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Characteristics and Applications of Complexes Formed by Gellan Gum,
Carrageenan, and Sodium Alginate in Suspension Beverages

ZHAO Wei, HAN Xue, WANG Penghao, LI Ruizhi, LIU Rui, LI Wenzhao'

(College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: This study aimed to explore the effects of combined gellan gum, carrageenan, and sodium alginate on
polysaccharide composite gel properties, and evaluated their practical applications in food production. Single gels
composed of gellan gum, carrageenan, or sodium alginate were prepared, alongside four composite gels formulated at ratios
of 1:1:1,2:1:1,1:2:1, and 1:1:2. Gel properties were characterized by low-field nuclear magnetic resonance (LF-NMR),
rheological analysis, differential scanning calorimetry (DSC), Fourier-transform infrared spectroscopy (FTIR), and scanning
electron microscopy (SEM). The results revealed that, compared to single-component gels, composite gels exhibited
markedly improved water-binding capacities, as evidenced by shortened T,; relaxation times, decreased A,, values,
increased storage modulus, and reduced freezeable water content. Among all samples, the 1:2:1 composite gel showed the
lowest freezable water content (76.14%), which was reduced by 14.14%, 20.51%, and 23.01% compared to single gels of
gellan gum, carrageenan, and sodium alginate, respectively. Additionally, FTIR analysis showed an increased amplitude at
3424 cm™" and a peak shift at 1637 cm ™', and SEM images revealed dense and homogeneous network structures, confirming
that interactions such as hydrogen bonding among these polysaccharides significantly enhanced gel properties and
microstructural characteristics. Sensory evaluations conducted on suspension beverages formulated with composite gels
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revealed the ratio of 1:2:1 to be superior, as this particular composite gel formulation demonstrated enhanced stability

compared to other tested ratios.

Key words: gellan gum; carrageenan; sodium alginate; composite gels; suspension beverages; suspension stability

B RORHEAS )2 RSN S Z2 T80 B IR T,
TEIH P T RS2 UG, SR T, S A P 22 20 24
TREIFRRI KRS . Z2WHEEI 0 — AE IR 2 A figt
PIX —XERR AL T HOR AR, RIS IOE RO,
SRR SRR A B s BEIBCREFR ST HUAR RN
JEE SRR o 1A IO, B ER A A SR i B
A E IR = HER LA R . EE AR T, BE
JISETEZ S 3 At D) 288 85 A AT L D3 0t A A ) S A4 AR
JRE R, I REA AR T A BUASUE PEAN R R
KIRZWIIE— I RS 1, Hoh i ROl 52 2Nl
BWITIR . BEPRER LT 4 IR B & b i 2
Wit o WAL HAR AT =& B, HoA Al i PR o
TR IIRE . PUS AR AR BN A A P e,
HATAFFERIE A IX LB IR P A A5 R AT
FEMIARESE, A BRI A B A R, IRTHH 2
HHEAAARYS:, S B IT R pe it T Al fErE. (Hep—
W T A, TR E 2 N BB o B XA . HLbSE
BV, HAEI TEEEAAE P ARE A L AF LT
AR ZHEZ A AR R Y PMEIE AR, 255
Al RESI T BERC LI TERE, andgsRERE SR | 3T
U ERE SRR e PSS, A 2 eIk o — 22 E A [T A
B4, DNTTTAT 250807 1 e PP R PURL TR (RIS, (R, 7
HEA PHEE R 288 Al LA A 20 4 B AR R R
U DI REAY IR L, FEARA ™ lAS, AT R 28 5%
P Ents

LV RIS 11 A I A PR, R T B U
B2 R AR Z2PE . R AOASE P S L5 i 55
IR A A HGE TR PR B A A, 7R A
AU HPE) 2™, W T ZMERIR AT T AF SR
PEEAR BTN T FERrp ok, 45 I REA 4B 1A
IUIGE, FTHICRIR BT, ST AT HA ]2 Y™
s A LY, 25V e PERERRE L BELS BE LB W B L b
TR R RT R, I8 BB AW IR R A A I, e
P R LR G SESE 2T (o g 3 rh PR
B RARATAE Y BA B TR AL R PR Z2PEN, 2SRk
S HAZ A A, A St Bl A T R 2R
e R | S BN e J PN A ) SR i
BB Ay B AZ I AR ELAE ™ AR 55 45 X 5
TS X, Zad F ] BB LAR oA, PTG
B S FasEtE . Nishinari 58U B5E T 250815 R P
TRG R RIS, 4550 BoR IR G Y S E— B Wk
L Bl N AH EL AR e 42 DX, (L PSS R, T
FEA R HE S [, T AR B AR I e AT
BEMRAME— ORI TR B AR 220, oo 1454
A R AR | R, A AT R, REAS T A
FEAF T GH A Y = AEBE I 25 25 A0 IR ek n T

DL H A Z 8 S 3 [RIRON,, TG SR LD Redet: o
BRI, DA-RHE 5 e BN A G i il i BRI
R, BEE RPIBEHE 32T, BERCER R 1 2 S 3L
HONEE LA, [ A IR s ih—20 1
N, AHEEFEA— VG R TRENEE NS, T2 G BRI 58 2
PR 2 KT (LAP ) R 3 1 T vy (A 35805, EAE SN
SR EAT WA, MG EERR N R MR A A &Y
B A RUBRELEAA N L B AR BB 4~ Rl P 2 A 0!

