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Abstract

In this study, biomass was pretreated by combining ball milling, homogenization, and
hydrothermal pretreatments, and the efficiency of enzymatic hydrolysis was evaluated. After
ball milling and homogenization pretreatments, no significant changes were observed in the
chemical composition, and the crystallinity of the biomass decreased. However, the
hemicellulose content decreased and the crystallinity increased after hydrothermal
pretreatment. In particular, the hemicellulose decomposition of forest by-products was
promoted during continuous pretreatments such as ball milling and hydrothermal
pretreatment consequently, the xylan content in the pretreated biomass was 5.80%.
However, the effect of single or continuous pretreatment on rice husk (RH) was insignificant
in relation to that on the forest by-products. The structural changes in the pretreated
biomass were investigated using Fourier transform infrared spectra, which revealed that the
intensities of the hemicellulose-related peaks (1,745 and 1,245 cm) obtained from the
biomass pretreated via ball milling and hydrothermal pretreatments decreased. During
enzymatic hydrolysis, the conversion rate of cellulose to glucose in the forest by-products
pretreated via ball milling and hydrothermal pretreatments was the highest (84.49%). B

contrast, this conversion rate in RH was low (22.72%), under the same conditions.

Keywords

biomass, hydrothermal pretreatment, ball-milling pretreatment, homogenization pretreat-
ment, enzymatic hydrolysis
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Hlo| QulA= AlEolU 5 59 AEA A fHidt RE 471ES 3t E3], vEA|
F71 FAE {7182 ouz|2 Hgkeked] FAERI = :
3 & dojR= BAER = HARAEE, 71X, By 1) So] glom, o]Heh FatEolls W B
S-S Zgska Qo Hioleofulz] AR gt FAY U= YzoltH3). AT ARAES
Faste] F2 g, B, 27 59 852 ARSI & A I ollA] HAYSKE YAE RS
0l HJHARRolt), HAAZoZ AL Wl theo g AAlefo] Wo Aek AEE  S8l5 A | EojA
oF 0.20-0.3359] YAE Aerh4]. skARL o]t FANRE-S v]o]&A Hlo|QujAZ LEEo] 17
PR EEER] o1l 9lo] thefRl Hlo] onfA e HFHE -85t MRIPEA] ANE AYato] Ha
Sttt

Hlo|QujA= AEZ oA HuAEZ oA BTH o A Tt XY F2E o]F1 9lo
o, AEE QAL FudEZ oA} F]Idd E8io] Qe dEalg Edolct. wetA HiolQujA
o] AZZ 0 ARRE] IRIPIA] AES Asl| Yalie 2-et MAert a7Hc 59, AER
QAE AL Qs SFI AL SIBIEA, ofuR], Al KA SO ik 284 = Qlo],
Hlo| QU AR RE F&2Ql SFI A AYilo] Wasitt HAE]e] a2 Hlo] QujA0] GRS
Aelsto] AAsAY 244 49E mHsto] AEZ QA0 G40 AA F7MAA 7R
TS FIAZIE ZoltHs). MAE] S B2, s3], AESH W 5 sl 2]
+ 49 9 g4V 885 A7) ol 9 AAEE o] S dgFoR 4
Sh= AA 7 A4ET 9o, B3], MAEe] x3to R Bl Wil 2EAE A&F0RE &
o= wiio] bzl Aoz AHAHE). olet A AA e HhiolA E]7] WL Hlo]onf
A F2RE LEoH o1 ofF Fuhe EAEdA Bd 2 FRAER 040 Falrt £31E o]
FEHog gavlpRe] B8 PRI B U 5 B A ga A1 AER oA
Ade a0 HAAA Hlo|QuAo] tuiet 125 mISicH7]. #AsH A e 14
TATK85,120 X 2-340,480 x 2)2F 11 #E3H20-120 MPa)7} Lo, Hlo] QulA WojlA 9]
At S ol upzd Ffulgo] e WAAIZITHE). #235} HAAEe] EAL ulo]QujAl] A}t H7]
ta 9 v EHE F7iolck ¥k 9FE E &, vlo]| Quij At lAFo) vl 2o oJ5f HAe 88
A & Qe £AAEE S5 20 Al H,08 S92 ARgshs HhoR 27 zoln,
o] IgoA] 2 FuPAEZ oAV} Hafjct. shx|RE th2 HAfE] Wy} vlwsto] MA@ 54
71Es] ago] Aiaoz Yol Tl AAe] HhEoz dAE ik

