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ABSTRACT: The work aims to alleviate the environmental pollution caused by traditional plastic wrap, and provide a
theoretical basis for the development of food packaging materials with better mechanical properties and antibacterial
properties. With sodium alginate and sodium carboxymethyl cellulose as the main membrane forming materials, compo-
site membranes were prepared by the casting film method with the addition of tea powder. Based on tensile strength,
elongation at break, single factor and response surface tests were conducted to determine the best technology of tea
powder /CMC-Na/AL-Na composite membranes. The results showed that when the CMC Na: AL Na ratio was 84:16, the
tea powder addition was 1.43%, the drying temperature was 50 °C, and the drying time was 7 hours, the composite mem-
brane had the best comprehensive property, with a tensile strength of 16.60 N/mm? and an elongation at break of 19.11%,
showing good mechanical properties, water resistance, antioxidant properties, and antibacterial properties. In conclusion,
the prepared tea powder/CMC-Na/AL-Na composite membrane has good mechanical properties, antioxidant properties,
and antibacterial properties.

KEY WORDS: tea powder; alginate sodium; carboxymethyl cellulose sodium; composite membrane; physicochemical properties

KRB 2023-06-16

ESTWE: Ao AR XA (212102110314); THESFFRELAFAA (23B550006 ); 13 RMAFEE 2019 F
BEERFFALRA (2019LG002 ); 15 RM*F 1 G K-FHAF MR E X AL (FCL202110, FCL202014); Tk H4F
A A (212300410228 ); #Té 4 &5 FRAFF AP R (2019GGIS264)



122 % TR

2023 4£ 10 A

Bifi 5 AT IR ORGP T s i, FH SRR R A
XFN SRR AT e fa E 28 TS8R0
O, R SR R AR R A R A R 2 AN
g AT R O e B A R R, A
BHL B £ i 5 2R 58 v 0 SR BT e W i, DTk 3
PO b AR Y B Y o B IR A T T S PR
) T 28 fife A FH S R i S Sk 1) - 38 SR A i Yy
SRR R LG W T A HE KA A TR Y
itz —P1

TR ( AL-Na) HA R . 49
RS e A AR 2, 32 FH T RS ARG 4
Prest, IR MR S . AL et m Gy
AN R AR (CMC-Na ) HA B fitfF .
IKEVERF . JCHE . YA R, TR S PR
g BV 2 3R VAR Ty T A BT as A . Bl
AL-Na 8§, CMC-Na 1l i () 3 I (4 24 PE g 2278,
K T E A, RS Th e 4 AT R,
DIUC R i B2 A B0 724 R AR B P BB R B L A
b1 RE .

GBI TR 54 (Z5K ) S A7 N T i
FRLRT 1 2 HP BT R TR R R, AR B T 450t
Hr G 3R A B A T B 6% LA A 2
JERATEON 1%~2% M miHERR AEN Y B R P4
fRiE PR P ZRRIE N E ST UIEST, &
T R IR IR B, AE IR 5 Qe AR N

IR S R BT RE L 7 R B R R 2 R &
Wi 22 EEII R RPN, K2 N
T REPE B4 LA SE SRS TL AR A s AR AR
W AS )V B 1) 5% 22 A B B v ol v kv, R L
IELREE AR B 1 38 A AS AN T A 7= A 4 2%
Sk HERLA TS EAT, K2R BRI M i R A
BT . AR AGEHBRZER .
CMC-Na Fl1 AL-Na 25T, HihEa5s, M CaCl
TR HI R A, B AR 2= he . BRI
AE . PUAEALYEREFAMBRITERE,, AN IR 55 25 KRR
PRAE—Ffopr 0 B, R KR o> B A B ] £ A BE
PO SR TR LR

1 K5

1.1 MRlEE

FEA R BR, REIE A E AT EHERE
AINTERL; WFSERREN, 5 & W] 1 BE IR A 42 141 BR
NE R EA R, LR L RIRGBRA A ;
KWFFEE ( Escherichiacoli, CMCC(B)44568 ), |7 %
HEE DR A BRA A . KA, sriral,
HEMAIRAF]; JOKOEE, e, Rt
THMWRTEAF; BRI, AYal, biliE
M EYR AR W s DPPH, A:fkal, i