S, FEHSWOM i %8, P feiE o) S e T
VEFTE OB 2 A BRI X 2%

FETFLER L . RPLIE TG PR N 1 e IR R A
PRGOS 11, RGEERTE = LU 2 S5 RS EBE Y
VAL, 30T ELBIAS [FIXF SRS AR AR . K53 RS
e 77 DL SO &l e A5 sz, R AR S okt
H, DL IS RSB FHRCR, S 2D ReEE R 14 T
R B UCR I TE R AR AR IR 5 50 S
1 #MR5RE
1.1 #RSEE

(RBE L5 4 I (Gellan gum, GG)  Fram B4k
YR RN 7 .- $7 K (Kappa-carrageenan, KC)

35 (hE ) B S A8 BR S |l 5 1 35 2 4N ( Sodium
alginate, SA) 75 & B A Vg s L A BRA R S2560
IKRIE R ZEABK

XMTD-204 [HE/KHEFE i RBHE AR
2N Fl; YH-A1000 B F K B 28 T 924544 FR A

Fl; HAAKE MARS60 BEfL AR FEE L L F;
MicroMR-25 & E LRI _Eigalin B 7Rk
PR\ T ; DSC 3500 Sirius 2Z {3 B 2
fiit4h NETZSCH; MODULYOD-203 ¥ TPl 25
I FEBR QIR BHEE AT BR 2N 7] Tensor 27 fH B2 4
A FEEATE 54 F s SU 3800 F14 L7 b i
HAS H 32 =0 A F o

1.2 SEWHE

1.2.1 BERAES il eE Sl s AN B L) e A
i, S5 B (GG) R PLIE (KC) TV 35 192 40
(SA) o 43 il £ — P BA— A EE S A A3 — Fh 20
B LR DU AP LR A A B R A BERE: 1:1:1,
2:1:1,1:2:1 F1:1:2, &4H5LL 3 g/100 mL BYHE
FERCHIS R, BT =R NI iR B =505 %, It
FEATHHK 1 he B, FHRGHRCE T 80 °C /KA
PAE IR ARF 30 min, W EIRIER, 76 4 C vKFE A7
fii 16 ho F3BNAYBEERAESL 435 L) Sin-G .. Sin-K. Sin-
S. Comp-1. Comp-2. Comp-3 Fll Comp-4 1744 o
1.2.2 JKSGF43AAEM 3T Zhao 452 B 5256 7 vk
FEIE BEORAL, I LRI (Low-field nuclear



478 % o

B, A EERIEL RIS RN A B BCHAE B PEOR P BT - 109 -

magnetic resonance, LF-NMR) W5 BERAFE i H A 7K
SO ATRRME . FE NMR U P CE BE AT b, 3l L
CPMG Jiik 1) 51) R B A8 ] 5t % B 18] (T,) 43 A1 ith 2k,
LSBT AN [RIGE G IR EIK 5304 o L SRR R

1.2.3  FeARRRHEARI RS T AR SR BE A i
AR AR AR A TR . 26 FH p35 AR, e MR ] EE
S 1000 pm, 7€ 25 C [HIEFZ/MF T, #id 0.1~10 Hz
A FEATRAR =S AT A [ S I SIS AR 1M o
1.2.4 WAIERGE/KEGERM =8 Lei &P 197 k31
i AEAE B0, R 25 78 33 4 & #4 7% ( Differential
scanning calorimetry, DSC) #A7# 1081, HAR
PRUNT : EIMFRIR 7 mg BERC R B T4 dl e
FEPAAL B, B RS T DSC R E N . SRS
ARANENRY A 50 mL/min), B8 R4
T M —30~30 °C, LA 5 °C/min (138 R 547 72 5 T
o ISP 0 °C BT r M R TE AR, R AT
BRIHRE K (W &

AH
W (%) = AH
0

i AH SRR T AR RS (HE, J/gs AH,, 22l
IR RIS, 334 J/g.
1.2.5 fHEH AR LT NS GEEAI ARYE Guan 450
A 7 s PR, A B AR e 2T A G35 (X (Fourier
transform infrared spectrometer, FTIR) ¥ &EH: 43T 4%
NEFEFHEATREI . FREL 1 mg £6—80 °C FlZJA T4
IR TP T4 24 h AR TRESL S 150 mg 1R
ARFPRYARIR A, (0 A FE 5D s i B B A s
MRS A R EBGE ] 4000~500 cm™!, 43##% 4 cm ™,
S 16 K.
1.2.6 fTHOLEAgER SRR W 35 5B (iR IS
VEAE 2, 38 o 39 4% H 7 i 3% 8% ( Scanning electron
microscope, SEM) MLESELIE 4 TE & o KR THRE
Yl NS FR TR WS4, RN fL ) 5.0 kV 22 100 1%
TRRAEECT , 10 SREE I T T ORI
1.2.7 FEEIFURH B SEER N
1.2.7.1 BRUckhiyifild LA 200 mL i, IAGESK
T1(6%) . LLFH(3%) . HEPHE(7%) . #1502 (0.02%)
P R LT TR A UL CRURLR A2 3.5~4.0 mm, @SN
i 3%), I BT 2 G 5EE Comp-1. Comp-
2. Comp-3 Fl Comp-4 #% 0.3% HIEHIE ST Bin AL
h, LIKGEZS, B0 AR, =T .
1.2.7.2 PUFESIS  #£ Khoshdouni 452 (19 5 3% I
FHYEVEEE, FE SIS R 52 A B 1B v ok 2 T i
B, A3 HTEAFIL 1. 3. 7. 14, 30 d By G —Ff FEFAER IR
BN F, SRS 53 FEC T O
1.2.7.3 BEETFM &8 10 2 A TE S0
Tl 2EAE (B AL e 1: D), B3R 1 BTPESPRIE,
XTEWRAEHL 3 d BETRUCEIHA TRV E PFor, KERTEST
i KA B MBS TSP EAE R B A 430770

x 100

H1ERTITA

Table 1 Sensory scoring scale for suspension beverages
14305 H VESMRIE SHE(53)

BRI A6, AL 21~30

B (3047) B, AL 11~20

PETIR, JEPERT IR 0~10

A G TE 2, JCBER, o5k 31~35

WK (354y) A DTS 38, S tase i gk, JC5 Ik 16~30

A VIR, BE SR EL, A W ok 0~15

FRLIMAT Y5, Jeor )2 ULTE 31~35

HARE(3551) FORLER Sy L, B2 DLTE 16~30

SR AFRUUR, W] W UTvE 0~15

1.3 HEAE

JITA S 6 O FA 3 3ok — o Sy A e, &
DL B{EEAREZE (Mean+=SD) JE XK IR, FE(E ) SPSS
24.0 Mz Origin 2020 5&)85r AT 545K, P<0.05 FxE2H
() AT gt 2E
2 HBRE5Sh
2.1 KRGS FAEN

