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WE: [ B4 ] vARA Dendrocalamus giganteus #5441 BAL, KA BEALB R F &% AT B BCAL AT, SRR EA TR
ratinArksee rn, [ Fik ] @ E e sP AL X STEATHAL, 288 T R I E AT BOME A A i
ATFAE, RRAFRGEIPEREAH AR, [ER] ZETRTUASHBYREMERY, FEMATEREBE K
—BOEY, AL EA@mERImET; XA TRAME, AHWHBETRIEYH 40 °C, SSRKMEA B Escherichia

coli #7 ) F N 30.70% 3 & %) 93.24%, *F4& & & %) &KW Staphylococcus aureus 37 H) F I 32.18% # & %) 75.29%.,
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Preparation and antibacterial properties of gallic acid
modified bamboo powder

YE Jinzhi', XU Juan?, YANG Jing’, YANG Haiyan’, WANG Dawei’, SHI Zhengjun'~

( 1. Sympodial Bamboos Technological and Engineering Research Center of National Forestry and Grassland
Administration, Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Key Laboratory of State Forestry
and Grassland Administration on Highly-Efficient Utilization of Forestry Biomass Resources in Southwest China,

Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: [Objective] This study, with gallic acid modified Dendrocalamus giganteus (DG) prepared by
esterification reaction, is aimed to investigate the effect of gallic acid (GA) on antibacterial performance of DG.
[Method] The modified products (DG-GA) were characterized by Fourier transform infrared spectrometer, X-
ray diffractometer, scanning electron microscope and thermogravimetric analysis before the antibacterial tests
were performed by shaking method after modification. [Result] Gallic acid formed graft copolymer with
bamboo powder successfully with a layer of coating formed on the surface of bamboo fiber bundle, making the
surface become smoother. After gallic acid modification, the thermal stability of bamboo powder increased by
about 40 °C, the inhibition rate against Escherichia coli increased from 30.70% to 93.24%, and the inhibition
rate against Staphylococcus aureus increased from 32.18% to 75.29%. [Conclusion] The modification of gallic
acid can obviously improve the inhibition ability of bamboo powder against gram-negative and gram-positive

bacteria, making it an effective method to improve the antibacterial property of bamboo. [Ch, 8 fig. 26 ref.]
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MHMRILBZRZ, &HEFNEHE . EARAKSEERYR, W 2MEwRE Wik,
T H AR T B R AR AR SR AT A (M B RE L A R, BRTE I AARAE . A S0 BRI e AL
PR FRA ML ER R 2 289 TEHLM B S 4F 4 2 () 2 Y iy, M EAER 185, B2k APENET
AR S AEIE A2 E B, HA S i s e, MR EY e A gt . R 2 R R AR A RO R
ALY, WHMREZLZ | AR, BRPLRI AT &2 K ED, RRZHIML YR T RRag g
T A i 0 i A R S 0 S A AL, IR AN M e e, oA A B P g S i DR, I R AT AN Y,
R, UCAERpE )2 0 T R AR M fE . ZHANG 2517 Fl ZARANDONA 2519 fifi F % £ 1 R il
1) CIRAC SR ST R R IR L S A IR RUR . AT Dendrocalamus giganteus J& /R m HLIX ) {2
OYARIRR ORI ERTAE, 8N TV A R SR R HL 5, (R HSTE R E R A 2 e
FEE S AR JE AT 7 B, ARG ST AT A A M RE 21 4y 22 PR BRI RN B IR I R SR TR
PE, B TRRECHERATATRY , X SO (0 5 R AN R M BB T 0T A, T R SR AR IRAT
S SN IR aE s % Nl RN [ B B o e