AR AR A A 0.5 G MAT, Bl &k
WHARGBRAF .,

FEALES . CP214 SpHr R, iR
FRAHE]; A390 $AMr e, L2 AU A R
vl ; LDZM-80L 57U K R, B H L EEIT 4%
M5 XMTD-7000 HL#E R /K8, Jb Rt OB
BESF AP AT PR/ F] 3 MQL-621R 446, Hig S
IR ERAT PR F] ;. JC101-2A H PV Y 3% XU T 46
HEEREBE ST M) iS5 8 B LT AN AR e (a3 Y
FEBR KR BHE N F] ;. DZF-6090 EL25 T4, FiF
—EREAESABR A A5 YS6003 (254X, I =
BB A RAE ; TMS-PRO AL, dt50 2 e
BRHE A BRTRATA W LS182 A FHBEMIRAL , I
MR EBRA R TC600 B Z ML, -1 & S0k
FEALERA PR AT
1.2 FHik
1.21 ERBEFMEIE

2 WBANEE A T 6 T W VR A B, K BB
JnA 100 mL Z&48/K (& 1.5 mL Huh) roBesrh,
i I FERRAE 60 °C R Pk EE E 2, B LR
BEEE (FA 2 5 mm WYBES AL ), 7EESSE H-97 kPa,
BSR40 °CRYFLZS THEAE THCE 30 min, TFBEE
P SE ETHBR G EU , KB INIRE 60 °C, B
B AE R R, fER2S B H-55 kPa, JREE
60 °CHYZAETF T4 7 h, BUBELE, A 20 mL
S ECH 2% AL S S 2 min, FHZEIRK ohvk 4
W, VEEAEER, BRI E T, METEN
PVC # b, #EZ R Nl KT, R0, B e T
PR A
1.2.2 BAEAHREIEIT

e 1.2.1 WOhkHSE A, LART B 6 e )
K — A R B 450 (CMC-Na & 1.5%. AL-Na
H1.5% ) JFHEAL, %R AL-Na 5 CMC-Na f&FR It K
9:1.8:2.7:3.6:4/M5:5, THAENS 6.7,
8 F19h, THIEEE N 40, 50, 60, 70, 80°C, ZAK
IR 0%, 1.0%., 1.5% . 2.0%F1 2.5% ( 25K B
JaRa 120 A 250 B, 25 RS BOnA
AL-Na-CMC-Na R B b o8 2 50 )il B R ik
Ky o LAPLASR B AT 20 Kok FBRYENT, 25 AR
JE | BIEFRRUKE S T RECEIR bR T4 A0
i 7 BRI R B K
1.2.3 M ERIEIEIT

TE A R U0 1 36 Al |, A Box-Behnken M Jij
T, 76 Lk 4 S R AR G Pk B 3 A5 )l 3
4 PR 284 Ay i 7 T 43 B 1 AR, DA R D 2R
R IR RL{E, XF A4S A /CMC-Na/AL-Na & & 11
il & T 2Tk



a4k oW

Mide, %5. Z55K/CMC-Na/AL-Na & 4 4 4% K 1t Bl - 123 -

1.2.4 FEMRERINIE 7%
1.2.4.1 JEEMBELR

FEUR 7 2 AN e LR, gl BRI 3 4,
A6 Y A B B30 5 S 5 1) 38 6 %6
1.2.4.2 S B RS Iy 24 il R

B BT 10 mm=x60 mm R/, i TMS-
PRO JT A4 S0 2 RS A i J32 RS 0 28 e 1 23R, It 4
e MR EE A 50 mm/min, ARSI HR 0.2 N, Hiff
BB 50 mm, AHRCPLARKE A 30 mm,
1.2.43 (B2 LT ANERE BT

