H IS WO T IR A MR ROR I, FLIR ™
i is ] 38 g/L, 5 2 o/L Wb E W R W LR AE
I ER

R R B AR T RSk E I, BA
AW AR, B2 COy S, IEH k&%
Ho TERZHT MR Rk, IR
W Actinobacillus succinogenes B &= T R . 1
Y PEE L T LARIH T 2 BRI AR, B
N B AT A A T R A B AR 2 —
SR, A. succinogenes 15 3% ik A5 v il & 75 2 VS N 15
BEF B R T A K 5 mRY, X s IRk
A% B T, JCIRIE N T R Tl b AR e B ER oK
AR SCH T MR W 1 I 5 A L A A 8 A A O AR
R bl o WIREB 0 T T R A .

1 57

L1 B
Actinobacillus succinogenes NJ113 (CGMCC

No. 1716) A5 % i i IR
1.2 EHFE
Fh 35373 (g/L): Hi%ibE 10.0, BEEEH 5.0,
NaHCO; 10.0, NaH,P0O, 9.6, K,HPO, 15.5, pH 7.0
REER IR (g/L): BB 4 1.0, KH,PO,
3.0, MgCl,6H,0 0.3, CaCl, 0.3, NaCl 1.0, EEhEF
10.0 g/L 3% 75 A FH N B0 2805 £ 1) B2 7 AN LK ff ik, —
E W E R AT IR A, A 5 2 A T Y
MgCO; #77 & B pH.
1.3 KWAHE
1.3.1 75 H557%
¥ A. succinogenes HFNF|HEA 50 mL Fp 355
FAYIMIE M (MEMRAF 100 mL) iG55

10 h )5, 4% 5% B R M IR T3 30 mL &
WG SR B IV (MVE A AR 100 mL) v, 37°C
T 200 r/min #2RFEFE 48 he

1.3.2 3L KBEHEL SR

3 L AWM (BIOFLO 110, New Brunswick
Scientific, Edison, NJ, USA) %7 1.5 L kiZti3%
AR 5% KRR 37°C, Bt 200 r/min,
CO, it 0.3 L/min, & ¥ 25 i % B8 AN FHHFE
1.3.3 N9 mE 7y 4

BT IR B UG (A i B oW, FHZE R
KPR 2 IRZ G BEHI AR 60 g/L MR . R
B HIEFIEEKAE 3 FhOTEX RS W T, B
FRERRIEN . KRR 150 W RT3 T 8 kb B
20 min; FER: WEEERCTINA 1% (W/V) NaCl
6% (WIV) JL/KLEE, SOCKIGAEL 24 h; Bk
f . B E A pH 8.0, 55°C N K FH BRI 7 1
(1% 11 2.4 AU/g) /Kfi#% 24 h, HrhE§AR N4 3.45 pl/g
TANM . 3 R 7 % o i Ak B S A5 B RY K TRLE
8 000 r/min F &[> 15 min, 52| RN e Ay
0 AR S, I E Herb 2 5L Amino nitrogen (AN).,
VA Total nitrogen (TN) 7% & J5 H T HCHIE; #5324
R rh R A IS B B R T 2.22 /L R T A VR
Jefs B ok 4 1A% S TG R R AR
1.3.4 3 prmi%

AR B R A B RO BT AL (LR A B2 B
AYIBEFERT) ME , WARA A LIS AT WA O B
I (REEROCHE ARG RA A WE B K 660 nm bk
JAH (ODgso) Frn, AN, TN 7505 FH H BT &
HEUORILRE Ak e, T RS R A HPLC
GEEIL A ) Bz, TZRIE (%) =[T—
M2yt (g/L)/#%FEAER (g/L)]x100%

2 ER5H

2.1 ARk RERRE R AT ABEST Z8

oy BRI B A IS FIEEK A 3 FAE B J7
EXTT TR RS ARG B A A TR, I
IKIRRH B R B R AR, BE 3 ML B
HOR, SR 1.
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F1 IMMAEREEEX KRR T AN B 8 RKEE B0
Table 1 Effects of three kinds of cell disruption on the AN
content and AN/TN ratio in the hydrolysate

