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Studles on Chemical Structure of Lignin in MWL
Extracted Wood Residue

1. Isolation and Fractionation of Residual Lignin
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L. ¥ L}

Y EORY R I OBE D TERD THEDOR A~ AL D ERL, FHRERC
X b X b BiorReMAN © MWL (Milled Wood Lignin)*~®) {39 7' = vEEOF TRILE
Bob, RRV Z7=v (Fe bt Y 7=v)REWEEL DR, V) 7 = v DILERIG, BEFH
SRELEBERTWS, Lol MWL 38 L RO B\ &4 FCER, ML T, AHd
DIFS—V v ) F=vDEA250% % 5HBIBER, MWL B0 Y 7/'=v :FAUILE
BEYETH VS e, ¥ 7 :’y@{t%‘ﬁimcgd AN FERERE AL TD
ERWRY FrkwTly, BERBRELIBZEZEBO) V=vHFLEdTHRELE Y /=
MOADOEENTBIN, S IIMEEEY F=v i 2KE) 7= vEL w5 ABEEHE»D
DRTERIL 270\, LFHEDD 12Y 7=y 0—, Rg—riHT5 00, MWL,
LCC KL UNREHY 7 = v BLGHE, =5/ V) v A, WKGTHRLEL To@RYoOERNRE
T\, RGOV 7= v HICEELHEREOD D & L xHELT5, LiL MikscHE? (318
LGB X 2 BE DL L H ¥ BALHE 2 72 EHELTw5, Bioreman' it LCC
R AL S L CERL, LCC DY 7=+ 0 50% % MWL & LCHEBEL, MWL & LCC
DY = DR ERBELE, HoTIhb3IRFD) V7=V BERSMLEVKEETS
WoxBET50biE, SEFHOV 7=V OLEBBORMKI LI VBB D L E 2 bR
%, 19574F, Pewd MERE T TAREERL, BRIMTS I L0 12~14% DRKLL
WEESUEBOVIWATEREY 7= v RAML ., AR PEw OB RSBk & BIORKMAN
DERMEELXFAL, LCC tBERNCE TR Y 7/ = v OB, F¥ KL, MWL
EEEY 7= v BT Ao fTo e, SEIRERHRY 7= v OREE, SHEBREL -,

2. = B

2.1 HHOmN
=" =Y (Picea jezoensis) BilEAK (60 » » v =LLF) % P,0s £ T3 @MBMELEL,

BjOrRkMAN DEEEED K ESENEB LI, Thbbog OBEAMY L =vh, RE X —
VI TABRERBRL o, BOTELCEBRARY A5 v-K 9:1) FT 48 RKMBERMA
WL, BHDY 7=viRE, BEXERABL M &Lk, Mo—@ikot+4+v-K D:
W) 9:1) i, IRB)HE —1 3 AT AB BRI L, MWL (B-MWL) %Fk ¥, fhHiZ®EIIE:
B-K (A:W) 1:1) fc3» AMBEMHEL, LCC (B-LCC) ¥ ¥ ML 7=, B-MWL » B-
LCC i BiORkMAN DOFEBILEEC X DR L 7o, LCC BB K THoHlkL , RS
ERRBERZKZL, MWL - LCC #H&®E R) L L7, M, B-LCC 5 X O0'R 0 3K #BER
SRl 12,
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22 MESR

HflghK8mé cBBL, BEEKIOmS (1gBE/10msK), HRRIEEK (pH5.5)
2mé, rr=vBR L, 40°C, 7 BMBERSRL o, BROBBISHRECS T BET
BE L5 VIRIC I Y RBLRD I, BREL T~ 45—+ (H) (Rhizopus mold, type
II, Sigma) & 4 5 —+ (C) (Rhizopus mold, type III, Sigma) # AL %,

2.3 MESRREOSM .

M (B IUR) OBEFREBEI7 v —v ~ FEESESHLL, TibbRAR M XBEX
SEL, TEEYELTEL., SEBERC A v-K (D:W) 9:1) iz 48 REBEL,
EMEDY 7= vy M-H-MWL » LT &, R-CEEB-K (A:W) 1:1) e 7 B HBRE&L,
LCC (M-H-LCC) ##H L7, zhbw L -&E M-H-R) (% Bj6rrmMaN O R THL
L, B-MWL & B-LCC Do#X4#45 % & 4 M-H-R-MWL : M-H-R-LCC & LU CH¥L,
BROMBBREARN Y M-H-R, & L, BMRSBRIBERBEL, BAAE1IX b 1000 BT

Milled Wood (M)
Hemicellulase(H)
residue Hydrolysate
{<—D—W(9-'/)
M-H-MWL residue
(r0% ’«—A—W(/:/)
soluble M-H-R(64.47%) ‘
- concn. in i N W0
grinding in D-W(9:1)
l“ DMF with vf%rationary
soluble M-H-LCC-/ ball mill
(7.9%)
—> Acetone
residue M-H-R-MWL
M-H-LLC2  soluble ’ <A-W(/:1) (5.2%)
(3.7%)
soluble M-H-Ro = LGC
(33.7%)
M-H-R-LCC

