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ABSTRACT To explore the effects of absorbed dose and particle size on enzymatic hydrolysis and fermentation
of reed straws (Phragmites australias), the straws were irradiated with y-ray irradiation at different doses (0 -

500 kGy) and then passed through different aperture sieves after mechanical grinding. The effects of absorbed doses
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and sieving aperture size on particle size distribution, comminution energy, main component content, enzymatic
hydrolysis conversion rate, and ethanol conversion rate of cellulose were examined, and the optimal respective
sieving aperture for reed straws with different absorbed doses were determined. The results showed that with
decreasing sieve aperture size, reed straw quality decreased significantly and was negatively correlated with the
absorbed dose; the comminution energy of reed straws decreased with increasing absorbed doses. With respect to
consistent quality of sieved reed straws, the comminution energy increased significantly with decreasing sieving
particle size. In reed straws with the same absorbed dose, the enzymatic hydrolysis conversion rate and ethanol
conversion rate of cellulose increased with decreasing sieving aperture size. Compared with reed straws with particle
size » < 0.850 mm, the cellulose enzymatic hydrolysis conversion rates in reed straws with particle size » <
0.180 mm increased by 129.20%, 85.98%, and 106.63% at absorbed doses of 0 kGy, 206 kGy, and 404 kGy,
respectively, and cellulose ethanol conversion increased by 136.04%, 21.75%, and 4.39%, respectively. By compre-
hensively comparing the increased ratios of comminution energy, cellulose enzymatic hydrolysis conversion rate,
and cellulose ethanol conversion rate, the optimal sieving aperture of non-irradiated (0 kGy) reed straws was deter-

mined to be 0.850 mm, and that of reed straws irradiated with 206 kGy or 404 kGy was determined to be 0.425 mm.

KEYWORDS Reed straws, y-ray irradiation, Grain diameter, Enzymatic hydrolysis, Fermentation
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Fig.1 Particle size distribution of crushed reed straws at
different absorbed irradiation doses; a, b, c, d, there are
significant differences in the same series with different letters
(p<0.05)
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Fig.2 Comminution energy of reed straws to different particle size ranges under different absorbed doses;
a, b, ¢, d, there are significant differences in the same series with different letters (»<0.05)
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Table 1 Determination of components and components of water extract of irradiated reed straws under
different particle sizes

MR KfRr  AKRBUPRES R/ (nggh) O AVEMERBES R/ (mgg)  HAERTE FIAERSE ARRS

/kGy /mm Sugar content in water extract ~ Soluble glycan content /% /% /%

Dose Particle %% ¥ VN R pE B Cellulose Hemicellulose Lignin content
size Glucose Xylose Glucan Xylan content content

0 All 0.049+0.005¢  0.183+0.002" 0.815+0.044 1.211+0.010™ 39.546+0.372° 18.827+0.000° 22.708+0.808°
7<0.850 0.101+0.011*  0.380+0.005* 1.101+£0.022" 1.738+0.049' 39.119+0.084" 18.829+0.023" 23.008+0.651°
7<0.425 0.205+0.023"  0.5254+0.030"  1.488+0.110" 2.071+0.032* 37.980+0.123°° 18.858+0.075" 23.500+0.332"
r<0.250 0.637+0.070°  0.733+£0.099°  2.369+0.147® 2.591+0.029 37.620+0.292° 19.130+0.136" 23.588+0.453*
7<0.180 1.089+0.120°  0.845+0.088™ 3.136+0.250" 2.888+0.007' 36.669+0.255¢ 19.181+0.140° 23.648+0.611"

206 All 0.485+0.003°  0.576+0.0017  3.164+0.031" 5.016+0.042" 38.116+0.083* 18.114+0.033* 23.560+0.285"
r<0.850 0.504+0.012°  0.568+0.023" 3.200+0.019" 5.067+0.024" 38.241+0.074° 18.061+0.032¢ 23.570+0.201%
7<0.425 0.617+0.007° 0.610+0.023¢" 3.420+0.011° 5.307+0.008¢ 37.837+0.009* 18.056+0.001¢ 23.813+0.135"
7<0.250 0.936+0.036°  0.705+0.046* 3.971+£0.008° 5.843+£0.001" 37.008+0.175® 18.152+0.063 23.855+0.432%
7<0.180 1.258+0.047*  0.7744+0.047¢ 4.555£0.015" 6.321£0.034° 36.248+0.259" 18.325+0.071¢ 24.381+0.261"

