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Formulation Optimization of Konjac Glucomannan—Ethyl
Cellulose Composite Film and Its Application in Honey Packaging

XIAO Man' , TANG Bin' ,JIANG Fatang' , WANG Hao’ ,ZHENG Han’ ,ZHANG Ying® ,XIE Jiao’ ,ZHAN Jianbo™ *

( 1.School of Biocengineering and Food Science ,Hubei University of Technology , Wuhan 430068 , China;
2.R&D Centre,China Tobacco Yunnan Industrial Co., Ltd. , Kunming 650231 , China)

Abstract ; In order to study formulation optimization of konjac glucomannan( KGM ) and ethyl celluloge( EC ) composite film and its
application to honey packaging, KGM,EC ,and dibutyl glvcerate ( DBS) were used as raw materials,and water and ethyl acetate as
the solvent to prepare films, and formulations optimization of the film was tested by the single factor and response surface
methodology in conjunction with miscellaneous design.The result showed that the optimal formulation of the composite film was
composed of 70% KGM,30% EC,and 8% DBS,and the prepared film had the maximum tensile strength of 64.56 MPa. Based on
this, investigating the heat sealing conditions of KGM/EC film and applying the film to honey packaging, the result showed that
the film reached a maximum sealing strength of 4.4 N/15 mm using 2% KGM sol as an adhesive to heat seal KGM/EC film for 14
s.The honey packaging bag was stored at 25 ° C and 50%+ 5% relative humidity for 22 days to achieve waler vapor adsorption
and desorption balance ,and the weight loss rate was 9.3% .No microbial colonies in honey were detected.In summary , the KGM/
EC composite film has potential application in honey packaging.
Key words: konjac glucomannan ;ethyl cellulose ;composite film;response surface methodology ; honey packaging
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L b, BE S H B EE( Konjac glucomannan a1 Fr
KGM ) 2y K B B2 RS = 3 22 4 A 0 A4S i 4 11 B 25 o
PREC—Fh 8l JE—Fh o OREEVELL A AEE
TUFAR M, 5V M dd g m e " . KoM HAy
e i BB, T FH T AT R PR A d A5 . KGM i
B-D-HAGHEFN B-D— H @z 24 1: 1.6 A9 L 9], LA
B—1 .4 BV, oy LR R 24 S B 32 sk A
3443, EE LR 9~ 19 Bk AL ot b
C—6 {7 FEdE 4~ 2. WAL . KGM H A7 L4 i il st
PERE , gl B aT FH 1 G2 (T b g9 IR, Ay 6L
BRI A L H S KGM I 3 2k 11 e i, By 7k o
Z RS G, AN AR AR SR A L o T e
M ksl 5, 1R 2 0F9E E 1 KGM 5 e 2 p R, an
KGM S558 3 Sl ei ™  S55is" 52T 4
A AT A A B R A S

. FEET 2 2 (Ethyl cellulose, fR] B EC) J& €T 4k £
TEWAL IS 5 50 20 B Bz g il 5 ) — R 28 1 et Yk R
o St , FLA AR E R AR . BC LA PR i kR
e, HL %2 4 Jo 7, 7610 5 A2 5 400 gl 132 I -
WA EC P ELERE A5 H 15 4 3 ik (v 48 0k
2 EPRORE R T 8 SR s Al EC R
P LB T 24 0 28 R IBE ) | RN A HE | 2 R RN
BECE R HE AR Y B 25 5 7E T B A S AT
ZM . EC i -1 ,4 W EEETEAY D-FH A Mot
B, A AR L R Ay Y Rk 2 BE B, Y 2 SR AT
FE(DS)7E 0.7~1.7 iR}, EC & T2k, 2§ DS & F
1.5 B3 FAPLEE ), U0 20 2008 2005 L T s,
HAT Tk A= EC DS 2y 22~2.6, L& &N
449 ~519% "