(/2.3%) ( ): Zbased on M
D-W : dioxane -water
AW : acetic acid-water
DHF = dimethylformamide
L&C : lignin-glucan-complex

Flow sheat Fractionation of products from Milled Wood
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DHFERTEHHIL, BERFMAEE L, AR L ARCAEL, M OR IR OEX
FCHEF DR FDLL 1o, B-LCC ORRSHRELX D-W (9:1) #1T, 40°C, 7 B» <24
ML, fhEHE B-MWL ORREBcESEAEB L, Thbbhlifhlgr A-W (9:1)
20mé IR, FEY (LCC-H-1) #Ek¥, WHMITK 230 mé i, MURL 7=, B
BTHEEREL, vr/ee=gy-=x/7 -0 2:1) 20mé CEHL, TEHR (LCC-H-2) &K
x, Y ER- — 74 230 mé ISk X AHAL, LCC-H-MWL #¥tE & L CEIRL 7.
HRBHSSPL % MWL & LCC #¥%#i BiorRrMAN ORBETHRESL 1o, H M-H-LCC
(X DMF (U 2 F Ak A7 3F) REBHBL, REHE M-H-LCC-1 & L TR E, JLEEIRL
TR A-W (1:1) ML, 7e v CHBERL, M-H-LCC-2 £ L7,

T 24 = pPARVEVEL :

75—y ) r=2v10mg #ELABCIml D=t rvE v, 18mé © 2N-NaOH
Nz, 20méEA—~ 7L ~—7, 180°C, 2.5 BREMLS ML 1o, S BREE SO, K TRRMEL L
=—F AL, BRI 20% H2504 TEEE L, SO, % N [ THRE, Z7rekn
A—TxEbv (1:1) L, M 7A7 e FBEL, =—7 AR NaHCO;
KT L, NaHCO; [8i3 20% H,SO, Ttk L, 7 rerha a-72 b v (1:)#HLT
HEYBESE LY, BEBEIS TV ARX VY THRE A FAREIEL, FAI2r< ST
T4 —CHHi L, TATE FBCEERD A=)V v HFAIZR< 57 4 —THHL, M
HEEL LB L e, BEROF A7 r< b /57 4 ~FAART PAGHXGFA 4 196D
RS brABAFAEATFADMIE, T 14182 & 198 DILEMOEERRL I,

2.5 WoOHH

MWL 757> 3 vEEEhABOBEIXO-7TI /207 . =L —EBEY CL VT,
BRSO ST LT L 7 — LT 27— NCER, HAZRT NI 7 4 —KLY
Tt

2.6 UV ZRY b ULGH

) r=vREHE A F A r Y LT (MCS) KERL, BELKC. 7=/ — A HKRERR
e D X D PE LI, MCS R 1.6 N-KOH oML, EFMRERMEL L THIEL .
LCC oY 7=vEIiZI UV A=z taic k5 MWL OREBREYHFCRIEL I,

2.7 IR XRRY PSH i

IR A-27 b ik KBr eFIEBIC X D PIE L te, 227 P A-O4HNE 1500 cm ™ O RIEE I

5 EERHFOENBRXELREL T 7,
2.8 p-EFRFIRVSATAIA-ILEOER

2~3mgD ) V=V RIOmEF A A7 FAIEKD, 006% * /7 v A5 F-MCS B &
2mé, 004% KOH-MCS W 2mé &z, @F% 10mé L L, Fran TAT 3REKE
L, LAV F7 2/ —ABE60mp OBRKEECLIORE L, A=Y A Tra—1LOR
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BROOEEESERYIEL, V7/=vD7 247 r AvERL 20T p-b Fr¥s
YIAT A~ BB,

3. BMRLER
31 BESR
RPN T D~ 3 2L 7 — 2 iEHI LCC>M>RBHER ZROREZE > & 2 L r
— R (PG DIREL ey, B L WERE X 2RO AL RSP, B
Lichr i m— AR © X 5 CiEHEIMES T, LCCIZR D 15 f£0EMERLA ..
MRS BERIBEO 1 BHTREREOMMEIEL, UBFHAMMTZ 2L %R0, 24
BEOBRFABIE 2HEOEEEY R L, ChIRBLBRLOTRE RIS L5 LEL.
bhb, ~IELT—HEer T~ OMCIRBALERORREEIIED L hith - T,
3.2 EERK¥ (Milled Wood) OB ESD R
BRAM M E~1er5—¥ IV SRBL, EBEY 7 v —> — P RESETHER
SHLTc, PEWY OfERE B b, M & M-H-R Z 2N-NaOH 242 & A ¥ ifg<3, M-H-R,
Lb—HABTHolz, TDOZ LT PEW I ERERBERCHENTI OEROERNT T4
RADRIDZLDTHD, BRICHTHERANOEEREDORY & R T 2 BRI %
DEELHRDLRNUEXYLELDRRE LT, MEEDT T 7 v 2 vOGViIRERY Table 1
WiRLIz, M b M-H-R ~O@\BI BT, ~v/ —ABED 76% 35T 50%L, -
FUR—ALI N~ AREOBHITE 4 0 L 10% Thote, 74 2~ ABREOED IS
RERMC LD 2w~ AEREROT R GFhft) LERFMAT+TRIDTHD 5, BHR
HRBREORBEMERE TH 5 M-H-R i< BIorkMaN OEEEYEAT 5 &, MWL (M-H-
R-MWL) (&Y 7 = v 20%) (ZEMERHC X 5 B-MWL (25%)® Lz gRA—IN& Tx b

