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Abstract: In this study, different concentrations of Linseed gum (LG) and Methylcellulose (MC) were mixed, and the
effects of LG concentration on the properties of composite polysaccharide water foam were systematically analyzed. The
microstructure, pore structure, thermal stability and mechanical properties of composite polysaccharide aerogel (MC-LG)
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were characterized by Fourier transform infrared spectroscopy, scanning electron microscopy and thermogravimetric anal-

ysis. The results showed that the viscosity of complex polysaccharide solution increased significantly with the increase of

LG concentration (0.1wt%~0.5wt%), while the foam expansion rate first decreased and then increased, and reached the
maximum value (7.59%) at 0.4wt%. Compared with pure MC water foam (76.40 um), the bubble distribution of MC-
0.4wt% LG water foam was more uniform, and the average size was reduced to 59.11 pm, and it still maintained good

stability after 48 h storage. Scanning electron microscope and infrared spectrum analysis showed that hydrogen bond inter-

action was formed between MC and LG molecules, and MC-LG aerogel containing 0.4wt% LG presented a relatively

uniform honeycomb porous structure. The results of mechanical properties showed that the Young's modulus of MC-
0.4wt% LG aerogel reached 0.0982 MPa, which was significantly higher than that of single MC aerogel (0.0288 MPa), and
the yield strength and compressive strength were also significantly improved. To sum up, when the concentration of LG was

0.4wt%, MC-LG aerogel had uniform and compact pore structure, good thermal stability and excellent mechanical proper-

ties, and the overall performance was ideal. This study can provide technical reference for the application of high-perfor-

mance polysaccharide-based aerogels in food and biomedicine.
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1.2 KWHE

1.2.1 MC-LG Z & Z Bl s HEMMFRIK

1.6 g MC, % T 100 mL oK, 78 70 °C T £rLkdi
PEE SR, FIETE M MC KIER .. b5, 7EAH[H
TR IR 3BT 1.6wt% B MC FIAS [F] ke J2
B9 LG(0.1wt%. 0.2wt%. 0.3wt%. 0.4wt%. 0.5wt% ),
FOMRG HE ST, 198 G MK SRIG
{HHH T18 = LA & A& ZHH KGR L 10000 1/
min ¥JFF 5 min 15 BK UL, 2250 IR RS 3|
6 FLARASEL v, YR T TUARAL BRS 2008 R T4 72 h, B
LG G WIS o KPS 31 i) SIS 3 S i
%45 MC-0.1wt% LG . MC-0.2wt% LG . MC-0.3wt%
LG. MC-0.4wt% LG Fl1 MC-0.5wt% LG
1.2.2 MC-LG &5 ZHiKERIREREI 2 3 e
FERRBETIH A MC-LG &2 & ZHi /KIS R . 1k
B LV-03(63) %% ¥, - HAfi A 200 mL &5 ZH7KiE
W, VAT A 100 t/min, T2E0 T 2 PR EE IR,
BARFH IR RS TAETEFEI 10%~90% ZIH] .
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HE RN IR Z BRIV ), 2R I FE <5
A K LR BORFR (V) o 7K U IR A9 B I = n] 3 3ot 2%
(DA .

—Vo 100

ZIK 2 (%) = v

b Vo RORVIUAE 20 WARFR, mL; V, IR
FEARJE K ULRAFL, mL .
1.2.4 MC-LG & & Z KRR RRE M. oIERS
T RPN B E G SRR E T 15 mL &
AHBREEIE A, Jm K IR ES#AF 0. 0.3, 0.6, 1.0,
2.0.4.0. 8.0, 12.0. 24.0. 48.0 11 72.0 h J5HYEMER, A
P I R ARV KR M Ea e . SRS
DG AT SO BRSNS 2 A 2 Hi/K il
IRISTOUIE 25, f5 B Image T #AH8EEAIR ST,
1.2.5 MC-LG & & Z B BER 1 2 FRPE 5T 50 Mt
MC-LG & & Z B I N 24855 % p,(g/cm?) AT 3E

v £ (D
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p=—= & (2
\%

b m IR MC-LG & & 20 BEEE IS 1) 5T
i, g; v #/R MC-LG B & 2 EER AT, mL.
SEEE T MC-LG & & Z R A8 R H 505
1 p (g/em?®) AlHEL A (I
~ M
~ Mi/pw+M,/p,
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04 D)

M, 535l s P RN AN [F] Z2 W5 4 o B, g5 py, A1 py 50591
FORPIFIANF ZHH 925, g/em’s
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NE()THE

P(%):(l—%)xloo x D

K : p, Vs B G 2 W8 EE RS 0 45 % 35,
glem’; p, FoRE G EZNHRAG AR EHSEE, g/lom’.