404 Al 0.213+£0.018"  0.854+0.051™ 4.087+0.027° 11.688+0.163% 37.208+0.029" 17.616+0.031% 23.293+0.099"
7<0.850 0.212+0.018"  0.853+0.054> 4.090+0.027° 11.715+£0.163* 37.199+0.028" 17.608+0.031% 23.287+0.105"
r<0.425 0.217+0.019" 0.878+0.060° 4.181+£0.032° 11.998+0.157° 37.062+0.037" 17.572+0.040° 23.427+0.330"
r<0.250 0.262+0.016"  0.989+0.022°  4.644+0.038" 12.992+0.075° 36.013+0.133" 17.75240.0557 23.286+0.939"
7<0.180 0.277+0.023"  1.060+0.022° 5.153+£0.018" 13.837+0.031" 35.147+0.182" 17.865+0.147° 23.097+1.102°

e abaend, [ 8RS F P RER R AEAE 2 2 22 57 (p<0.05) .

Note: a, b, ¢, d, there are significant differences in the same series with different letters (p<0.05).

X RE AT K AT 4 23 &, Bl E WO
MBI, -4 F A4 R IS B AR — R AT
BB 250 W 2 N B, R R & AR A AN B Wi
75 N 206 kGy #1404 kGy 1) 72 35 F5FF, HA& L 57
I 4% N 1<0.850 mm. 7<0.425 mm-. 7<0.250 mm. 7<
0.180 mm [ 5t (1) £F 4 31 7 B UK IR AL 7 7 35
T FFAH LR AR 20 1) PR A1 3.62%2.24%.0.38%
1.63%- 1.15% 1 5.91%. 4.91%. 2.42%. 4.27%.
4.15%; F 28 48 2 & & 7 Al B AR 3.79%. 4.08%-
425%. 5.11%. 4.46% M 3.79%. 6.48%. 6.82%.
7.20%6.86% o Jit [K] & i A5 MR ST 1) B2 FRT 164 0, 4 R Ak

T 7 25 5 A o P A Jo 4 44 2 45 A Al O 3 T 0
5, L H IR O3 £ 4 3R L AT Y 2B AR R T
EWE, B — D R A BN o R R B AR
X0 T W AT B A [ ) 7 2 R AT o, B R AR PR 9L
N AR AR BE R, R R R =
N 206 kGy- 404 kGy [ 7 =5 F5 A7 BE 5 Hoki 12 <
0.180 mm [ =5 R FFFF i (W £F 4 3= & mBRLAR <
0.850 mm FIAE i 73 Sl ek /N 6.26%+5.21%+5.52% , i
DR A2, B A5 B SR04 B9800, TE K e I 72 5K )
P o T RRLSE 0, V HR B RT A3 0, R b K e R
R AT 4R & 2 R IC.
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23 HEREEmRENA
R

FH Pl 3 AT %, 7E IR ISR 2 0~404 kGy Y A 5 i
5 5 75 X6 P 2 RS AT A O B 4T 4 R AR LR R
50, ABAE A R RO &R AR AR A A A 2
F o N T ALK IR AR FTAE W, 22 (5] I [A) o 1 Ak
R 5 0k A [ FLAR 0 3R A3 B AN [RDRE A% 38 BBl I 7 25 A
FERE i, B I 00 AR R R /0N , L3R AR 1 7 26 R AT
T il B 2T 248 21 i e A 3232 B, H r<0.42 mm,
7<0.250 mm.7<0.180 mm [ 7 25 F FF A i 2 18] 6 12
P2 S SRR A 206 KGy [R5 25 RS FFRE i, <
0.850 mm.7<0.425 mm ] 77 HAEFFE A, HAF4E 5
g fife s A % 2 B I S0 3 PR 22 S, Bl A ek O LA )k
— BN, LA Y 2 AR AL R S 2 3 5 400 kGy
o R AL BRI 2 A AT RE N B A I R ALAR IR
HAYE X W A2 B 09N, 7<0.180 mm [ 7 %6
FEATRE S L A7 4 R FE AL R IA 19.92% , B SH
#4404 kGy BIAN I 9 7 25 FEATAE S 2 5 106.63%
B r<0.180 mm AHR BEFE S 4 51 92.77% , BoR bR A
TR S 2 15 388.67%.

