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Abstract : Bamboo green and bamboo yellow separated from Moso bamboo residues were delignified by NaClO, after grinded,
sifted and dewaxed by toluene-ethanol to achieve holocellulose. The resulted holocellulose was constantly extracted with 1% , 5%
and 10% KOH to obtain hemicellulose. The yields of hemicellulose acquired from bamboo green and bamboo yellow were
calculated as 81.74% and 85.36% , respectively. Then, the chemical compositions and structures of these hemicelluloses were
characterized by HPAEC, GPC, FT-IR, 'H NMR and 2D HSQC techniques. The results indicated that the proportions of xylose
in the bamboo green and bamboo yellow hemicellulose preparations were 61. 02% - 73. 76% and 65. 22% - 80. 00% ,
respectively. The weight average molecular weight of hemicellulose preparations of bamboo yellow were 44 870 —48 560 g/mol,
which were higher than that of bamboo green hemicellulose preparations (43 970 —46 245 g/mol). It was demonstrated that the
back chain of hemicelluloses were composed of B-D-xylan. Meanwhile, a-L-arabinofuranose and 4-O-methyl-a-D-glucuronic acid
were linked to back chain of hemicellulose at C-3 and C-2 of xylan, respectively, and part of lignins were linked to hemicelluloses
by phenyl glucoside bond.
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BHOPTAE I T 2 o A0 TP L AR = A B A i TR AY ) (A8 ) i ik 4 600 T3 i, X Se LA i T
A AT B TR AN B T R B IS R FE R R W R T A, A R B B A, AL
HYAEE , Had A B IR IR 3% o I JLAER XA A E R st A PUs 2 — o PTH 2
BE v 2 2R 2 RO — AR Y — 0 R BB, RN D-ABEE T B-1,4-HE T EETE B AR SR BE , AHEIEY C-2 Al
C-3 fif LA DA MR B L-Wkmg B RiAEBE > Mo, 74 5 2ol ad JE kG E AT A y- TR S
ARBREALE ", P, 52 2R 45 A0l 2 21 2 0P 75 50 A B 2 45 JURE rh SR 3 25 40 B 0 27 4 25
LT AR I R A AR G AL AR A ML R R b B e k0 A H g
FHIREEL e R TG R R S /D BRI R, XM A UBEH TR 4 Z g S e , T LIFE R
LR AR T TEXTA R e RS M BT 5 S0 b, AT AL A 4 R T s e T B4
VI ML R AT R WARGE . PR, AR5 L BAT I TR 4 M R o0 85 AT i S5 v, 48
MR AR/ CBERE IR A BREANE AR BT AN Rl B KOH 434 46 A5 1 B A5 B BATIIA LA 4E &K .
X il 28 AR P 4T 4 2R FHES T BEIC B 1B i | 20 AE s DL A G LR B R AT 8540 o b 5 3k
fE, LI BTN TR R AT E A8 s op] SR A Ak 4

I

11 FER G RS

Y, BT TN TRIARY) , it @l FL B A A RS Rl A TPk AT AT 8, B L
PRJEHL 0. 18 ~ 0. 83 mm ¥R & Mo AT 022 mlor hy: £F 4 5 42. 63% , 474 5 19. 86% , KJiT R
32.20% s AT HAZER AT R P4 ZE 41.04% L4742 21.99% , K% 29.99%

NaClO, , H,S0, ., CH,COOH , KOH 4 | ZB55 0 T e 5t Ak BR S |, 24928 k2 46 L-B i A
Wi D-2ZUME . D-AWE . D-H%NE . D->PZUBERERR . D-H 45 BRI IR (pullulan Z2BEFRUES, . DMSO-d, 1T
Sigma-Aldrich , ¥J R 3 ¥4k,

BUCHI B-811 725 [CHli$4% ; Dionex 1CS-3000 7 555 97 85 F 38 4 4, 14X , 2 ¥ Thermo Fisher 23] ;
Agilent 1200 BIEER 535 (034311 ; VERTEX 80 ZL4ME1%AY, £ [ Bruke /A 7] ; Bruker 600 MHz # 5 4#%
3R, 75 [ Bruke 23] .