KGM 5 EC PP 854 & s, o] LA 5 ik KGM
Bl 7P 22 B i IR AE TR . Ni 25 L KGM Al EC
ShHERE LA K 1 £ R £ B AE R i AL, A8 e IR
KGM 5 EC R JE i FL, 0 FLM R T T e v
MMM E" . Li 48] % KGM/EC & & B, I %
A RPN B ES FAE R E AT TR
A, KGM/EC B 7K BH S P AR 4 & , A 42 AH 22 P45
AL S BT M TEHEPE o 7E AT ST SR L, Xiao
SR T A2 i — A o M RN A I LB A A T
THEE . i sE N2 =R KGM 1 EC g ALts
il 5 KCGM/EC [l I FAENEAY &5 Pk I8 L B e AL
X KGM/EC 52 4 IS 7 fe ke, LA Bz o 2 [ {4
IRy TR RN RS I 5 5 B NI B (1= O £ ST

ST ) AR A £ A KX T A
LR EALHRPRHI AR . KGM/EC BELAT 45 (4% 4
TR RV | 0T A 2 4 PR 4L T
i B B (LA S

ARG L) KGM (EC 2% T ig — T lE ( DBS) 2y B
b L LUK 2 B 2 B S 0 B P 2 AR
KGM Fil DBS 5 S ISR 12 6 50, ) 1) — P4
3 KT R T 43 1 %o BT 7 467 0 A
IFA il 45 1119 KGM/EC [0 36 6 6, 989 G 3 001
R TR RAA . AR SE 0 R 7EH KGM/EC [ i 5
A2 o I 2 ATV R e AR
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1 #MREH*
1.1 MR 5(UEE

W R A TR A PR N T JAE A
HE(KGM ,M, =8.56 x 10° g/mol) LB A B
FHEA R ] 24P 4% (EC,M, =65 x 10° g/mol,

WARE K 2.2~2.6) (35 W8 T HR(DBS) Jrfrali,
F 25 AR A IR A R s AR LB 4y Fral, v

Bt T AT RS Wl s K LB 43 #ral, KRitnrik
AL T A RA A L

AB=50 WL 740 #r KXo Fig 1 Mette 23 7] ; HH-2

o tEikE R R RS AR E -1 L Eh
FEdR  TEONE iR BT ALER ) LHS-150HC £ fE

HEE R o EER A R A A GZEX -
9030MBE &% AL 84 i il Sl A5 PR 4 w15
% :TMS— PRO [FH{Y B[ FTC;CH—1-S T-4rF
FCMBEINEAY R S 22 UAR) T FS—100 5k i 5
FHEPL MEFHEFEARI A RA A SW-CJ-1FD Jop
R RN L AR S A AR AT BR 4 F) s SHP— 150 A=
e FEdE RS 251 854 PR 2 v 5 HygroPalm {8 48§
RSTIG L Hi 2 UE v A

1.2 EWHE

1.2.1  KGM Y5 EC & F B &0k FI—a i
KGM , il A 100 mL ZEM /K ,60 CARiEREFE 2 h, 145
Fl| KOM FRFE IR, FREL— 3 it EC, A 15 mL 2,
2 2.1 A — 5 fE 1Y DBS,30 “CoK e 30 min,
3| EC il FEAH . 4 EC fliFEAHZE M2 A £ KCM 7K
I (900 r/min) PRI 30 min, (5K 75554
Feds) SRRE AR BASENE SR . ¥
FAAFLEFEA 10 em x 10 em BEREALEL b B 0L
170 C 102 h 8805 60 °C -0 12 h B8l i 00 5 o
F25 £ 1 C I 55%+5% FIXRREE &1 FF-H#7 3 h,i8
Wi, W& E G 25 1 CHI55%+ 5% 1Y 4H
Xof Vi S R OT-fir 3 d L T e Sl

1.2.2 BRRZEILG

1.2.2.1  AS[i) KGM 55X s HEvE A9 52w e il A< [v]
KGM 1 (14 s B . Hoh, KGM il EC G [ JE2 9
E W E R 1% , KGM 43 50 (5 5 [ 4 104 100%
90% 80% 70% 60% 50% 40% 30% 20% 10% |,
0. DBS [# 5 EC FiiEAY 20% . K b 3k e Jr i
1.2.1 5 il 5 e B, U0 23 g A i (O A 1B R AL )
1.2.2.2  AS[E] KGM & b o SR fep i 58 sz 15 il
Al KCM &Y A . b, KGM AT EC &[]
JEW & B R 1%, Horp , KGM 43571 | 6 T 9 1%
60% 70% 80% 90% ,100% ., DBS [# 5 % EC i &
(9 20% - 5 FaREC AR Ss 1.2.1 Jy ik ) 5 nle s, =iy
S T B 8 1