P B 20 mm*20 mm E5TE, RGP T4
AR SRERAE EIE T, KR 4 000 ~ 500 em ™'
1.2.4.4 JKFESBE L R B E

FREL S g JoKSEALES, B FEERER T, i
FRONBE S B AR R, ARBOL TR, HRR i T
TR 25 °C ., AXHEEE N 60%5 3-8, RIG =R T
17 24 h B, RAESN (1) TR RGBT 25

vapztA—mx— (1)

A Ky KZERIE T R, g mm/(cm®d-Pa);
Am AHIHT G AR A L, g; t W, d;
AN, cm?; x FWIEMER, mm; AP MK
P KZE 22, PRI 25 °C. FHXHREE R 60%
if AP B 1 896 Pa.
1245 {02

RHAEEITEE SRMEFELES, LIREH
JE; a ROy, EEEROORE, fEER
GORRIE; b UREB O, EEEREORE, 7
HEREOREE ., FAMEENR GSB A67002—86
(L=99.77. a=0.03. b=0.30) ®iF, #IEX (2) it
A2 AE,

AE = (L' —=L)* +(a" —a)? +(b" —b)> (2)
1.2.4.6 PriafbrEnE

P2 A TEF S 40 mmx40 mm K/, BT
A 100 mL ZEM/KIBEprd, 90 °CRE ik 2 58 2
fif, KRR R LB FIRHE, Bk

FCBLHT ) iz R, BERTEALEE | h, RIS 517 nm
REMEWOCREE . #30 (3) 7155 DPPH H ti 2R3 R

p=(1_A“_A2j><100% 3)
Ao

K h: PH DPPH HHIIBERE, %; A MK
Ji DPPH WA s Ay Ias ML A
Sk ok HEZH B WO R
1.2.4.7 4B ERE

W2 AR B AR/ R 30 mm A R A ik
NG TAES HERAMT BT K 2 h, B KGR
YIS iR TR R R R, T Je HUBAE & FF
MLrp Y, AR 37 *CHEFRAA T EE IG5 24 h, HI1EE
A RO 2k [5R] JE A 1) 410 T P AR o
1.2.5 HiEAE

AR T 3 W4T, RS R fd H SPSS 26
BE AL PR FD Origin 2021 BAVEATALBE , FF22 4
F 2, f#iH Design Export 12 #AFFEAT Wi R T 15 11
SR, JFg il N AL

2 HR5HH

21 BERRABERSHHN

2.1.1 AE AL-Na/CMC-Na Fntt 3t & & it
A

2 1 A%, 24 AL-Na/CMC-Na /&FH R 9 1 1
i, BERABr MK RAB R EE, H 22.42%,
M i W 2 K R B CMC-Na 3 i K misi/h . 24
AL-Na/CMC-Na &R Sy 8 & 2 i, Horfdisis B b T
K, K 15.41 N/mm?, ZJ5Hi#% CMC-Na L
A3, PrAbaR R W TR, ML AT A, AL-Na 5
CMC-Na FEIR 5, & A B H Ao 2 B 20 1 51
AR5k, IF H 4 AL-Na/CMC-Na /&1 R 9 ¢ 1
82 B, BAUKERBL R, BE. BHEY
IhFr FOKF, A E AT, AL-Na/CMC-Na
HAEARFE N B9 D 15 812 2], XA

7% 1 mL N AF] 4 mL DPPH %457 (0.1 mmol/L, 3

x1

A AL-Na/CMC-Na ki Lb 34 & & B 1E 48

Brindle 55! 1R A MU IO BF 2 45 SRAB AT o

B

Tab.1 Effect of different addition ratios of AL-Na/CMC-Na on properties of composite membranes

W EE/um  BWAE/% B E/(N-mm ) BRI RS KER B RE/(<107° gmm-em 2-d " Pah)
10:0 44.8+6.78" 57.50+3.59° 12.15+0.25° 8.45+1.85° 2.67+0.41°
9:1 48.6+2.82" 53.15+2.77% 13.24+1.36° 9.87+1.25% 3.460.70°
8:2 42.9+1.26° 51.54+0.89" 15.34+1.27° 5.14+0.35° 3.80+0.53°
7:3  52.9+6.55" 37.95+2.74° 5.98+0.75° 5.06+0.21° 4.06+0.30°
6:4 57.5:422° 4537+3.16° 5.09+0.84% 4.87+0.47° 4.26+0.30°
5:5 50.0+£5.19% 51.55+1.64° 4.33+0.53¢ 4.76+0.65° 4.46+0.50°