SRS G BEE N K S3 I 43 AR RRAE, iz AR
ARG PRI AN 5 B A S 1 T, SR ARl . T, 5th
B EAS T R K i &R E R E S
W 4 T, (BN, SR EUST 1912 38 <2 31 5
SR A R, o mf RS AR 2R N K S AR M i Y
MIE 1 REE BIASRIBERCAR S T, s g ot T
AR AR SR B PSS TR Y 048, 45 0T AN [RIAR
AR G545 7K T,,(10~100 ms) FT ] H1 7K T,5(100~
1000 ms) . AHLLTHA—EERZ, PUFP LU 0052 AEE RS
1 T,y PR IAERE ARS8 B U5 A, 2
ANFIBEBAE S A PMNRA EAE R . AR S8R,
S [W] 2 WAt 2 8] ] B Ao SR . AR A5 A T g
LEFAEER, A3 A [ R B B 7K 5T 1l R A BE e
P2 2tAs i, DA SEL 1 oK g G KR, 456K
TR, GG, KC. SA Zr T ki & A K
HEIFRIE | FRILAESE/KILH, s SR H v A 5 7K 501
TERE S, = A B0 PMEIE IG5 T BRI X 7K 5310
REERE ST, Al T BER I I EREEHE

TEFE 1 PaFh el 52 & BEkeH, Comp-3(1:2:1)

A
y
994

/ |
|

|

)

Sin-S
Sin-K

1400 ¢

Sin-G
1200 Comp-4
2 1000 Comp.3
EP 800 / omp-
™ 600 .
& a00f Comp-2
208 Comp-1
001 0.1 1 10 100 100010000
TR A (ms)

B S [RIBEIBAT: f B st s ] S

Fig.1 Range of relaxation times for different gel samples



- 110 - £ Tl B4

2026 4F 3 A

PSS G /K AR T At = A Eb = S8 2 . X AT
HEZH T KC Ll hn, SR TE 45 74 )i hy I 25 B
28 EaT RPN gELERO, 5 GG BB EIE N T 2 N 4%,
T TP 1) X 4 435 4 BE 1% T A7 R IR 28 7K B,
{58 109 H K F AR 456 7K . T Comp-4(1:1:2)
IS G 7K /b H T,y MRS IS8, X vl fe 2 T
SA = L 5 R B R Rl R HE R IR, B
Sy LG, A KSR TP IR T R4 i Sk .
SA A RE 5 HAW WS A ETE 4R, 1D T GG/KC 22
RASL S, ISR R XK S IR A B ) T %, ‘3804l
K EERER.

2 2 MBI R AN R B2 A B IR & 1 s R
[E] A2 X N Ay W TET AR, St R B[] T, . Toy XN A UEETHT
L AILL Ayl Ay oo T, SER AT [E] AT AT AR AT
VI A 0 52 G B I AR 3R BL 45 2H 43 5 7K 43T Tal 19
FHE AR FHFNEE RS NEBLE A S B . IRTEFR 2 BUE,
Sin-G. Sin-K Fl Sin-S B9 T,; 8 B i 2257, SA
PRIHER PER PR A R B L T, B0 . S0 — BRI
FHLL, 2 AEENE Y T,y P 405, [FIAT AL, LA
I8/, Fort Comp-3 1Y T, f%48, 20 471.71 ms; B)5
MK N Comp-1(531.63 ms) . Comp-2(580.33 ms) .
Comp-4(581.05 ms), H. A, FIEUEAE At 1 e it
JE¥EIN . X RUIAIE LG Z BRI A A E DR H 8 E
HH, BESCRAFE 225+ . W Comp-3(1:2:1),KC &
b, HOOUBHESS A T REAE At v 44 2 S
FH, SHABZBEPE], T8 T SRR /a8 1 SR 45
T4 IXFEEA T IS RS A R A R NOK 53
WEES, R OBV, 0 AR 1 43 AR, R AT
AR AR TR P RS E o

F 2 N[N it B S FR R 1R] B Lo Rz ) g T A
Table 2 Relaxation times of different gel samples and their
corresponding peak areas

BES T,,(ms)
Comp-1 17.75£0.85¢ 531.63£2.67° 256.08+1.58"
Comp-2 30.01£2.12° 580.33£1.73° 249.08+2.32° 245251.04+1.79°
Comp-3 16.69£1.41° 471.71£2.11° 317.53£1.89"° 197032.23+2.23¢
Comp-4 33.49+2.12% 581.05£1.06° 219.52+2.12¢ 279460.62+2.49°
Sin-G  34.02+2.83% 582.06+0.37° 218.98+1.94° 523831.09+2.90°
Sin-K  35.39+3.32° 818.67+0.65" 203.05+0.88° 897771.42:+1.36"
Sin-S  43.86+0.70° 1079.92+1.98" 194.71=0.717 1245701.325+3 .83
T RS R R R A AE #2557, P<0.05,

T,3(ms) Ay (Voms) Ayy(V'ms)

240697.00+2.22"

22 REFESH

ViSRS AR R = ] SGHR, AR o
A OB 2L 45 F4) - 5 DT REAH EAE A0 A, i
FhOESRL, BERE S A SR BT A B N B AS R LA KA
Tt R R PERER BCH. 18] 2 S A [E] He ) 52 B
JBE (a) A K B —BE I (b) B RERR it G AN FE AR
G"RE#3#(0.1~10 Hz) 2L AR T8 o FIEI AT LA
i, BEE RS W, B A BE R A6 B GURI
G R, IFH G—E& T G, iy i