1.2.2.3  AS[A] DBS & i X B 437 4 9 18 A 52 ey i il
AX[A] DBS &g af s E . Hirp, KGM F1 EC 5 [#]
Y&l 1% , KGM Fl EC 45 51 g [E JE 4 & & /1Y
70% F1 30% . DBS il A& 455l o EC & 519 15%
20% 25% ,30% 35% B} DBS &t K MY & &0
4.5% ,6.0% ,7.5% ,9.0% ,10.5% ., % |- i fid 75 4% 32
2.1 Jy s il e g BT, 300 s P g o AP s
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1.2.3  ma v E AL S g FE R R oK O ALl I, ok
HUKGM & 4t fil DBS & 43t 5 B 28 &, L KGM/EC &
B B A B2 Sk i B AE, FH Miscellaneous 2046 13211,
Z:7% Diblan 28] Ma 2531 2 2 3 K LW ik
R AT SR B AR 1,

1 Miscellaneous 151 H Z K FE34

Table 1  The factors and levels table of miscellaneous design
K-
2
H% = : :
A KCM &5 (% ) 60 70 80
B DBS &5 (%) 4 8 12

1.2.4  BRFCARGHE W E 2 GB/T 1040.3 -2006
C PR R BT (e 90 R Gl a0 9 100 i I i e 5
BECY L BRHOG MR B, B 10 mm x50 mm [
B3 TE , ) FH 5 300 JEE 4300 02 5 6 A~ AN [R] o2 ¥ 5 1Y
RIS HCHC P i, 1) R ) S0 5 51y 0 A i 52
(TS) A A I GHUE 2 5 mmy/min, 0 G400 B 2y
25 °C . BRoRE S R B2 SR

2.

bd

A TS(MPa) g 7 AHsH E ; P(N) 2k e K 1 fiy
Bz 7 s b (m) S illFE SR s d (m) Sy iaUbE B EE
1.2.5  BEAGHEEWEL B A 40 mm x40 mm 1Y
1B R AEE TP OSSR K T e
1.2.6  KGM e B % fiih st om B ad sz mal 5 51 C il e
R 05% ,1.0% ,1.5% ,2.0% ,2.5% ,3.0% [{) KGM
I RS WAE I IR 0.2 mL Y5 fE KCM/EC il
B CTHTC10 mm x 60 mm ), 1) FH 38 46} 3 A8 3 01 BT S
B CUFTHE TR, BRI 2 14 s, B0 0 s et )
FToi e
1.2.7 R sk ) X I B 8 A9 52 0 fic il
2% KGME e, FH B W e W2 B 0.2 mLL, ¥4 5) i 16 £E
KCM/EC [EEE /i ( 10 mm x 60 mm ), | FH 93 4y )15
HF LS RS 1 T2 7 4], P ) 85 Ok 8~18 s,
35 11 Ji 00 i HRE s 10 g
1.2.8 R Csm s e BRI T TE (1C 8 em,
B4 em) B I R], FHE O HLE T, ZEE QBT
2358~ 1998 { YA} gl 55 f 2 42 A 5 o E 1l g6 ik ) il
SE R IR BEDY | B RABRCE IR A A e, 4T T 180°,
UL FEE £ 19 g e A BT AR A T P Sle HL |, e ELIR] R
B 30 mm, B AE Y g il B S 100 £ 10 mm/ min,
T s AR 1 A W S Bk ) S R AT, R ) NS mm
PN B L
1.2.9 52 45 N5 e e i UG
1.29.1 e BeaSdc AL MR 0 o 07 1 il 96 445
B R AR 7 ) 4 KCM/EC 15, 76 5 00 69 34 vk fig
FAFF 8 KOM/EC 5] plg 40 58 45, 2% ) (58 A i 2
PRV TIRES . T M S A B RS T B AE 25 °C
509 5% HyMAHIE A 45 H 2 o W17 046 46
S5 1 BB AR A0 F A5 2 T

e s ¢ ey DR R T — O R

sk (%) = e
B R S BRI ) A K A

TS =

x 100

1.2.9.2
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ASC 5 W S K AT BE
1.2.9.3 W R VR SO E 23S GB/T 47892
2016 £t 1A T AR 274G 46— TR A 2 il s
AR I KGM/EC B0 b 5 e B0,
1.2.9.4 KGM/EC B34 256 g 8 55 i B 48 2 05 5 7
Lbfe  Hede KCM/EC Bifu el Sl 4s i &
FHRT IS L R B RIS
1.3 #iEahE

