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Abstract

The tolerance of Saccharomyces cerevisiae and Pachysolen tannophilus to inhibitors including furfural ,
5-hydroxymethyl furfural and levulinic acid in diluted acid hydrolysis from rape straw was investigated.
S. cerevisiae was capable of tolerating 2 g/L furfural, 2 g/L 5-hydroxymethyl furfural and 8 g/L levulinic
acid in glucose broth. However, ethanol production by P. tannophilus was strongly inhibited in xylose
broth added with 2 g/L furfural, 2 g/L 5-hydroxymethyl furfural and 8 g/L levulinic acid, respectively.
In glucose broth containing 2 g/L furfural, the ethanol yields of S. cerevisiae and P. tannophilus were
respectively 85.05% and 46. 70% compared with those of the control, while in xylose broth added with
2 g/L furfural, the ethanol yield of P. tannophilus was 12.40% compared with that of the control.
Enzymatic hydrolysis of rape straw could effectively relieve the inhibition of 2 g/L furfural on both the
S. cerevisiae and P. tannophilus, whose ethanol yields were respectively 98. 40% and 91. 00% compared
with those of the control. The results showed that the tolerance capacity of S. cerevisiae on fermentation
inhibitors including furfural, 5-hydroxymethyl furfural and levulinic acid was stronger than that of
P. tannophilus.

Key words Straw, Hydrolysis, Saccharomyces cerevisiae, Pachysolen tannophilus, Tolerance,

Ethanol

ek H . 2011 =06 —20 &R H H#Y. 2011 —08 — 14
* [H 5 H R I 4 W BT B (31071636) Fl v e i3 4 3L ARl 45 2 & 701 9% 4 W B35 B (2011HGQC. 109)
TEE BN B, U0, S, BN R AW TWE5E, E-mail: yangpeizhou@ 163. com



430

P8 R AR < TR I R AR T R B R K S AT o T 52 A 89

51

LR R AR 2B O A B T A it R 5™
T REIR SE AL, D X A7 3 KBRS R T A U
F9 Ao FEE AR, DR 2 M R UL B o AR T AT 4 R
SO A 2 T AT 2 1 B R R A ) 6 b R A 42 B A
WA RIS L WA — B SR R D
T T A T T A 2 A R S 1 7 % Ak B 7
W KA A A R R AR AL T A B
R ARE CEFURE A SRS 2 Mo T i B
MEAR R 7 £ R A ) 4, (L 95 M 1 S -0 VP S e
BERNZBE N IR 25 0 W SRS AT 48 i 20 % 1. 76 %
Bl 152.6°C kb B 21 min J5 , KR W 2 81 & &
0.98 g/ L( A< 3C ¥ g Jot & W ) B 0. 04 g/L 5-%%
I BERE A 0. 04 o/L Z TR .

RSP Pk A e AR R R &
T B AR B 20 T 1) T B T, B 05 20 90 ) K A
()20 R 2 77 2 e T AR S L SRS AT
T TR K A8 3o o 77 2 By S o M T LS - T
RIS I T PO TR X G, W8 95 45 900 44 9 F TR 1
TS B B 1) 7 2 WA % 000, LAY 26 35 00 B A
LA P TR PR R BE RS FT K R L BRI 255

1 #HEFE

L1 BRI F

TP 7 B (S, cerevisiae ) 5 JIE Tl R A= )
5Bk LR R B O R bR B OBE B W BE B
(P. tannophilus) W 8 v [ Tolb 53 A 4 T Ok 4
FR b s BRI (S -%2 Y JEMIE T RN £ T DY R 35 A AR 5 B
2 DV SR AR AT TR /K A b o3 B 37 o
1.2 fhFiEFE

40 o/L K ¥E,2 o/L W% B, 8 ¢/L LR 7,
1¢/L (NH,),S0,,1 g/L. KH, PO,, 1 g/L MgSO, -
7H,0,
1.3 A¥E(HEHE) REBERE

50 g/L AHE(Fi% %) , 10 o/L BERER K, 1 o/ L
(NH,),S0,,1 g¢/L KH,PO,,1 g/L MgSO, -7H,0'""
1.4 ®MFAE

RS DNS 32 0 5 i JEURE & B R I AM 68
WL E CBE S i, 240 AR5 AE MXT — 20,30 m x
0.25 mm, )5 £ 0. 25 pm, K N,, K g
FID, % 3# 2 30 mL/min, 3 F£ 2% 16 & 180°C , 41 I
150°C , A yEL B 220°C , Ao 1w, 733 bE 1270 52K
THEENE AP & 10 mL B T 5 000 r/min
B0 10 min, 2 B3, 70°C, B4 T4 2 1H 5 A, FR