B EE AR PERY . TEBCRIAIMTEEIN, I -5 BE Y

G'HH B & Fr—&Ei, b Comp-3(1:2:1) BIn i

1Y G, W HARGR 1Y R A ny gt ta e e,
X AT B R A B s EL Y KC L T B SR RS
2%, 1M GG 1 SA WP T X A A EAFE M . Comp-4
(1:1:2)89 G'WHAK, Comp-1 Fl Comp-2 FEF H A
TR Z M rERE, TR -GEER I Lu AR T R AR

Rtk A B2 . 35 Y0 LA B PR sREE 1Y

ZEFTRE . & BRI KC AR e S AR R P AR 2|
PSSR G SR RN, He R Ui AR e P RS2 e T 20
Sy Z A PREIVE AR R R e, 6 B L

P H A3 %51 Bt 04 JB AR A 11 JeR LA Yl 38 A 52 g B4
TERIR YO, F20E 450 518 B RE A R SRS
ks N UL, T B S AR E PR AR

a) 1000
( ) 900 GV GH
i aah . s 4+ Comp-1+ <
800 'f:.. * v 2 M . * Comp-2+ ©
= 700 ,,'--‘ Comp-3 4 =
- - v v ¥ v - _
5 600 [ T . N R s Comp-4
= 500 et o o0 o © : °
a2 o @ ? °
400 p°
300F . o v v
200
100 L 1 1 i 1
0 2 4 6 8 10
B (Hz)
b
() 550 G G
500 . - " SinGs =
450 fam" Sin-Ke o
S 400§ 1 ¢z 2 : *  Sin-Ss -
= 350
© 300
Cas0fgene c T : .
200 = o & A a S a
150
100 : - - : ‘
2 4 6 8 10
B (He)

B2 shdBR Al h AR BER R A A RERL I (G
FARFer R (G 2k
Fig.2 Variation of the energy storage modulus (G') and loss
modulus (G") of different gel samples during dynamic
frequency scanning

23 ALRZKEES

2N EIRGE T T s WS AR R P R
ZEIK LA (W ), JHC Dt B3 S A 0 7K 537 TR R i
TEFR P AARAS AT AT R Se BB, B 3(a) FIE 3(b)
AN [RIEE RS 2H 43 AE AR X A] (=30~30 °C)H Y DSC #4
Wi, Z5RRW, FEIRAEW T 0 C 2GS A
HH 5 A T BRI A, Ko R BEIE PN 7K 53 A UK 2 [ VRS
FEARAHAS b f o IR TR R S A 3R N R RS /K IS
{EARAAHDG . HH BRI, 25 GRS i R BRlgs T AR B
— B )N, R AVE P B oK A 5845 A
KB ATUREEPE, X — IS SARIAZ I LIRS 10 25
AR ENUE, UERA AR e i 43R A RIS 5 T
IKSYREERE S .



478 % o

B, A EERIEL RIS RN A B BCHAE B PEOR P BT <111 -

—~
[
Nal
—_
~
o
=
—_

DSC (mW/mg)
&

DSC (mW/mg)
&

—(1) - \\ K/Fﬁ sof Ll = e
-2 Sin-K\I‘.‘ " ‘ Sins
sm-a%/ /

—~
el
~

100 r b <

60

Wi (%)

40t

'o
\\V/ 20

—4 —4

-6F -6

-30 20 -10 0 10 20 30 -30 —20 =10 0
T (C)

R (°C)

10 20 30 D . N
o°‘&o°&Qc°®Qc°&Q i

&3 A[FEEERHFES T DSC 1Kl (a, b) K& Wlc)
Fig.3 DSC spectra of different gel samples (a, b) and W, (c)
TE: AR FRERORAAE L P22 5, P<0.05, 8 7 [F).

ST HAAS AN RIEE AL Y W, Z5 1 aniE 3(c)
BN BPae B, B —BER Y W, SV E T2 G 5E
e Herp, Sin-S B Wi s . 7ERZ-GHEERCH, Comp-3
(1:2: 1) W MK, N 76.14%, X H B — R 2 43 531]
FFAR T 14.14%. 20.51% 1 23.01%, Comp-1(1:1:1)
Y Wi =+ Comp-3, Comp-4 Heisj o As[E] EL ) 14
B GBI AR R RISON, DA ZH 53 L AF Xl 8
FE LB S5 FG AR 5353 A A B B . Ml RES K &
HERAIRET, B 25 A K3 BE AR =, BEAE T A3 50l o
K GrF, keGSR S AH o B AR, XRS5 A4
PEdeE T HAR AR E . Bk, Comp-3 BORERES K
T A, FEAH LI L8 S5 4 o B, Rase MR
ZAF TS R AR G B R T RE S O P B
= 24 S R AL T B AR
2.4 BEMHTIRIINSGESHT

LI GIE R — R P B IC R, etz
HTRIEAFRINZ0E . bR B 5 F7KF FAH
HAEHB, 7€ FTIR JGi% b ] LLE 22846, a0 il
IR s AEPY 2L AMEiE S AT (B 4) d8 s T F—
BERE B H B2 SR Z W TFERAVLHI ZE R . R 1E
% 34242925, 1637, 1413, 1151 cm™', 435X #2
Fe(-OH) WPLAR PR S | 1A 2V (C-H) M 4a R 2 |
FRIRFE(-COO ) AN FR AN FR LE e LA 1% Fik 5 (C-O-
CO)PIfhB7, 853 cm™' AL T -RAP B ZLH A 1Y
LR TR JE (-OSO5 )Y, B 5 BRI G IR M3 e 1
5, Hop Comp-3(1:2: 1) 7F 3424 cm™ i Bl i )% B

3424 2925 1637 1413 1151 853

4000 3500 3000 2500 2000 1500 1000 500
HEL (em™)
Kl 4 RIFIBERHE R ZLAM T 1A
Fig.4 Infrared spectra of different gel samples

