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Research Progress in the High-value Utilization of Lignocellulose

Biomass by Steam Explosion

WU Wei"? MA Qiu-gang’ ZHU Xuan' WANG Jian'
(1. Guangdong HAID Group Co., Ltd., Guangzhou 511400; 2. State Key Laboratory of Animal Nutrition, College of Animal Science and
Technology, China Agricultural University, Beijing 100193 )

Abstract:  Lignocellulose biomass is a renewable resource with a large quantity, wide coverage, and low cost. It has gradually been
developed and applied from biomass to biofuels, feedstuffs, and other value-added products. Such high-value transformation and comprehensive
utilization have become important parts of “taking the path of green development and building a green production system”. However, the
natural anti-degradation barrier and unique physicochemical properties of lignocellulose, as well as the rigid network of the three major
components of cellulose, hemicellulose, and lignin, have been the long-term bottleneck of efficient conversion. The reasonable and effective
pretreatment techniques are the key steps in the resource recovery process. This paper focuses on the analysis of basic composition and structural
characteristics of lignocellulose biomass. On the basis of summarizing the advantages and disadvantages of traditional pretreatment methods such
as physical, chemical, and biological methods, it emphasizes the development history, processing types, scope of application, working principle,
reaction stages, technical characteristics, main parameters, and possible by-product effects of steam explosion. In addition, it involves research
progress in the fiber modification, structural changes, dissolution characteristics, oligosaccharide preparation, active ingredient extraction,
and ruminant feed utilization of biomass. It is also pointed out that the new trend in the post-treatment process after steam explosion assisted

by microbial fermentation dominated by fungi and bacteria, as well as the exogenous addition of carbohydrase. Finally, the difficulties and
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challenges faced by steam explosion in future commercialization, industrialization, and large-scale production promotion are summarized. The

corresponding breakthrough points and solution strategies are analyzed and proposed. The degradation effects of steam explosion technology on

common by-product types of feed raw materials, as well as its reasonable application in the diet of monogastric animals, are discussed. It is aimed

to provide new ideas and technical guidance for the potential development, value-added, and feed application of biomass resources using this

means.
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A: Schematic diagram of complex correlations among major components in LB. B: Schematic diagram of the main stages and mechanisms of SE preprocessing. C: The changes

in components and their performance during the SE process. D: The manifestation of SE in the value-added utilization of LB and the new trend of supporting post-processing
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Fig.1 Effects and high-value application of steam explosion pretreatment on lignocellulosic biomass
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Table 1 Changes in fiber composition of LB raw materials during steam explosion pretreatment process

LB JF kSR RIS LY R I 27 ik
LB substrate type Steam explosion parameter  Performance of fiber modification Reference
# %k Wheat bran 0.8 MPa, 3 min SE AbFLE A2 Bk LT Ak Ay 18.88% $ i F 40.32%, LA4EkmiR [ 61 ]
%k Wheat bran AL, 3 min ATV PE R O 1 S T Ao kAL & 5 A i R A LU (ERE 2R3 (62 ]

RALBUCH SRS, 1E 1.5 MPa KB, 20 RPURLE LAY 12 1%
% Sorghum 0.5, 1.0, 1.5, 20 MPa,  SE FiAbHUR e 1w i J5bl ™ ik, 2.0 MPa Z5fF FH & RS T 1945 [63]

5 min VI E

i Okara 1.5 MPa, 30 A ELT A S G N E] 36.28%, T 26 £ 5 WA SE SREEMHGIN, K5 [64]

T ZHER L
INEFREFT Wheat straw 170°C, 0.79 MPa, Smin  ZFHERIEAR 91.3%, KLFHRMBIFRRK 83.4%, KFHHHIERA 80.1%  [65]
FHEL Y Highland barley bran 1.5 MPa, 90s SE BT, AVEVELFAE SRR T 40T 4%, WA ke e =2 [24 ]

3.54% 5] 6.96%
INAEHE IR Wheat germ 0.4, 06, 08, 1.0MPa,  FIVEFEZHHIPIHRIBAT AR 18.72%, FFRmEH 2 A a5 [ 66 ]

5 min
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Table 2 Effects of steam explosion pretreatment on the oligosaccharide production in LB raw materials

LB JFUREE R SE ZHiR TIAL PRI W B (FUBT) Fede = it il ESBUN
Substrate type Parameters of SE Preprocessing combination Research stage (scale ) Conversion and output situation Reference
R 190°C, 5min; JUlh  SO/H,SO, &bk SRS LI XOS mIE I 2 40% AR, [71]
Bagasse 22 R Ak Laboratory study FURS PR G 1 ERAT 2
e BakfgEikR (0 HSO0, fESL + IS8 i) gl SE S AR 15 g/L, I8 [72]
Bagasse HISEL ; KEW) Pilot-plant RABERL AR IL 60 /L ; 5

IV I AV SR 2% 5 B T W 25 A1

(14 gL)
RAFEFF 180°C, 30 min NUIBIRR B S 205 il ERGE T, AN 100 /s [73]
Barley straw O Pilot-plant FrH 15 13.0 g XOS (BERH 2-6).