K4 A 3 Fe 3R m BRI F LB R T, LAAFL
K MC-LG & & W BERAE S AT I03 ]
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A - e S, AP AP LA FNF LA
1.2.6 MC-LG &GP Be i e {5
£ P/36R BIFEIEHE L 9 BT MC-LG & & £
S BEHRE AT R GEINR, DAL AR . IS
PEE N PURTEE A 5 mm/s, MR 2 mm/s, filtk F
5 g, JTE4ATEAE 50%.
1.2.7 MC-LG E & PSSR MHORES s F
JAEH T WA (SEM) X & A 2B B RE S 1Y
PRI ZEF BEA T o AR Sl D 5 il > R/ Ny
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S E NG R 10 KV, 43 5ITE 40<F1 100<7#
FATEL T X B R T ST TR A1F
1.2.8 MC-LG B & B ML s e ot fE
JHAHE L AR LT A G (FTIR ) S BB Sl i A T
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2 1:100 (5 & FLIR &, WS 50 R ilaE B A
Bt ) 45 1 00 T B T AL AN G B R S = R, AR
4000~400 cm™" GO N B TOGREFIHE, ARHCEE
AT A MRS G
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SR R ST A SBE R S i IR e R iR T 3R
fIE o FREL 5.0 mg #F 5 & T A R I b, ZEA R
HWEET, L 10 °C/min B FHEE R M 30 C FHEE
800 °C, SR WAL L R EAT R o
1.2.11 MC-LG &GS BRI Ge 5317
FIFHEC#E P/36R BT AR 00 BT SR S EE S AL
WRPEREDEATHISY . K EARZI N 2 cm., BHEZN 2 cm
M EAETE S BRI LA 3 mm/min AYTEE JE4E 3 4T
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X ER LS R T E R R T 22581 (ANOVA), H2R
JHXB 5 Z2 8 LR B0 A TR S5 A 56, AR s 2EL ] 114 S
EEER . P<0.05 FaA SR . SR Origin
2024 FAFHITEE
2 HBRE5ES
2.1 MC-LG E&ZHEKBRAELE M AKER
KIS 5 /K TR PRI i As e w5 Ul
S, 30 3 R SRS RAORE B TT DA g K M TR AR
FRIRRE N, SRR 5 S BRI A F LRSS A AT LR
PEREVC. 2 1 AT, 4li MC /K 35 9 RS E A
27266.67 mPa-s, BAKIN RE T BOA W P 9 R
RAERLA, MG T A2 XN, Y ek s
ST SRR AT IR S, 52 G 22 08 /K T R BE e
LG W& (g i ik 25 TH5, I MC-0.5wt% LG JE
B T R T AP S Bl e i {HL (40433.33 mPass) o Al
FERITE IR A F— B TR E AESR IHE KGR, P
UL EREEINGL, [RIAAT 20 B)7 LRI AR A rh AL i ke
1k, FEMHET R T

F£1 AR[FE LG MC-LG & Z AN
RGNk R

Table 1 Viscosity and swelling of MC-LG complex polysac-
charide solutions with different LG concentrations
Ao i (mPa-s) REM R (%)
MC 27266.67£251.66" 11.23+0.21°
MC-0.1wt% LG 29966.67+57.74¢ 3.77+0.22¢
MC-0.2wt% LG 34500.00+100.00¢ 3.45+0.13¢
MC-0.3wt% LG 36866.67+115.47¢ 5.85+0.13°
MC-0.4wt% LG 38766.67+57.74° 7.59+0.22°
MC-0.5wt% LG 40433.33+152.75% 7.4240.21°

: FFIA R 7R 22 57 B35 (P<0.05) .

