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The preparation of carboxymethyl cellulose from banana peel

LIU Ning' , DAI Rui’,LIU Tao'

(1.College of Food Engineering,Harbin University of Commerce , Harbin 150076, China;
2.College of Hotel Management,Guilin Institute of Tourism, Guilin 541006 , China)

Abstract: In this study carboxymethyl cellulose was successfully synthesized from banana peel using sodium hydroxide as
catalyst and chloroacetic acid as etherification agent.The effects of NaOH dosage, etherification time, etherification temperature ,
alkali time and ethanol dosage on the substitution degree of carboxymethyl cellulose were studied. Through PB screening, the
influence factors of the dosage of NaOH,the dosage of chloroacetic acid and the temperature of etherification were determined.
Based on single factor test,the process parameters of carboxymethyl cellulose were optimized by response surface method.The
results showed that the optimum technological parameters for preparing carboxymethyl cellulose were : m( cellulose ) : m( NaOH)
=1:15 (g-g™") ,m(cellulose) : m( chloroacetic acid) =1:1.9 (g-g~ ') , etherification temperature 80 °C.The average value
of substitution degree of carboxymethyl cellulose was 1.23.Carboxymethyl cellulose was obtained by infrared spectroscopy.
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AR L) % FE 0 7 4 R HEAT £ A A, B HGE
2l LR YER , I H T oM, i A B R g
FOLLT g 2, P R FE WG S A, Sl TIER
WA, AR A 98 R, 3X S CMC Tk 8
LEFE TR T B R AR
1 MRlERE*®
1.1 #FRISUEE

TR mESk R WAL Sy bral, Kt
KEGALZERFN s ToK L BE S bral, Ky K i1k
2ERFAT BRA T 330% WA K Aydrat, KiEiitE
Bl & A BR N 7l 5 $h18 WRIR Sr sk, PE e 1k T
AR AT BRA W 5 S A BR 43y Hral, L ZRPE WP Ak 2 Tl
AR

DHG-9123 A Hi $fi i 3% X T4 48 g —1a
Bl AS A R F] ; TDL-4A 50800l EigIER
IR BTA 25 A3 R 28 w1 5 HZS — H M8 9% 15 i /K 9% R 7%
2 SIEWABAESWT ST ; FA2004 LR |
TR ST B 22 A A A BR 2 F 5 SX =5 - 12 48 X H B
P RIS L KA BR 2N ] 5 S—-570 L T
WAMEE  HAS 0372 7l FTIR-650 {8 HL 28 4 21 4h
AL RIUE AR B & A RN .
1.2 XWH*E
1.2.1  £F4e 4R H AR 52 56 55 A 3 T AE A s 2T 4
F R EUOR R O A5 B AE K b 0 5 min, BUH S
BB IR,V 1 em® /RIS TE 60 C 4T, 8
i,k 60 H i, HL1.0000 g FF#E KBy A, 7 NaOH Ji
HUTEN T2% , WA KU E N 0.7% , $2& BR8]
80 min , HEHUE I Ky 75 °C (1 8 T 75 B £ 7 22 1 42
B H 82.67%
1.2.2 B W LT 4 25 4l 45 110 BN 225206
1.2.2.1  NaOH Ji & xJ #2 B Jt 2F 4 28 HOAR % 1 5%
o HX1.0000 g 7 Rz 2P 4E 2, A 30 mL AR
53R 95% W) L TE, 43 BN A LT 422 NaOH =1: 0.8,
1:1.1:1.2 1: 1.4 1: 1.6 (g-g™") ,FEE M N AiALET [E] Ky
75 min, FEAIALF4EZ: G20 =1:2 (g-g"), 7
75 C Rkl 80 min, HCH S 95% 149 LB ve )5 T
PR TR B R T LT 4k 25 A B EE
1.2.2.2 i Ak B 1) XF 2 B S 2T 4 25 B R Y B
g HX1.0000 g FFAE Rz 27 4E 2%, LA 30 mL {AFLHE 55
WK 95% [ 215, IN A LT 425 NaOH = 1: 14 (g-g '),
TEZ IR T BRALI 6] 4351 A 45 .55 .65 .75 .85 min,
IMAGFYER: MMz =1:2 (g-g™') , 76 75 C Fhkfk
80 min, B S 95% 119 Z BV S T4 s T
P B PR Y R 2T 4 22 i BUFR BE