R, 3 I L SV X 2458 2 e v 5 -C OO 114 EAHE [ I
PEBGTERE M 853 em ™t AbNERYYE S AT fESELR ME 2 b
o SIS B L 25, #-0S O, FE A2 T R4
AR PNES, SRR B B EERRAR. IR GHRERIE S
AR AR —2, Comp-3 A KC SUZE =S
AEHRAE A AR 22 32 16 B %, fid GBS 1 Wl S5 4R T,
Comp-4(1:1:2) W SA il 5| & # i HE & S 305
R, B LB 25 5 25 | R U RIVE )
EARk, 15 S FU I T IR SRR FH RS 5, SX RSk
1) 288 25T Bl AR CR I OE B 282, B
TR N R SR A
2.5 EEATFE

S [ EE R & RSO EE A ANl 5 s . a4
T TR AUBE S AT, T T A B A5 P A A AR RO,
FRIE. Sin-K 5230 & B2 2 LI 53 IRE5 44, 1T Sin-
G W3 ZF LR R G A ", oo lal i AH
HAE AR5 AT 5% Sin-S LUK A S et 4
LERIAEAE, FfmZ WA AE— 2 PR S, i e fE s PRI g
BEIYEREEAER . X E G, HER G T —H1ss
KRl o, AR T B IE, R4S 435 KAy 32 22 T R B30 )
4], HFUAE /N, Comp-1(1:1: 1) HMAERE N
B, HAE JRy 8 X 384T AF AE B R AL B 3 Comp-4
(1:1:2) BSOS A4 i [R] B B T R R R 4548 A2 FL
IREERE), FLrhFLAREE R SR X Il A A4 Ras BURTAS
HESEYE, IR R B T AR - B S, n B
FidmM SA 51 &FEH A AR HER, AIMBEER T IR
738 i EHE R 8 4R, T T HAt R B0
HITHEY, e F BN STONT, A3 BER oIk 4EF71
SR RE MRS o Comp-2(2:1:1) YL M R 2 P4 b
Comp-1 BEAIK, Comp-3(1:2:1) S i W EE i LE
M5 45y, HALETESS SRR i), X R WITE
BEACEE R, A R PRI RO 38 B i A, B
TEREE e sE H R B Ao et o FLBX A 2 2H 5
SR EAEA —E 0. JFLER KT, (AR
S TRIAE XS TR, 33X HI 55 /K SR 5 Z R AH B
YER I, KRS8 G AR 55, s S B8O 2K
FLA A KBS TR R Z ™), Jok Bk



<112 - 0 Tl B

2026 4F 3 A

Comp-1 Comp-2

500 um 500 pm

500 pm el

K5 ASFEIBEBAE A AR 25

500 pm

500 pm

500 pm 500 pm

&

Fig.5 Micromorphological maps of different gel samples

BN g R e P R e, R e o T AR
A 5 S RATIY) Y8 S AR I A AR DTRS o

2.6 EERRERFINPHEA

2.6.1 PIBEILIT ARSI T, B—BE eI ok
SCIUBURLETE . & 6 AR LB 52 -G B T
EIFUCEUE, 30 d NRYETRIE L. R EIAT L, FERTR
1 d B}, Comp-4 H ik LW S FUT. BlEAE ) AR
% 3 d, Comp-1. Comp-2 H UK TR H B — @ TR R
VLR, Comp-4 5842 VLVE, Ml Comp-3 A3 PRIFELEF 1Y
RS, B 7d MUUE, Z5 8RR, Comp-3 if
LALFRFE AT AL BIRRUR . B A E 2R rE
e 5 H S F A R BEAE 3 VA G . Comp-3 %
PR B A, AR HR RO as F IR 82, i LU
FEEERIE BT e I Z8 254, XTSURLE 2 T
TSR Y SRS EOVE T 25 B T 0L A8 D kA 13
B, [R]A AR R Gl S R ) A B T4 ier
MR eAE, HAth LU 52 BRI TCIAAS B TRl 4E4F
UKL R, 3X A] 8 H T4 53Tl P [R] sl i35, A8 BAE
FHI73%55, PO ZOE i R8G5 A4 B 2B o

‘! BE T i I J Wi o e
6 NN T AR S B R SR OB AN [ s ] 1Y)
ESRESVES
Fig.6 Suspension effects of suspension beverages spiked with
different composite gels at different times

e WA B RE IR IOZ 25 1. Comp-1, Comp-2, Comp-3,

Comp-4.

2,62 BEIFM  MMZEETKE (K 7), Comp-3
PRI . MWHZUIRESSEPR0AT, Comp-3 REfe e 4
RLAEAR Z2 B 2 53 AT, A58l 53 )2 DTRE LG i) A
A, XS YT DU S IR I 45 R — 2, R Ll &2
B AT RS AE ) —HE 28 2544, B S X R At K
B HAEN . eI, Comp-3 HYF351 I AR

15, X ] BE R RO S AR RN, 2
TR YCER P N IS R 58, DGR MELL e 5725
R, FECYCRHE A S B H e 09 (a2, (BT A
TAEBRIX W], X HE AR B R S T a2 ) 1 T RE
Mo Comp-1 -5 Comp-2 BB PE4-FHUT, (HLHLURE
%5 Comp-3 22, Comp-4 AR E PEo 5K, i
LTRSS 43 2GR B e, TR R T i %
EL 0

L7 LTI, AN W] LU0 52 -G e e B R Aok v,
X EUBCE BT AE T W R, Horh, Comp-3 7E
ZNIRE e Z AR T RAFI A, AR
R 5] 53 B0 (RIS AR IR b ) T 43 )2 804, i HL
TR XU /R4 31 Je B S TS B s )

(a) 100 1
be ab a c
80
&
~ 60 L
£
w40}
20
Comp-1 Comp-2 Comp-3 Comp-4
(b) i
34 —=— Comp-1
32 —e— Comp-2
30 —a— Comp-3
28 —v— Comp-4
26,
4
20
o W
HEURE U

7 BN BN i OB B P 3 52
Fig.7 Effects of adding different composite gels on the sensory
scores of suspension beverages

3 #ig
S T ) 4 R ) A9 B4 5 e, ot L I A



478 % o

B, A EERIEL RIS RN A B BCHAE B PEOR P BT <113 -

PEFT AL, FERH T IR ORMA R . BFSc R, H 4
BEIR K S48 A e ) o T2 — B . (R RE It
PRAIHT TR HOK AN TR R 3, T, ST a4
Ay (IS, FEW152 B BRI R K53 7 P U T
BN B R R, KSR S B s ARG K S
B, E— 25U XK S s fiE 7 1, BRI
[50S4 B O 153 FTIR 0% P PR A AL IE S T i
N7 A e ST A M P S b il A
BT M T B H ST (R S sy ST L4957 A
PRI ARSI . EBIRoRkT, Comp-3(1:2:1) &
09 B TR OB SRR R R AL . X
KC 90U A7 I 2 H e b S S0, S5t
o e A T TR R 4, A 20 1 5 I
AepiRasethAs, FoeHEaPe . KWK CURIEAS RS .