BEAEESL 2D EE B 6 U, B = brife
22, A2 H Design Expert V8.0.6 H A4 147 i L 1 47
B, R Excel 2010 #EFr22 &, R SPSS Ho4- % s
PEFTE AT
2 ZER55Mm
21 BEEIRER
2.1.1  AS[A] KGM & i 3 sl sy szl 2 np 0,
2li KGM F1 EC JBE#HREL A K A 09 pl B | 12 il il s 1y
4135 24 KGM &g 90% .80% . 70% .60% i, &
GIEEAT B A iy e 1 513 B 2 KCM & &l
50% [}, G % AL g M8 A 42 2, Hh B 20 AH 40 2 s Y
KGM &4t %7 40% 30% 20% 10% B, 1y B AE 5 01
SEAHS S, AN (K 2) . T KGM A1 EC LR
W FLIE L 2 KCM & 8t S [R], ZL A 7E 30 T2
Fasds DX AN B0 X, AE R X, IR B el LB ik
BEE 5 AN B aE X, R FL W S BAH S 25 nT A fiE R
B I, Ok T REH 5 KGM/EC & A B, KGM &
W KT 50% .

72 KGM/EC Jil 4R %
Table 2 Appearance of KGM/EC blend films

KGM &5t (% ) S
100 AT RS 557 W ( 4 KGM i)
90 AJ LR, i 15 i85 W
80 ] g, N K A0 57 B
70 A CHE  HEE R 5] 37 W
60 A GRR RE 4 7 TA
50 T AT HE AT ES | AR 22
40 F43 8 ASHE R
30 ARGT B, AN RE B
20 AH AT B AN RE A
10 FH 53 15 , ANTE B
0 ] N Y 5] T (Al EC )

2.1.2  AN[E] KGM & B XN MEGE A s 1
AL, Bifi s KGM 2 &2 M 1009% BEAIE 2 609% , KGM/EC
52 65 WS AR A7 e i, B S B i U I TR, DR TR AT BE S AS TA)
KGM & 5 A9 I8 BLAT A [Rl a9 izt #0 . 24 KGM 11
T 70% |, 5 5 WERG R 9 B Rk #1) 55.3 MPa,
JoT4l KGM JI§(21.2 MPa) fl4li EC [ (43.0 MPa) ¥y
P A R KCM/EC & & it KGM il EC 43
Tl A SEMEEER" . SBRaESuEHREE L
i R 8] B b o o B o SR 5 T = 44.0 MPa 19 4%
AR AR S 06 ) £ B0 B A R e R 5 TT LA
B AL X R AH 5 A R . Bk, B PR KGM £t
W R 70%
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F 1 A[FE KCM i F KCM/EC &4 B s B
Fig.1 Tensile strength of films with different
contents of KGM in KGM/EC blend films

2.1.3  AN[E] DBS &g IR g LAY 5 e 14 95
DBS Jz i I Bt v B Sk 78 (Y SRR BRBEAK S 4 T
[ JE2 il S0 9 JL 238, DA ol /) 7 ) 49 PO A2
)11 i S 510 S

4 KGM/EC % 43175 I 1 6 DBS I, 7K fE B,
I DBS B, o] & IR (15 2) o 43850 DBS 5%
s BRE A e g BE A RS B0 LR 2 DBS
YA I A, T L BRI EC 437 18] JE Bl S0 A JL
!B MRS T KGM il EC 437 18] i S0 B AH B 7
JHL AT A T KGM/EC 8 A4 7 f 58 )% 5 {5 )& DBS
wnEL i 22, 23 B KGM Ml EC 4) 1 6] S0 f AR B
YEHT, 512 KOM/EC JBEHL {55 B Rk, 4 DBS 19
ThioN 7.5% W, B4 R0 5 o BE GA 8 i R e N
63.9 MPa( [®]3) . [HIH,%4F DBS il S 4t h 7.5% ,
Higshnht o EC & hthY 25% .