A, B Qtofals AFRIEARE T} s RANE] dis) EEj A E(Fs) )t A
£ A&aA St AAE] d BAVRRRS] 58S Hla EASIIKFig. 1). 3 A vlo]e
A E4S BAolo] aAvleEafd] F3Re vRle RS BA61.oH, ol2fgt ATk Hio]
QujA0] IRIZEA] E8-S 3t 7|ZARE AFE Holch
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1. SAE

2 Aollde ARRARER AR S (forest by-products, FP)IF 5 URARER FA(rice
husk, RHE SAIAEE ARSI AFRIRANES SH=3Isll-t oAl AlgRigton, 9A= A&
GFA| HEAu| A0 FLulsigict. Hio] Qu A= knife milling machine(SMX-M41KP, Shinil,
Korea)2 ARE519] 20-80 mesh® E4f5to] ARSIt
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Fig. 1. Schematic diagram of enzymatic hydrolysis of biomass by continuous pretreatment. XRD, X-ray diffractometer; FT-IR, Fourier-transform

infrared spectrometer.
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2. HIO|RDHA Hx{2|

EY AAZE planetary mill(PM 100, Retsch, Germany)E ARSI, Hlo|QuiA 25 gt
ZrOy ball(#=10 mm, 15270 §k7100 Wil 2,268 xg = F4f5i3itt. & AIZE 1AREC R
10% milling, 102 break time ¥HE5o] 484519tk

3} AARE 14 F-SP|(T10 basic, IKA Works, Germany)S Ak&3}o] 7|42 02 A2
ST}, Hio]uiA 10 g FF 100 mLE E8tste], AU 230 V, AFL 125 W RZ0lA
A S St #E3}F = 13,619%g 0= ARG 191,520 x g7HA] BAF 08 F7HA]
A 2 FLoA 10& <t ¥8sisith

A o] QuiA HATIE 20 g £FS 200 mLE ¥R710] Bt 1L - I HRS-
71(EMW-HT/HPG600-3, EMS, Korea)oll &3ttt vH3-2%, ARE, w4t == 247} 170T,
104, 252xgolglom, ¥kg & Wk37|5 WZolal gt difo s Eajsto] A9l 2 EA o] ARG

stk

3. HIO|QUHAL| EHEM

Hjo] Quj A 9] SlshAE B4 NREL(National Renewable Energy Laboratory) B'Hol wh2k
1A HI]. F gFE Aminex HPX-87P column(300x7.8 mm, Bio-Rad, USA)T} Refrac-
tive index(RI) detector(Waters 2414, Waters, USA)7} E3Fe High-performance liquid
chromatography(HPLC; Alliance €2695, Waters)Z 24519t} 3152 TAPPI Standard
method(T211-om-02)& ¥#3to] 800CE 6AITE AAAIA Solict. HAE] A7ieEa] A
E 242 HPLCE 49¥5199.21, Aminex HPX-87H column(300% 7.8 mm, Bio-Rad, USA)Z}
RI detectorg ARESITE o842 5 mM HySOy, 42 0.6 mL/minlE 558 &<t E4519
t}. Hlo]| QuiA9] AAS = X-ray diffractometer(XRD; Malvern Panalytical, Netherlands)
2 BEAsloH, B4 H9= 20=5"-50°, 7H42 0.026° 2 3513t} AAske= 4] (1)of
Akt Hlo] QufA 2= Fourier-transform infrared spectrometer(FT-IR; Spectrum 3,
PerkinElmer, USA)E AR&sto] E45199ct. B4 9= 600-4,000 cm’, %= 4 cm ' 56

9] 27053
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boo — L
Crystalinity INdex (Crl, %) = 20 100
Jooz (1)

*T00- peak intensity of 20=18°, L. peak intensity of 26=22°

4. XIS

Hlo] QA 5 g7 50 mM sodium citrate buffer(pH 4.8) 50 mLE &§3t 3 aA(Cellic®
CTec3 HS, Novozyme, Denmark)s H7K121.5 uL/g)ottt. AA714E5 = 50CoA 113%g
9] Wt £&2 Y6t S A IS BASH] Qo) 24417 IHE0E ARE FHoto
HPLCE EAsl9it}. B4 2742 AA 2] W7leioiits 4 2743 o33, favleial=
dojzl FFFLA FAES Hio g HER Q AoA FFHAA KIS ALRIGITHA 2).

