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Effects of surfactants on promotion of straw degradation by Penicillium oxalicum

WAN Wen', YANG Tianjie', FAN Xiaoteng"’, ZHENG Haiping', WANG Shimei', WEI Zhong', XU Yangchun", SHEN Qirong'

(1. College of Resources and Environmental Science, Nanjing Agricultural University, Jiangsu Provincial Key Lab of Organic Solid Waste
Utilization, Jiangsu Collaborative Innovation Center for Solid Waste Resource Utilization, Educational Ministry Engineering Center of
Resource—saving fertilizers, National Engineering Research Center for Organic—based Fertilizers, Nanjing 210095, China; 2. Henan
Normal University, Xinxiang 453000, China)

Abstract: In order to improve degradation efficiency, effects of different types of surfactants on straw degradation by straw—degrading
bacteria were explored and the best surfactant were screened out. We first isolated a strain, Penicillium oxalicum Z7-6, with strong ability
of degrade corn straw. Under liquid fermentation, effects of four surfactants (with two concentrations) on the degradation of corn straw by P.
oxalicum 77-6 and the production of cellulosic enzymes were investigated. Finally, the effects of the surfactants were verified by solid
fermentation. The isolated P. oxalicum Z7-6 could degrade corn straw with high efficiency at a relative degradation rate of 40.58%. Under
liquid fermentation condition, the relative degradation rate of straw was higher after treated with surfactants at a concentration of 0.1%.
Both 0.1% Triton X=100(TR) and 0.1% Tween 80(TW) could significantly promote degradation of corn straw by P. oxalicum Z7-6, and

there was no significant differences between the effects of these two treatments. Activities of filter paper enzyme and carboxymethyl
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cellulase were significantly higher under 0.1% TR compared with other treatments. Under solid fermentation, straw degradation was

significantly higher under 0.1% TR compared with other treatments. Thus, the results for straw degradation and enzyme activities show that

0.1% TR has the strongest promotion effect on the degradation of straw by P. oxalicum Z7-6 and cellulosic enzyme activities.

Keywords : surfactant; straw; degradation; Penicillium oxalicum
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Table 1 The degradation circle(D) and colony diameter(d) of

straw degrading microbes

mh mWEAE  EEAE »
Strain D/mm d/mm

F4-3 40.43+0.49 34.37+0.26 1.16+0.01e
J2-5 37.03+0.41 35.93+0.60 1.03+0.01f
77-5 25.53+0.89 8.13+0.10 3.14+0.11b
75-1 28.43+0.68 9.78+0.21 2.91+0.08¢
74-4 26.67+0.81 10.71+0.51 2.49+0.05d
77-6 33.47+0.54 9.17+0.27 3.6520.05a

H: FSVEA S AR R ING TR FRAE P<0.05 K225 3
Note: Different lowercase letters in the same column indicate
significant differences at the P<0.05 level.

IS TR TR 1 M AR BN, 0.19% TR 42b 35 114 % FTRH T I
il 2t 5 L 35 61.36% , ik 25 ve TN 2R HT I 1 790 68 %
HE LB B (F; 4=66.63, P<0.001) , 3 HAR B T 60% ,1H 5
0.1%TW A Hb 22 A8 8 3% (P>0.05) o LA E45 K,
ARV B (0.1% ) B 2 IS M R B T SR 1 55 Z27-6 [
A AT B OR B 43, P 0.19% TR 5 0.19%TW Ab B ()
LI E S 53 T

HE— 2 A6 0 45 b BT R T B 276 43 AT 4 3R
SRS A2, 45 SR I, 25 F DTS PRI X B 4R R
FH G 2T 2 3R I R SR Il 05 P 1 e o SR AR — 3, B
0.19% ¥ i 1 F TG PE R AL B R 24 .38 8 F 0.5% Wk I