JoDBS

P2 3 R A ) 52 i
Fig.2  Photographs of KGM/EC film without and with DBS
70,

654

=
%60' /
»%554 /{

[#3  AK[F DBS f it KGM/EC & & B i 1
Fig.3 Tensile strength of films with different
contents of DBS in KGM/EC blend films

2.2 [mRzmERL
2.2.1 Miscellaneous {4 06 145 A E

184 20214 0447

&% 5w

s [, 1L KGM Fil DBS &5 09 - [ 22 563 I 47 fi
56 5 (4 S0, SR FH PR 28— oK O A ) 9 AT S BT i
F I 3 P Y Miscellaneous 3088 7 2 HEAT 13 4H 5056

AP g5 R 4 o, IFREEIE TR Y =
—633.34 +20.06A + 1.02B +0.045AB-0.15A-0.24B"

HH 4 T [ SR R B 3 (P < 0.0001 ) Sk 4
WA i 3% (P =0.0626 >0.05), R® = 0.9814, R}, =
0.9681 , i B ol 51 Jy B X i ae 0L & BEc by . 7 220007
GEIR LW, A AT B X R g B R i A B (P <
0.01) , AB A7 isi B 52 bk 35 (P < 0.05) , B X
SRJEREM AN 3 (P >0.05) . FAEALEH, 5H
o fe i BE 9 S S A(KGM & &) > B
(DBS & &),

222 MHETFEZ EAEH T KCGM i 60% ~
80% ,DBS & &k 4% ~12% {5 [BI PN, IER A 1 52 Se b
IS FERATR 0 B HA L AR RS FC 460 vy £ 5L A0 IR | 150 B
KT Z R s EAEH B 5 P ESS BAH—2 .

223 EAEAM A0 I A2 5 IE SR AR AT e
B AR R A7 2 B AL 4 B L 449 31 100 5% A e O 4%
{4, B KGM 2554 69.04% ,DBS %4tk 8.46% | [fiifr
PSR EER] IR 63.49 MPa, AR5 5246 19 92 BR 0] #7EE
PR KCM & 4t 2 70% , DBS &4t 28 8% |, [T 15 N5 4
{H5R N 64.56 MPa, 5N (E4ET 158250 1.69% .,

P30 wp i AR T R

Design and results of response surface experiment

Table 3

N e A B Y A fifigi 2 (MPa)
1 1 0 43.10
2 -1 =1 48.88
3 1 -1 40.13
4 0 0 62.55
5 0 0 65.04
6 0 0 64.27
7 0 -1 56.32
8 0 1 59.67
9 1 1 45.28
10 -1 0 51.07
11 0 0 63.95
12 0 0 63.40
13 -1 1 46.85

2.3 KGM iR ErLiE

Az g v A Al KGM 7K 4 e T DA P34 h B K
F " HoxE KCGM/EC B 11 0] L e 791 14 Jie
ez — AP O R BRI BORS 7R S 8OR H Y
ST AR ST Tl A B b B AT i, S B T
S EL I DT (e 551 1 A, B o — > ak 3 Xl i i
FIPRYHE B9V H L b B B B 3 i1 i i B W) R 4 J5 ol
F S M IT B i 2 () A AT L AR Sz g KGM
e I K Ik 2 KGM/EC i op Jf: {d i o 43 77 3%
ik . KGM Fil EC 4y T % 4=i83h, I 5 KGM % i v (19
KGM 2> FH B AT T4 3, M Z IG5 KR,
KGM H1 EC 437157 [ {k s 55,
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Table 4 Analysis results of response surface experiment
JT I AR fir J7 I xR AH F{f PE 5 btk
T 974.44 5 194.89 73.78 <0.0001 * %
A 55.75 1 55.75 2111 0.0025 ook
B 6.98 1 6.98 2.64 0.1481
AB 12.89 1 12.89 4.88 0.0429 *
A’ 605.24 1 605.24 229.13 <0.0001 o
B 41.86 1 41.86 15.85 0.0053 * ok
34 18.49 7 2.64
P REiveit 15.00 3 5.00 5.72 0.0626
Al 3.49 4 0.87
2l 992.93 12
R 0.9814
Ry 0.9681

Hee s RIS L, P <0.05; = REAFHIN 5L, P <001,

65 70 75
KGM f it (%)