1.2 XWHE

1.2.1  plsgipate sl WATE FrEok R s TR0, SRR Sl (R 2: 1) JRES 6 h, 2
JEFEL T 60 CHET 24 h, %,

1.2.2 Zeftedals rnli2s ¢ B n9ArdE AT s A S TR, [FIERHIA 500 mL 28§ 1 /Kl
25 g NaClO, 1%, FHCRRISY pHAHZ 4. 0,10 TR SR . ARG T 75 C ki, i fk
1 h J5 ) B AR Z TR0 12.5 g NaClO, , Jf A 2 (FH e Z R FTic sk R ) 1/2) W5 pH {E,
B 1 b, Pirde it 26 0 Ja FOR AR 258 1K o BCABERE 60 “CHET 24 h, Bt i R ZRET 4K
1.2.3 FpZegRI Py Mretba gE R 8 BUS BT AR L. 2.2 RS 2R 4E % 20 g, A
400 mL 1% KOH 7£ 55 CAF T $2H 3 h, U8 GE i W 4 A 3 AR 95% LIEIIVE , 13 R T A5 2
Pl ATeRer gz, g 5 70 o HE g M HL o Sl 5%0E F 280t 400 mL 5% KOH 30 CH2H12 h, 1§
W LEIIEAS BT PG R HS M B2 L7 4E R HS,, 5 3R 200t 10% KOH $2EL i 45 . £
UUUERS 2] H10,F1 H10,, .
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1.3.1 AeF@matr A ATl s SR e e X TR 2P 4 2 DA R RSB KR S =i iy
Fe 3 FE AE IR AT R RE VR S0 % (NREL) By b AT e

1.3.2 PipEfebEmar ey nl 2 PRAFYERIARIT 1 4 Fh OB R 2 Flom i R SR FH = 30080 B8 25 4 £
i Z 45 (HPAEC-PAD) 4347, % i CarboPacTM PA 10(4 mm x 250 mm) {& 3543, K13 30 °C, R ShAH LU
4li7k \100 mmol/L NaOH #1 500 mmol/L NaAc £ ¥EM, £ 0. 01 mL/min, FAEE 10 pL, k22 554
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1.3.3 FHEZHFTREMNE PLAERND T REAEREEOIEDHL(GPC) EE, {46
Agilent 1200 % HPLC; {43 4 : PL gel MIXED-B; i Al pH {64 7. 5 09 8 I ok £ 2% o i W (&5
0.02 mol/L fJ NaCl) , i :0. 5 mL/min; £l :30 °C Kz &% 7R 22T CAGINAS s HEREBE 20 WL, it BT 7
Ji£:0.005 g/mL, KT pullulan /E g bRERE R, 43T B4 32 783 .12 200,100 000 A1 1 600 000 g/mol ,
1.3.4 zoptatadr  RM VERTEX 80 ZIAMERAORSE . HERAE 60 C R ( >24 h) AR5 4k

W 0, B 0. 15 mm LR A HRE T 204N Mro 20 Ah 61 3 Bl oA 4000 ~ 400 em ™, 4 HER Ky
2 em™,

1.3.5 Amiddka4r  'H NMR fil 2D HSQC A% AR5 PR I S R L IR 1A 30 C AT e
LT A KRN 20 mg FEARAE DMSO-d, HadtAT "H 3R 4l A9 AR . "H NMR BRI 45 14 :30° ik
K rhSERE 41.6 s SREERTIE] 2.7 s SREEKEL 16 K, 2D HSQC A&l 44 "H A" C (3 56 53 51k 3 497
118 750 Hz, "H stFg a4 1.5 s SRAE S 1 024 SR UE 50 128 Fi1257'7
2 R 550
2.1 EMNEMEXFENRN