Table 1. Analyse of fractions from M<Wood by hemicellulase

Yield K. Lignin  pen ~Sugars %)
' of Lignin| Ara. Xyl Man. Gal. Glu. - "

(%) (%) (%)
M-Wood 100 271 100 3.9 145 2.2 0.0 55.4
M-H-R 644 23.7 .56.2 3.2 11.9 92 { 28 7310
M-H-R, | 337 125 155 | 15 47 48 09 | 81 i
M-H-LCC, 19 2.1 1.8 6.5 19.1 6.9 39.8 257 .
M-H-LCC, 3.1 206 24 49 18.8 8.2 467 213
M-H-R-LCC 12.3 289 13.9 24 | 199 50.9 9.3 175
LCC (13) 38.2 — 41 203 487 9.3 17.6
M-H:-R, 23.9 12.7 11.2 16 34 2.2 0.0 ‘928 °
- M-H3-R, 22.8 121 10.1 14 31 | 14 0.0 94,1

( )=Obtaind from one reflerence
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h, LCC (M-H-R-LCC) 4 ¥/ B-LCC L X e 25—V vV 7= v aR L BREE A%
FLEEXh7, MWL & LCC oHER M-H-R, 12 M © 33.7% OIRBE Tz Hh, 207
57y a VIIOHRERENS 73— ABEL Y 7= v bR Eh T35 LGC (lignin-glucan
complex) TH -, M-H-R, ¥ EiC EEFHBEL, 25 h5BEMEER M-H, R, 12 M 0
239% AL, BAEOEESEC XS M-Hy-R, 1% 228% & Lt oI hixnwC &R
BLt, M-HR, & M-H-R, 13127 2 121% D& 25—y vV 7 =vuHEL, Sra—2
BEDOHAH928% & 941% & FicHmL 7z, M-H-R iZ BijorkmaN OEREXHEH T &,
BHLEY 7=vDE I+ 8% 2 MWL & LCCO VY 7=v: LTEREH, M-H-R, DY
P=vimETH O M-H-R b BEHLLY 7= v Dk X% 100% BT 5 & L K
72 GORING'™W 5 3 BABBFBMBEEE LM, v eHoMEEDY 7= v HxHEL,

MR B F i T 28%, MM TI8%, BY D& T2 L 82% DY 7= vl 2RECH /L T
WA EEBHLMTL, KALLMES®? (3= V' = OERBEREL <L 7 ONESLD NFF L DK
BT 5~ e - A05HEHEL, SEROMROF—ExFERLIC, FAY b
Teda—Rry X7 ATVICLEPRY CREEOKBEBO LEERAEFCELIL, S B X
O ABICere—AEBNEL, rra~vF vy aEEEMRE D A»SRICH - T
WL, 75/ 7020 %0 5038 BrEBREhTWAZ ExHELTW5, M-H-
R-MWL 73 B-MWL L 23R UIRETx bhr &, M-H-R-LCC DRRBEEIGL YV /=~
BENB-LCCOLDLBATEZ L, BIV~v/ -~ ABREOBH ORI HTEL
WEWI MaboERIMROMRAC X YV TFEHEERS, Thbb, =V VERKH M
X DYMAR D LM 3\ THRERIGL T, R ETRL, <V 7 ~ ABRED 10%
YEHL, BREEOE. a-(196) BALLY T 7 b~ ABEYSBICET M-H-LCC & 2
RBEDOGRMFD Y 7= 1 ) M-H-MWL £ L THBAR+5 85 2K BHER & L THEHT
%, BMEABRONEMICHEETD 2RBERS ZERLEML 2 kWD KGREZ T o0,

FIEHE < M-H-R OBERMMEBIET, ©i e — AOBRINHERESR, Chb 2KERFDY
ZF=vE~itnr—2R M-H-R-LCC & L THHT 3, #- T, M-H-R-LCC 3B X5 #
2XFTHHY, B-LCC LELT 2, M-H-R-MWL (31 E#iEC L5 B-MWL QI E"™ &
BIE—HL, BEARLCMRMEY 7=viE2bhb, lg RHOER, MBEBFCI?
B-MWL OIXEBHMD 2 2 KE2LBEH LA BLCCOY 7/=vichkTHEHEES R,