50

40 f Ex

20

10 -

X AR Relative degradation rate/%

F4-3  ¥7-5 J2-5 Z4-4 75-1 Z7-6
TPk Strain

AR (P<0.001, B 2b~[& 2d) . FIFA AbFEAR,0.1%TR 4b
P 1 8 4C Bl A CMC IS 1 3 Je i, D8 ARG 1 1 R
42.01 U-gds™, CMC &M R 174.30 U-gds™, ¥R 255
T H A AL T (B LEHE : Fi =12 876, P<0.001; CMC [iff ;
Fs.15=4x10°, P<0.001, & 2b . E 2¢) o 0.1%TW 4bBE K
BEREE T  E  H S5 0.1%TRAMM LB E LS. 5
X HEAH LE, 0.19% TR AbFE 4 38 AT . CMC g FIA R 1l
TEPE A T 213.74% . 155.27% F1115.24%.,

DL S5 B3R, Vv 1) 2R 1 T 2 R AT i i
YR . CMC i A SR 1t 1) 336 1, FLrf 0.19% TR Ab 28
B BB A 5 T v VAR 1 6 1A 95 P ) T AP 0 1 4
RKAEWERYIEYE, 40 0.5%MT F10.5%PP # T CMC /i
TEPEFIA RMERE 1

RT3 AR R IR 2 TR T SRR 28 ok B D %
3 £ 2 2R S M X R R T B 27 -6 M B A R
PSS EHAE S H- AT 1T Lo, R 2 AT A,
T P ) B4 P S R e JBE X R R e R 276 RO RS AT A
XoF P I A B 2R (P<0.001 ) , L3 1 5 5 vk i
ESREFT AT B A e ) A7 AE fB 25 1 TR 56 (P<0.001) , 3=
AR AT 5 r 2 TR 1 700 A B B sy, P AR G A A o
RT3 T P 00 X T AR o e s 199 52 i 2 75 A7
FEVR FERINE , e 15 T 2R T 1 R0 e B A 0 — 2 TR

3 Fofry™= £ 2 R 2 il 1 M 5 R AT AR XS [ A 2R 1 A
KMk B, JA CMC IS 2k 5 75 FF A 6T [ A 2R

(b) ————— ® 776

Penicillium sp. | EU926977
Penicillium sp. | F1177638
Penicillium sp. | HQ832798
Penicillium oxalicum | KC344971
Penicillium oxalicum | GU183174
Penicillium oxalicum |JX231003
Penicillium oxalicum | JQ446378
Penicillium sp.| HM367681
Penicillium oxalicum | HM469410
Penicillium sp.| HM801883
Penicillium oxalicum |FR670333
Penicillium oxalicum |KF465777
Penicillium sp. |[EU301633
Penicillium sp. [HM235946
Penicillium sp. | FY770072
Penicillium sp. | F1037747
Penicillium sp. | KF367495
Penicillium oxalicum |JF732994
Penicillium sp. | EU057977

T T T T T 1
0.001°0 0.0008 0.0006 0.0004 0.0002 0
Itk Z7-6 1 R 48 & B Phylogenetic tree of Z7-6 strain

| FEFREMEY EREFIERIRUREREESER

Figure 1 Degradation effects of straw degrading microbes and strain identification
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Figure 2 Effects of surfactant on strain Z7-6 degradation and enzyme activities
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Table 2 Interactive effects of type and concentration of
surfactants and enzyme activity on relative degradation rate under

liquid fermentation condition

X SR Relative degradation rate

F6 4% Index
F P
FAAEPEFRFIZE (Type) 152.72 <0.001
FERTTE R E (Cone) 145.94 <0.001 |
UEAURGEIE M (FPA) 0.70 0.43
B2 L LF YL i M (CM Case ) 8.28 0.028 1
ARZEBHBERE M (Xyl) 3.26 0.12
TypexConc 2.96 0.13
TypexFPA 2.86 0.13
TypeXCMCase 0.23 0.65
ConcxXFPA 2.11 0.20
TypexConcXFPA 0.19 0.90
5% 7% Residual
I .45 Model summary R=0.96,A1€=93.99

1% WHART]