I NEFERRZEREFE (P<0.05), T,
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Tab.2 Effect of different tea powder additions on properties of composite membranes

ERE R,

W% JEE/um  EPRE/%  BUEERE/(N-mm) WK E/%  KERELRE/(<107 gmm-em *-d ' -Pa”!)
0.5 46.97+3.00° 15.50+1.15" 13.89+1.73° 16.14+1.70° 2.73+0.41°
1.0 72.43+5.05¢  5.28+0.22° 14.45+0.68° 18.12+0.83° 2.93+0.23°
1.5 85.78+3.98°  3.45+0.13¢ 25.13+1.62° 16.89+1.06° 2.13+0.30°
2.0 99.99+0.33°  2.13+0.09¢ 16.74+2.01% 5.97+0.21° 1.47+0.11°
2.5 109.37+3.09° 1.97+0.08° 17.67+1.58° 6.28+0.80° 1.87+0.11°%

E: NEFHIIREREH (P<0.05), T,
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Tab.3 Effect of drying time on properties of composite membranes

SE N T T T O KA G E U T v o F
5 KT — — — — -
6 1150 S i — — — - -
7 Fph 5 4 45.6+2.62°  52.33+2.27° 12.38+0.81° 21.42+1.68° 3.36+0.68"
8 T4 47.6+1.84*  52.15+£1.97° 11.98+1.11° 22.4241.43% 3.46+0.72°
9 TR e 4 46.6£1.42°  53.04+1.77° 12.22+0.91° 21.53+1.55° 3.36+0.70°

x4 AEFREEXNESEEERNZIT

Tab.4 Effect of different drying temperatures on properties of composite membranes

o iR e 5
FHRRELC TR um BV % BARIREE, g oo KRB RR
(N-mm °) (x10” gmm-cm “-d -Pa’)

40 50.19+0.08% 49.09+0.77* 4.44+0.29¢ 16.75+0.28° 4.93+0.30°

50 50.60+0.78% 49.53+1.68° 8.62+0.09° 17.73+0.60%° 2.60+0.31°

60 51.130.48" 50.90+0.14% 12.25+0.52° 22.4242.18° 2.26%0.15

70 50.24+0.64° 50.23+0.71% 6.37+0.27¢ 16.02+4.44° 4.56+0.05°

80 50.26+1.46" 50.15£1.07" 4.05+0.66% 10.67+2.24¢ 4.53+0.11°

E: NEFHIREREH (P<0.05), T,
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Tab.5 Factor level
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Fig.1 FI-TR sg)re;cl‘;r; toefmrIll)efz:rrr;lt)lrlerlZses at different Ik AL-Na/CMC-Na  ZRHIN  THEE
RBUL (A) B (B)/%  (C) /°C
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Tab.6 Response surface design and result
5 A B C PSR /(N-mm ) WK% /%
1 1 0 1 13.46+0.26 6.68+0.63
2 0 0 0 18.70+0.43 17.4440.24
3 0 -1 1 8.51+£0.46 25.01+0.26
4 -1 -1 0 7.92+0.21 16.67+0.32
5 0 -1 -1 10.99+0.34 19.2740.28
6 0 1 1 11.29+0.28 13.97+0.52
7 1 1 0 10.57+0.47 9.61+0.36
8 0 0 0 16.74+0.18 16.44+0.45
9 0 0 0 17.06+0.16 15.89+0.30
10 1 -1 0 11.52+0.35 15.3340.14
11 -1 1 0 16.58+0.19 13.2440.28
12 0 0 0 15.13+0.63 19.23+0.19
13 -1 0 1 12.82+0.18 21.15+0.25
14 0 1 -1 16.37+£0.45 24.12+0.19
15 0 0 0 17.77+£0.32 18.44+0.15
16 1 0 -1 9.05+0.51 24.31+0.41
17 -1 0 -1 11.35+0.16 20.25+0.17
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Tab.7 Response surface analysis of variance results
P i i EAS RN
g 3
AME P F{H P wEE AME P FE Pl  WFEM
Y 9 162.88 4.26 0.034 6 * 9 362.17 8.98 0.0043  **
A 1 2.08 0.490 5 0.506 3 1 29.57 6.60 0.037 1
B 1 31.51 7.42 0.029 6 1 29.41 6.57 0.037 4
C 1 0.358 5 0.084 4 0.779 8 1 55.86 12.47 0.009 6
AB 1 23.05 5.43 0.052 7 1 1.31 02926  0.6053
AC 1 2.15 0.506 2 0.499 8 1 85.84 19.16 0.003 2
BC 1 1.69 0.396 8 0.548 7 1 63.12 14.09 0.007 1
A 1 32.39 7.63 0.028 0 1 41.39 9.24 0.0189
B? 1 29.67 6.99 0.033 3 1 1.73 03852  0.5545
c? 1 29.25 6.89 0.034 2 1 59.04 13.18 0.008 4
B 2% 7 29.73 7 31.36
AU 3 22.70 4.31 0.096 2 # 3 23.77 4.17 0.1006 #
afi R 2z 4 7.03 4 7.60
M2 9 162.88 4.26 0.034 6 16 393.53