TEHM

M HX 1.0000 g FF#E 747482, inA 30 mL AR5
43k 80% ,85% ,90% ,95% ,100% K Z, 1, in A £F
43 NaOH = 1: 1.4 (g-g™'), 76 = ik T o1k s )
75 min, I A LTS % WM =1:2 (g-g '), 1
75 CFlkflk 80 min, TEHLHEH 95% 14 & BE 356 %
Ja T M TR S 3R HH L4 4 R IR 3 .
1.2.2.4 S LR FHE X R P B2 4k 2 BUIC U A5
mE HX1.0000 g HAERZLFLEZE, I 30 mL AAFRER 45
K 95% [ .15, INALT4E2: NaOH = 1: 14 (g-g™'),
EZER A LB RIS 75 min, P4 A £F4E 2R
S =1:051:1.1:151:2 1:25 (g-g '), I
75 °C T4k 80 min, HUH /5 95% ) L WPk )5+
Y U SE TR B R R AT HE B E

1.2.2.5  fig b i B X 3 W L 40 4 = AR = 0 =2
M HX1.0000 g FAERZLF4EZE, A 30 mL AASFR M 55
B 95% ) L, INALT4EZS: NaOH = 1: 14 (g-g™'),
TEZEIR T ALET A S 75 min, PN ALF4E3E: & 4
W =1:2 (g-g™') 50 37E 60 65 .70 75 80 °C T fikfk
80 min, HUH G 95% 1 L BEVEHE T MxE T
HE S B IR RE LT 4 2 Y B CRE

1.2.2.6 [k fb B [a] X ¥ B 3 4 4k & B0 )E /0 5
M HX1.0000 g FHAERZLFLEZER, NI 30 mL AAFRH 45
K 95% Y 25, INALTF4EZ: NaOH = 1: 14 (g-g™'),
TEZEIR TR LB A S 75 min, PN AL4E#E: A 4
iz =1:2 (g-g™') ,7E 75,80 °C Fik{k 60 .70 .80 .90
100 min, B JS FH 95% W9 L BEVR a1, D8
THEE pO R W LT 4 K o U

123 R REEI 2 2 A AL 4F 4 22 B ) AR Ui
GB1886.232-2016 4=,

1.2.4 PB(Plackett—Burman) 3286411 R 8 & B 3L
2R 4k 22 i il A S A, 4 A AH G T I SC R B, X 52
Wi R PR 4T 4 2L B A9 6 IR 2 AT 0T 2k , sk A
12 REEEAEN PB 3256, O Nk 1 fioR . &4
FI2 DA KT -17 1o, moAKER 17 &
o PB SIS U T K BOHE 43 AT A Y g 7 ¥R A
Minitab 17 #AFHEFTHHE AN 58T o

1.2.5 mEEDLE ARYE PB SIS a5, SRR
PeE BUCRE RN S IR F 4R 4 B 5 A A AL R 2
b A E S LR T b TR IR R A S vk — 21
fLR 2 . 15 ] Design— Expert.8.05b £ ¥5 Gt 1145 14X
{1, S8 PR 5 KN 2 s .