ARG EF 4 BB 2 A 5 2R 5 AR B SR 2 2 2, i AN AR (1) KOH. 4320 2 AT $ B KR 432 £F
Y A TR S22 . g | IR, s AT s 4R e e R &0t 1% 5% A1 10% [
KOH =5 H, 247 4 2 R BOR 7351 K 81. 74% 1 85.36% . 4 KOH Jii 435N 10% Ik, A7 & FAT
WY R IR HUCR B, 090 36.66% F133.21% , ixX PN Ay i i 23 5 KOH. REKT 24K R - 7K
EH (LCC) Z [l e 4t , A R TR AP R AR L %45 5 Lawther!'® S5 3 HUE FFO 2P 27 4k %
SEIL AN — 30, BB b e | SR £ 2 25 P SR IR 2 47 2 A5 R

#1 FREFGESH KOH WMME MEFEFEZRNNSM"

Table 1 Effects of KOH mass fraction on the isolation yield of hemicellulose from bamboo green and bamboo yellow

e PR KOH 4 % SRR % R/ %
sample hemicellulose mass fraction of KOH yield total yield
Hlpe 1 21.24 +1.21
Y77 bamboo green HS5 ¢ 5 23.84 +0.12 81.74
H10y 10 36.66 £0.54
Hl gy 1 27.16 £0.74
1 # bamboo yellow HS5 5y 5 24.99 +0.18 85.36
H10y 10 33.21+0.83

1) $REUE N B 2 4T 2 2 5 25 41 2 2 b o 41 2 2 19 i 5 49 2L the yield refers to the ratio of extracted hemicellulose and original
hemicellulose in the holocellulose

2.2 EMIEMEFAERNSTERE

2.2.1 maoyad ATH TR YER LR B 70 % KOH S0 2 27 48 38 o0 o0 Hr 4 R ik 2
Jr7s o ANER 2 ATLATE A0 AT 8T 3 R 21 2 32 o3 v S22 AR A TSP , 21 LW 1o 2 A 5 i
R IFHIRE —E R R o Gl Ak Rk a3 2 A AT A, B A 4 IR v S R 65, 22% ~
80.00% , 1= TAT T 4P 42 i ARBE T o HU i) (61.02% ~73.76% ) o fH 3% 42 A5 2 2 2 2 0 5% 57 1y B
PAAAE, RT3 o b i e (6. 65% ~ 9. 11% ) & TAEAT 8 b iy i) (6. 14% ~ 8. 11%)
Chaikumpollert 4 """ | BATHLAFRERIAE 4 B0 T AAR 21 40 2k 3 RE i A L VE B B S B, B 27 4 %
SCHEBCH M2 /0  TE B R BERE ST 00 S 1Y 21 4 SR VA A B 0O, RS Dy e i, AR BIESE i 285
5 Chaikumpollert' ™ BREAH—EL, BI7E KOH #7340 10% 450 T AT Al 45 e AR HUR 543 32
JEREAHICC R o U T 3R B AT R e R 00 SR R TATH P AT 4E R 10 00 S % AT R AT 4E R o)
HHEHN0.09 ~0. 15, AT L4953 S 4 0. 07 ~0. 12, Peng 25 S 21 56 75 4 (1 Bl LI £F 4t 5
AT 5 S ST, & R LR A R 53 S JE N 0. 07 ~0. 145 Yuan %5 3 S AR BB 27 4 H h
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JETPHTEE RN 0. 024 ~0.470, 55X SCHFFER LAl A, AT 5 AT BORAR UG~ 25 48 2K 5 176 el 12 B 21
U5y SCPEMURL, 107 55 HAD A TR LT 4 3R JFRRR AT A 3R 22 AR . 454 Chaikumpollert 2517 33 1] HE T,
5 HAA TR GEJFORL LR AE AR LL , SEIUPTAA 1 2 27 4 28 I 7 2 S = R B B . AR 2 3BT, B
KOH B S, V7 A 88 PRI 27 i 36 43 S BE WA . 330 5 SRR T 4308 1 — 80", 2 oy 1 vk
AR P I At o0 S B v AR R A e B A 0 A D) B Y R R BB UL PR AT E R S
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Table 2 The composition of hemicellulose from bamboo green and bamboo yellow