|

1.1 ##

BET M = A e Ve IR R 3 AR A R AR AT . P KGR AT Escherichia coli (4
22 [ BAPEAN B ) A4 85 (055 29 BR 18 Staphylococcus aureus (8% FCFHIPEANE) W) B b 5 R A4E P BB A BR
NI
1.2 Ak
1.2.1  RAFFRAEE IR, BBRPIEE, BT R, ML RS L 40~60 B, KR
iC/E DG; FZREEhEE (RBILE R 2:1) 6 h B IS AL B, AR 60 °C ROMLAR N T 1R & L HhdR P Rle/E
DG-E; #HL DG-E #8L 10.00 g, AR R 5% AR, BN 1:20, 7E 80 °C HIHIR
KIEHNREFIBEFERIR 2 h, FHZEKRIRE P, AT, SIS Bk, sab B RHD
£ DG-A.
122 RAFBCHAFE e Aokt A SCHE [10] ASERE RS A 8. FREL 10.00 g B TR (GA) TR
Hr, BIA 100 mL N, N-— B HI i (DMF), fidk e 2% ; A DG-A 3.50 g, 1-£3&-(3- . HI 2 5k
L) Bk — W IR iR ER (EDC) 12.00 g Fl 4-— F & LML RE (DMAP) 1.45 g5 KIGHEFE N 48 h, S o i &
60 C, T RN 45 FHZE K S BE R S BE T4, 15219 RHRid s DG-GA.
123 WRRENZEZ S S% GB/T 20944.3—2008"" WA e s il 25 R - K520 3 ARRWRCR A 10 1%
P BB A E MRS , B S0 uL WA, K53% 24 h WEL, B8 WA 38 1x10'°~5x10"2 CFU-L™', B
WA ACAE SA-1 FL EC-1. 4% SA-1 Fl EC-1 WM 10 5 B B 4 W, [ BTMR B 38 3x10°~4x10°
CFU-L', Z0%1CHE SA-2 1 EC-2, VERTRERNE K .
1.3 TR ER ISR R
1.3.1 TAEMZ  {HHEEL YR (Direct red 28, DR28) Xf DG. DG-E. DG-A #47 A] R Bl 1, FR
B 0.1 g FRFMEE S5 10 mL A [R) S B BE A JL 3 (0. 013, 0.30, 0.60. 0.90, 1.20, 1.80. 2.40. 2.80 fll
3.00 mg-mL ™) RS, HCE THEERZG ST, 50 °C, 150 r-min {535 24 h, U FIWOTHIEAM] ILA0E
FEEE T (UV-210 PC) 7 498 nm A4 T g H G R, i AR E -2 T AR ik . AR B8 Langmuir W
SERZAN A AT LA R G W R RE T, IR AOR A AT B R AR P
132 femumz S0 EREFE A/ 508 % NREL 3% % DG, DG-E. DG-A il DG-GA H4k2# i
STIAT R . HWRRRGT BN 72% BOBRIER XTI TR K M, it T SO (5354 (Agilent 12008) Xif 4 Fif
Yk b oK A6 G P AT AT s (R SR A AT UL A S BETTAE 205 nm Ab XS FRIA AR B R SEAT 0T, B
Pl BT G3 Wit ki, 65 C M, ARBTER SR NRRVA AR BTE 5 AR5 i SR
133 #2498 DG, DG-E. DG-A fil DG-GA %5 4 FhRE S B4 #4540, d F A BL 20 1%
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%Y (Nexus 670, FTIR) HEATHIHE, FAHTEHE N 4 000~500 cm ™, 23380 2 em™, FHHE RS 32 AU
KT RERIE . R X PLRATH T (X Pert Powder, XRD) AT RE S 045 S 246, o AR H0E K
0.154 18 nm, 20 FAHEIX[A] A 5°~40°, HLE 40 kV, HLR 40 mA, H P45 S8 ET IR YE Segal /A AT

N I _I Ay a2z N A A
H e 1= D) 000, Jafr 1 B A L 15 260 18 T X 075 6
002

Toor 9 45 G 002 AR RATET SR

{6 445 e F 534085 (Hitachi Regulus 8100, SEM) WRZLKE SR TIESH , s L FHh 2~5 kv, Wikt
FMME AT RAME AL (TG), 43 HIFREC 4 FhRE 20 3.0 mg T RIRIIA b, FFH 4l 2 A<HE
RO (RIS 20 mL-min™) MRS (KT RS 50 mL-min™"), 5 FHRE AN 10 C-min™,
IR H 35~600 °C.
1.3.4 4@ EegniX S8 GB/T 20944.3—2008", #£5¢ DG-A fil DG-GA X K i 154 b Al 4 B (545
PR AN TERE . 75 = MABR PRI IR 2 FPFE 5L 45 (0.7540.05) g, RIS TERS 45 A (70.00+0.03)
mL 0.03 mol- L' () PBS Z& /iAW, TFMIA 5.0 mL SA-2 W, BEFhRESLHI 3 N TFA7RE, AR 3 A
TEE SR ZS AR B RO SR ar B B DR, B FERERG# L, 78 24+1) C, LL150r-min”',
¥ 18 ho BIHUERIES , REbeli i 0 B 2 Al A5 5, B (50.0+0.1) uL B A EMARKR SR 3Ed, R4
RIS ] R B MR B A 3 ASFATRE, BB AR, 76 37x1) °C, $%53% 24~48 h, ¥E#F 30~300 CFU [y
BGHEATHEL, XF DG-A fl DG-GA 1y Bk B TR 45 F RIS % (1) Fyﬁgnm%oﬁ
W, W Oh S O IR 3 VA TR BT BE (M O WA FEAE 3 VA TR RROAR B 1Y T34