B-LCC D@5 ¥ 7212 B-LCC 0 BERC X 5 MWL MBI ORSHYFFET S, 2K
WY 7=k Z280% i B-LCCOBRRKSELTHERL, 2V 7=vn15% CY5E
DD2W% DY =i~ tanm—RrL—HrEHIR?, M-HR,(LGC)D) 7r=v&l
TEBRETZ2, BETHLGC DY 7= v ORBHMEEBEREC X 200 il i r — A
& OBEHREMERRIC L 200 RHT 5 LIRKE, Tk M, M-H-R & X0 M-
H-R, D=t v Xy vB{EABER T, FOBBRDO A F1{thDHF A7 R~ 752D 1
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+
wtme M
196 182 198
]
M-Wood 0.79 0.00 0.13
M-H-R 1 1 1
M-H-R, 0.90 3.74 445
| N - min
5 10 15 20
Fig. 1. Gas chromatogram of methylated acidic fracaion by alkaline

nitrobenzene oxidation of M-H-R,. (Silicone grease 10% on
Diasoid M, 2m¢ column, 200°C, 60 mé/min.)

Table 2. 'Njitrobenzene @)Xidaton of fractions from M-Wood

Aldehyde Acid
Total Yield Vanillin Total Yield Vanillic ocid
b) (%)
M-Wood 27.7 1 30.8 1
M-H-R 51.2 1.78 234 1.3
M-H-R, 32.2 0.74 44.8 1.1

B & HikER% Fig.1 & Table 2 @R L%, 7AF e FEEIBEROBIRBIXEL 75—
Y Y F=vD60, 74, 7% THbH, M-H-R, OBHEHOIE 448% ¥ M-H-R 0 FEE
THhote, A=) VHNBERLSL RNOBEALR KL, = e _vEvBteiToE7 1 H
RO I, BERONRBRX7==AT e vl a-REN=~TAKBELID, 21
R=rBEThoteh, ¥hit 7=/ —AHKBED O fZ2MEAL T3 & HWNT %, BERD
RS e ABAFAT AT (HFAF v M 196) O CEE BRI EEL ithofoit
M+ 182 » 198 © 2 Dt 4 47 M-H-R + M-H-R, D &£ Bt Wic s\ THELFEEL T,
M-+ 182 Db &4ix m/e 165 (M-17), 152 (M-30), 137 (M-47) &##H, O--1=) vBILA
2V VBOAFA=—FALEEINDEL, BED £ FA B TLEED H L EF o
DEET L LBV DOER LS, M* 198 D1k 4411 m/e 169, 141, 105, 91, 77 ¥ H,
FOBECOWTIIRHPTH S, Db R M-H-R, (LGC) CEEhBBREY 7=V
MDOBHY 7= v L SPRAXRCTHZ L ¥ TET S,
3.3 MWL :LCC #iiMFXRBOMES R

MWL - LCC #{ Bi& A M R) %M T 5o, LCCHMBEHEE L T— Bk
DMF % DMSO O b i Rtk D B B\ BEBE-K (A: W) (1:1) %R L7, R OBREE
W X 5 B @B MM REEOHENED b ih o 0T, HECIIAREUROR
BREMALIE, Ri~ieas~€2H Ler5—+ (C)DZOoDOERTHEL, THAKER



70 AR AL RE TSRS HolE H1T

Table 3. Analyse of fractions from R-Wood treated by enzymes

Distribu- Sugars (%)
- Yield [K. Lignin| tion :
of Lignin| Ara Xyl Man. Gal. Glu.
@ | ® | % | ‘

R-Wood 100 17.9 100 21 11.9 16.0 36 66.4
R-H-R, 55.8 14.0 436 124 117 40 10 70.9
"R-H-R-LCC 1.3 | 223 141 6.5 318 29.2 16.9 155
R-H-R-MWL 25 | (89.2) 125 — — — — —
R-C-R; 76.6 13.7 58.7 40 41 | 54 13 85.2
R-C-R-LCC 50 | T6 | 200 90 | 333 | 286 | 199 9.2
R-C-R-MWL 2.2 (89.1) 11.0 — — — — —
R-H-R,-H-R 324 31.3 56.5 14 2.2 2.7 0.0 93.7
R-C-Ry-H-R 46.0 284 73.0 15 5.2 36 0.0 89.7