L4 KGM i DBS (1952 1< FIHLAR S o o AR i g S 1 7 4145 0 2 O

Fig4 Response surface map and contour map of the interaction between KGM and DBS on tensile strength of the film

R A} KCOM 7R 75 e 2 2y e 2CBR , L3 6 150 (S
JEE 35 pm) BESEA T, Andf KCM BHRY % 3 i, KeM/
EC 55 (1 20 g 780 G B 48 9 e KGM BHL Y oy 2.0%
T, B A e 25U 00 551 vl RS {E 4.7 N/IS mm (i 5) -
{0 2 i KGM B UK 2.09% |, [l e =00k, fF
NS FE T A 2 L BAS 25 20, B 00 = A v A AR
CT AN 2 o PR, HEas 2% i KGM K% B 2
A e = BRBLIR R e d 11

6-

[P%) + Ln

B (N/1S mm)
(%)

=

15 20 25 30
KGMH (%)
W5 KGM feaCBRBH AL KGM/EC JSEEF 1158 5 1 4
Fig.5 Effect of the concentration of KGM sol

on the sealing strength of KGM/EC films

2.4 REMEREEGRAIEWE AK
ARSI E G ) S A BRI,

ELA AR T B P, AR SO PR

REAE A 0 T f5 B 00 A, S ASE i e i 0 A

05 1.0

B —A~mE K, [H 6 imad, nIfFadt ) {3y h
T, G0 e B Y ARt g 700 Sl B, AF 14 s T 5
LR 4.1 N/LS mm, 158 BH 77 22 B 45 2% il & 7 —
CoABIR T ALK T 14 s T, B LB S ek 4,
TV e 5 10 [ D R A AR BE Ot L E A B
PO BefE | BRI A SR A L e, S A IR A R
TTHE T 14 s, AR b KCM/EC &2 G IS H
Sif YA 51 4.4 N/1S mm, JEJERY ) 30~40 pm By PE
AR Sk 8.5~10.2 N/15 mm' ™! | 1), Kz 358 9 4
A BEAS B 13 B KT 6 N/LS mm ™ JL4H , KGM/EC
Ry L8 O R S N S T - S (O 6 A A N 1 7
B2 A W PR i e X PR ML RS M =, ol FSE b s i 70 R )
o

=

1]

ISR IE(N/LS mm)
s

8 10 12 14 16 18

W6 BET UL KCM/EC A8 R 1) K
Fig.6 Effect of sealing time on the
sealing strength of KGM/EC [ilms
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2.5 KGM/EC fE@mitiEE
2,51 WedE e e ARk R o i PG fh e
Uit g B, il % KGM & &34 70% , EC & & 2
30% ,DBS & ht 2l 8% 15 G I5E, JFR iz H 1 0
fe ., B 0~22 d i 06 9 L e 4%, A G 25 51
{20 2 4% R I B 7 (0 R P 1) E g ek /)N, A 22 d
A, 2 4% 2 F1 3k 3P i, b B 2k JE N 9.3% (A
7)), 7 W 0 A v R S e b, G D] S e L R AR AR
25 C,50% = 5% WA & 1818 S50 T AR, 5% TP Y
ASral ] KOM/EC AT %, T IR E AT K78kt
PED K Sy kR B FREE rh |l e G 48 R R R D,
1 i 0 B A ORI JK 43 fire ST i bsE, PG I A R R
S W AR Y 7K A IR W LM B 8 K A RE Y A
LA NG, WAE O Fi1 22 d B, M F i 488 7K 4005 BE a,
S350 0.641 1 0.507 , 32 WH i 8 vh 7K 43 i 2L J#%;
'I'7I< G 2L K Afﬂ%ﬁ;ﬁ%ﬁimmﬁ%‘ [ B &% o
ST L e 2 8 Y FR S 1 AT G 9 B
T0% AT 1) ,azifhm%‘fﬁ v R 4 sk B i) B v
B, s 345 ) 4 A vp a0 K S S B A A

12
10

HRAA(%)
= e o

024 6 8101214 16 18 20 22
M [El(d)
Bl7 SEERIAER

Fig.7 Weight loss rate of honey

packaged with KGM/EC film
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Fig.8 Dissolution of films in water
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