2 RS

2.1 EHTHAERER B ENRIE

210 TEESH K1 ERH . S REAPEAN IS BT (DG-E) X YR IR 44.92 mg- g7 9
| 78.66 mg-g s BHALFLAT Ky (DG-A) XF JL ok} 1 W Fff i AN 78.66 mg- g I F] 174.39 mg-g', G T
121.7%. W] RESE TR IRIE A TEF AE s PS8, K Al R o8 38 o0 Ao R AN 241 4 K i, R Ak 41
Y, BER TR ] BB . SRR R 0T B 10 Z5 A T il 28 R AR A S A T 5 S R A ek

212 AeFms A HRIE 2 AT 0L Sl AR EE BT AL B PRy (DG-E) AR B 25 4k Ak~ i 73 TC W
Ak s B FRAT RS (DG-A) LT 4E AR & 48.63% M hNF 61.24%, LT 4 Z AR & M 15.29% Ui
DR 11.39%, AFZEAX M 30.36 % H/0 3] 18.81%, %45 R FH . TALFE L T 240K AL &9
MARTRER, HAEE ISPk N e B il 52 iy i Al gePE A2 KU, DG-A 5 DG-GA 4k 445 1t
AR ER: AR RARAPEA R AN & EILTAL, 0] W& TR 5478 1 Be 10 5 b x) HAF
P . RPTRAEL R AR & B AR,

oo O 4FE p2 b E B ARE

140 - -
= DG = as
120 + e DG-E 80
fop A DG-A =
e 100 | < = 7 //
& = 60 - 7 7 .
E 80| K / :
18 60 “[% 40 | 3 * :
= S
S 40t . "
S -
X 20
0 1 1 1 1 I 0
0 0.2 0.4 0.6 0.8 1.0 DG DG-E DG-A DG-GA
LiE AR R AR S (g LY BER,
A1 ##HFse DG, DG-E #= DG-A #) Langmuir B2 # # # & DG. DG-E. DG-A # DG-
AR ) GA #gte5 a5
Figure 1 Langmuir isothermal adsorption curves of bamboo powder Figure 2 Chemical composition of bamboo powder samples DG, DG-

samples DG, DG-E and DG-A E, DG-A and DG-GA
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2.1.3 FTIR »# HE 3 A[%1: 3401 12900 cm ™' Zb435 i B O—H 1 C—H 4R iR shig, 78 1592
A1 S11 om™ bR 2R S 25 4 Iy 0 2 AR i 3R 1 SEACRRAE ST 76 1 052 em™ b2 ik (C—O0—C) 1Y
Wk, 894 om ™! EAMEBLITZ E] 1) B-HE T G RRIE LY, X)L DG-E A1 DG-A, 7 1724 cm™' &b i Tg
i (C=0) T4, X TAB RS FRITZ BIA T ZE 5K G Y 2 B ISR Fa s, IR
PEZRM N AEE RS oK, TR 5, N ST B 40d GA SIS, 1724
em ' AR C=0 (WG i E5E  JF HAE 1 150~1 200 cm ™' Ak C—O (M4 PR sh s, i3 H
FETE AT AEAE BBR AT, LIU 0% FH GA SRR, WESET7E 1749 em ™' b, SEAAERIL A S GA K
FIRRILTE s, X455 GA 2otk DG IS5 R ALY

214 XRD %4 WHE 47 LIHESL: DG, DG-E. DG-A Fl DG-GA 45 4 ¥kl s I AL, 38 30
YR T AT R, 76 20 16.0°MI5XT RN £F 4 2 (101) S AT 06, 7 20 S 22,000 WX 1 hy £F 2
£ (002) FhTEATHIIEN SIEATRIAH A, BEE L . GRAL RIS fb SO R T, ZF 4 RS T R
AR, XJE i TR IR e — B FE I LR IREAF 4E R (2 R A5A , MRS . 2t Ak i
NS5, SEfhBEH 54.93% BE 2 50.73%, 13X 7840 AT BB SRR Y 5 1 ACK AR XA A DX IR IR, (14545 i
TR, ZHU 5P FEAME TR A TREF A Z MG b, WAIESE T ER b2 J5 4R 4 2 45 T A TR