5B E A E 6 R (P=0.028) , B CMC il 1% M 7] i
EAR IR R T B 276 FEAR EORFEFFAORE ST . (BR
TEPEFIRNS e B 0 3 ol = £F A 28 208 Bl ARG AT AR X
i I ICAZ HAEFH (P>0.05) , 6 B 2 10 15 5771 A b 285
I P A e 2 O R R i AR A R S L
52 M A A BB T
23 REEEFNERSTE 27-6 BE LB N

R T BAE 0.1% M 3 1l 4 Fofr 28 v 355 1 751 ) 2 R
B 276 [ M BRI PR ORI R B RS 1 i8
FE s 9 o 1 90 ey A 2 Il o iF o 4 SR SR B
0.19%TR AbBL T B8 5 85 27-6 XF 1 K TS FF 1Y R f i
J1H R, 35 69.67%,0.1%TW ZEFEYK 22 ,0.19%MT F1 PP
BRI e 2%, (EATS  T5F BEAR B 5 0.19% TR A P (1) AR %
ok ik e I 2 o 1 At 3 B R w1 A 1 R, S5 X BEAH
AL IR FF AR X R 2 88 5 T 41.87% (181 3a) .

0.1% 2 11 T35 1 70 % 3 Fh 21 4k 2% 285 Bl 1 1 110 5% i)
AL (& 3b~E 3d) . 0.1%TR 4L FEF g 4R . CMC il
DL R AR SRR P f 5, DB AR S 134 3.51 U gds™,
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CMC BTG PEE 25.55 U-gds™ , AR BBEEES P35 1 429.00
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Figure 3 Effects of surfactants on straw degradation and enzyme activities ability of strain Z7-6

WWW.Qes.019.CN




VRETR Rt Y £ 4155 TH

m@g 1588

FHH, Triton X—100 & 1 B FR AR 1 Bk 28— Ak ity
A Bt M 0 58 A T ik 205 Triton X—-100 423 f5
X AT il A 5RO T 3 80P

A5 I S B 2% 18T P R R R AR (0.19%)
T KA FF AR B 4, 27 2 RSB A I MR B
i HE 2 A s Wk Y MIT N PP ST 0 R TR R Y
2Z7-6 R4 A RIS HEE R . Xl feth FAAET
FEAAN AR, B IR0 TS 1 790 v R v R T
LU Z WG 2 | 7 A 2 RS AT R fR D, SO
T RIS TE M A BFIT R, v A R T
PEF 25 2 30 i AU A T BRI R T MR 2
i L e 1 (R EF BlE A 3R HTE BUBE R B AR T 2 4
EN OIS SN S i | 0 e S (TR
I a3 e T BB 2 e GRS P R A, DTS M) 7
PRI BT RE , 5 SUMTEPERRARS RIL, 765 I 5T
rh T g AT R 1 2R TP ) 0 R T
FR P i o PR B, 048 LA 1 [ )k v 4 s A T

UL AR, T T R g 4 a0 2 T 391 O A 9
i 22 fifi R 45 22 1 o R AR ) R T R A
BRG] o BRI M R RS AT R AR
PR ERICR 53 2, (E LR A 3R I, s DU EAE
Az, AR G R R a2 SR S AR, R e R
IRBS, AHIEFE Hh i 0 22 11 T R R Ak Al )
il R FRE , B, A B T SRS TR TR RS R
it FAL LA N A HL R 2 — o AR
0.1% Triton X-100 X} 5[ &5 27-6 Ff FT 5 fif 1 32 7+
A P e 58, G 2T 2t 28 28 Wi T 2 1) 41 A5 SR B £, T
A A Vs A P R T IR i 2 T 1 75

4 it

A FE 0 BE H — R0 B KR FT 6 A BB 1 B4 1)
R —— IR T 55 27-6, 70 B AE TR AN [ 1R & 1 2%
PR 3 R A 4 32 1T P R AE A [ e B T X R
T 276 P RS AT 520 & B, 0.1% Triton X—100
PETHHIR T 55 276 PR RS AT B RO S A, TRl B i
YRR R T LA YR R W A BRI TS AR RS A

SE k-

(1] BEWH N, BX 7R, o 0, 55 . o AR AR RS T 2555 AT IS I B9
[J]. 4l TRE2= 4, 2019, 35(13) :218-224.  HUO L L, ZHAO L X,
MENG H B, et al. Study on straw multi—use potential in Chinal[J].
Transactions of the Chinese Society of Agricultural Engineering, 2019,
35(13):218-224.