=X
H o

il

1.5 3B R E

W WS FE AT R 0 S5, 23 40 07 10 45 21 9k S FF
KR, A 43 B0 2% SR AR A DA TR T &L b 10 15 32
HWREFFR K 24 h, i 3E, AkK P yEE pH AR
PR WA BRI, DT 2 2 I R SRS 1l (B9 T AR E 4R
AR A BR T AT A R A7) TR A AR 48 h, 3Rk A%
IK AR, T Ao e AR A e 5 0 A5 A 5 B DA B Bl
PLAA WH S5 LA B 43, B 43 804 S 30.2% |
54.6% F115.2% . LA D-AWEHE, e 4 5 7K A W 0 4
740 ¢/L,

2 HREHH

2.1 MR ERBNEGRERBBLABETZ
[ix=op-A |
2.1.1 B
DLVHI 5 W 0 K BER ) , LA R B & 0 /L B
P D of B, 25 AN [i) Joid 5 I e TR DX TR 9 18 B O 1
PR TER R (B 1) o BB o o vk BB 3 K, & B
Jo et MR FE BT R /N o  TRER TP ORI o £ Uk R 4 )
0.5.1.0.2.0.4.0 g/L i, 15 i 2 Jo B 4k 8 40 ) o0
15.89 .14.72 .13.93 .12. 84 g/L, K%t #& (16. 38 g/L)
() 97.00% .89.86% .85.04% 1 78.40% ., K & i
BIREARE T 2 /L0, K24 h J5 £ B & Wk E
B o BRI T 2 o/ L, CBERURRE s

{EL A B (1] 1) 5 B3R

187 ~-4.0¢gL
T 16} , =20¢gL
214 1.0 gL
2t 0.5 gL
;§(10’ 0
=z 8|
\i:\\’ 6’ s
g4 V4
NIt

0 12 24 36 48 60

ST/
BEL O ot R 1 B R 2T R T
Fig.1 Effect of furfural on ethanol production of S. cerevisiae
DIAHE Jy K B W), 25 52 AN ) o 6 ke A I X
e A JE R R W LRSS (B 2) R I
VR RS Y R, O R R BE B D o K B
MERE 4> 504 0.5 1.0 2.0 g/L B, % i 48 .60 F1 60 h
J& CWET W B Bt , 43 0 5.24.2.98 0,63 g/L, Ny
Xof 5 25 (8. 03 g/ L) [ 65.30% 37. 10% F17. 80% . #
TREE 54, L1 ) W R A A T B R TR A 7 LT
2.1.2  5-FRHIRLHRmE
VLA 26 W o R BE W, 25 884N [m) ot o ok B 5 -
FF LM T T B B R R s (| 3) L B A
5-5 H OB T L Ak RE Y Y K, & TR T o VR B O
/N oS- YRR o vk E 4 i R 1.2.4.8 ¢/



90 g Mk Bl oM % 2012 4
s kAR B BG40 0 1.2 .4 8 o/L B, & % 24 h
36 5 2 B I A 5 ) ik L 4 B 14,82,
o : 14.79 14.67 \14.48 g/L, 435l A %f #8 (16. 38 g/L) iy
ii ; 90.47% ,90.29% ,89.56% Fil 88.40% , WF 5% 45 &
N W), 219 T I 1 TRk i R % R T 2

12 24 36 48 60 72
RPET (i) /h

P2 T i Xt g R A R IR B S T

Fig.2  Effect of furfural on ethanol production of

(=]

P. tannophilus

W, & W T MR T I 0 G ) A T 24 .24 .36
48 h, Z, [ 5T & Wk BE 4y B A 15.10,15.00,12.63 .
11.10 g/L, & % F& (16.38 g/L) HJ 92.19% .
91.58% 77.11% F1 67.77% , %5 R W, R Wk EF
T2 g/ LI 5- HY J5 M08 98 X IR 919 9% B i I8 ) 7
7 CBERE LN

18 ——8 g/l
il g3t
. 3 - 2g/L
‘3’12— S 1glL
2107 =’
= 8
= o6f
2 4t
NI

0 12 24 36 48 60

NS Bl /h
P 3 535 P R T 55 o 0T IR TR B 2 )™ L Y 52
Fig.3  Effect of 5-hydroxymethyl furfural on ethanol

production of S. cerevisiae

VAAKE Ay B TR, 25 58 AN [l o ok 52 5 -
SR PO X o A I B R T SRS R (B 4
Bl 5 - F R 1 o G 3 A 0 K, & e o R
SRR/ RS o 5 - Y S TR BE 0 D 1.2
4.8 g/L I, & T 5T U R B (EL 2 i R 7. 32
7.29.1.68,1.50 g/L, 4% % Jg %f #4 (8.03 g/L) [
91.15% .90.80% ,20.90% FiI 18.70% . B 55 % M,
JRCEL U BE T 2 g/ L S-5 HY LR 7 S 40 o v R
BV R B L

oc

—_ N W ke N )