AN [ W VAT 751 8 B R A3 ) 5 5 A FF 11 41 4 K il
R AL T T INR 2 R B Al F-0 iR
F,,(2,300=3.32,F,,.(4,30)=2.69,F,,.(8,30)=2.27,
F,,(2,30)=5.39,F,, (4,30)=4.02,F,, (8,30)=3.17.

FRIT R REE R (L

F=1321.46>5.39, Ut B WS o0 7 B R AT 4P e 2=
Vil fifp 2% A A A B 3 B 5 F,=556.62>4.02 , Tt B KL
BRI B FEAT A R LR AR5
Wil ; F,=33.31>3.17, 15 B MR WA 7] B ADREARS DK /s 2 [
28 EAE R, 6 75 25 RS FT 47 2 R AR e AL R AT W B
AR

0kGy [EZ& 206 kGy 404 kGy

N
o

-
(&)
T

-
o

[$)]

n / L L 1 -
All r<0.850 mm r<0.425 mm r<0.250 mm r<0.180 mm
Group

B3 AFEMRIRE P R AN FDRARAE il HI 2T 4E R
BEfREALR  abed, A 38R N R F RPN E R 7
F(p<<0.05)

Fig.3 Cellulose enzymatic hydrolysis conversion rate of reed
straws with different particle sizes under different absorbed
doses; a, b, ¢, d, there are significant differences in the same
series with different letters (p<0.05)

o

Enzymatic hydrolysis concersion rates of cellulose / %
o
=2

K2 ARBAGHIE BRI B REF R R LR T EZ T
Table 2 Variance analysis of cellulose enzymatic hydrolysis conversion of reed straws with
different absorbed doses and particle size

T3 ZERIR “FJ7 I H R S Pl Fia wEM

Sources of variance Sum of squares Degree of freedom Mean sum of square ~ F value Significance level
P2 AT SR D 343.58 2 171.79 1321.46 ok

Factor A (irradiation dose)

R 2R BORLAR KN 289.45 4 72.36 556.62 o

Factor B (particle size)

AxB 34.61 8 433 33.31 **

7% E Error E 3.90 30 0.13 - -

S Sum 671.54 44 - - -

(6 NS ESUEARZE N R R E LT S 2 I Pl I NPAISE SO R P N e SR TE S A TR
Note: *, indicates that this factor has a significant effect on the cellulose enzymatic hydrolysis conversion rate; **, indicates that this
factor has a high significant effect on the cellulose enzymatic hydrolysis conversion rate.

24 SEREHESNENA
B A

FRMAER LWL

FLT P 4 1, 6 T SR AL A 75 25 R FFRE A
422 A i S IF 0 A B i R [ L 42 04 39078 O AR I

WLAZ Y0 BB IR 7 25 RS AEAE b, B o O R AR PR ORI
LIRS 10 P9 25 REAT AL O 1 47 4 3 2 B 3 A R 35 i
T, KAz r<0.180 mm I P FHEREATRE A4 R 4
W 3 Ab 20K 7.56% , TAN I I A i 42 15 136.04% 5 T
W 8 206 kGy 7 25 AEFTAFE i, K A S AN i 0
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T WAy SYERAR IR SORARNS A R AT MR A I R