H=hemicel‘lularse‘:_;" CjicAellu_lase; ( )=Calculated by calibrgtigri with B-MWL

CAFH VK O:1) TREMMHL, Kic BIORKMAN O EEE CAE L -, MWL & LCC %#
HUBERS BT CTHD R-H-R, L R-CR, 3%« RD56 & 77% DINE T2 5h, RD Y
7=v D44 L 58% % Eis (Table3), MWL-LCC iHEHE A R (XBEHAKR M & Rir b
GRIEHE, TinbbBREOBEMEY BT 5 RBRELR ., #-> TR OSBiHEE R-H-R
E72X R-C-R) 226 A-W (1:1) THiH L 7z R-H-R-LCC # 7243 R-C-R-LCC 1 8 4 &9 75
BERI W% Xz LCC |a L i B 1ediT, Fhb DERE O E &3 B-LCC ®© M-H-R-
LCC L&Y, wTFhi s/t ~ALFvr—2ABERELZ LR LE, R-C-R-LCC
DIRBETEL Do fet’, BY 7=V EROEDIC, ROLY 7= vicktd 552411 141 &
200% LML 7o, R-H-R-MWL & R-C-R-MWL 13312 11.0% OBES B4 4%, U /=y
DIFEE S 125 £ 11.0% THFEC R ~H LA, L EOFKEE, MWL - LCC HH@a AR
Riz7s3 MWL & LCC L L TH M Eh5H80% 3ED Y 7= v 43 & LGC (R-H-R, & R-
C-R) & LTHIESIhIL\ 0% 12 EDY 7 = vIBFCH RS hiz, $EThHS R-HR, & R-
CRZERY7=vD4MUE59% 2 &% RY7=2vniL) 7=2v Dk k% 40% % EH 519 &
T2ROE, 4DV 7X=2vi3LY 72D 18% L 24% Lk b, BT M-H-R, (LGC) »
16% L\ 5 EE HBHIR —FKT 5, MErFR~I w15 —~ETHHEL, D-W©9:1) & A~
WIL:1) TIRREEME L 7o 5 82RE R-H-R-H-R & R-C-Ry-H-R (331 40% 13 Y O ER
BAERUIR, M-HyR, 2 &Rk, ) 72V EBORERHEMEYR LA, &4 130 &
126% D75~y vV 7=voE®RYRLI, Zhit R-H-R, & RCR,Ds5—~vVY
7= Y UBOBCKEM]Y 7= v & LTHEML 2R5 ARABIC & ) FERCELL, &8
SN DEELLRD, 72— ARKEOEAITEL § 93.7 & 89.7% Ml 7=, £t
T, LGCLL T M-H-R; £ D Rie b2, ROXREMRY 7= v u &t LGC g4+ 5



MWL #lREARFOY 7= v (KEF - WE) i

R-H-R; & R-C-R, %ﬁ%ﬁ?ﬁ& LTCHL 72,
3.4 LCC ORXEAM

MWL mili&#E+s A-W(1:1) ©3 ﬂBFa‘ihﬁtHL B 7o LCC B B ’Cﬁﬂ
L, ~itLr5—~FILXDBEFHEL feo FBEBRES,D D-WO:1) kX il Shicll
MWL it BjorkMAN D¥$843EC4 AL, LCC-H-1, LCC-H-2 ¥ X 18 LCC-H-MWL <4 @i
Lz, D-W (9:1) A LCC-H-R & LCC-H-1 % 80% BEBAAMEW, A FA£r VA FRA
%, 16N-KOH KEBICTETH Y, LCC-H-2 & LCC-H-MWL i3 2 i b OB AT T
Bot, £757va vORFREREY Table 4 1I0R L%, B-MWL 24143 % LCC-H-MWL
LCCY 7=v D 118% OMETH o723, 9% U kDY 7= VvERYEL TS /v a vk
Mz % & 40% OEERY, LCC OBk 5 MWL OIRE™ L L7z, Fig.2 1 UV
A7 b A ERERL T, 280 mp OEATIIC KT 5 263 & 320 mu OHHTIEC 1T
LCC-H-MWL OFhisit B-MWL & kS —HL7eat, 075 7+ 2 vidFh b sl
Ak E <, LCC-H-R Ci2099 2 0.64 1L T, 4o MROM AR EFT 4293 mp DM
ﬁéu%%ﬁ@ LCC-H-MWL & LCC-H-2 ¢ 0.18 & —# L, LCC-H-R CTR4ERNTH - Iz,
LCC-HR ® 27 F L SHRERIBMRABENORALTRL, L0 ESH EL N035%
L BEBREY 245% ODFEER R LT, LCC-H-R OHEEES & LCC-H-R-H-R 3 30%
DEERVT2Oh, V7=vEE, HBEHE NIE REREDICILASELLELR
Protz, LCCHIcBERY 7 = v i EEET 5 &\ 5 fidvh LCC-H-R Xk BH DAL R
T4, LCC OBRGM L b MWL # LCC D) 7 = v D 40% OB THRL A2 2 &3l
BRI <5 %0 LCC DERHC X 5 MWL 0 W 21) 7 = ¥ 5 FOBBHC I 5 5 FLIc KR
Y, SEEOSMC L ARBRTHH L v TRT L LERIND, ~ 1 LA m — A5PRE
LD LCCOFFP b EESFRECHBILILCCHDY 7= v HBEOHEEFRICER
ML MEEELbDEEL LR,

Table 4. Analyse of fractions from LCC by-hemlcellulase

Distribu- Sugars (%)
Yield K. Lighin| tion ‘
of Lignin{ - Ara. - Xyl -t Man: Gal. Glu.
(%) (%) (%)