TRV fge L™

12 24 36 48 60 72
arANE

P 4 53 HT BB 2 00 g A S R RE A ™ SRR R
Fig.4 Effect of 5-hydroxymethyl furfural on ethanol

<

production of P. tannophilus

2.1.3 ZWHNRR
VL) %5 9 I, 25 55 () ot i vk B2 & T T R
X PR B A 7 SRR R (0 S) R BT &

77 T A A 3
18 ¢ 8¢l
T 6r =49/l
2l - 2gL
@12’ -1 g/l
o =0
210t
i 8
X 6
NI
0 2 24 36 48 60

R Rl /h
Bl S ZTE DY IR & ik Xof FR 7Y I B A I8 7 & I 4 5 T
Fig.5 Effect of levulinic acid on ethanol production

of S. cerevisiae

VLAl ke B0, 25 52 AN ) ot o Wk B 2 Bk TN
T Xof W A M TR B R R LRI S (B 6) L B A
TR P TR JoE 2 R 32 (Y 1, 90 ) S % T o i e
T DY R T LR B A 0 O 1,248 g/L ), R R
Je ARAT £ WE I B o TR R B Ay A R 7,18 .7.02
5.32.1.55 g/L, 53 B 4B (8. 03 g/L) (1) 89. 50% .
87.50% .66.30% 1 19.32% , WF55 45 B F 0, i &
WP L 4 g/ L 1) SRV R 7™ T A ) g WA R B
REEARRE LT

8 .

- 7t
q 6L 8¢/l
£n 5| 4wl
%( | *2gL
B AT ae g1
IE 3¢ =
= 0
ey
N L
0 12 24 36 48 60 72
RHET () /h

6 LM TN AR i X I R AG T I B R B LR 5
Fig.6  Effect of levulinic acid on ethanol production

of P. tannophilus

22 AEKEBETHARMBEBYEREEBREG LB~

A0

FIRWFTE A SRR W] AR T 5 LR A 2
T PRI , 08 B8 O A 2 0 W R T B R B LI
FIRE R B R o D TR AIE S0 B I X I R A e B B &
T 18752 T, 273 30) LA 2 A R SR A K AR A IS4
WFSE 2 g/ L BIE T Xof g 4 A 90 19 B R I8 7 I ) Y
M
2.2.1 IR A IR

VA % B K I TR W, 75 %% 2 o/ L BT X g R
R BL R SRR (B 7) B85 R R, KT
Hij 48 h, LT J5 & Y B 2 B A, 48 h ), L BF



430

P8 R AR < TR I R AR T R B R K S AT o T 52 A 91

JoT b Y B BT, AT 84 h, LT BT VAR B S A
9.43 ¢/L, 2% BB 15 (20. 18 ¢/L) i 46.73% , 1
P AR T ok VAR R B e WA 114 A 8GR ]
2171
18 1

——

A - T

2 e e L
W o P

L
0 12 24 36 48 60 72 84 9
T )/

Pl 7 g W A TR A - TS X g A T
B S I 7 T Y 5 TR
Fig.7 Effect of furfural in glucose broth on ethanol

production of P. tannophilus

2.2.2 MR FOK R

DL SERS FF K 8 W R BE R W, BF9E 2 ¢/L B
TR o} W WA A T RE 7 LR R (] 8) LN N 2 g/ L
BETE , KT 72 h J5 , WO R B o v o BEGA B
W (R EF ] Ry 36 ho BRI 2 o/ L ARTEE IS 1 & I i e S
MR BN 6,15 g/L, J& Xt B & (6.76 g/L) 1)
91.00%  FHXT T 7 %5 5 A A Il SR 75 FF 7K i WK e
i A 200 A A T X A A B I R A

7

"_] 6 L

bs| "

i

el

e 3t

oy L "

