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Al A AL 2, 4- T H R IR | AR AN
W B BTRLT 28 W) s Jo K L T K B R ER R LN
fi g B/ KR I R A BRA R AR R
Azghs s B At ar Bl 2 A YR AR TR A
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1.3 BUME/MBERA &

7.4 ¢ BBR F 50 mL = H B, Fm A
15 mL 2,4- " H & FE M, 120 °C .1 500 r/min $if £
8 h, Wi, HHINER BE U, R T4 &6 A, B3 g fb
WA THEE, 503 mL WER R, FIRPEFE6 h,
g, H 80% £ B Pk VR UL UE , ¥ Uk T 1 A5 B0k /)N B
B (BBR-NH, ) ,

1.4 MEFUERRETEZRNH &

FREL— £ & 19 DCMC #1 BBR-NH, T = K2,
B 20 mL Z&8M8 K, 7E—E M E pH {H .1 500 r/min
THEFE 12 he PPYIENT VR VR TR AR /N BEG AL R T
A4 % (BBR-DCMC) ,,

.41 #RE%H

B DCMC 5 R 0. 14 g, % %% BBR-NH, #% i |
2R i BE AT pH B X 7 ) a5 S B T2
01204k, 1 2% R B L, B 0 3 9k,
B3 POPAT S5 B A
1.4.2 @@ 5 ik it

B DCMC 85K 0. 14 g, 76 PR R S50 245 1)
i b, e H BBR-NH, #% & | & 0 i B2 A1 pH i =
A% , il FH Box-Benhnken #£4T =R & = /K - ) 52 56
Wi, A E KL 1, A% Design-Expert 8.0 X
M) 7 [A 245 SR 47 40 A, 5485 L BBR-DCMC A fie i
%M.

*1 WMEHEERKER

Table 1 Factor level table of response surface

7K
ESlEy
-1 0 1
A 2B BE/°C 30 40 50
B pH fH 4 5 6
C:BBR-NH, ffifi/g 0.16 0.24 0.32
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1.5 ¥R
1.5.1 bl

FAE ST 21 A % 3% AL (B 5 Nicolet 1s5) X
CMC .DCMC F1 BBR-DCMC #£17 FTIR 43 #r , 3% 1
55 H R 500~4 000 cm™'

1.5.2 XRD &

FA = 5 D8 Adavance B X 5 £k 17 S AL %
CMC 1 BBR-DCMC HEA7i32
1.5.3 TG X

FH#AL S STA 2500 Regulus [ [6] 25 443 B AL
i CMC #1 BBR-DCMC,, Wi FE 8 0~ 800 C, F
1E% 10 °C /min,

1.6 HEFHEMHEREITN
1.6.1 FRFEGHEZRFAHNE

B10.0 g MR 3.0 g 4 AE 20.0 g BilE 5.0 ¢
NaCl Fif 5 Z& K b AR 2 45 % 1 000 mL, 74
pH{EN 7.2~ 7.6, 41 % T HE U @ K 28 1K A
(120 C,30 min), KB, fpEHFLR N E
45 CHEIEM (15~20 mL/IL) 5 4 1 .

1.6.2 /NP H AR E (MIC) M &

Bl 0.1.0.2.0.4.0.6.0. 8 mg/mL Y 5 Fl A [A]
#BE BBR-DCMC 7KW, K4 T HAE RN 6 mm Y
Y% s TR 285K B (121 °C 15 min) |, BT )5 A [A]
WL BBR-DCMC ¥ TR A, B T J0 1 28 i i 1
B ElRT &M, B 0.1 mL 4 1x10° CFU/mL &
B TR E ARSI b 500 K 2548
WA B P A BRER R AVE T B J5 P Al T
TG FRAR (37 °C) 597 24 h,

2 SISt

2.1 BBR-DCMC B & [ #1 I8
BBR-DCMC By W HLERAN A 1 s, B 268, /b

O Q O
< Nt
N o] ()
—_—
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R,
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B 1 BBR-DCMC KR B HLHE
Figure 1 Reaction mechanism of BBR-DCMC
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N PO B 7 E I DCMC BB ¢, C =0
A e 45 O JE L Y ] 44, C J5t - 1 XURE AR
B2 AP — AN iERE 07, — N —NH,R, %
M. BlJ5,0 +H" =—OH,—NH,R,—H" =—NHR, ,
i A R A5 #) BBR-DCMC'' i 52 HY
YR H A /NEER R A A M, XA CMC B dh |
A A AT A W R A S R AT L R L AT K T i £F
e, S UKL Y HA AT R AR A A 4 R AT 4
(B RS VE A o L0 A T 40K, Al 7 405K )4
(4 TR PERE
2.2 BBR-DCMC Hy#| &
22,1 ¥HEEER