LCC 100 38.2 100 4.1 203 .| 487 9.3 176
LCC-H-R ‘ 124 .29 96 85..1...209 [ ..189 . 34.0 17.7
LCC-H-1 5.2 (91.4) 12.6 6.0 8.0 16.4 38.3 21.3
LCC-H-2 62 | (90.1) 147 84 28.7 311 23.0 8.8
LCC-H-MWL 5.1 (89.3) 11.8 —_ — —_ —_ —
LCC-H-R-H-R 87 | 327 74 72 | 149 | 117 | 236 | 326

( - )=Calculated by calibration with MWL
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3.5 BN MWL Qi

£AF L HEEL 2 MWL % B-MWL &
W # # L7 (Table 5,6), R-H-R-MWL &
R-C-R-MWL O H #RIZLETORTL < —
FL7, BMWL 3% 0@ BCH~TEER
SHE, ER* BERDERD X b L B EVE
%R Uiz, LCC-H-MWL Y7 = 7 — AbkKER
XLpeFrFovrRvoa7ra— A EEE
PO MWL i< e THEFICE <, FERMES
RLxbh5BE LCC-H-MWL-H iX p-& F
rENVOATA T~ AEMN2T ELNEML,
E@YD7 . s —2tEKBEOHMEY R LI, W
HEEEOHINC R TR ED UrkrE
Ihihot, ThbO#ERir LCC-H-MWL
CEEFRDRAYNY 7= v 5T LB
BWTHALLEEBSTCHY, kExVr=v
D727 r VD a-RELERELD 7Y 2 FESOBIMKSRCL - CTHH
HahzfonwZE®wFBT%, tA5—€E) Z7=vhbFBLlichkre e - 2ARNEGSFTH

Absorbance

Fig. 2. UV spectra of fractions from LCC

Table 5. Analyse of somples of MWL

— ‘ - W—
E:f;:i‘;t?;z) N Ease,U :V.Eszo 4Ez¢3 ‘Phgll(-)llicnptzgz:};fy,) Sugars®)
c|H O Baw | B [Bwo | () | ) | (%)
MWL 58.31 | 590 | 3579 | 13.73 | 083 | 036 | 041 | 231 2,64 438
R-H-R-MWL 6148 | 5.85 | 3267 | 1686 | 082 | 0.36| 035 1.96 3.37 10.8i ‘
R-C-R-MWL 6154 | 562 | 3284 | 1733 | 081 | 034 0.27 192 |, 319 109
LCC-H-MWL | 5875 | 6.01, 35.24 | 1424 | 0.82{ 032} 0.18.]. .. 1.51 0.80 10.7.. .
LCC-H-MWL-H| 6195 | 6.82 | 31.23 | 1449 | 079 } 0.33 | 032 1.70 2.14 9.8

1) %=W/W; 2 %=units; 3) %=W/W

Table 6. Analyse of samples of MWL
Ai/A150
1716 1640 1600 1460 1410 1370 1210 1110 1035

MWL 0.96 162 1.79 0.75 0.72 0.80 1.34 0.72 1.28
R-H-R-MWL 2.96 2.07 2.15 0.72 0.69 0.55 1.03 0.87 1.26
 R-C-R-MWL | 255 | 192 | 218 | 080 | 078 | 063 | 120 | 088 | 123
LCC-H-MWL 2.14 1.58 161 0.75 0.74 0.61 0.96 0.83 112

LCC-H-MWL-H 1.10 0.99 1.01 0.59 0.56 0.48 0.78 0.60 0.86
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. e
1600 1400 1000
Fig. 3. IR spectrum of B-MWL, illustrating major group
frequencies (Ac=Acetyl; Ar=Aromaticring; Gu=
Uncondensed guaiacyl).

BDENCHIEEIICORBAYZRET S, & MWL OFRABRIL AR 2 + 44X 1500 cm ™ i 43
HHENBKEC X 0 SH L 22t BEELHERBY R eh oz, LCC-H-MWL D 2#icbicb
EVCHENEIKTROEBENC LS, U EORKEER, LCC-H-MWL @RS BAR T4 iicdic X
BEkH D THED %L OHEN R L Rz, & MWL BB X SR e 5%, IR KB
Ui, R IEBIXCE oo T, '

4. # L]

BjSREMAN IZX 5 MWL i) 7= v{b2BT s B L LR BCFHIRTH 3
0N, BV IS2vOEA0% CBEY, MWL LEEY 7= voL 2B EOR XL Tik
FELEERIBEINTED, HTLIR2YV 7=2veRETHEAE 2o, #- TREY
7= v DS L SR ORBERFREYEMCRHAT L ERAMFORY 7= v 2 BHT
Bl ESTHETHS, cDRHMNLRAREBREY /=voE SHlwAiic, =/~
v (Picea jezoensis) IR 26 EHAK M), MWL - LCC #liB&EARS R) & L * LCC
ML, ~1EAS—KERIR LT~ FRLHVEESEL, HERBIXFCAE-L IAT
BRI L7, PEW HIHART, SEO BB T 0B P& 408 ke Riexd s o5
Ho77xve )74 —CHB24AEL, BRIIBREF LI