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE LK
(1] 258, 0K, RT, F. SHTRBYBAA Y 08
AR R 0] "l Tk KR8 RAF R, 2023, 44(1):
126-134. [ WANG Zichao, ZHENG Xinxin, YU Xiaoxue, et al.
Research progress on the effect of polysaccharide on physical prop-
erty and function of food[J]. Journal of Henan University of Tech-
nology (Natural Science Edition), 2023, 44(1): 126—134. ]
[2] XM, 303, BT, F. R REAEZK R0 2 A ALt
B[] &% 5 & 8 T Ak, 2024, 50(13): 377-387. [ LIU Bowen,
SUN Yang, KANG Yu, et al. Application of food gel used as a nutri-
ent delivery system and its research progress[J]. Food and Fermen-
tation Industries, 2024, 50(13): 377-387. ]
(3] ks, Boek, 4R, FOR B0 ML R RAR
AR R (] RS &3 K F I, 2017,36(7): 673-679.
[ HUANG Junrong, TANG Xiaodong, PU Huayin. Research
progress on the micro-structure, texture property and stability of
starch gel[J]. Journal of Food Science and Biotechnology, 2017, 36
(7): 673-679. ]
[4] XIANG Qianru, HAO Yuting, XIA Zijun, et al. Biomedical
applications and nutritional value of specific food-derived polysac-
charide-based hydrogels[J]. Advances in Nutrition, 2024, 15(11):
100309.
[ 5] ZHAN Lei, LAN Guowei, WANG Yuniu, et al. Mastering tex-
tural control in multi-polysaccharide gels: Effect of x-carrageenan,
konjac glucomannan, locust bean gum, low-acyl gellan gum, and
sodium alginate[J]. International Journal of Biological Macro-
molecules, 2024, 254.: 127885.
[6] SAHU N, MAHANTY B, HALDAR D. Challenges and op-
portunities in bioprocessing of gellan gum: A review[J]. Interna-
tional Journal of Biological Macromolecules, 2024, 276: 133912.
(7] W%, B—F, 20, F. $HERRRAG D RF AL E
Roim TP e R AR [J]. & Ft57, 2024, 45(5): 283-292.
[ YANG Rong, ZANG Yiyu, WU Peng, et al. Research progress on
functional properties of polysaccharide-based food colloids and their
application in food processing[J]. Food Science, 2024, 45(5): 283~
292. ]
(8] #mi M, F5e%, Makk, . J Sh 3l AL IHA A R 255