DG

16.0
22.0°

3401
2900 - £---€ - (- - (-
L 1200-&--4--+---&-

X
<+ oi— 2
A= 1
CInERE
1 1 - 1 1 1 1 1 1
4000 3000 2 000 1000 5 10 15 20 25 30 35 40
o/cm’™ 20/(°)
B3 44 DG, DG-E. DG-A #= DG-GA A4 #H45 DG. DG-E. DG-A # DG-GA
& FTIR A 49 XRD B
Figure 3 FTIR spectra of bamboo powder samples DG, DG-E, DG-A Figure 4 XRD spectra of bamboo powder samples DG, DG-E, DG-A
and DG-GA and DG-GA

2.1.5 SEM 441 WKl 5 Fin: KK DG R A N0, 4R [ 2645 %% fdihit)s, DG-
E RIS BRRBOAARE, JE W ARER TS SRR TEmUEES , rardisntighk, FA G E%
T Y R ASAR SEIAR L, UERH SR IR B BT, DG-A 4 i 22 8] 1) 3 B2 o an A ot 28 e 41
HREW D, X IR G RAFA s R —3 TR Y1, LA TR AR A4
W, i1 GA HA SR AR IR AL RN . St s Yk DG-GA G, Joid B2 k45,
RUAAER G GA FRILE R =Pyl GeE i T A AR LR 4 I
2.1.6 TG o4 HE 6 fias: EWIRTHEB B (30~200 °C), A YR JCIH B, HFREHmL FE
R B K &N THE R T S8, 180~360 °C M BE N4k &K | 147 4 & A o0 A R K (1 B it By
BEPY, XFHCRI S, DG M DG-E (IR MERERIRE A 190 °C, DG-A RYRIHAFEARIEIE N 280 °C, Ui Bl B
VAR ME T a8, IO M T DG-A BBk 13853 A% 2 A 0 R AR e R AR BT s, Sl ié™,
GA 7£ 260 °C M BB i #b 25648 (AARBFR AR B BT AR B B4R, 68 GA IR i B b
FEVTR T, TSl SR ST R E LG . LY R ZUR B (320~360 °C), DG-GA 1
W RR AR U 2 R o K R A R IR B 345 T DG, U AR5 b ok FH B B RR Ok A B T4 i A b A
FEME . RN BESE T ERIL R N B R AR AT L e i AN 2 A A £ 4 3 1 (R TR AL = ] LA Rt
FEHYEBERR, T AR R A RS E 1
2.2 DG-GA WHEEMER

HIFE 7 T UL . SCPERTIRL (DG-A) X RIAIRA IR N 30.70%, SIS PR (DG-GA) X KR
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Figure 5 SEM images of bamboo powder samples DG, DG-E, DG-A and DG-GA
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Figure 6 TG and DTG curves of bamboo powder samples DG, DG-E, DG-A and DG-GA

T HINE RN 93.24%, MHEFIEE T 62.54%; DG-A XF 4 ¥ O 2R M E R A 32.18%, DG-GA *t4:
WO R BRI BN 75.29%, I RIEm T 43.11%, IMFESCEY BT, SO 7k i s 75 2815
i, OREMFRETRSMBRIIER, T T IR E TROMERE T . ZHANG 557 88 KRR
FSE FRRRHEIEAL, $Em T X KT B 4 8 (0 A BR UG 1 I, X S5 AR ST 25 SR A o

H & 8 KB : DG-GA X K3 i M il VE R T & 3 i 45 BR 18, X rl RS 924 [CPRME A
JEL R IR B 2 4504 D), XoF EL 2% FRBAPE B A DU S5 # ,  3C i R SR M 2 45 4 EL A T g R A o e
PRGSO PEATT B 6 R 6 R 35 4 B A I BRT BCR A T 4 8 (O RT A BRBAT o A 38 1 = %o o 2 ER B 1 T
B2 [CPRPE Y R BB L T M SRR, ATRE R AT G & FReER L), Hl R Iae S0 40 -
&R ETEE, AR AN, (A AL R BEIE 5 A1, DTS S0 R Y,
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Figure 7 Antibacterial effect of bamboo powder samples DG-A and DG-GA on E. coli and S. ureus
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93.24%, R4 B EOHE IR M E R 75.29%. 5T
2% N AL2[25] WAy 7 0
SHOABTEARMML, W HUANG 5PV 5 TR P PT—

MR, XPRIIRARA 11.41 mm PR RE, X
SE OB AHREA 12.52 mm FNERB, %7 ER
R JZ BE A S0 St K b [ 8 £ Lateolabrax muculatus
i IR i . ZHANG 26070 FH B : R Ak K AR SR
JE, il A5 B AR 6 R 35 A TR R 4 B €5 A A BR
B A Rt 43 3 AN 2.93% i1 8.92% 42755 5] 26.95%

Ll
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Figure 8 Antibacterial rate of bamboo powder samples DG-A and DG-

GA on E. coli and S. ureus
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