Ultrasonication ~ Autolysis  Enzymatic hydrolysis
AN g/100 mL 0.13 0.08 0.15
AN/TN 0.47 0.29 0.55

M 1 A, B§/KA#A Enzymatic hydrolysate
(EH) ' AN & HFUKHE (AN/TN) ffm, HikE
8 I R % i 45 1Y K fi# WK Ultrasonic hydrolysate
(UH), HEEEHSKAR Autolysate (AS) H1 AN 1Y
i (O R R R — e A

TERERE 20 o/L KAAIRLE 2B i 451
T, FBE 3 MOKIRR T BIVE N R A T IR
R HE 1 RAEL, Y EH ERAER, TR
R AR SRR T UH R AS AR Sy R &
HOREZE, HERJLPARERH AS 1N A A BE
T M. BAR EH 5 UH 7R2E R & & . KR
TTHAHZEAK, (HH BT R RE S A AH 22 5
i, AT EH AR SRR T i)™ 2 R UH 9 8
P SCHRHRIE , 7EA0 P DR 20 i, B 35
PR A A P A R0 Sl AR T P ) o A T
RGN A ATRERZ M T UH TR R T R
MIRCR s B BRI — Tl LU 2 0% 1Y AN L I B 7
EAFAEZK AR SCRAR . KAt 3 A b e B2 ey it
HEWER Na'll e OBEXY A, succinogenes HIAE K
PRI MHIE Y, P, AW 58 gk ol
B A0 MK B N AR TR B T R .

ﬁn 20 [ Glucose consumption = 110

2 ODeg

E Succinic acid 3

g ]

g 15r
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g8 57 )

[}

8

Q

= %

5 0 0
UH AS EH

1 FIRAAREKBRES&T BRI RIS

Fig. 1 Succinic acid production from different hydrolysates.
UH: ultrasonic hydrolysate; AS: autolysate; EH: enzymatic
hydrolysate.
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22 MEREABNARERTARHET K

FER AR B 100 g/L, AS[ELEEAS & i 4 14
TSRS (YE) MG 5 VR A J IR T &
T T RS2, 25 R A&l 2 B .

§ 100 - A Glucose consumption e
3 222} ODgs, _ []
< 9 P .
o 80 X Succinic acid 112
72 60 s
o -8 Q
g wl e
g
2
q4
§ 20|
o ]
8
2 0 0
(G) 0.44 0.55 0.66 1.11 1.67
TN concentration (g/L)
100 - B —IGlucose consumption 716
- U227 ODggs
80 Y Succinic acid o
7— 7 i
-
60 - =
3

Glucose consumption, succinic acid (g/L)

UL

0.55 1.67 222 278 333
TN concentration (g/L)

B2 BEEMBREINEIRBRLESET 8K
Fig. 2 Succinic acid production with yeast extract and EH
separately as nitrogen source. (A) Fermentation with yeast
extract. (B) Fermentation with EH.

Phldg/L. 5g/L. 6g/L. 10g/L 5 16 g/L
BEFAE AR, A S & nlan & 2A R AL bR
Jims o BB SR, T R G S B
W, HEEREEREINEMN TN S8 0.55 g/L #nz)
111 g/L i}, #jZFHEFEM 48 /L 34Jm3 85 /L, T
TR RIGINT 0.95 % o 1 LA B AR A AR,
2B 7R, fiE TN & M 0.55 g/LIE = 1.11 g/L,
RIS AE RSN T 29 30 g/L, T MR- sftm
T3 A%, ARSI RO X T R s LR
WA, 76 TN S8 1.11 g/L i, FHikERKE
AHY SRR AR T R BER T R 1k 36.5 g/L,
AN LABE BB N RIRRE T = e —2k A A, i
Wit A W TG o8 AN BB T T R 4 o
SCHRIRGE , FEFLRR I AR BEAE T, YoRH— 2L BE M
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B IR AR I o LU SE IR B R B O R BEEE 42,0 o/L. MBEMMRCPRIN 5 gL BHEE, oD
PR, HEER BB REE , PF 2ashn— g it Hmibs 14, KB 36 h MiAMHFES, T ™ ik 5
FEE N RIEA TR A AR S0, EaTet 755 /L, REERCR 5L 10 o/L BEREE 1R R A IR Y
G PR MU I B K RO AR B I, BRI SEIRARRY, H T AT IREAF] 2.10 g/(L-h),