1% WHART]

2] kB, BR, SRIREE, 55 . REFF IS HORUE 2 HLIE XS KRS - 55 e
BRI H A3 BT, 40l TR %40, 2008, 24(3) :214-218. YANG Z
C, LU Y Z, ZHANG F R, et al. Comparative analysis of effect of straw
returning field and rotted organic fertilizer on paddy soil fertilization[J].
Transactions of the Chinese Society of Agricultural Engineering, 2008,
24(3):214-218.

[3] Setmnly, F3bt, BRAS MG, 5% 2 RUE TR AT SR 4 VR Sk 1T
FEE. O R, 2021, 54(1):95-109.  CHAIR S, XU
Y, CHENG Q P, et al. Nutrient resource quantity of main crop straw
and utilization potential under straw returning in Anhui Province[J]].
Scientia Agricultura Sinica, 2021, 54(1):95-109.

[4] HUANG S, ZENG Y, WU J, et al. Effect of crop residue retention on
rice yield in China: A meta—analysis|J]. Field Crops Research, 2013,
154:188-194.

[5] Bz, BWEHE, M), 45 . FE ARG SRS FF T DAL A A 3 Sk
(1. H B 43 50K}, 2020(6) : 299-307. CHEN Y F, XIA X G,
YANG L, et al. Straw return is the realistic way of straw resource utili-
zation[J]. Soil and Fertilizer Sciences in China, 2020(6) :299-307.

[6] E35, 5K & 5. AULAR, 55 . LT 4l 2 R A T 1) 0 18 7= G 70
SE[T]. TLIRA LB, 2020, 48(23) :255-260.  WANG Y, ZHANG
Y M, ZHU H L, et al. Screening of high—efficiency cellulose-degrading
bacteria and determination of enzyme — producing activity[J]. Jiangsu
Agricultural Sciences, 2020, 48(23) :255-260.

(71903 B, B SCUT . AT 5 20 2 4 3 0] T B T g e 1 52 I [, £
i 5 AR E i, 2010, 29(1) : 18-22. SUN W L, TAO W Y. Ef-
fect of lignin and hemicellulose on enzymatic hydrolysis of cellulose
from rice straw[J]. Journal of Food Science and Biotechnology, 2010, 29
(1):18-22.

[8] WANG H, FAN B, LI C, et al. Effects of rhamnolipid on the cellulase
and xylanase in hydrolysis of wheat straw[]]. Bioresource Technology,
2011, 102(11):6515-6521.

[9]1 ZENG G, SHI J, YUAN X, et al. Effects of Tween 80 and rhamnolipid
on the extracellular enzymes of Penicillium simplicissimum isolated
from compost[J]. Enzyme and Microbial Technology, 2006, 39 (7) :
1451-1456.

(107 FRAK L . T B RS AT BAAR o A= 49020 0 1700 A B8 P B R I 1
D] W IR I Wy JRIE Tl K 2%, 2008, ZHANG Q Z. Stimulatory
effect of biosurfactant on rice straw degradation and new fermentation
technology[D]. Harbin : Harbin Institute of Technology, 2008.

[11] BEFF, 32 2%, B 6, %5 . Tween 80 1 FLZS I Xof ek 50 it 7 1) 5
M [J]. FREEF %, 2008, 29(7) : 1998-2004. MO D, YUAN X Z,
ZENG G M, et al. Effect of Tween 80 and rhamnolipid on enzymatic
hydrolysis of straw[J]. Environmental Science, 2008, 29 (7) : 1998 —
2004.

[12] JAIAEDT . 3 THTE A 0 0 1] 285 2 0 o 0 7 7 14 g AR e i ) 5
Wi [D]. K75 R K2, 2011, ZHOU M F. Effect of surfactant on
laccase production and phenol degradation of Penicillium simplicifor-
mis in solid state fermentation[D]. Changsha : Hunan University, 2011.