' o N - NEE R 5/ % ) 5/ % 4 Rel)
K W% AR TRIE%  psUee oo G R g g, ST

. . galacturonic glucuronic e degree of
hemicellulose glucose xylose arabinose galactose . . lignin .

acid acid branching
Hl g 3.27+0.34 61.02+0.31 9.11+0.11 5.32+0.64 1.84+0.02 2.55+0.11 7.79+1.05 0.15
H5,¢ 2.84+0.21 70.31+0.11 6.90+0.05 4.90+0.28 1.96+0.00 2.70+0.24 4.77+0.78 0.10
H10p 3.51+£0.68 73.76 £0.25 6.65+0.04 4.78+0.44 1.93+0.05 2.64+0.18 2.63+0.21 0.09
Hlgy 4.48£0.12 65.22+£0.02 8.11+0.04 5.54+0.63 2.44+0.00 2.91+0.01 4.93x0.96 0.12
H5 3y 5.65+0.32 72.18+0.24 6.50+0.04 4.84+0.00 1.21+0.21 2.21+0.06 4.55=+0.04 0.09
H10,y 2.85+0.53 80.00+0.90 6.14+0.13 4.98+0.02 1.95+0.83 2.05+0.12 1.72+0.78 0.07

1) 43328 R BT R4 5 AR & % FUAE the degree of branching was the ratio of arabinose and xylose

M2 A, R BT T R P A 2. 63% ~7.79% W B ARR R, T LA g% EZH A
1.72% ~4.93% (5% Z o 3530k AFF 45— B, AR TREE 4t JFORHI 25 27 4 R 20 R Rk
TR S B 1L R DA BRI R BT RFR B AEAE b, O RO ) A e o P R AR R
Z A0 G AR BE R A R R LCC 2541 A — 4y LCC Z5kxtmdaae ™, T AL R
¥k KOH $ERAT & AT LA 4 — S R R 5 2 BE S
2.2.2 5FRE NT THIE SRR x3 MENMELAEZNDITFRERS ST
Z2Z A FREE N ESEN, @ TR O AR Table 3 Molecular weights and polydispersity of the
Farll 6 Rk 2T 4 Ry 5 T Rkt (M,,) K088

hemicellulose from bamboo green and bamboo yellow

OYTIREL (M) BESHE (MM, SR R M,
3R, WRFRI A T ) e
MECPL AR TR R MsPeadE s, 44575 33830 1.32
ZEIW M, 53 1E 44 870 ~48 560 g/mol , /T2 HIOy 46245 34860 1.33
L S I
X 5 Sun 257 HIG WM FERE P HR BB LT oy, 47715 36150 1.32

YE R o1 o ) B GAH — e, RV g o R

WU L 42 T B . AN AT BB A e R I 2 vk (1. 30 ~ 178 ) IR TATH LA 4R 2
I (132 ~ 1.80) , iFfE A 4E R HA B0 . W3R 3 Wl F I AT8 M4 1% KOH 24
MRLF AR I 25 HtE o 1,80 Fi1 1.78,10% KOH $EHU1 L2 4E R 2 /- WerERE IR 1.33 F1.32, %%
BT AT A S AT LIS, B ok B 4 i, SRR £ 4 3R 1 B R B T, T2 S ok
SR FAE LAY R MR SR — . {H Hoffmann 252 Pk 2 25 4 250 T D i #2200 F
JEROR X GAS ST G R o Lzydorezyk %52 AN V27 25 32 10 431 00 B2t 15 00466 2% K 50 L
S L, # Hoffmann A— UL R4S g 231 i 19 07 12 A 20 U 25 AR