AR T]. A kg £ 8 T 2k, 2024, 50(3): 298-303. [ ZHENG
Liyuan, LI Wanying, YU Linbing, et al. Advances in the biosynthe-
sis of gellan gum by Sphingomonas paucimobilis[J]. Food and Fer-
mentation Industries, 2024, 50(3): 298—303. |
(9] BRAEAR, AR, RE A S 284 R b & & A B A BT
7 4wk (7). T b A S IR 4 4R, 2023, 40(3): 45-52. [ CHEN
Jiale, SHUI Xiaoxi, ZHAO Baohua, et al. Review on biosynthesis
mechanism and application of gellan gum[J]. Journal of the Hebei
Academy of Sciences, 2023, 40(3): 45-52. |
[ 10 ] KUMAR S, BHATT A, PUROHIT P. Carrageenan modifica-
tions: Improving biomedical applications[J]. Journal of Polymers
and the Environment, 2025, 33(4): 1667—1688.
[11] ZHANG Qing, WU Daize, LUO Wei, et al. Molecular struc-
ture and functional properties of glycinin conjugated to x-car-
rageenan and guar gum: A comparative study[J]. Food Chemistry,
2022, 386: 132810.
[ 12] PIRSA S, HAFEZI K. Hydrocolloids: Structure, preparation
method, and application in food industry [J]. Food Chemistry, 2023,
399: 133967.
[ 13 ] YUAN Chao, XU Dongyan, CUI Bo, et al. Gelation of x-car-
rageenan/Konjac glucommanan compound gel: Effect of cyclodex-
trins[J]. Food Hydrocolloids, 2019, 87: 158—164.
[ 14 ] NISHINARI K, WATASE M, RINAUDO M, et al. Charac-
terization and properties of gellan-x-carrageenan mixed gels[J].
Food Hydrocolloids, 1996, 10(3): 277-283.
[15] DUCEAC I A, STANCIU M C, NECHIFOR M, et al. In-
sights on some polysaccharide gel type materials and their structural
peculiarities [J]. Gels, 2022, 8(12): 771.
[16] FHkiz, Hd-F, L. 5 RN LSRRk
(0], e mAR £ Fre 54k (8 A A5 08),2022,42(4): 101-108.
[ CHEN Wanying, GAO Jianping, MA Jingjun. Research progress
of sodium alginate composite hydrogel[J]. Journal of Beijing Insti-
tute of Fashion Technology (Natural Science Edition), 2022, 42(4):
101-108. ]
[17] RAMDHAN T, CHING S H, PRAKASH S, et al. Physical
and mechanical properties of alginate based composite gels[J].
Trends in Food Science & Technology, 2020, 106: 150—159.
[ 18 ] HECHT H, SREBNIK S. Structural characterization of sodi-
um alginate and calcium alginate[J]. Biomacromolecules, 2016,
17(6):2160-2167.
[19] YUGUCHI Y, MIMURA M, KITAMURA 8, et al. Struc-
tural characteristics of gellan in aqueous solution[J]. Food Hydro-
colloids, 1993, 7(5): 373-385.
[20] DISTANTINA S, ROCHMADI R, FAHRURROZI M, et al.
Preparation and characterization of glutaraldehyde-crosslinked kap-
pa carrageenan hydrogel [J]. Engineering Journal, 2013, 17(3): 57—
66.
[21 ] ZHAO Congxian, ZHANG Chao, KANG Hongliang, et al.
Gelation of Na-alginate aqueous solution: A study of sodium ion dy-
namics via NMR relaxometry[J]. Carbohydrate Polymers, 2017,
169: 206—212.
[22] LEI Wenzhi, QI Maodong, SONG Jiangling, et al. Adsorp-
tion of polyphenolic compounds by sodium alginate-modified starch
nanoparticles in a multiphase system: Kinetic, thermodynamic and
release characteristics studies[J]. Food Hydrocolloids, 2025, 162:
110900.
[23] GUAN Hongmei, LI Yao, QIN Xiaoli, et al. Effect of sodi-
um alginate on freeze-thaw stability of deacetylated konjac gluco-
mannan gel[J]. Journal of Food Engineering, 2024, 383: 112239.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.16433/j.1673-2383.2023.01.017
https://doi.org/10.13995/j.cnki.11-1802/ts.038999
https://doi.org/10.13995/j.cnki.11-1802/ts.038999
https://doi.org/10.13995/j.cnki.11-1802/ts.038999
https://doi.org/10.13995/j.cnki.11-1802/ts.038999
https://doi.org/10.1016/j.advnut.2024.100309
https://doi.org/10.1016/j.ijbiomac.2023.127885
https://doi.org/10.1016/j.ijbiomac.2023.127885
https://doi.org/10.1016/j.ijbiomac.2023.127885
https://doi.org/10.1016/j.ijbiomac.2024.133912
https://doi.org/10.1016/j.ijbiomac.2024.133912
https://doi.org/10.7506/spkx1002-6630-20230410-083
https://doi.org/10.7506/spkx1002-6630-20230410-083
https://doi.org/10.13995/j.cnki.11-1802/ts.035116
https://doi.org/10.13995/j.cnki.11-1802/ts.035116
https://doi.org/10.13995/j.cnki.11-1802/ts.035116
https://doi.org/10.13995/j.cnki.11-1802/ts.035116
https://doi.org/10.1016/j.foodchem.2022.132810
https://doi.org/10.1016/j.foodchem.2022.133967
https://doi.org/10.1016/j.foodhyd.2018.07.037
https://doi.org/10.1016/s0268-005x(96)80002-6
https://doi.org/10.3390/gels8120771
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.16454/j.cnki.issn.1001-0564.2022.04.014
https://doi.org/10.1016/j.tifs.2020.10.002
https://doi.org/10.1021/acs.biomac.6b00378
https://doi.org/10.1016/S0268-005X(09)80233-6
https://doi.org/10.1016/S0268-005X(09)80233-6
https://doi.org/10.1016/S0268-005X(09)80233-6
https://doi.org/10.4186/ej.2013.17.3.57
https://doi.org/10.1016/j.carbpol.2017.03.099
https://doi.org/10.1016/j.foodhyd.2024.110900
https://doi.org/10.1016/j.jfoodeng.2024.112239

- 114 - £ Tl B4

2026 4F 3 A

[24] E2F, FX4), B, F. FRK-TREH-BEFEOL
B B 8 ) A PR PR AR (D). A e A 5, 2025, 46(2): 72-80.
[ CUI Yaxue, LI Wenzhao, YANG Xiaofei, et al. Preparation and
characterization of carrageenan-modified starch-egg white protein
composite gels [J]. Food Science, 2025, 46(2): 72—80. ]
[25] KHOSHDOUNI F Z, MOUSAVI M, SEYEDAIN A M, et al.
Stability, physicochemical, rheological and sensory properties of
beverage containing encapsulated jujube extract with sodium algi-
nate stabilized by sodium alginate and Gellan gum[J]. Food Chem-
istry Advances, 2023, 2: 100195.
[26] KX, X1k, 31 &, F. oAb 3ol &0 a9 16 ]
A T ak, 2020, 23(2): 40-44. [ ZHANG Hao, LIU Yuan, LIU
Zhilin, et al. Development of suspended beverage from Stropharia
rugoso-annulata and hawthorn[J]. Beverage Industry, 2020, 23(2):
40—44. ]
[27] ¥Ahth, FweX, T2, 5. W5 F BREFRAG B4 [T].
8t T, 2019, 19(2): 113-120. [ ZHAN Weiwei, LI Xiaotian,
YU Zhuo, et al. Development of the basil-seed and rose suspended
beverage[J]. Storage and Process, 2019, 19(2): 113—120. ]
[28] &S, RALE, Gk, F. 25K ST & R
R B e e e v [T, Ao Tk AR, 2025, 46(17): 191-202.
[ ZENG Zezheng, ZHU Lifeng, CAO Yanghong, et al. Effect of
Camellia nitidissima Chi polysaccharide on the physicochemical
properties and gel properties of surimi gel in Pangasius bocourti[J].
Science and Technology of Food Industry, 2025,46(17): 191—
202. ]
[29] ETR. THRK/EARIEBRIM ROMALLEZR
MA K EFL P A [D]. K%, K#E T kK F, 2023
[ WANG Xuechen. Construction of curdlan/gellan gum complex
system and its application in the development of Lycium ruthenicum
Murr.  Gummies[D].
2023. ]
[30] MORRIS E R, REES D A, ROBINSON G. Cation-specific
aggregation of carrageenan helices: Domain model of polymer gel
structure[J]. Journal of Molecular Biology, 1980, 138(2): 349-362.
[31] ARDA E, KARA S, PEKCAN O. Synergistic effect of the lo-
cust bean gum on the thermal phase transitions of x-carrageenan
gels[J]. Food Hydrocolloids, 2009, 23(2): 451-459.
[32] AKX, Ak, NGRSO THRBENEEMNERLTITH
(J]. & % -F ié 4k ,2025,38(2):317-332. [ LIU Changyao, YU

Dalian: Dalian  Polytechnic  University,

Wei, LIU Sijun. Network structures and rheological behaviors of
polymer gels [J]. Polymer Bulletin, 2025, 38(2): 317-332. ]

[33 ] LEI Yuchen, ZHAO Xia, LI Dong, et al. Effects of x-car-
rageenan and guar gum on the rheological properties and microstruc-
ture of phycocyanin gel[J]. Foods, 2022, 11(5): 734.