2 7 +’F»‘vﬂ/ﬁfﬂﬁpﬁ

N T —=— R AT K AR+ et

0 12 Zzt 3‘6 4‘8 6‘0 7‘2 8‘4 9‘6
ST TR)/h
P8 SRS AT /K M 9 bse 1 X g A e
T B A e )™ BRI 52 TR
Fig.8 Effect of furfural in hydrolysis of rape straw on

ethanol production of P. tannophilus

2.3 HMERBHABRERPAINMBENREBRSLE

FEZERN M

H R B RE N BE R R B K A 7 O
G S T 7K A Y o VA OAE T %o RS T B R T 7 &
(5 (181 9) W8 2.0 o/ L MRS 5, & 1) 35 5
JRERWREE R 6.1 g/L, T IR (6.2 g/L) Y 98.40% .
TH SR FF 7K i TR RE 8% A A5 0 A A T %o TR T B T
7= R A ]

3 it

5 T KA 00 3 0 X S T 4 2 90 4 S 8 R A A
— S I 25 5, K AT KO LT 5 i 52 B3E 15 o J55 ik
W HE N 3 g/L A Y S B T I B G 05 T %
2 o/ LEERS 4 o/ LB S 300> £ 1 5 W 4E 3R %48 h,

7
2 6 e R
B s R 1
4'%\( 4
o
J1
0 12 24 36 48 60 72 84 096
LRI 1/
B9 3 3RS A A A 780 HF S Jon R 1 Xk R VY
BB K% T e BRI 52 )

Fig.9 Effect of hydrolysis of rape straw furfural on

ethanol production of S. cerevisiae

EAR R B R SRR . A HRGEIN N 2 ~
3 g/ LT JL-F BEAE IR e BE 7 S B RE ) 58 2,
R T S W T AR ST R B,
FrE BEIA B 4 ¢/ L B, KW 24 h, SEEMR EEARAK,
W, B AL I TR P B 7 £ ™ B AR H 2 S R
T3] 48 h, £ vk 2 35 2 dc g U, U IR 1Y e g
WEHEIR 24 h, ARSI A 58 42N [R] Palmqvist 55 Y i
B, A RE TR AN N TE K 24 h )5, SR R
RNy STER S A T, WF 50 BLER P % B B Ay
AR 55 A A 75 Zh BE , 7 K I 24 b, TR0 B REAR W] RE AL
AR I 410 ) b P ) B AR A AR

W R T B B LT A2 AR e B i 22 1 B
( Candida shehatae ) Fl 4 T B¢ If B¢ &F B ( Pichia
stipitis ) 55 BE W F) F A & W 77 £ B 16 T AR A AL, X
i R 7Kgk 400 1) 00 O TS 52 1 22 o BT B R 1 T RE ML B
TETREIE 7 A= A 7 RO IR 1 G A 0 1) 40 st 7
Az AR K A S BN R R R ) R RS A
FEAR MR B e g 10 A I R A 0 1 B O B 1
T 52 01 28 AHR AT R R W g B R R E S A
Jo ik v JEE R TR 1 A A /K A TR b B A s Y SR T
WL, AT RE Jit PR 2 i IR /K AR 5 ) & A R SR B iz
AWE EZURE SR G 2y IR 2100 Tl 5 30 ] b
P R A S, ARG T BRI A 4 Wl A2 0 400 ) e
X I SR A 2 T B 4 )

4 it

(1) R 0 15 o 0 T 1 8 X400 ) 0y 114 i 2
PRI, B |5 - HY L A1 2 Bt P TR I 114 410
1] 8 /1 BT ) AP B 0, 0 T B B9 R ) B
Ko

(2) PRI I BF FL A 58 1 300 50 0 it 2 5 AR
TR 1) 30k SRR T /K AR IR T TR T8 B 7™ £ I e g Jo
YA JRE PR A () L X T TP R B 7 L T ) 7 SR R AN
R, e A, TR T B BE AT R0 IR 10 ) ) 1 7 4E £
B OB,

(3) WERRAT e W B (9 10 ) 0 ief 32 PR 2, DA



92

gl Bl M ¥ 20124

ER L AT S N s ™ BN E o BRIEEERE OB S (RN A RO 1 A5 A S xR 9 B A W
REAE AR o 0 57 1) i 2 TR AT £ M DR 7 T A o T2 T 52 W0 5 9K Jim 72 5 B 180 A T SR v I P R 0