(1) I BE X 7= 4 o (5 g 5 H At 2% 7R S
A% BRSO IR BE X 7= 4 BBR-DCMC i it (4 52 10,
i 2 iR,

2 BEX BBR-DCMC K&

Figure 2 Effect of temperature on BBR-DCMC

W 2 fros B SN i EE T, 72 9 BBR-
DCMC JeHyJ5 i, 24 52 0 i B2 A AR, B 4 U % 1Y
Thim , or Fas s, 43 5 Z 8] B9 A R4l 18 A 5 1
I,y EE N, AR SETHIR 7 AR, T REJE
T DCMC AFaE , o B2 8 B A2 D 7= Wy i RE AR
M5 IK # 40 CHE, =¥ BBR-DCMC & it i , 0%
MR 40 °C H L,

(2) pH X =¥ By 52, DR HAL S A AE
WEFE M pH XF P24 BBR-DCMC Jfi & i 52 | 45
nE 3 R,

3 pH X BBR-DCMC K1
Figure 3 Effect of pH on BBR-DCMC

& 3 AL BEE OB AR R pH E B3, = )
BBR-DCMC Je3 J5 98, 4 [ WK & pH {H B ARAT,
A BEJE BBR-NH, /- Fi a5k R H 5 1EH
Bk, 53 BBR-NH, 2 5 ROV 0 Lol 2 4kt 42
R AR &R pH E, 7 W) & B AR, 7] AE S BBR-NH,
PR EEEE BN H ST S5ERPHN OH BT
A, %2 54 80 19 BBR-NH, 4 T H 1) ik
/o 4 pH (N 5 i, BBR-DCMC A4 T 5 5, 0 B2
W& pHER 5 HH.

(3) KR BAE X 7= (s e, PR A A%
HAAE W58 BBR-NH, B9 X7 BBR-DCMC Jit & 1Y
SR S5 RN 4 FR

E 4 BBR-NH, Xt BBR-DCMC K&l
Figure 4 Effect of BBR-NH, on BBR-DCMC

A 4 AT, 24 DCMC 2 A48 ffi %5 BBR-NH,
(4% Jin, BBR-DCMC 5G4 J5 8, 24 BBR-NH, %
/bt BE#E BBR-NH, =34 i1, DCMC #1 BBR-NH, #ilf
TEMERH A, =i, 24 BBR-NH, it b 0.24 ¢
ff,BBR-DCMC ik Bl £ K, F 4k 2239 il BBR-NH, 1Y
B2 5N 1 BBR-NH, [H {7 BN, A F] T 77
WA B, [A) B A 38 s AR 0 BBR-NH, HX 0.24 ¢
K
2.2.2 v a4

(1) M) J7 T 595 56 3 AFr o i) O T ST 3 4 R LR 2,
S R A A 5 5 22 4 in 3k 3 i

W2 2, I8 BBR-DCMC () & N 1545, %t
Bl A7 mIH S 45 37 %) BBR-DCMC 1Y IR £
JCIENA . Y=0.31-2.650x107°4~-1.350x10°B +
0.030C-9.150 x 10 °AB - 8. 150 x 10 °AC + 4. 350 x
107°BC-0. 04447 -0. 029B%-0. 022C*,

B 3 1, = EXT A L BBR-DCMC Y 5% i K
/N.C(BBR-NH, #H) >A (W) >B (W
pH) . VL= 4% BBR-DCMC # 7 f9 [l IH 45 AL, F =
15.95,P=0.000 7<0. 001 , 15 B 122 455 764 Atk 25 ; 2K $0)
T F=0.077,P=0.969 2>0.05, BN L0 A B &, ¥t
WA 55 S PR AL A, PT SRR B 3% 22 0 Ik |l
VA5 FE R 23 & 8 BBR-DCMC H248E T 8847 pg#
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Table 2 Response surface experiments and results