1) MOBMEIR: MIEZESRCLD 35% OBRERV =T, MWL & LCC »#
DEULMEL RV, COHMEERE M-H-R »BERaiiT5 &, BiC30% OHEERIZEZL
B-MWL®) (£ 7 = v @ 25%) i IS 5 & o M-H-R-MWL (20%), & B-LCC &2i3[H
— A > M-H-R-LCC & %4 U7, M-H-R-MWL |3 ERHC X b BRL T & 7= MiFafl @
Yy 7=vTHhH, M-H-R-LCC iz AMMMBI L b RESIh, BREIBEYXTichoc S
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BL S, BoV/s/=v-~3tarr—~R(LCC) - R LI, BERCHLTHEH T 7 €
€Y7 4 —LFli M-H-R, 32t rr —2ADT0%, £ 7=vD16% &%k, £O#
B hst LGC (lignin-glucan complex) & A L7, LGC D=t v v LBt 3 BIL =Y
vHREIVNI K, BETNEREGL, D75 7> a2 v OHEYHECL L,

2 ROMEIM: Ri~1 a5~ Ml Ir3ers-E O RIVBESEL,
Mt RRE T ER L, WEBERIC X528 LER CIRE (110 & 125%) T MWL # %
4L, B-LCC L iz & R AR T 52, R-H-R-LCC & R-C-R-LCC X \» 5 ¥ pEHE &
DI LCC AL, MOBFLMALL, R2b1 LGC YT EET S R-
H-R, t R-C-R, ¥ B, Chbitf) /=vOkI% 0% DY 7 =viak M-HR,
DYV 7r=vEBLELLL, M: ROBRII=V~YRBDDY y=vifilARHEY 7= v
(20~30%) & 2HILY 7 = v (T0~80%) Ie—RRHICAI S H, 2WBLY 7 = v 2FIC~ < 20
r— AL —EICE T 5 LCC &4 (40~50%) & A ##k LGC ¥4 (20~30%) ifisr 2 h b
T EHTFBL I, B-MWL U 8 3% i (50%) 125> T LCC L LCHEL 2 KRIEY 7=+
MBI LCC LB BOEITICL Y MWL L LTEHLE-LDEELLRS,

@) LCCoBMEAM: MOKRLII 2ZKERGEELBID LCC IEEFBC X
THN%LUEDY) 7=vEEYHOHMWL % LCC Y 7=y D 40% ORETHET 72, ZhiZ
BsorkMAN O LCC ERrc X 5 MWL OB L, LCC 7bh D MWL BN Y
= VOB A ESTFCIBED TR E R RBL 7,

4) Bim MWL Oi#: UV -IR 27 b A 5#iik B-MWL, R-H-R-MWL, R-C-R-
MWL, LCC-H-MWL Db E0EMUE R L=, LCC-H-MWL iZ p-e Fr*o Xy
NTNI =N b7 o) — A EKBEEEN MO MWL & _TEL, HICiiEZnEmEch -7
TheEd, BBETBZTI LRI VHE IR, LOrLEEEOSH, BHIHE VR
»HhT, MWL g h s ERBAOFHERACERE TR Y 52 5,
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Summary

Milled wood lignin (MWL) has been used as a more preferable preparation in
lignin chemistry as it has been presumed not to suffer any serious chemical change
during the preparation process. However, there has been considerable doubt whether
MWL may not be representative of all types of lignin, since its yield exceeds hardly
more than 50% of Klason lignin in wood. '

And there have been some conflicting results in works concerning the heteroge-
neity of lignin structures. The present work was designed so-to gain a clue to heter-
ogeneity in various fractions obtained from enzyme digestion of LCC and R (wood
residue after removing MWL and LCC). Milled wood (M) was also used as a reference
to -this treatment. They were subjected to enzyme digestion followed by extraction in
a vibratory ballmill for 48 hrs. and fractionation was performed according to the stand-
ard method of Bj6RKkMAN. M and R prepared by the milling of wood at room temper-
ature were only slightly soluble in 2N NaOH and neutral cellulose solvents such as
60% lithium bromide solution, a solubility behavior different from that proposed by
Pew. It is very probable that crystalline regions of cellulose still remained after the
milder vibratory grinding, and this may be the reason for their lower accessibility to
the enzyme. However, it gave favorable selectivity to the enzyme digestion of the
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polysaccharides in the wood.