f gl by HPLC
Conversion rate of cellulose of glucose (%) = g of giucose by x 100
g of glucan x 1.1 )

Za 9 2%
1. HO|R0HA sletdE A WA7leol thE 24

WA RANE T A | SRR 24 AIN= Table 10 UERTE 352 FA7E 11.45%2 HAY
TARE(2.40%) 50t =] LeRgth SR T A E|9F A AAfoA AAE] & e wskrt
719 §i3ltt. dRtAo = o F2 A Fuljo] F/golet dvle] nieE fiesto] A gl F
AR FFE vtk 591, A 329 tiFEe dePke HEdeH, At 52 a4k
FolE Aok B4 A8 A3hs 10,111 whEhA, S& gego] =2 9A9] A= 9 a4
Zlds Bee FARAEREY W2 Zos JSHn. EARIEY A9 St FFe
40.87%, 36.82%= T-3/9& & 7P B 22 AASKL glon, sudERe s YRR
At Aol 7MY w9t AR & F 59 nAER e R A ols H09
ol23lo] oJs AYH slol=2F o] &(H;0N)% SAER A0 O-acetyl groupo] £ o] 4
JEle oHEAN 718 771l ofsf sndlER e A7) R Afo|th12]. EAE] F Hiol2
0] SR} 21 e SuAER A0 T wEt Yo s JFrlsIi. B8 o
o} Al 71414 Ago= vlo|eujAo sfebgi 2/4de] Hoks 9] QIRIEH13). E214 A2
+ Hfol el AR Eeliolle EbajolA] AT, RtY] | AR E HaAA d5HeR
FEAE FFY FF, A aaleEsfel agAll Aos sy o6, 14]. AHHE L
= o JAE|En % AR o8 FudER e B SUEIH. 53], 7 5ol 2
$ AR vlo|eufiiolA SAER QA Fio] 7H gol AAsttt o7k wEslet Bl
o] B9 IgolA wol i) F25 shshe SEo] WAste] A 2715 AAIA, EAE
o o} drdERAr g oz AAEN] wEeltH15).

A & P72l 24 2aet Aol 2Rt Hio] 22 EfE Fig. 201 Uerdtt
Sl A2 2700] wet Hlol QU d4dRe] 8 e ther] wie] AR AdelA
AEHe 7R e SRt T2 Aols Hetillth. Vi) ez deREFIA,
ADR A ), F7HOHIEA, ZE4E5) 5ol AEHT T ARt d A= 37t
Tl AbE gl B UEReH, oA gz e Eafof ot TR B R Aite]
S7RW7] digoltt. @dsy/+E Azl saA et vluste] 7irds) 4] SRt dEl

foh
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Table 1. Chemical compositions of raw material and pretreated biomass (unit: %)

Lignin Glucan Xylan Galactan  Arabinan ~ Mannan Ash

FP 29.79 40.87 13.07 6.01 2.94 6.01 240
(0.56) (1.80) (0.71) (0.37) (1.35) (0.55) (0.10)

FP-HT 32.41 44.98 7.30 4.23 1.49 3.83 2.29
(0.41) (1.55) (0.43) (0.27) (0.57) (0.36) (0.31)

FP-BM 28.96 40.09 12.28 547 2.95 5.96 3.19
(0.32) (1.99) (0.58) (0.25) (0.03) (0.52) (0.34)

FP-HSH 31.11 42.22 13.24 6.09 3.65 5.93 2.02
(0.18) (0.62) (1.96) (0.46) (0.59) (0.49) (0.05)

FP-BM/HT 35.51 49.22 5.80 3.83 1.29 2.40 2.15
(1.48) (0.24) (0.26) (0.24) (0.24) (0.23) (0.06)