Y WREE/C pH{E BBR-NH, fik/g ¥ Fis/g
1 30 4 0.24 0.229 5
5 50 4 0.24 0.246 7
3 30 6 0.24 0.248 4
4 50 6 0.24 0.229 0
5 30 5 0.16 0.212 2
6 50 5 0.16 0.219 0
7 30 5 0.32 0.289 3
3 50 5 0.32 0.263 5
9 40 4 0.16 0.239 2

10 40 6 0.16 0.224 5
11 40 4 0.32 0.288 4
12 40 6 0.32 0.291 1
13 40 5 0.24 0.3100
14 40 5 0.24 0.291 9
15 40 5 0.24 0.3142
16 40 5 0.24 0.336 8
17 40 5 0.24 0.306 2

%3 BBR-DCMC & EAERSHEHH
Table 3 BBR-DCMC synthetic regression model and

variance analysis

ﬁ? %ﬁifru/ H ﬁj??/ FAE P EBE
K5 107 107
i 23 9 2.558 15.95 0.0007 **
A 0. 056 1 0.056 0.35 0.5726
B 0.015 1 0.015  0.091 0.771 8
C 7. 045 1 7.045 43.93 0.0003
AB  0.335 1 0.335 2.09 0.1917
AC  0.266 1 0.266 1.66 0.2390
BC  0.076 1 0.076  0.47 0.5142
A? 8.192 1 8.192 51.08 0.0002 ™
B2 3.617 1 3.617 22.55 0.0021 *
o 1. 985 1 1.985 12.37 0.0098  **
%2 1.123 7 0. 160
LI 6. 127 3 0.020  0.077 0.969 2
iRz 1.061 4 0.265
SN 24 16

(2) S WREAZ T oA i (] A R Al 45 2]
AN]R8 22 0] 28 EL A T Y 45 e R = 4 ey 7 iy TR
P, 20 A0 g A [ I 5 T T PR 3R 22 W) Y 58
T8 | 52 EG R T A 5 > 45 o A4 i I I, 36 A
PRI 38 22 i) 1 22 AR T 39, A BB e A BT g T 2 —

T RSB (P<0.05) 5" 7 2 5 E
(P<0.01) ;""" "}y 22 B 8.3 (P<0.001) ,

AR EANAE B EE pH K BBR-NH, (& =& 2
T¥] f4 79 W 22 %6 7= 4 BBR-DCMC B2 MR & 5 ~ 6
JiR o

HES~6 WLLEH, Y —MHEANE, 5 50H

B 5 AR EF pH EX =9 200 80 5% 5 2 K 0 R E

Figure 5 Contour and response surface diagram of the effect of reaction temperature and pH on the product

B 6 /K BBR-NH, T & Xt 7% 00 B % & 2 X% 0 52 H E

Figure 6 Contour and response surface diagram of the effect of reaction temperature and BBR-NH, quality on the product



108 PSP BN s O - S QU= )

2023 4

AN BRLZR X 77 W 5 il ) i) 7 T 2SR R AR OR, HLAE
IR Z G BIE |, 6 AT 2 96 PR 2R [a] ) 38 B 52 i) Xf
7 A R S T R

(3) M By TRD S g 45 R IR HIE, 4 DCMC # & h
0. 14 g B, F W) N7 TE) 45 2R o0 BT A8 S T2 46 1
BBR-NH, # 1} 0. 30 ¢ X pH {H R 5. 05 & JE K
39.01 °C, ¥ [ /=4%) BBR-DCMC AYH 4 0.322 4 g,
Shy 56 I w07 T S G SR T SR A5 A S PR AR, R
SR 39.0 °C W pH {H R 5. 0 . BBR-NH, &%}
0. 30 g( KU F L £F 2 25 5 ol 1k /)N BE TR & e
S 7:15) ) 3 P47 L5, 1% E] BBR-DCMC 1Y
FHIMEH 0.311 4 g, SHBMH 0.322 4 g 3, K
Z W N T 95 T R ST R R B S R AR u] T A R
BBR-DCMC ) T 257,
2.3 BBR-DCMC HIR1E
2.3.1 4mshoaat