[13] Ay, G, 22 . AW R 0 PR R 27 40 3R 20 B 0 A
ST ARdb ARk 24, 2011, 42(2) : 97-103. MENG J,
WANG H Y, LI T. Research of bio—surfactants and cellulose—decom-



T5 0. 2 R R 2 T MR BT 1589

posing bacteria mixture fertilizers in straw decomposition[J]. Journal
of Northeast Agricultural University, 2011, 42(2):97-103.

[14] LEE Y, KIM B, LEE B, et al. Purification and characterization of cel-
lulase produced by Bacillus amyoliquefaciens DL=3 utilizing rice hull
[J]. Bioresource Technology, 2008, 99(2) :378-386.

[15] BRAS . 25 AT T AH-E~1 ST B3 IR A 23 B2l 5 b A 2 A
FR[D). K KHEK2, 2012, CHEN N. Isolation, purification, char-
acterization and producing conditions of the antifungal peptides pro-
duced by Bacillus sp. AH-E~1[D]. Tianjin: Tianjin University, 2012.

[16] X1 5 8%, ARk, X F R, 45 . —WRIRT 1 27 4t 22 W A 1T 14 43 18 5
Ko FLEF 4 3R B R RV D). A W 27 4, 2009, 36(3) : 459-464.
LIUZ Y, HOU X Z, LIU Y C, et al. Isolation, identification and char-
acterization of a cellulose—degrading bacterial strain from the rumen
of sheep[J]. Microbiology China, 2009, 36(3) :459-464.

[17] R, YT 4 . =R o S00RE P T 20 2% e 50 1 ) 0 32 M L e fie
HORID) WA= 917441, 2010, 50(7) :870-875. WANG H Y, FAN B
Q. Screening of three straw—cellulose degrading microorganism[J]. Ac-
ta Microbiologica Sinica, 2010, 50(7) :870-875.

[18] LIU D, ZHANG R, YANG X, et al. Thermostable cellulase production
of Aspergillus fumigatus 75 under solid—state fermentation and its ap-
plication in degradation of agricultural wastes[J]. International Biode-
terioration & Biodegradation, 2011, 65(5) :717-725.

[19] LIAO H, FAN X, MEI X, et al. Production and characterization of cel-
lulolytic enzyme from Penicillium oxalicum GZ-2 and its application
in lignocellulose saccharification[J]. Biomass and Bioenergy, 2015,
74:122-134.

[20] QIN M, XU Q, SHAO Z, et al. Effect of bio—treatment on the lipophil-
ic and hydrophilic extractives of wheat straw|]|. Bioresource Technolo-
gy, 2009, 100(12) :3082-3087.

[21] ZHANG Q, CAI W, WANG J. The stimulatory effects of biosurfactant
produced by Pseudomonas aeruginosa BSZ-07 on rice straw decom-
posing[J]. Journal of Environmental Sciences, 2008, 20(8) :975-980.

[22] BALLESTEROS I, OLIVA J, CARRASCO ], et al. Effect of surfac-
tants and zeolites on simultaneous saccharification and fermentation
of steam—exploded poplar biomass to ethanol[J]. Applied Biochemistry
and Biotechnology, 1998, 70:369-381.

[23] KRISTENSEN J, BORJESSON J, BRUUN M, et al. Use of surface ac-
tive additives in enzymatic hydrolysis of wheat straw lignocellulose[J].
Enzyme and Microbial Technology, 2007, 40(4) : 888—895.

[24] AF 21 0 T 700 X6 A W ke A AR S5 28 4 2R 5 i) B L) e F Y
[D]. Kt KHK2, 2008, FU E H. Effect of surfactant on biocata-
Iytic activity of lignocellulose and its mechanism[D]. Tianjin: Tianjin
University, 2008.

[251 ZHANG H, CHEN W, HAN X, et al. Intensification of sugar produc-
tion by using Tween 80 to enhance metal-salt catalyzed pretreatment
and enzymatic hydrolysis of sugarcane bagasse[]]. Bioresource Tech-
nology, 2021, 339:125522.