1. Digestion of milled wood (M) with hemicellulase (H)

After enzyme digestion, about 35% (wt.) of M was removed by successive extrac-
tions with the solvents, dioxane-water (D-W 9:1) and acetic acid-water (A-W 1:1).
The extracted residue (M~H-R) contained 56.2% of lignin in M. Yields of D-W soluble
fraction (M-H-MWL) and A-W soluble fraction (M-H-LCC) were 1 and 5%, respec-
tively. The latter contained more galactose residue (about 40%) than that in the wood.
The extraction of M-H-R with D-W (9:1) in the vibratory mill followed by A-W (1:1)
extraction gave further MWL and LCC, yields of which were 5.2 and 12.3% of M,
respectively. In consideration of the yield of MWL (M-H-R-MWL, 20% of the lignin
in M) corresponding to that of B-MWL (25%) prepared by standard BJORKMAN proce-
dure, MWL fraction eluted first from the wood with the milder vibratory milling may
probably belong to- the lignin in middle lamella, judging from its yield and ease of
dissolution. Purified M-H-R-LCC contained all five sugar residues with the same com-
position as that of B-LCC (prepared by standard BjokMAN procedure).

This fact may indicate that the carbohydrates in M-H-R-LCC could probably be
derived from the secondary walls (mainly from S,), which were highly resistant to
enzyme digestion.

The final residue (M-H-R;) from M-H-R, amounting to 33.7% of M, was mainly
constituted of lignin and cellulose, and was designated as LGC (lignin-glucan complex).
When LGC containing 15.5% of all lignin in M was further digested and then dispersed
in the solutions, the soluble part amounted to 30%. The residue (M-H;-R,) was treated
further with the enzyme, giving a fraction (M-Hs-R,) in 96% yield. M-Hz;-R, showed
little susceptibility to the enzyme. M-H,-R;, and M-H;-R, (LGC) contained 11.2 and
10.1% of Klason lignin in the starting material, and 92.8 and 94.1% glucose residue,
respectively. It is likely that the insoluble residual lignin in LGC is strongly associated
with cellulose and/or possesses a different structure from those of other fractions. To
account for this problem, the lignin in LGC, M, M-H-R and M-H-R,; fractions was
subjected to alkaline nitrobenzene oxidation, and compared by the relative yields of
oxidative products using gas chromatography. M-H-~R, gave a large quantity of acidic
products and a lower relative value of vanillin. Therefore, the insoluble lignin in LGC
is clearly distinguished from those of other fractions.

2. Digestions of wood residue (R) after removal of MWL and LCC
with hemicellulase and cellulase treatments

Digestions of wood residue (R) with hemicellulase (H) and cellulase (C) followed by
extraction caused the dissolution of 44.2 and 23.4% of the wood residue, respectively,
and gave further R-H-R- and R-C-R-MWL fractions (125 and 110% of lignin in R,
respectively). The residues R-H-R, and R-C-R, contained 55.8 and 58.7% of lignin
in R, respectively. The insoluble lignin in LGC is, therefore, supposed not to be a
probable artifact which might be formed by the treatment of apueous acetic acid
solution. Successive digestions of R-H-R; and R-C-R, with hemicellulase caused about
40% of them to be soluble and the yields of their Klason lignin to increase (130% and
125% of the original fractions, respectively). These increases may have originated from
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the cleavage of the chemical bonds between lignin and carbohydrate by the enzyme.
It may be assumed, therefore, that the lignin structures of R-H-R, and R-C-R, frac-
tions are probably sensitive toward acid hydrolysis.

3. Digestion of LCC with hemicellulase

Seventy one percent of LCC became soluble during enzyme digestion and gave
crude MWL amounting to 16.5% {corresponds to 40% of the lignin in LCC), which
was soluble in the solution of D-W (9:1). The yield of crude MWL from LCC ob-
tained by enzyme digestion agrees very closely with that obtained by BJoRKMAN, who
grounded LCC in a vibratory ball mill (50% of LCC lignin). Fraction LCC-H-MWL
(see Flowsheet) is quite similar to B-MWL, but the others are slightly different. Frac-
tion LCC-H-R, which is the dioxane-water insoluble residue, differs significantly from
the other fractions.

4, Comparison of MWL fractions and other fractions

It may be valuable to know whether their MWLs have noticeable chemical differ-
ences. The discussion here is limited only to the results of elementary and spectral
analyses. They are quite similar to each other in their values of relative absorbance
of UV and IR spectra, but not in elementary analysis and values of E4}%,.. Very inter-
estingly, the content of p-hydroxybenzyl alcohol groups in LCC-H~-MWL was much
lower, but indicated a normal value after further digestion. It may be seen that enzyme
digestion is not adequate for the cleavage of benzyl ether linkages with carbohydrates.
Fraction LCC-H-MWL showed very low contents of p-hydroxybenzyl alcohol groups
and free phenolic hydroxyls compared to the other MWL-fractions. The residue (LCC-
H-MWL-H) obtained after further enzyme digestion revealed about 2.7 times as much
contents in those functions as before. It is compared with those of other MWL-frac-
tions. If the increased functions were derived from the cleavage of benzyl ethers with
sugar residues, the carbohydrate content of LCC-H-MWL-H would have decreased
considerably. This, however, was not the case. This fact may indicate that the resid-
ual carbohydrate in the enzyme-treated lignin has high degree of polymerization and is
firmly linked to the lignin moieties.