12.6 g ZEH 16.6 g KJFi 2
TR 200°C., 15 bar, SE JRA AN UIARE il SE FUALHS # 0K XOS 53k 52%, [ 74]
Miscanthus specie 10 min Pilot-plant P 4 h T, H 2 749%-90% 1

XOS HAEA AR

44 ERABEEIHLBRIEES R

SE FHALFI AT IJE (LB JFURMN I BETE il 22 L 25
¥, BRI AR s AR R RS, BEImEL L
FE AR DA S A 400 BT B iy mT R, 8 T g A
TSR e T ST IR AR A R A it
71, ByZAb AW LB Z W 2 1) i S LA K
AL S BRI, ANEPESS & A5 LURIL
LRI B SR A N F SR R TR
SRR R AP BR R, o AT B R A R T 2SR R A
Rk 80%-90% ity , INJEw i F I A 2 4k
Gz —, fER—FE R B A BRI, RN
R PRI M, OUE R AR B A R S L
IR R i SR

SE TiAb BE] LA LB 2 i BETE i 1 22 24 4% Fl i
FLEER, IR SR G s AN, B B AR A
Yrimig FEIE, LLs sy B AR ARG IR i D g
ek Blin, 7E2.0 MPa, 30 s (9 SE Z54F T, A
S JFRAT T SR IBCR Ry A VAR S 1Y 117 4%, RRER (1)
RSB 77.41% BN E 81.28% 77 @AM
SEMY SE AP AR AL T3 RACH S . S — R
G, XA H AR B £ 20k R A R ) B R )

TR S TV (£3),
4.5 ERABAFZILLBF RAAAA R

R RN R ) h & R LT 4e R B W)
JEZ—, ErriE RERER S E, i HL RS
FIPEA = FORy AR BE O AEC, TADRME A A R 25 G
FIFHZER 18%. SE J&—Fr sz miab FEAR AV E VRS F
R, I SRR AR R . PRARZE AL A K
ZHEREAL, AR B UGERSFEA S B FRMME, FIT
Jo B WUE M TERS AT BB S, SRR IS
FEROTHAL R (36 4), MmfEsEREFEIE IR RMES T,
X it R IR A KL ) Ak W i e AP 850 2 A v i) L
A HEEE L,

2021 4E 11 A 17 B, b ERL R AL &
WA TR e BMARRRHE  EORFE 7873
TR IAEF AR FFE ) (T/TDSTIA 024-2021) 1E4: [
HARFR S B SR LA, g | SRS FH R =
ORI AR T B EARAE . % PR EXT FOKRFEFF 2275008
T A B R 0 e AR AN S, B RS FF IR
B ZRVRIBRAL IR . TIRALIE . FORFEFF 78RN
R ST TN 217 D 1 ok N P €S e
HEFT T VRAIRLE .
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Table 3 Effect of steam explosion pretreatment on the release of phenolic substances in LB raw materials
LB J5UR| SE 2% [FiESad IhRETE A 225 3CHk
Substrate type SE conditions Changes in phenolic substances Performance of functional activities Reference
WK 1.5 MPa, 60s SE Sk T4 A RUAERE TR . BULASIRFIN 455 MRS A h JE0lcRE [79]
Tartary buckwheat bran MERRI RS, L REIL P4 T mfs DA 270%, USRI RSl
Mabr AL R T 215%
AN 025-1.0MPa,  SEABITZEMRIL, IS ZEHHEILRR . B2MEAwe - R Aaiei#£ 075 [80]
Adzuki 30, 90s LR ARILZE R A MPa JE3# , PRIE 90 s I 53] B
£ 025-1.0 MPa,  SEJINTHULKEE . xIHLURR. PIEE. JL SRACHAFESAL, SEdfism T [81]
Mung bean 30, 90s ARBEMRILAZE WS, FERR & A Bt BT AR A B AR
N
R4 FRBWTALEGFEFRARMECT B0
Table 4 Effects of steam explosion pretreatment on the utilization of straw feed
LB Jiy il SE KA Ak B LA BOR SR
Substrate type SE and auxiliary processing Feed conversion effects Reference
ES T 0.8, 1.0, 1.25 MPa SE AbFRS PSR AT . FRIEDRIREFAERIAR T 2 5 B35 TR 5 B5FTRY. (82
Corn stover AT T XA . T A R AT, BT i
TH KRS FT 1.8 MPa, 200 s ; HRPFLEREROT MBS BRI, T A ROE SRk s i 4y, oL s [83]
Corn stover HE 10.85%, W H TR AR R ] 1k 77.36%
FORAEAT 1.5MPa, 180 ; £F£ERN /5L SE 5L A BLEAT MR « SBET4ERTE SE LB (70% ) st [84 ]
Corn stover AT 15 (20%-40% ) WIRE T AR 5 PRGN 2 (542, AR
FEff%h 39.25% BERFE 54.07%
FKBRE 5 Bl 1.5 MPa, 90s % 5 R S50 PR RERE L FEAETE . /NRATATH R TR ) Y B S R AR [85]
Five types R, BT SE AR BORMUGE 5 HTPIBiH bR 5 /2y 11.38%-
including corn cobs 14.74%, A 3REHIINZ) 42.13%
FOKRFERT 1.6 MPa, 115 s %5 9 R S5 SE AbPERENNHUR B B TEATRORET, (EEAEmBIe ., Lemrs (86
Corn stover FREF4E R R 15 R fig