[34] WANG Pengguang, LIAO Qingyu, ZHANG Hongbin.
Polysaccharide-based double-network hydrogels: Polysaccharide ef-
fect, strengthening mechanisms, and applications[J]. Biomacro-
molecules, 2023, 24(12): 5479-5510.

[35] IJIMA M, HATAKEYAMA T, HATAKEYAMA H. DSC
and TMA studies of polysaccharide physical hydrogels[J]. Analyti-
cal Sciences, 2021, 37(1): 211-219.

[36] MARTINS J T, CERQUEIRA M A, BOURBON A 1, et al.
Synergistic effects between x-carrageenan and locust bean gum on
physicochemical properties of edible films made thereof[J]. Food
Hydrocolloids, 2012, 29(2): 280-289.

[37] DONG Kaigiang, XU Kaijie, WEI Ningsi, et al. Three-di-
mensional porous sodium alginate/gellan gum environmentally
friendly aerogel: Preparation, characterization, adsorption, and kinet-
ics studies[J]. Chemical Engineering Research and Design, 2022,
179: 227-236.

[38] ANDERSONN S, DOLAN T C S, PENMAN A, et al. Car-
rageenans. Part IV. Variations in the structure and gel properties of x-
carrageenan, and the characterisation of sulphate esters by infrared
spectroscopy [J]. J Chem Soc C, 1968: 602—606.

[39] KOKOJHKK, TIA V E, KARAMOKO G, et al. Determi-
nation of the critical micelle concentration of gelatin, -carrageenan,
pectin, gellan gum and xanthan gum by mid infrared spectroscopy
among other techniques[J]. Chemosensors, 2025, 13(3): 99.

[ 40 ] LI Junzhu, JIN Weiping, XU Wei, et al. Effect of charge den-
sity of polysaccharide on self-assembly behaviors of ovalbumin and
sodium alginate[J]. International Journal of Biological Macro-
molecules, 2020, 154: 1245-1254.

[41] NAJI-TABASI S, SHAHIDI-NOGHABI M, DOVOM A M.
Investigating the fabrication and functional properties of new com-
posite hydrogels containing gellan/alginate/xanthan gum/[J]. Jour-
nal of Sol-Gel Science and Technology, 2023, 105(3): 637—-649.
[42] CASSANELLI M, NORTON I, MILLS T. Role of gellan
gum microstructure in freeze drying and rehydration mechanisms
[J]. Food Hydrocolloids, 2018, 75: 51-61.


https://doi.org/10.7506/spkx1002-6630-20240519-147
https://doi.org/10.7506/spkx1002-6630-20240519-147
https://doi.org/10.1016/j.focha.2023.100195
https://doi.org/10.1016/j.focha.2023.100195
https://doi.org/10.1016/j.focha.2023.100195
https://doi.org/10.3969/j.issn.1007-7871.2020.02.016
https://doi.org/10.3969/j.issn.1007-7871.2020.02.016
https://doi.org/10.13386/j.issn1002-0306.2024090269
https://doi.org/10.13386/j.issn1002-0306.2024090269
https://doi.org/10.1016/0022-2836(80)90291-0
https://doi.org/10.1016/j.foodhyd.2008.02.010
https://doi.org/10.14028/j.cnki.1003-3726.2025.24.291
https://doi.org/10.14028/j.cnki.1003-3726.2025.24.291
https://doi.org/10.3390/foods11050734
https://doi.org/10.1021/acs.biomac.3c00765
https://doi.org/10.1021/acs.biomac.3c00765
https://doi.org/10.2116/analsci.20SAR10
https://doi.org/10.2116/analsci.20SAR10
https://doi.org/10.1016/j.foodhyd.2012.03.004
https://doi.org/10.1016/j.foodhyd.2012.03.004
https://doi.org/10.1016/j.cherd.2022.01.027
https://doi.org/10.3390/chemosensors13030099
https://doi.org/10.1016/j.ijbiomac.2019.10.279
https://doi.org/10.1016/j.ijbiomac.2019.10.279
https://doi.org/10.1016/j.ijbiomac.2019.10.279
https://doi.org/10.1007/s10971-022-06014-5
https://doi.org/10.1007/s10971-022-06014-5
https://doi.org/10.1007/s10971-022-06014-5
https://doi.org/10.1007/s10971-022-06014-5
https://doi.org/10.1016/j.foodhyd.2017.09.013

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 凝胶样品的制备
	1.2.2 水分分布检测
	1.2.3 流变特性检测
	1.2.4 可冻结水含量检测
	1.2.5 傅里叶变换红外光谱检测
	1.2.6 微观结构观察
	1.2.7 在悬浮饮料中的实际应用
	1.2.7.1 悬浮饮料的制备
	1.2.7.2 沉降实验
	1.2.7.3 感官评价


	1.3 数据处理

	2 结果与分析
	2.1 水分分布检测
	2.2 流变特性分析
	2.3 可冻结水含量分析
	2.4 傅里叶变换红外光谱分析
	2.5 微观结构特征
	2.6 复合凝胶在悬浮饮料中的应用
	2.6.1 沉降实验分析
	2.6.2 感官评价


	3 结论
	参考文献