(4) A& TP ACFI R BR K B SRR A7 BF RIS 98 5% B8 1) DA 22 Tl 2 e, AR 5
H AT LSt RS B e Il R KRR R R KRR £R 5 A A o

10

11

12

15

16

2 £ x #

W RE  ZA0E A 5 R Y UL B R FEAT AR AL B2 FIR TS [T]. RO WL~ 42,2010, 41 (3§ 7))
137 ~ 140.
Yang Peizhou, Jiang Shaotong, Zheng Zhi, et al. Pretreatment of micro-column, cortex and epidermis of corn stover by alkali
oxide[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41 ( Supp. ) :137 ~140. (in Chinese)
B R LA S ORGSO S R/ S TRAL BRRCR 2B A AT [T]. A HLAR A 3R, 2010, 41(7) .
101 ~104.
Yang Peizhou, Jiang Shaotong, Pan Lijun, et al. Experiment analysis on pretreatment of corn cob saccharification by acid and
alkali coordination with microwave[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(7) ;101 ~
104. (in Chinese)
B LG8 R A& . IR RO RO B IR SB[ T] L el TR AR, 2011, 27 (M T 1) ¢ 143 ~ 146.
K, AT, AN, . AR KSR R U B R S A S OB RSE [T] . RO AL 4, 2010, 41(2) -87 ~92.
Zhang Bin, Yin Xiuli, Wu Chuangzhi, et al. Study on structure and CO, gasification reactivity of acid hydrolysis residue char
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(2) :87 ~92. (in Chinese)
TLUE , RS , 25 [ 24 6 KA AT A WK i I B TR R R B i R 2R [T ] A&olk TR 4%, 2009, 25(7) : 185 ~189.
Jiang Tao, Lu Peng, Li Guoxue. Formation cause and influencing factors of furfurals during the dilute acid hydrolysis of corn
stalks[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2009, 25(7) :185 ~189. (in Chinese)
Persson P. Effect of different forms of alkali treatment on specific fermentation inhibitors and on the fermentability of
lignocellulose hydrolysates for production of fuel ethanol[ J]. Journal of Agricultural and Food Chemistry, 2002, 50 (19) :
5318 ~5325.
Tae-Su Jeong, Byung-Hwan Um, Jun-Seok Kim, et al. Optimizing dilute-acid pretreatment of rapeseed straw for extraction of
hemicellulose[ J]. Applied Biochemistry and Biotechnology, 2010, 161(1 ~8): 22 ~33.
Hsu C L. Pretreatment and hydrolysis of cellulosic agricultural wastes with a cellulase producing streptomyces for bioethanol
production[ J]. Biomass and Bioenergy, 2011, 35(5) . 1 878 ~1 884.
WA BT D, B 1 A . GRS SRR OB e T O R R AR T M R BEREE [T ] BRI, 2011, 25(3)
477 ~481.
Pan Lijun, Chu Kaiqing, Yang Peizhou. Breeding and fermentation characterization of Pachysolen tannophilus mutant with high
ethanol productivity from xylose[ J]. Journal of Nuclear Agricultural Sciences,2011,25(3) :477 ~481. (in Chinese)
Saharan R K, Kanwal S, Sharma S C, et al. Role of glutathione in ethanol stress tolerance in yeast Pachysolen tannophilus
[J]. Biochemical and Biophysical Research Communications, 2010, 397(2) : 307 ~310.
[ K 0 K5 PR BEE B ( Pachysolen tannophilus 1622) AT 41K FF 18 (E. coli( pGM-PA) ) 2, %
FRYERTFELT]. RFHBE#4R , 2008, 29(1): 95 ~98.
Tian Shen, Lin Zengxi, Yao Yingqiu, et al. Ethanol production characteristics of Pachysolen tannophilus 1622 and E. coli
(pGM-PA) utilizing xylose and sugar mixture[ J]. Acta Energiae Solaris Sinica, 2008, 29(1): 95 ~98. (in Chinese)
P, R O] S S UL A SR B I A B TR R A A R I ORT RE 1 BT RS BE I YRR [T]. ROLER
i Bl 224k, 2008, 27(5) ; 2080 ~2 085.
Fu N, Peiris P. Co-fermentation of a mixture of glucose and xylose to ethanol by Zymomonas mobilis and Pachysolen
tannophilus[ J]. World Journal of Microbiology and Biotechnology, 2008, 24(7) . 1091 ~1 097.
Plata-Guerrero R, Guerra-Hernandez E, Garcia-Villanova E. Determination of reducing sugar and asparagine in potatoes
[J]. Journal of Liquid Chromatography and Related Technologies, 2009, 32(17) : 2 556 ~2 568.
Beall D S, Ohta K, Ingram L O. Parametric studies of ethanol-production from xylose and other sugars by recombinant
Escherichia coli[ J]. Biotechnology and Bioengineering, 1991, 38(3) . 296 ~303.
Eva Palmqvist, Halfdan Gragem, Nina Q Meinander, et al. Main and interaction effects of acetic acid, furfural, and p-

hydroxybenzoic acid on growth and ethanol productivity of yeasts[ J]. Biotechnology and Bioengineering, 1999, 63(1) . 46 ~55.