JI52 Bl 3 R P SRR B AR B R UG Y
BTIFEARIS, — UG, B K R B S IR R R
% B AT 5 kb AR B RS AR, e e R R ) AR R
FHE 1. HH— MC /KIEW (KA 11.23%) 44
Fe, BIA 0.1wt%~0.2wt% LG Ji, IR R KR T =R
3.45%, X ] Re& H TR E LG 4Bt s
T MC IZEZERIFLEBR D, TP — @ R R T
ZRMBIE, RO, 2R0, 24 LG ey
I 0.3wt%~0.5wt% B, K B B F, 34 LG
HEBE A 0.4wt% B 3K B 5 KAE (7.59%) o XIS K
A, 24 LG ¥ JE N 0.4wt% I, 14 2R BEA RO 50 -1
B s S Ea s vk, MR TR aE . M
Y LG HIELRLEN T 0.5wt% I, B TR ZRE RS,
FEFRAaI R AR R R BEEFERL, AF TRy
SIAr SRR E , BUT I RIS A T 4. Suet 51 7E
WIF S BT 7 A1 JE e B8 X s 35 TN Y YA VA 2 JIK 532 114 35 1)
Asf i A BRSS9 B0 5, 2 Bk 25 7 BT A i ke BE Ay
10% B35 B KB 126.58%, T 24 B 371 JBe i 2 14
JINE] 15% B, VI PSAS 200 B 3 vl T VR ol 4y
IR AT, SEUZIKR 2 TSR 31.11%.

2.2 MC-LG E&ZHEKIEAMIRENM

TEIE FH USRI il 75 BB i L B v, 7K
MfRE MR PE TEVE ] . 4R R AT AR e
AL REE MRS R R TP IR R I S #E P, K
BESZ M VR TG TS B ) 2 FL a5 AU, & 1
WRT MC-LG & & W /KR K g A7 o R b
PR TR AR . S5 R R, B — MC ZKHIIR Y
Fae ki 2s, #E 2 h APy Z B4, 24 h A
JLR5e4nitde . M MC AR FFIA LG J5, Kifd
R R B A3 B s . BLARHE, 78 LG ¥
0. 1wt% H, B AR ZR AU AR ~HER ELRG B 45
I, ¥ 4 h J5 BRI )2, (AR E MR L T3
— MC &R, fitif7 12 h J5 A4 H B S i AL A B
%, M LG WEINZE 0.2wt% 1 0.3wt% B, A F&
Kl E BB AL SEIR 25 24 h 5 A B, Bl
# LG IREEAEEIEINZE 0.4wt% 1 0.5wt%, /K LR
BARFR e PRI — 3, SR 1T MC-0.5wt% LG 7K 2
R B v S EGE A AR P REEFEEOIRI, 51 £
R 5 A I, A2 AT MC-0.4wt% LG
IKUTIR . 2538 FIRZE R, MC-0.4wt% LG 7KK
H AR IR T, FEREAE 48 h NN ER 31 AH i
MG . IR AR E 3T 2T LG
1 MC 43118 B9 RIAH B AR, AR AR A 350
SR T K UL PSR A TSR R, A T 2 I i
AMARPTHEL, N R S T IR AR e MY, Zha

K1 KA LG #IE ) MC-LG &4 A RIE MUk Kk
FifiFsf [R] A 254
Fig.1 Images of aqueous foam formed by MC-LG complex
polysaccharide solutions with different LG
concentrations over time
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T 43An, X SRS 008 TR 20 455
L, AN [FIAR 2K MUK ) S BLASR 43 A Ja [ 2
10~220 pm, HH, Bi— MC /KHLIR R oA )
PR 2=, PR R 76.70 pm. S E— MC
IKULIRAR L, IIA 0.1wt% LG S5 U4 R~ hn
ZF 82.16 um, X A BEJ= N AR MR E Y LG il A MC
KT ARG VR R RS BEAS AR AL, H LG 47F
PR IIE PERRAIR T AR R R Mg 1 . FRIAITK T A REAIG
B

SR

MC

B (%)

AL QS
PRI A

AR (um)

AN}

2
2
Yb 7
I %
£

SR

MC-0.1wt% LG |° -°

B (%)

il PeoxSE
AP AR QDS

POCRRNRERHHRS
A EAE (um)

MC-0.2wt% LG |,

B (%)

©
MC-0.3wt% LG

B (%)

MC-0.4wt% LG

B (%)

.
\
I =

=
AEENNE S RN
L EAZ (um)

MC-0.5wt% LG

I (%)

DRSSP RESS
AR (pm)