2.2.3 PR H LAMERSE KA A P I P B A R L R R RO IR AR
WFFE R LMD CTE B ST E AT B LR 4R AR S5 DX o B 1 (a) FEL 1(b) 2030 S A7 38 Ry 2 £F
HER MY LLHMERE , NIRRT LU AT PT B0 3 off £ 24 3207 5 B pt WA £ " g it 12 7 B R AR
L, W] 3 RO [E] e KOH $RIRA LT 4E R 4 0 B ML AL 2A 2k . DIk, 0 1 RERS I b b7 Hh A
AT B M B REIAT , LEH HS o A1 HS gy PRI 2FHE R DA /04, A&l 1(e) PR
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Fig.1 FI-IR spectra of hemicellulose from bamboo green and bamboo green

B 1(a) F1(b) H 3436 i1 1043 em™ >y B ) 2 2 2 22405 A W e, 2 ph B 00 v 350 6 0 ik
(C—O0—C) s tRshBI i " . 2924 12848 em™ Sy FIFL A H1 3L19 C—H 845 R shg i i, 1628
1613 em™ WK 7 L5 IR S | 5 PR R 2R 4T A R AR 5 WK H s R AEKBVERT . 7EE 1 (c)
H1, 1560 em™ ghJR A T 2 (AR AR IR S T P A 0 AT AR R e R A 43 HS o B HS o, S A — 2 TR
AT 55 AT 4 A — B, 1461 (1415 1252 1203 1161 .1083 1041 .987 1 896 cm ™ &by
WG 32 Bk T2 45 4 R R Tk B R IEHT, o 1461 1415 1252 em™ MR ic i 222 C—H A1l
C—O s PR ShE A . 7 1170 ~ 1000 cm™ 27 [F] 14 J 7 2 BT 37 A7 A 35 A SROME 1 I A g, 1161
1987 em™ b 55 W NI R AT 7 AT B2 AR 4 R P AP AE BT RO BE ™ o 76 1041 em™ Zb IR ik
W C—O0—C L1 C—O R30S | A, 2 i T80 f) A SROBE A i g™ 0 896 em ™ Kb 5 6y k7 g i
J& Cl—H IR SR BURIR SN = A2 10, J& T B-D-ABER IR S . AP RIS b2 e e %
HN%AT CBEIEATAE  AELLAME RN A 1732 em™ b — NI . TAEASHIFSE o AT ATk e g R4
BN X T AT 52 B0 2 B i , 5 Tl B S R IUAY 7 AT . KOH $RIBCI 27 4k K ik, K 4y i 2, B4
i FF AT HE U LT e R PR & CBESE, BT AT AT ECR A 4R A 1732 om™ A BEAT IR . 2T AP ki%
ST EE IR AT AT AR Y R JE T S B BT AR SR A RS
2.2.4 NMR o#F R 7 B2 RMBFTEATT AT 20 21 25 45 0 A S R0 5% 325 (o B B HS o 1 HS oy P B
L EZ AT TH NMR H12D HSQC 43#r . HSye JHS 5 B9 'H NMR 5K LI 2 (a) FIE 2(b) ,2D HSQC
FILE 3 (a) A 3(b) .

ME 2 FTLE W T R YR A A0 8 5T 8 LT — 2, BB P Rh e 27 4k 2 09 (b 2= 25 M A 2
1, %t 'H NMR JE & b0 83175 @ 7T 40 :8 3. 06 ~ 5. 33 K IR {55y L-0 g BT {1 1 . D - I A B
LK, 4-0-F k- D- 3 2 WS R 1 30 7 W i s 0 0 85,33 Sy i BETE A C-3 i b Ay BTz A 4 ( H-1)
E@Lﬁq&m%“” o 64.26(H-1) 3.87(H-5) 3.82(H-4) 3.41(H-3) f13.16(H-=2) 4355 D-ni g A1)
Mg s, 6 3.63(H-3) 3.51(H-2) .3.27(0CH,-4) i1 3. 06 (H-4) 538K 4-0-H 3 -o-D-%5) 2 HE TS R 1)
50, Horh 8 3. 51 (iR 3 W 4-0-H1 S-o- D- A A5 BERE MR E e AR C2 (i,