1.2.6  £IAMGIEME ik FREL— 2 & 3R Y L 41
2 Z2RE LR KBr K HoAE I s i ek IR A 49 50, 7 —
FEE ST AR R, SR Ja FRE fh B i A£1 50 i

1223 ZEEARFRSHU6T #2 FY 35k 21 4 25 AR R 1 3 OGRS PEF T 52, BTN ER KBr 525 35 &5, &
F 1 PBIEEEIT
Table 1 Experimental design of PB
EATIRUT 1 2 3 4 5 6 7 8 9 10 11 12
A GF4EZE: NaOH(g-g™") -1 -1 1 -1 1 -1 1 1 1 -1 1 -1
B # Ak AFA] ( min) 1 -1 1 1 1 -1 1 -1 -1 -1 -1 1
CeYeZ: G2 W(ge™") 1 1 1 1 1 1 1 1 1 1 1 1
D Bk (°C) -1 -1 1 1 -1 1 -1 1 -1 -1 1 1
E AL A A] (min) -1 1 -1 1 1 1 1 -1 -1 -1 1 -1
F Z AR08 % ) 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1
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Table 2 Factors and levels of response surface test

7K
2E -1 0 1
A £F4E2: NaOH(g-g ") 12 14 1.6
B 4% WM (gog™") 1.5 2 25
C kbR (°C) 70 75 80

T 1Y ik B 3 i 98 BBl S 4000 ~ 400 cm ™', 4 HE KA
4 em ™ FHAIUECH 10, 21 S0 G K RS L DA AR R S
FA P Cem ™) FLEYGER T (% ) , B4R EL L0 50
B ESATI0 52 3 W LR SRAS 1 S 3 [ 33, BT 1541
HNE% IR OMNIC 8.0 #4347 [ s JL £k 4 I A
9 M-I ALEE, FH T R S R Ab B
1.3 HBSEITHH
BAEFRAEAR 7] 25 F AT = P47 5286,
Excel 2003 % HEAT s kb BRFNZ: 18], 13 ] Design—
Expert 8.05b F1 Minitab 17 #1750 143 HT , B Z°F
AT AE 45 o = IR SZ B 1 - M+ bR 22, B 3
PR RE S p <0.05,
2 ZHRESW
21 HEZEXE
2.1.1 A ALENH & X 5 B L AT 4 B E ) 52
m o A1 AT UL, 24 AR 4k 3K 5 NaOH i & b/ 7
1:1.4 (g-g ) B}, Bfi % NaOH FHIRIE N, ¥R F L £F 4
R B . Y el 4EZE S5 NaOH Fiie W& T
1514 (g-g ') WF, ¥R H 2T 4 2 O B0 3k B i
M Bt NaOH FH 5 4k 2248 i, NaOH [N 5 4 2, 1R
S S RIS N T 5 i) 35 R B UEA T, S EOR W 3k 4F
YA B B, R I, 38 B Y 4T 4E 2% NaOH hy
1:1.4 (g-g ") A" FERFSE BATH &R T IR ef 4 2
ARSI LF 4E 3 NaOH = 1: 1.2 (g-g™'), BUAR AL 3K
0.9137 , 1iij A< 52 56 A AR BE AT 3k 1,166, R~ SE 58 Y
NaOH A& S5HUCEEGE RAZ /N
1.3F
1.2+
1.1+
T
Z09+
EﬁO.S-
0.7+
0.6+

01.5:0.6 lZIO.S 1;1 l:ll.Z l:I1.4 ]ZI1.6 1:I1.8
#7435 'NaOH(geg")
Bl 1 NaOH JHH A & Y 27 4 32 BU QB IR 2
Fig.1 Effect of NaOH on CMC substitution degree
2.1.2  BRALES IR IR FH BLLF 4 S BUREE Y 52 m H
Pl 2 mT L B A A R ] £ 35, 8 HR Rk 21 4 3R LA
PESR R o SHHRALIT[E] 2 65 min B HUAQ R i 5, B S
TRE PR Bl A AR ] 3G, 5 A £ 4 3K S T
TE L, A2 RERARET AE 2R o AR TA) i 1, A2 i i ik
LT AE 2 J 03 il T BUPAR AR . DY ke, A A sk (7]
BEHL 65 min L, JEIIE LS AERTSEARAT IR I L 2T 4k
il A T A AR R A] 2 80 min , BUPCEE Sy 0.8, il
AL TA] BSR R AR SL S (B U MR T AR S S
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Fig.2 Effects of alkalization time