T WEGERE i S5 R RV A S W 2T 43 ik
CMC ,DCMC ,BBR-DCMC [ FTIR i & #1743 #7 Hb
XF, s 7 FrR

B 7 CMC.DCMC # BBR-DCMC #j FTIR iZ &
Figure 7 FTIR spectra of CMC, DCMC and BBR-DCMC

i & 7 AT, CMC 1% FTIR #% & 1,3 420 em™' Fff
VLN O—H Y1 45 48 3 15 1 606 em™ Bt I by 3 A1
C =0 MM 45 IR 3NE ;1 063 em™ BiEH CMC 1 C—
O B AR IR B 78 702 em™ BHTAL RN O—H TR &b
illig " DCMC AL AN E R L3 420 em ™' [T Y
BRI O—H 1 45 % 2 6 5 4 CMC #% i AR £ 4
fRIs 5 %60 B S 0 3R B C2—C3 Bk S 1l A A
1 BR SRLATE B A 1 3 LA DCMC Z0 91 BT 1
1735 em™ AbHPREE L H C =0 $RAE04E ;881 em™" i
I PR R AT W Ay A 5 R 00 30 ) 5 i 2 )T 1) > 4
FFR B . L BBR-DCMC [ £L4ME 3 7] L&
WOl R SR R TR REA R T
O—H .C—O0 Fl C—H 1Y fih 45 I 2l 0 | 3 W 7= W) £ B
TR T B ERGEH ;5 DCMC /Y IE 4 L, BBR-DC-

MC LT AN RS C =0 145 P 3 06 B 06k 55 , 18 I
RS 5 T RN B AN, P YIFE 1630 em™' Ab i
I C =N By i 45 42 5 g | X & U] BBR-NH, i i Ji5
RIS AL %] DeMC B
2.3.2 XRD £ #

CMC .BBR-DCMC i XRD &3 i [ 8 i .

8 CMC #1 BBR-DCMC #J XRD

Figure 8 XRD curves of CMC and BBR-DCMC

i & 8 T, 7E 20=20°4b , CMC H B — >3 AT
St S 2o WA 4D o 2 S I R AE 0 P
¥ BBR-DCMC 7£ 26 = 20° 4b i} s A 7 5 0, H %%
CMC A7 S 06 555 3 32 222 PR Oy e LR A 41k CMLC
IF, DA A AR 25 A R BB o LAY S A i B AT, b
b AR 2T Y 2R k43 B Y oA R TR] S BEE R
CMC R EE A8 # , HEZ B w8 43 0 4 A8 2% | il
[0 i T o124 o (AR A S P 1 ) A )
RH
2.3.3 TG & #f

BBR-DCMC F1 CMC 1y # = M L 25 3
K9 froR

B 9 CMC #1 BBR-DCMC H TG #i %

Figure 9 TG of CMC and BBR-DCMC
HIE 9 AT, CMC MR R EZ 2T 3 A~
Br, WS, MR EAE 23 ~ 240 °C B, &k & 0] ik
19.2% , B JE P CMC 1 B 1 B0 W B 00 7K 4 &
K RTREREAN 25 EE T . U, TR O 240~ 310 C
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B, CMC PR 2k F 3k 34. 6% , X ] g T CMC T i
HHE C—C B .C—H HEZ MW R, JF A i — L8 AT 4%
KNG TN, R, HIRE S T 310 CHE, CMC
LR CIP N A e S N S R o 1 A
MATERLER ) O BBR #4808 DCMC L5, BBR-
DCMC BRI 3 N EEAY BB B, 5 —IK
J R 2 R AETE 23~ 160 °C Z [H], AT fEJE CMC K
PR, 160~310 C A& 1F T N E —Br Bk, &
BOEE R T, CMC 5 5 fi, i T CMC B9 34 53 fiit B
B, IR EE T 310 R, EEEH T CMC Al
BBR [ #E— L4 AL, B2 5% 2w,
2.4 MEHEMEREITN

KB Y 0% M BBR-DCMC 1 30 B %5028
WL 2% B SR v 2 A5t B A R B O 9 s R R
HVERT VL /DN, H B TR ) A A 25 ) v S5 B 9 BBR-
DCMC X} E. coli . S. aureus ,Aspergillus niger 1 Candi-
ada albicans W) MIC {8,245 R 3% 4,