e BhAEE (P<0.05), ** A EF (P<0.01), #£HAKEE (P>0.05),
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231 EHEHEMEE
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S AENSESO RGN, 3 dEHEHETN6aE
Mg, HIRZERET 1%, B EA ST a
e,
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M 2% 10 n A, ma i i R A Ak 5 i AS AR /AL-Na/
CMC-Na & 5 DPPH H HEIEBRE N 75.3%, Xf
KIGAT RN BN 30.72 mm, HEAREBMEASK
PR A IR EA T 510 B 5 BRI B 1 X nT R
JEHTARPRLHE A2 B 1G A AR bt
SRR 1 o BRI A%t Y R G BT LAAT S Lk
AACAE T, —E R L RE I £ b A AR I
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Tab.8 Performance indicators of optimized composite membranes

. - i ) ' » KER BT R

J bl =Yyl A i /9 jﬂﬁag%r; g /9%,

PERER b JEJE /um EWREI% (N-mm?) R I H/% (x10”° g'mm-cm >-d '-Pa’!)
BAEME 73.57+1.36 4.18+.028 16.60+0.69 19.112.43 1.64+0.72
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Tab.9 Color difference analysis of optimized composite

membranes
T ] L a’ b’
G 62.88 5.97 67.96
3dJg 62.97 5.87 67.84
Z1H 0.01 -0.01 -0.03

®10 RUEEAEHNIELFINE T

Tab.10 Antioxidant and antibacterial properties of
optimized composite membranes

e DPPH i  KIGHTEAW R
HEEE 2 e
R 2/% J&l H #2/mm
AL-Na/CMC-Na 53.24+0.62 18.36+0.16
25 AR/AL-Na/CMC-Na  75.36+0.85 30.72+0.42

AHIF 5 30 Ao B PR 2R R o T 3 5 G fb S R /AL-
Na/CMC-Na AWM T T/, Hegarhfess
—ERPETE . IRE A BRI, AR A
%,ﬁﬁ%%ﬁM¢%&ﬁ%$-%ﬁﬁMﬁk%ﬁ
HAK, PrafetEaesm; Ha ek ST R
1 BEAT R0 A0 A AR5 S A K AR R G 7R
FOR N ARSI R E AR T & SO T . A5
R 2 1 B A B ) A PR T — s ri e B L I
H R A5 PN T 579 04 I & B X2 40587 1)
7%, (BT T 2 ARG SEat e ik, %A
i — 25 RS AR AF N B i PR v i R AR O o I Sk
Xof B R AR R 1 A [ B R 118 0 TR R e e — 2B O
AWIRGE , 1R WA S BN 7 A £ ) RE A 28 b1 R A 17
FHAE T f B 2 40
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