5 RRBUHHNELAERERETTEERMNH

FE

SE FALBEXT /385 LB el 4 & | LR IR
JRE R E B OCEEMMER, ST RS T 53 B a
fEY) (A . B ) XF 45 410 1Y ml St g &0
PEUTL L, 7E SE JERHE_E 22 H LIE G E Mk
F G AR AR, B K A5 N R
BAKME, AT ALAUT 4 07 -

H—, £ SE WigbFEAY LB 5ok h B it &2
P o e FEOR R A A3 00 (HEVR ) 38038 ‘0 1) it
) 52 B0 A ) o ) PR A . B T S R R G e
b TRl FHEF AR 2R B T E Y 7% ), %R ZE(4.87% )
5 SE (1.22 MPa, 190°C. 3 min ) BXA& Hib /5 1
FORFEFF AT R AL AL FE . 4 A DB 1) 5 2

EHR 116.42%, LFHER | PLF YRR FUOR TR B
RO E T 40.26% . 45.89% Fl 53.71%, T K
WAL AR K 48.3% ) TR T2 2T L7 4 2T
VAR Tt 5 SR P it R — 2 () SN IR 5 SE AR B 1) &
KFEFHRARESR, L aREF YRR Bl i 1 P 7 RE 6%
SRS ARSI W R RO S oy, FefEmdl s
WY 241 4E 2K i — 27 4 R - SR - W, AH
JOL PR D L R L Fe LM TR S A 1) R e 3
BEETHABLI . Aoh, ALEHE S YRI4R
2 Ab B FR PR 5 LB B SOR | FRARALA AT
Wigfe, R, Zhang 25" A 4% 2 T SE
AL B 251 T KU i ROK A7 AR BB A 40 1) B A i
Ho (PR - PRGN 1:0.75), [H
WF, B T XA 4 R AL LR, ROy D) AL
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SRR ALT2E —WEK BT SE AL PR S B FOROE
P PR FI AT P o AT B FR, B RN
B R17L 52T 4E R W b F] R A SE FAL BRAY FOKFH AT
PR A RR R Je o, E I A 2R R 3R WG SC 0 LB (=44
FEARARAE T o AT R A 5, i HL SE Ab B
PRI /K TIAE B, 8 T35 P R AR SROBEAE ( M137E/N269G_
XYL10 ) AT 4 3% Mg ) U R AL A B T B A IR AE
i .