£ 4 AERE BBR-DCMC T E. coli.S. aureus
Aspergillus niger 1 Candiada albicans B & B B & X/

Table 4 Diameters of inhibition zones of different

concentrations of BBR-DCMC against E. coli, S. aureus,

Aspergillus niger and Candiada albicans

7§ B B A2/ mm
BBR-DCMC ¥k
o Aspergillus  Candiada
E/(mg-mL™') E.coli S.aureus
niger albicans
0 0 0 0 0
0.1 0 0 0 0
0.2 7.0 7.1 0 0
0.4 8.1 8.4 6.7 6.9
0.6 8.9 9.3 8.3 8.7
0.8 9.6 10. 1 9.1 9.5

13 4 A] 5, BBR-DCMC Xt E. coli 1 S. aureus
() MIC {H#F°N 0.2 mg/mL; BBR-DCMC X} Aspergillus
niger fl Candiada albicans B MIC {HEB M 0.4 mg/mL,
K% BBR-DCMC ¥ W K B2 TF w410 T 81 A2 K
0T 2 5RO
2.5 MEMNHE

FRIT, 56 T /0N B G A 4100 T AL 24 1) BF 5 A X A2
HAEFAHLEE i A 58 4> W1 . BBR BLA Ay 40 1 B 28
¥ 7 2 W 32 B2 50 5 A 4 6 653 o5 P i s e
M 5 il 1A HESE A TG E T B IR R R DNA G
J mRNA % 5% K 8 TR & AR 3k S0 90 i B
PR AROR I AL A& 10 i, A0 ML 2 07
AL AT B LA B AR X 7 AR T 245 1

10 BBR Ky EHLIE
Figure 10 Antibacterial mechanism of BBR
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AHEGE DL R WL 21 4 R ORI/ BE G A Tk 38 i
5 TR N 145 T BBR-DCMC, # J FTIR . XRD #il
TG PEAT R AF , IE W BBR-NH, #8351 A %] DCMC
o WY ROV R EE R pH {E  BBR-NH, %
PONRSLY/ M- s a3 e i I B N 5 P A A -
39.0°C .pH {4} 5.0 .BBR-NH, #B h 0. 30 g( WU
R YER G/ NEER T & Lo 7 :15) o H
o7 Y TR AR B 1 LA SRy e A R IR R R
Vi pH {8 \BBR-NH, # 5N R T B kR ZckhlH 5 #
Y=0.31-2.650x10°A-1.350x10"°B+0. 030C-9. 150
x107°AB-8.150x107°AC+4.350x107°BC—-0. 044A4° -
0.029B%-0.022C*, % J5 # 4 5+ #t & A BBR-DCMC
Mt 7T T 5. RN IR 48 A ¥ #U% X BBR-
DCMC #4740 M BE 9 PEHr , UE W] BBR-DCMC Xt 43
B0 2 IR A K AT TR A B A TR PR RE
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Preparation and Antibacterial Evaluation of Berberine Modified Carboxymethyl Cellulose

CHEN Zhenzhen, LU Pei, FU Gui, LI Hua

(School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract ; In order to protect paper and solve the problem of bacterial drug resistance, in this study, carboxymethyl
cellulose and berberine were used as raw materials to prepare berberylated carboxymethyl cellulose (BBR-DCMC)
through schiff base reaction. The single factor experiment and response surface method were used to optimize the
preparation process, and disk AGAR diffusion method was used to determine the antibacterial activity. The results
showed that when the mass ratio of dialdehyde carboxymethyl cellulose and modified berberine was 7:15, reaction
temperature was 39.0 C, and pH was 5.0, the optimum synthetic conditions was obtained. And the model estab-
lished by the response surface method was true and reliable. Besides, BBR-DCMC had good antibacterial and anti-
fungal properties against bacteria and molds. The minimum inhibitory concentration of the product against Staphylo-
coccus aureus and Escherichia coli were 0. 2 mg/mlL, the minimum inhibitory concentrations against Aspergillus niger
and Candida albicans were 0.4 mg/ml. This research provided some theoretical guidance for the protection of paper
cultural relics.

Keywords: modified carboxymethyl cellulose; berberine; response surface methodology; bacteriostatic agent; pa-
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