<0.850 mm.7<0.425 mm [ 7 25 A5 FFAE o IO 27 4E 5%
LA Z 2 [RGB M 2 7, r<0.250 mm 5 <
0.180 mm [ 7 25 A5 FF 4 i 1) £ i A 26 2 () TG it
EVEER K O EE T 10.05% ;s IIBGT N
404 kGy [ 5 B REFTFE dn, F AR 48 3 e b 2 it
5 B i 0042 R s/ T 3G e 4, HL i g L
AR B FEAFCNE, 7<0.180 mm [ /% 25 FEFT 4T 4 25
LB A K, 9 9.19% . NFRE 3, 75 25 A5 AT
GRS N R RS R e A
AR, S R A 4 R AR R e s e AR
% AT LAY I BRI FH 1R 6 260 0, S St 2l 2 Tt
SRR IR 45 R oK, 47 4k 3 O RE A R 5 L
il B A 28 1R AR AR R A AN — B0, R Sl WU B R
404 kGy [ B REFFFE S A4 3R CRE AL R B 2
15 T W IS 4 206 kGy 58 8 Ak B 1 75 25 5 A1 #
it » JE DRI AT BE A2 5 404 kG 4 I8 A0 1) 75 25 7 FE R
dn AR T R RE R I A, B TR AT 4 R
fif I R A AR T RE 2 0 R B R A BRI
T NI Rr 5 — T

AN TR IR SR B S R AR T P B RS AT I A 4 3R &
F i AR T 22 A AT N 36 3 BT o il i 2 ) F- o0 A 3%
F,,(2,15)=3.68, F, ,(4,15)=3.06, F, (8,15)=2.64, F,,,,
(2,15)=6.36, F,,(4,15)=4.89, F,,(8,15)=4.00. F=

958.98>6.36 , i W YL R 58 6] 70 25 FE AT 4T 4E R LI
AL A W S5 B R0 FL=487.63>4.89, Uit B ki 45 K
INKF P AEAT AT 4 R OB AR A R R
F,=52.73>4.00, i} B IR USC 77 1 FHORE AR K/ 2 18] 1
EEHAR KPR AT Y R LA R
A

12r-

0kGy [EZH 206 kGy 404 kGy

-
o

Ethanol concersion rates of cellulose / %

All r<0.850 mm r<0.425 mm r<0.250 mm r<0.180 mm
Group

4 ASFERIGRIE R 2 REAT BIAS FRAR AR S A 2T 4R 2R
AL E sabed, [ — R ER AN A - BER R
AR 2 2 7 (p<0.05)

Fig.4 The cellulose ethanol conversion rates of reed straws
with different particle sizes treated with different absorbed
doses; a, b, ¢, d, there are significant differences in the same
series with different letters (»p<0.05)

®3 AFARMGIERRR P BRI ER CERUETEZDHT

Table 3 Variance analysis of cellulose ethanol conversion of reed straws with different absorbed doses and particle size

T3 ZERIR “FJ7 I H Eprpil Fia nEN

Sources of variance Sum of squares Degree of freedom  Mean sum of square  F value Significance level
EEINC/UEE 46.03 2 23.02 958.98 **

Factor A (absorbed dose)

I BORLAZ RS 46.81 4 11.70 487.63 o

Factor B (particle size)

AxB 10.12 8 1.27 52.73 o

%7 E Error E 0.36 15 0.02 - -

S Sum 103.33 29 - - -

TE % FORIZINZ AT 4 38 LA RA R R 5 % BRI IN B AT 4 3R IR AR A W5 R

Note: *, indicates that this factor has a significant effect on the cellulose ethanol conversion rate; **, indicates that this factor has a

high significant effect on the cellulose ethanol conversion rate.