H =, 7 SE WALFRAY LB J5URFh s I R e h
MR Bl 5T B R9FI . RERE IR
HELH) A YL R £ 22 0K LR AR A IR B 5 1 LB [
PR 2%, T LA (] R o ) e A T 28 S H i S AT
Fize5t. A3l EE (Aspergillus niger An 76 ), i
MR ILZ A ( Thermomyces lanuginosus SSBP ) 5
SE Ab P A MRS 2 RS A LR, RIS R4 oA
AL, PRENEE AT S Bl B- HTIRAHEE. 10 PR
BEBEFN 13 P2l AE R AR, A T AL ) K
(R M 2E O3 Bt S /N o3 T SRR FLEAE 5 T A2 F TR
3 WA B B e AT AT AR SRS R A . AHE TG
B-1,3- ) R W T FIAG 2 WY M, RIS ) R B R
XOS Fl B-1,3-1,4- iS4 7, X TE—EFLE b
HESE T AR A 22 R FCRT X LB Rk B Tl A 4
PE, J5Ab PR RR N IS 5 25 5 R A 2 1) 5
prise VAN B i S I I/ S = O b e Bl
AN AR R LB /KRR, IRt s il SE
oAb B ) SIS P BE A 05 MR KA EE ( Trichoderma
harzianum EM0925 ) 3 347 A2 52 35 (1 LB [ fift i3 2
(LG U H R MG . 2F 4k WK . AR R ME
it . B 25 W I L B AT v R N B- A
TG ) 5 IeAh, RIS BRI & (1.2 mg/g) HI
A4 5 SE PRI RECR . AW T SE
AL BRI 0] LIVE A T. harzianum 77455 58 B 19175
FH, AR AN LB 2RI A R T — b
B RIS TE AR . [HJ2, 5T SE Bt
1) FKAEFFHEA TR LA ( Pecoromyces sp. F1) Flj”
FBER ( Methanobrevibacter thaueri ) FEREFRIFRE, 72
h SR LE B I IC R84 [(322 £ 1.74) mLvs
(37.1 + 1.09) mL |, 3X7] R85 B i Y B Fh2E e
X 45 2R 4 4140 AR R S A O T AT
PRAR LT JU X 22 21 4 3R S 30 50 O F) o A e

1M SE T3 5 EKAHAT iR LT 4R 280907
ff R AT INr 05 (70% ), TP R4 R R
i i /D L 52 ) 30 DR AL T T 0 D ) 2T A e it T
P RS, JET SE ML R RS AR,
T BERF2 8T SE BAb PR LB JFURM /38 4k, JEAR
P (B Ab A 75 K H bR 2R 30 1 AR A 1Y SO 54
5H2ESARTEE YR

F =, 1E SE B4k B LB JFURE A VR 1 5 26
KA fi AR D E AR AR, Bilan, Shik—2p 4R
1 T AR A8 R T b 5 L R RS R 1) e b R
JE, 1EEOKRFEHF SE Bl B RTER S5 T, R T
I FLFFE ( Lactobacillus plantarum ). FLER F BRI
( Pediococcus acidilactici ) FNEESS ZF #AF B ( Bacillus
coagulan ) —FIRA K F7 0 E AL He M fe AR FD i
], T HAS IR RS, AR T R TR RS AT A
EASRBHERS T 5691% . AN,
FHE TR 208 B SE (JEJ7 1.7 MPa, f&/% 15 min )
TAERRS , TR E ) R R 7 iR 22 B |
T FLA . REMERIE N ERiEH S, hit
R T T 8 B TP R (R R 2F 4 5 TR T 17.85%, M
BT EREET 22.55%, JFHEA I A 50 HE AR
MR, NP R & SRe i R R A —E
SHEMERTE FESLT . K - HIM PR SE 4 &
KFEFFUEATLEA WAL, LB HheF 4k R AR R
AR RN SE TAL B3R T 68.9% Fil
69.8% ; HEF B EKKE ( Clostridium pasteurianum
CICC10391 ) Xf LA K fif il it A7 R AU i, i
HH R T AR T A T

Hopu, xf SE HIALFRAYG LB JFURHH AT — BB o
NEGE FRFEF R E TR IRCR, J5RE SE
(JE41 1.0 MPa 7K 43 60%-70% .10 min ) At/
P23 B AINAS [v) 28 2 ) il 55 500 A 7 DR e
We, SHWFLIRE . NIRRT A LT 4E R 25
WP TR . IR . SRR TERR IR 1% i 20 il 4
19.62% . 5.59% . 14.12%, FEFFFFI5 TR & 00E
HT YR JORE AL, R IE NS ER R,
PRS- BT A A A MR TR 2T 4T A 300 Il 4
T 0.47% 1 8.19% ', i SE WAk 5 19 FKFEFF
AL LT AR R - FLIR A B SR I, 4R
A RAERA RN (2.44 mg/g vs 4.33 melg ), VLFYER
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TEGE AT I TR TP PRI AR (209%-40% ), FOKFSFFAY
T8 A AR R 39.25% 3R R 54.07%

CA BRI, RIZUH SE kb PR BE 25 S 84T
Y RRHS A AT TR 0L BE R, AR R TE RE y
ANAR A WAEH, IOHE A OOt — 25 B fi oy H
BR. LR MRS RS SMEmE 45k e i 4y 10
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M B AE SE- UAEY R I - BRAL PR DM RIRLN .
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AR B AL B ST P LB ) B R L S A Ak
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M 2 2 45025 o
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