K2 KIF LG #EER MC-LG & & Z KAk i 25408
(A) FH RS RNV (B)
Fig.2 Micrographs (A) and bubble size distribution (B)
of MC-LG complex polysaccharide aqueous foams with
different LG concentrations

2 R LG ¥WIE T MC-LG & A/KHIRMI MR H 25
Table 2 Bubble size parameters of MC-LG composite aqueous
foams at different LG concentrations

Hor ARG E (M) RS ()

MC 76.70 70.48
MC-0.1wt% LG 82.16 70.13
MC-0.2wt% LG 75.75 64.78
MC-0.3wt% LG 67.34 61.01
MC-0.4wt% LG 59.11 51.64
MC-0.5wt% LG 68.96 60.23

{FAF UL NFRIY T8N, ML T kAR K, %
2 F UKW ST B R, B S LG W E R &
0.2wt%~0.4wt%, 1A 22 g R S IE AR N
AT VAT LG 43738 1k 38 58 A -7K T I R,
S, PTG RN T SRR NV I B
R L MMy RAEP . Hop, MC-0.4wt% LG 7K
WK T S RS e/, A 59.11 pme 3X—
& PL5 Kubbutat 54 g HF 8 AL, 1B EE R B
30% FH & 60% B, IR (dsg) PN 330 wm il 2570,
/INZE 33 pumo IR RS R R 14 LU AU B o Y
G R R RS S SN T 7 N X S NSRRI AN
~to BRI, 24 LG WKL 2 0.5wt%, i SRR
AEE I T e A AR T O BB R, BEAS T AL
AT WOHE T G0, Bl E R BRI R R
68.96 um. ZE FFTR, MC-0.4wt% LG 7KHLIR AL
SRR N B A o ¥495], se5ruE ] T ad e B
M LG RENE KRR -V A 5K, I3 5o 48 58 A 1 B
Ak i S PR IAR IR FR RS T, MRS R TR
R HE B ERAR A 22 F LI 45 45 A BE R JERHLU L
24 MC-LG E&ZHESERAIEE RS

AR TS ) 2% 25 K 119 2 AR T A A X 4% 5
PERNAE A TRAE . AN 3 Pz, MC “EEIR Y M 2%
HREN 0.0561 g/em®, BHFE LG BOIIA, SEERLAEY X
L8 B I 5 (P<0.05) B . HAARHE, X4 LG #RE M
0.1wt% 4 IN %] 0.5wt% B}, 52 & L2 W EE IS B I 2%
HEEMN 0.0663 g/cm® FENIZE 0.0981 g/em’®, (HASE
BRI, BRI AR B AR A A IR 25 8% i A AR Lk
AL, B LG W IEIN, 26 20 BE R o f
FEZRWIN 273.65 g WiINE] 878.60 g. i X FhEN S
B LA AT BE 2 MC R LG Z R 2 7E SR AR B,
PRAS BRI AL T T Ry 5088 10 I 28 254, E T iFs<
VER I ) DX 245 4 P AT A5 381) T T H2s1

A B B FLERARAE 32 2w i FLBR BT . FLAARER T
SPEJFLAR IR A SCHE SRR . R 3 RN, 4l
MC SEEB IFLBREE N 96.43%, 31 A LG Ji, MC 5
LG 43 FHER] A B 35 8, (e 52 & 20
BT S WX 4 25 A 38U A, S B FL B i 2B BRI &
93.37%. U455 Wang 2520 pyfiRiE —2k, i1k
B, 4l FoKFEFFEF4E R 9K AR (CSCNC) SEE L 1Y
FLBLFE N 96.01%, 11 Bl & V€ (AS) & & 34 i,
CSCNC/AS BRI FLBR R W T B, X 2]
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#3 AN LG 1) MC-LG & & 20 SR ) R

Table 3  Physical properties of MC-LG complex polysaccharide aerogels containing different LG concentrations

4y HJE (g/em?’) i (g) FLBRE (%) AR (em’/g) FEfLA% (nm)

MC 0.0561:£0.0066° 207.79+13.77" 96.43+0.42° 0.0109:0.0008° 11.10+0.52°
MC-0.1wt% LG 0.0663+0.0011° 273.65+6.95° 95.53+0.10° 0.0138+0.0001° 13.15+1.88"
MC-0.2wt% LG 0.0726+0.0013 367.03+26.51 95.09+0.08° 0.0125:0.0002° 15.20+1.7%
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