[26] 14 S A= P ple i B R T G A 70 45 - RS o SR KA AT A4 4 B e £
B D] KB HIIE K, 2021, XTAO W J. Effects of bio-

logical modification and surfactant composite strategy on biomass con-
version efficiency of corn stover|D]. Wuhan : Hubei University, 2021.

[27] JOHNSON M. Detergents : Triton X=100, Tween—20, and more[J]. Ma-
ter Methods, 2013, 3:163.

[28] LEE S, AKEPRATHUMCHALI S, BUNDIDAMORN D, et al. Inter-
plays of enzyme, substrate, and surfactant on hydrolysis of native lig-
nocellulosic biomass[J]. Bioengineered, 2021, 12(1) :5110-5124.

[29] YOON S H, ROBYT J. Activation and stabilization of 10 starch—de-
grading enzymes by Triton X=100, polyethylene glycols, and polyvi-
nyl alcohols[J]. Enzyme and Microbial Technology, 2005, 37(5) : 556~
562.

[30] ZHANG W, LIU C, QU M, et al. Construction and characterization of
a chimeric enzyme of swollenin and xylanase to improve soybean
straw hydrolysis[J]. International Journal of Biological Macromole-
cules, 2020, 156:558-564.

[31] SRIKIE, BRANGAR, Tl 45, 55 . 3% 0001 1 700 il B g VA T Ak 38 e
F RGBSR B 0027 5 A AR AP AT (D], PREERE 22l 2017, 37(2) :
686-693. ZHANG G L, CHEN X M, HAN Y ], et al. Enzymatic ki-
netics and structure change analysis of rice straw by surfactant—assist-
ed ionic liquid pretreatment[]J]. Acta Scientiae Circumstantiae, 2017,
37(2):686-693.

[32] EXT, R8Ty, 55 . 2 00T 1 700 A AP 0 Bk 2F 4 28 G
PEID A HT DESELI. 7 R AL R 241, 2018, 52(3) :412-417,
423. WANG F Q, SU Z P, FU C Q, et al. Effects of reducing nico-
tine on cellulase activity by surfactawts[J]. Journal of Henan Agricul-
tural University, 2018, 52(3) :412-417, 423.

[33] ZHOU Y, CHEN H, QI F, et al. Non—ionic surfactants do not consis-
tently improve the enzymatic hydrolysis of pure cellulose[]]. Biore-
source Technology, 2015, 182:136-143.

[34] LEU S, ZHU J. Substrate-related factors affecting enzymatic sacchari-
fication of lignocelluloses our recent understanding|J]. Bioenergy Re-
search, 2013, 6(2) :405-415.

[35] A3, PVl o, BB A5 . RORFRE AT 8 d i TR bR (9 T 0 L S5 I
PR A EOEAR (D). R AR, 2012(19) :31-33, 37, YANG Q,
SUN M J, HUANG L M, et al. Screening, identification and cuttural
condition optimization of corn straw efficient decomposition strains|J].
China Feed, 2012(19) :31-33, 37.

[36] {3 3He, Bl 7575, 28 3005, 55 . 194 B K 3 TA7 I 14 590 K a2 o £
ST T Y R B R BE ST )] R R, 2019(9) :45-48. HE
HY,LUX Q, QIN W F, et al. Effect of pretreatment and surfactant on
cellulase production by Aspergillus oryzae in solid fermentation[J].
China Feed, 2019(9) :45-48.

[37] PARNTHONG J, KUNGSANANT S, CHAVADE]J S. The influence of
nonionic surfactant adsorption on enzymatic hydrolysis of oil palm
fruit bunch[J]. Applied Biochemistry and Biotechnology, 2018, 186
(4):895-908.

[38] WAER AR . A= 49 2 100 35 445 04 1 8 B HCPEREIFSE[D). K : AR b A7
iHK2%, 2014.  CHEN Y T. Preparation and performance evaluation

of biosurfactants[D]. Daqing: Northeast Petroleum University, 2014.

(BTG - AR A

WWW.Qes.019.CN