25 IAIRFLENEFETERS IR AR
AR, R RSN

RANFTFBRERRE fh 1A FRLAR 07 = B 1 e
FE LT 4 SR AR e L R AT 3R s e e iR o
GRAT: it AL b o 1 3R 4 AT DL, AS R RHAR)
FAREFERE A 18], OB B RERE 2T 4 25 Mg it i AL %

LT Y 3R R AL A 1R 38 0 Ll = 289 i o o iR A
FR 9 /0N T 48 o, G o 86 m B 2 0 KB B B BE G S 5
o) 7 A PR 25 R AT it o X AR R A B (1 7
HAGFTAE it X LEAS [RIRLAR Vi B =65 RS AT dh KR
PERERE 2T 4 R MR L AL R R AT iR LR AR 73
o R L RE AR B b R A HE R B, <
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0.850 mm [’ 5 A5 AT dh =38 IR0 EL AR B30, 1M
AR A% Y L A 7 25 A6 A o E O B RE G K
BEIN  AH LT UE R MR I A R LT e R O RF AL R A

AR I Bl 7<0.850mm Fl 7<0.425 mm [ 25 5 FFRE
il HOR R BERE A8 0 bL 38N T 4 4 KB A R
Je YR TR A N EL =, Rk, W U &=

VA R E A3 i 5 TR, St T A R 2 R T R
dh B AR T 0% AL AR A 0.850 mme % T IR 7 BN
206 kGy #1404 kGy 175 2 FFFE i, A0 T 3815 1

“H206 kGy 1404 kGy 17 2B REFFRE A, S AL
£°50.425 mm.

R4 A FRARTRG R BRITR MR FERRE . A SRR IR AR LR LR L2
Table 4 Increased ratios of comminution energy , cellulose enzymatic hydrolysis conversion rates and cellulose ethanol
conversion rates of reed straws passing through sieves with different particle sizes

KRR N 73 E /% UERMRFACEREINEA 2 /% SRR CERARRINE /%

Particle size Increased ratios of comminution Increased ratios of cellulose enzymatic  Increased ratios of cellulose ethanol

$ifE / mm

energy hydrolysis conversion rates conversion rates
0kGy 206 kGy 404 kGy 0kGy 206 kGy 404 kGy 0 kGy 206 kGy 404 kGy
r<<0.850 106.98 8.55 1.73 108.55 57.45 42.18 93.88 75.70 12.73
r<<0.425 318.08 3548 18.75 135.96 63.47 47.89 116.58 75.15 13.12
r<<0.250 1200.60 216.88 95.65 153.90 61.62 82.46 128.73 75.95 14.89
r<<0.180 2120.56  472.69 185.82 129.20 85.98 106.63 136.04 80.20 17.68
3 Hig T AZ I S £ B TR 2

LU S WalE F NDEa R Sy APEa R & S
LR Y3 R PR AR A BRIt 26 53 < M R 0 O Ak B e
FE— 58 FE B 42 w7 =35 A FT IS 25 1) Il A bR A A K
7= IR, HORUSC R & RLAR KN DL R & 2
[F) ) A8 HLA'R FH 3505058 7 2 R P 4 4 2 I it e Ak 22 R0
AL AT BB R RIS B 9 45 R BN R4
RS 25 RS FTRE 0 B I 07 AL A2 0.850 mm, R 15
7<0.850 mm (1) 7 26 R AT i 1) 2 4 2 i A 4 1 %
9 8.503%, A1 4 3R LB AL EE N 6.207% s TR &
“H206 kGy 1404 kGy 75 =5 FEFFRE &, Hofe i 0
LM 0.425 mm, FT3R1S r<0.850 mm ) 25 K5 FFRE
a1 245 4k R MR AL R 2 0 R 10.437% F
14.260%, £F 4t 3 £ B % A0 2 53 il N 9.768% H
8.833%; 1M ) A5 AL FTFE S 4T 4 R L BE 56 L R PE T
W) 3 — 20 38 o v sl 1 Ji DR 7 B — 2D A

EETMAR FFEEARRE LRI £ R
B R PAT A, £ 5 72 REAE 24T, B R
EREE XN RS ERBRITES SHK
BN RN G S 5RRERSMERXEEEL
B Z55RBERIAT; TS 5 REE,
BELTF KFARIRHERNERIANER
B RS g LR B TR IR RIT,
BEINT B XEEEERIUEZE LT

SE R
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