FP-HSH/HT 34.99 48.67 6.96 4.36 1.61 3.93 2.36
(0.71) (0.13) (0.33) (0.33) (0.09) (0.37) (0.07)
RH 24.50 36.82 15.56 5.00 3.1 2.73 11.45
(0.53) (0.65) (0.39) (0.26) (0.52) (0.31) (0.09)
RH-HT 24.74 40.53 9.43 4.03 3.00 1.54 11.26
(1.52) (1.52) (0.50) (0.59) (0.48) (0.23) (0.13)
RH-BM 23.66 35.84 15.00 4.75 2.96 2.21 11.73
(0.21) (1.23) (0.54) (0.41) (0.48) (0.17) (0.09)
RH-HSH 25.58 38.93 15.59 4.84 3.00 2.78 10.76
(0.66) (0.82) (0.33) (0.21) (0.19) (0.44) (0.13)
RH-BM/HT 25.87 45.15 8.48 3.70 1.59 1.38 10.84
(0.58) (2.42) (0.80) (0.35) (0.17) (0.16) (0.13)
RH-HSH/HT 25.16 44.45 11.93 415 2.01 1.89 11.73

(0.58) (1.48) (0.83) (0.20) (0.33) (0.26) (0.08)

FP, forest by-products; RH, rice husk; HT, hydrothermal pretreatment; BM, ball-milling pretreatment;
HSH, high-speed homogenization pretreatment.

Zpoli= A9 ioiet. BHH, E9/4gA 9] W7laRsf AR ARk £AA 2% XlolE HERTh
oA Y AA7} HAst M Hrh =EA oA Hio] emjAo] Hajje} thdRo] siEdel &
Q1 AE oulshtt. HAo| gt BEofle2 E9/FEA0A HARAES AV 47t
32.84%, 13.04%= 71 &9k, 0|72 WA7IEaf AE 3=F9] At Y|ttt EAEAE
oMe AL2AT}1.14-1.35 g/LE 7Fg Wo] HEE UL, BA+= 0.22-0.23 g/LE FAFAE
I} H|wslo] FEFo] Wkt oA JuAEZ oA Haf| jolo] oJgt A o= Hio| QujA G gE
A3} AZIHTable 1). B 2N SFIA7F AEEUE, 0|72 $EAE] 2HgolA
H*9] Zuff 2-80f oJgl AE= 0 A0] FE|FAlo|= Aglo] Hrtxle] Hafje Zlo|c}. FudEz oA
Fofie} vlaste] A2 QA Hofgo] Wol AHYR QA Hlg] SR A HAETFo] Wolth. W7t
FE| AbEolA A9 |7IAHOEARY EE4Aho] AESEQIT. oMHEARS =FA 2] TAoA
H,09] o]23}0] SJsf| A sto]E2+ o (H;07)e] U= 2835l0] SR QA 0] 23k
ol E7] AAR FYAEHI6. $E0] WE H|woj|A, BHRAEC] AR AMEo] Jlefal
o2 ARG LE 204 £9om, FAE T HAEet A A=Y Zfo|7t A A9k
o}, whahA, HARAE] gt 2H/4dA s g4V 882 A Ao v|diEt

2. HO|0jA E4EH

Ao gt vpoleufiAo] AHsie HMoh= Fig. 300 Yepdnt. e violemfiofA 2747
AEZ Q20 Sfgsh= 16.8°, 22.8°, 34.6° A WA7F UERATH17]. 22 - 16.8°9} 22.870]14]
Y2 ¥32E FRlskion, oA £ vk AAH 71A14 ol s vloleufiie] AR
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Fig. 2. Chemical compositions in hydrolysate and degradation rate of biomass during pretreatment.
FP, forest by-products; RH, rice husk; HT, hydrothermal pretreatment; BM, ball-milling pretreatment;
HSH, high-speed homogenization pretreatment.
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Fig. 3. XRD patterns of raw material and pretreated biomass. FP, forest by-products; RH, rice husk;
HT, hydrothermal pretreatment; BM, ball-milling pretreatment; HSH, high-speed homogenization
pretreatment; XRD, X-ray diffractometer.

o] T =317 wHzoltH18]. whebA Z7gstes HARANEONA 21.41%, BAHMA 21.25%= HEt
wom, o] AAE(ZZ 31.37%2} 29.19%)Ert 4%t Adjoct. Hio] Quj A AASFE O Zha
£ AR a4 HIS FIAA advirEs] a8l 344 dFe & 5 U9
A3} HA2] Hio] QuiA] AASHe = YA E} Hlete] HISSEA O A4Sl 2 AollA
A3} AT 2142 vpo| euiA A4 9o HSkE F7]0 FEoHA Ltttk +EAE F Hio]
QuiA0IA] 16.8°, 22.8°, 34.6°0l| SiFok= WA= FHGHA UE o, o] AT}t St
Sl iRttt =AY oA & HAF Y2 SUAEZ AT BofE]o] JiHoE A
EEQAY AF 27t £ °P7ﬂ UERt Aot 0|72 gA| o] o3t Hlo|eujA FLAJ/AdE
Hstel YX3HKTable 1). T 34 E4/5GAE vio] emjAo] A%ote= B HAjge} H|
wslo] STk, oA S ER A0 A A|A QIR Al AER A0 F71
OJgt ZoJTH19.