on CMC substitution degree
2.1.3 L EERFH ST BOG R B L A 4 3% B B Y 5
ma - p & 3R] 0L, B B AERSE B, YR R AT
AR B QBEIB G R, AE SRR B0 95 % B ik 5]
R LBERTR S EAR S5 , B ) ms A A
AR EGR R k3 /s /K & B RRAIR, AR F A &
M2 SHALET 4 2R W i #E T, (H S &K R 2, e itk
TERETAE R B KR, AR T RS S S S R A R
SN, DAL P A 750 1) FH 2381 e 7 vt BT RUBE T s, 52
ma sz N AT, B, A 1Y 2 B AR R A B R B

95% ., ZEREHE 85% 11 £ WA P 45 TR AR TP 3t
FERGBNBYE LR 145, 5 TAIE L5 R
0.95
09}
0.85§
2 08}
=
=075+
0.7}
0.65 |
065 85 % %5 100
LFARR S HU(%)

B3 LT RO R P LT 4 2 U A 2 )
Fig.3 Effects of ethanol concentration
on CMC substitution degree

2.1.4 G BRFH i %) T ORE 2F 4 3R O Y 5
ma g4 AT B SR LR T R B0, R SR AT
AR IPAE ST 5 Bk, TR 5 MR i A
FE 1215 (geg ™) B, % YRR LT 2 38 A 3 1) fik
Ko BEPRIE G LR 2l B2 WA ZR B I T BE B4, X A
SR PEAE A IRET 2 2R 5 58 R B2 W 11T i e U RRE o
HR LM i 2 TR A SR pg iR e B 1t — 3,
XAE TR CMC Y53 i, SEURAREZ RS T . Pk,
WEHMT AR SR ORIT L 1:15 (grg™' )0 &
NI AERIETE A P ) 4 5 PP RELT A SR 2T 4 3R
AR 15 1.2 (g-g™') , LIRS 0.8,
IR AR TAS SIS

2.1.5  FEELIREEXT R AT 4E R B sE I
Pl 5 n] UL, Bl kAR R RE Y T, R T BT i 2R AR
B ST S BRAK, 2R B Sy 70 CHUREE B R, ol
Yt BE AR N, S A B 1 2 5 ) ik A R ) A
A ORI BE AR XS #AIG . DS Bl J1 2% B Tk
At RE 8 v, T s N e R PR, (LR S N e JRE L 4
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Fig4 Effects of chloroacetic acid dosage

on CMC substitution degree
hnto PR, 3 R A kAL R E S 70 C SR, B
2R RTINS R T g TP SRR 2T 24 3R 9T P A Pk A
HREESN 40 °C, e AR EE S 137, /& TAS SE 5 445
Ho AIREH TR S H AT ARG A A,
TEEAL 1 il B2 b A BRI 250
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Fig.5 Effects of etherification temperature

on CMC substitution degree

2.1.6  BEFLESRI X ER L2 e R BB 952 ih
P&l 6 W] UL, B Bk A s 1] A 3840, 82 FH Rk 28 4 2% HOAG
BESET S JE B BEAL IS [A] 2 90 min IF AR BE f%
Ko Gk T 8] AN I 2 5 B0k AR S B2 AN 58 4, AN
AT O BB A Bk A s ] 5 R il 25 6 i 2T 4
RARACET - 2R 19 B, P BORARE T R, PR, i