WA 7 TR IR 2 2k 2 Bl R IR R, AR PHERE TS . ARV T 1 A P B 4 3 42
BT RET W, (AR SREVREAR. L, 857 66.79% M1 140% . 5t , 20 M W e A6 4h i 5 /L
ARSI JETE MR P I A R T T RN A YE BTS84t 10 oL BRE T REBAET

WA R, AR D R AR RO LR 50% ., 1
23 EARBEMEEHET ZBOZMN T e TP U o SR AR 0 H 012 47.59% , T

PERETBRACEL N 100 /L HOZRFET S 10 TN AL s pimpipeage i 5 o/ BB SR ST 4
LI g/L (45 10 g/L BEREE TN ST RUNISE) MR oy Ay U BIRRAE 2y 31.8% .
3 A NS ) 5 O R RE Y . BRI (CSL), % 4%¢
\ e i B it R2 FREFRIREMIREES bt 3:0E-A
X RS T SIRIG. hd 2 T, s l T RR ARTRERE T —RET
able 2 Effects of supplementation of nitrogen sources
w15 g/L CSL )5, TR EREINT 17.2%, with EH on succinic acid production

T Hh R TR . . Glucose Succinic acid  Succinic acid
I E B A P s 3 g/L YE Ja, T /s T Supplementation consumed (g/L) ODgo (@L) yield (%)

66.9%; ¥NMNS g/L YE RUn, T M@ i i None 45.0 68 360 80.0
fEfedy, BT BRIk 5 R KR 80.7%, 5 10 g/L 3g/LYE 77.5 9.7 60.1 77.5
YE BRI T R (18 2), 5g/LYE 90.5 1.2 73.0 80.7
24 FIREATERE 3 L BRSO HERS & TeLYE 05 BT 784
e 10 g/LYE 100.0 14.1 75.9 75.9
T_Eﬁ 5 g/LCSL 50.5 7.7 36.4 72.1
fE3 L REERT, AREEAHAENT R oiies so s0 w6 o

KBRS, 550 E 3 Fin. Sl DLE e o & 15 g/L CSL 60.5 9.6 422 69.8
VB TR %%*ﬁ{ﬁﬁﬁ%&?‘ﬁ&ﬁ%ﬁ‘@, oD {E * Different amount of nitrogen sources were supplemented

separately to the medium containing enzymatic hydrolysate with

11%7 8.0, Zf@%;ﬁaﬁﬁﬁﬁj@ 47 g/L, T:@ﬁfzﬁﬁ TN concentration equivalent to 10 g/L YE.

100 rm A % Glucose 100 100
=2 -Q —o— Succinic acid = =
&l —h— &l &h
S s0r ODsan Z sof 2ot
3 Ei Ei
2 60 Ff 2 60 Ff 2 60
E = =
3 < g 3
2 40t / 2 40t 2 40t
o o o
172] 172] 172}
S 20 & S 204 g 0 195
2 2 =
G} = O © _
0 - N 0 0 L ! | — N 0

10 20 30 40 50 60 10 20 30
7 (h) t(h) 7 (h)

3 FRRFEAERET 8K
Fig. 3 Succinic acid production with different nitrogen source. (A) Fermentation with 10 g/L YE. (B) Fermentation with EH. (C)
Fermentation with EH supplemented with 5 g/L YE.

3 2% 7T RIS
TERZIEREE N 100 g/L IS, 3N TN &
3R B P e . RV FNEE KA 3 FROTIES b L1 g/L AR, T RS EEATIA 36.5 ¢/L, SR
AN R, HL P AR A K RO T R B T ARZEIG IR T R P RGO B3
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15 TN ik 111 g/ BRI 5 /L RERFISI , T

o

TR 102.8%, T RIICK L 80.7%

HERBEMW 3 LKA T RIS

FEU, WA T LA R R IR 3 509 B REE A
TRET MR, H T R4 r=a i R R 57
FERHEE T 66.7% , R BUATE OB AS v i
B He 151 R RO 1) 47.5% FRARZE 31.8%
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