Ao ot Hio] @ujA9] 2% HMS}E FTIR(Fourier-transform infrared spectrometer) 2~
HEY 407 RIsIItHFig. 4). F 5004 H0, MEEQA, JudEEA 9 2719
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Fig. 4. FTIR spectrum of raw material and pretreated biomass. FP, forest by-products; RH, rice
husk; HT, hydrothermal pretreatment, BM, ball-milling pretreatment; HSH, high-speed homogenization
pretreatment; FTIR, Fourier-transform infrared spectrometer.

-OH %9l 3Mgsk= 3,430 em ! Y97} gpslE 9 21 7d0] CH A% digsE 2,920 cm'”’
oA o327} Yehgtt snAdEz oA I m3% 1,745(C=0 s AEH AT 1,245(0FE719]
C-0) cm o]l gshd, £8AJ2] F 1 39] st Z4sHtH20]. EY/5EAE] & sudEz e
2 I g3 A9 YehtR] ooked], o)A HAE] oA FmAdER oA Hafjof| it Azt
ot gad B v3E 1,600(H3FE 128), 1,160(HEA719 CO AEHR), 1,509 112
9] C=C 2E&%) cm 'oA UERETH20,21). AAE] vlo]uj2o)A 1 B m3E gA =}
Hlasto] 2 2jol7t Igiet. o7 AAE] oA 2l1de] Ealt A S-S ongitt. dE
2o Figsle BRI WFE 890 cm oA BAECH, o]AL f-glycoside B9 Al
g omgitt. o] I3 BE R0 FEEJoH, HAE & 039 Fwrt Azt St
[22]. oJAL FudEZ oA Eaflo] ot Al MERZ A geke] F7tof| olgh Aoz, AA e
IgolA F2 AER QA7) HafE]R] ofokS-g oluwlgict FAAE 1,228 cm'oflA 52 1
Z7F YebgEd], o] YA EAsk= Ayt Agte] Ao ot AloltH23).

3. 3470l

vto] u20] gV 2 Fig. 50 UERTh B Hlo] Qui oA Gavleis] 2441
t 3 AZR A0 SRIALA ASE2 FASH S7IBINAL, o1F 72471 A e St
SHACE 241 BAVIESl &, S/ EAE ol emAo] SR A HEhgo] EAAREOA
84.49%= 71 w7 Uebdt. £ 2} A ot SR AekE2 B A Hio
Quj AofA] Ekom (A REANE 64.08%, FA 16.82%), ©17 Hio| QA AAA o] nfo
Ot a0 A ol 2Rt AolthFig. 3). Whd, w48} 42| vlo] ujAie] SR oA gk
S(EARAE 19.28%, B 15.31%)2 BAZ(EATAE 20.94%, A 15.63%)2F FABIAH.
o|Z2 s} ZdH2of| ofsf woleujA0] g H 20| Halr} 9] @17 mizeltHTable
1, Figs. 3 and 4). YA =2} Blwsto] @A Hlo| oA SR A HAELS 71819 oH,
ojAL FuAZRZ QA Hafo] o3 MERZ QA Ho] kEE o] H49] HIAo] FAE Q] W
ojH24]. a5l TE Hlaol A, EARAEONN £ HATIRES] B8] e olZ2 SA
off ek APt a4 Fo 7R 9= F1 wiEelth. deirie A R 55 34
Sto] WSS Hosl| mieo] 4o HEE Wefeitt25,20]. & A7) Az 24oM shEe]
o HaP A9 7] el FAQ] Havierds ZES FYATIA . Sekd, =8
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Fig. 5. Conversion rate of cellulose of glucose of biomass. FP, forest by-products; RH, rice husk;
HT, hydrothermal pretreatment; BM, ball-milling pretreatment; HSH, high-speed homogenization
pretreatment.
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