TEHM

BLAOBEALIE A 90 min, SKRFSFS FEHFFEMA A I £
R LA 4R R T H kAL ET T] 2R 2 h, bR P9 BRAG
B 1.237 , SARSEGAHZEARN K,
1.25¢
1.15¢
1.05¢
- 0.95}
% 0.85}
& .75}
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0.55}
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Pk AL B 1] (min)
6 Pk fhrsf ) X #8 HY S £ 4 28 B B2 1 52 T

Fig.6 Effects of etherification time

on CMC substitution degree

22 PBXBMUXERTF

PB S8 45 R N Jy 2257 r & R L3R 3 M3k 4
PR o

FHE 4 ], - 43R 5 NaOH [ 5T i L fNEF 4 ==
S 2 e 5T A b X BOAG E JE R T 3
(p <0.01) , ff Ak il 2 % B 52 ) LU AR e 25 Y (p <
0.05) . AR b5 UE Ak 2 0 /] 7, 356 $E £F 4 . NaOH
(A) SR A LTR(C) (B LIREE (D) =425
ma Rl 2, AT — b Ak

FH3 4 AN, ASTFFERL AL (p <0.01) 35, LI
SIS BE 5 SCBR A B LA . RY O 0.9439 0
WA 94.39% 1) i) )37 T (B4 45 ML ABE 8 5 R, 2 0.9065 ,
BEHH 90.65 %o 1) 52 56 ESCH 1149 728 S A T b [] A6 280 e
ke BB A ST T AT B RE (Y B US J RR h

B EE =0.005 +0.2161 A +0.001194B +0.0735C
+0.00376D +0.000311E +0.00022F
2.3 BHPEAHRFEEEHIEEMLL

FH PB S50 25 SR A o0, £ 4 3 5 NaOH Jii it Lb |
YR 5 LR T A Ll | Tk Ak Ui B R 5 e R Y R A
HZIPURE R SCHEER 7. Bk, X =1 EE R

*3 PBIRAR
Table 3  Experimental the results of PB

BT 1 2 3 4 5

6 7 8 9 10 11 12

ot 0.81 0.79 0.79 0.51 0.57

0.58 0.91 0.70 0.90 0.81 0.84 0.75

F 4 PB ISR 0T

Table 4 Experimental variances analysis of PB

U5 H B 7 ¥ FAH Prob > F B2k
LTy 6 0.177289 0.029548 14.01 0.005 .
A £ 42 NaOH(g-g™") 1 0.089641 0.089641 4251 0.001 e o
B Bk it 6] ( min) 1 0.005237 0.005237 248 0.176
CapEATM(ge") 1 0.064902 0.064902 30.78 0.003 *
D EEALIRBEE (°C) 1 0.016990 0.016990 8.06 0.036 *
E Bk A7 ( min) 1 0.000464 0.000464 0.22 0.659
F AR (% ) 1 0.000056 0.000056 0.03 0.877
R 5 0.010544 0.002109

T v ZRWBE (p<0.01); « 27 EBE(p<0.05).
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Table 5 Design and results of response surface test

OR ) A B C WA E
1 1 -1 0 091
2 1 0 1 1.01
3 0 -1 1 1.15
4 -1 0 1 1.10
_ _ 5 0 0 0 1.24
N e 6 0 1 - 117
7 -1 1 0 0.99
(SRR R A 8 1 0 1 0.93
Fig.7 Diagram of standardization effect 9 0 0 0 1.23
oAbt 5. MR PaR 2 ma 7 T 9L 56 R 3R 5K 3R, SR 10 0 0 0 1.24
JH Design— Expert 8.05b % {4, #R 5 P K 22 5256, % 11 1 1 0 0.98
Box—Behnken ¥ , 75 31) iy i o7 11 S5 46 i T S5 45 R Aan sk 12 1 0 -1 1.03
5 s AHRLEYTT 253 M ank 6 Fros o X HURE BEAT 13 0 0 0 1.23
Z oA G338 R 7R 14 0 -1 -1 1.04
BUfC)E =1.25 +3.338E-003A +0.042B +0.034C 15 -1 -1 0 0.89
—5.300E — 003AB — 0.049AC — 0.022BC — 0.22A° — 16 0 1 1 1.19
0.092B* —-0.020C* 17 0 0 0 1.23