M3 WAl B AT AT C—H MRS S LT — 8 X " 4E 3 RPEAT 2047 ol 0, Ak 22 5%
5102.0/4.26(C-1/H-1) 72.4/3.07(C-2/H-2) ,73.8/3.26 (C-3/H-3) .75. 1/3. 50 (C-4/H-4) .63.0/3. 15
(C-5a/H-5a) F1163.1/3.87(C-5e/H-5¢) >y D-ML ABER) 5 MRIE 506, Hi 6§ 102.0/4.26 {5 504
FEU D-ML A BT L B R R o 1 2E ROK SRE T gE N L D34k, fk 2B i AR 6 107, 2/5. 33 (C-1/
H-1) .80.4/3.79(C-2/H-2) .77.6/3.61 (C-3/H-3) .85.3/3.96 ( C-4/H-4) F161.4/3.39(C-5/H-5) Ny
LUK BT AR WL 105 S0, AL 2A 07 8% 6 107.2/5. 33 RUIBTHI AL, o WSS . 75/ 3 (a) FI
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Bl 3(b) W aT LLE H 855 1 4-0-H Jk-o-D-1) % Wi 1 PR 15 5, H 454 C-1/H-1 [C-3/H-3 [ C-4/H-4
C-5/H-5F1 OCH, 2& X553+ 9I#E 8 97.9/4.94 73.1/3.53 81.5/3.10.74.9/4.25 F158.9/3.35, [dHt,
3 (a) FIE 3(b) s & SRR R -k Ak A9 (LCC) F R FF A 155 (99. 8/5.09) ) IR BUAY 47
B MECEAAER AR R TR E 2l R i S 2 e A

|
Wi

b

a

54 5.0 5.4 5.0 4.6 4.2 3.8 3.4 3.0 2.6
) )
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2 F4EE 'HNMR & E
Fig.2 '"H NMR spectra of hemicellulose
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U: 4-0-F K- a-D-15 25 B iR 4-0-methyl-a-D-glucuronic acid; PhGlec: R phenyl glycoside; OMe: FH 4 methoxy

a. H5y, b. HSpy

B3 4R E 2D HSQC iLE
Fig.3 2D HSQC spectra of hemicellulose
254 "H NMR 1 2D HSQC &I AT %55 AT 7 A7 3 s 1 7 4 32 (0 S5 A AR B, 2 LA B-D- ik i A
W LR AW A T4, TEAMERERY C-2 AL 4-0-H1 Bh-a-D-H A FHIEIR , C-3 ALEA o-L-WK g i
AFVARE , [5) P e o 2R B 5 3 0 AR B R A 3% o

3 4e

3.1 1 M b i 28/ BRI KRR A SRS, Pl s A ZREF e R 2l 1% 5% H
10% 7 e AT R LT A0 ATT AT PR 4E R SRR 150 81. 74% 1 85.36%
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3.2 R AT A UE R A T RO AR RN BT RLACRE , 1 UM R AR A R O AR —
HIARBTR . MTERELFAER A0 7 B | T B 4E R 1 7 7 Bl (BT B2 21 2 38 1) 22 0 vk g
TP HERZ 0 HE.

3.3 AU AT ERA T A AR K R A BT AR AR A R . SR DL B-D- M AR A A
R L4, 1 ERERAMIE C-2 (7181 4-0- W B D-HI W WERE IR, C-3 (IEA o-L-WR I BT HL A R , -
SPYER P AR A AR R S AR AR R A I
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