e 6 AT LG H , ARFSRA5E 8 (p <0.01) B W 35,
S I (p >0.05) A~ i 35, 156 BH 53 57 fU RS U e 5 S PR
AEIHFEIE. RERB R N 09915, i H A
99.15% [N 37 TAT AR AT & LU 760 5 RS, A 0.9807 , 3t W]
98.07 % 14 S 46 B 049 A5 S5 M 1T ) Ak (1] 01 A5 75 Sfe fige

HER K 8 Fios o

HR g 157 g T 1T B 53 A7 T 3k mT R, 2 A AR A
BRI, R 3X A 25 19 22 AR 40m, [l 2
PP WS B AR 855 o AT R — 486 (B X 3
PR SRR AR [R] 11, A 3 DXl iy s, D) S W7 T 4 2R

o AR RITR A (B X I REZT 4 3R 1 U R BE 52
MR E 3 (p <0.01) . R A® B’ 4 p {H/NT
0.01, BEH A LI FH A AE H I 35 19 IR B0, 5
R Z [ SC R AT S M. 22 H I AC 1 p <
0.01, Bt W] NaOH JH & A AL it B2 2 (8] 59 58 A 52
AR 3, BC 1Y p < 0.05, 1 B 44 £ 18 H i S ik 1k
B2 22 8] B 52 HAF S 35

Wi 7 TAT 73 A7 SR T 28 %58 58 B 3000 O QRE B9 520

A Ee R st/ IME s S5 v 2R HES kR B s, R b 4%
T XL R B s Rk R, Rk, aniEl 8 BT, AC
BC X BUA BE A 4 35 PR R i 5 1T EL 454 i 5 |l 1T 34 R
FY T, 2EN I AR TR S 56 Y0 B N A TR ReUE A, FBLRRE

RONIRAR

2.4 LI5SMRIESHR
PHCH 3200~3600 em AR - OH 11 247 4ik 5y 1

WU , 2920 em ™' A A 2SI Y B CH, (14 i 45 B 3l W i

#6 JESHT
Table 6 Variances analysis
E 3 FJ5 A =R ¥7 F Prob > F .
% 0.282653 9 0.031406 91.7651 <0.0001 e
A 242 . NaOH 8.91E-05 1 8.91E-05 0.260375 0.6256
B 45 . A LR 0.014365 1 0.014365 41.97353 0.0003 -
C kAR B 0.009501 1 0.009501 27.76193 0.0012 s
AB 0.000112 1 0.000112 0.328305 0.5846
AC 0.009594 1 0.009594 28.03335 0.0011 e o
BC 0.001927 1 0.001927 5.631124 0.0494 #
A? 0.195833 1 0.195833 572.2051 <0.0001 e o
B> 0.0359 1 0.0359 104.8959 <0.0001 e o
c’ 0.001686 1 0.001686 4.927256 0.0619
w2 0.002396 7 0.000342
He 1) 35 3.08E-05 3 1.03E-05 0.017387 0.9964
gl 0.002365 4 0.000591
CV% 1.69
R 0.991595
R 0.98079

TE s ZREIE (p <0.01) 5 = 257 W (p <0.05) .
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Fig.8 The response surface for extraction

rate under interaction factors
1% ,1600~1640 cm fUFK KR FE-COO ™ F C =0
PR B g , 1450 em ™ 247 A0FR-CH, M iR 3
W2 I, 1000~ 1200 em ™' ZE 45 f8FRE - C-0-C— i fh
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Fig9 The infrared spectra of carboxymethyl cellulose
from banana peel and commodity carboxymethyl cellulose
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