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Recent Progress in Polysaccharide-Gelatin Interaction and Its Regulation for Improved Gel Properties

ZHOU Yang, MA Liang, DAI Hongjie, YU Yong, ZHU Hankun, WANG Hongxia, ZHANG Yuhao™
(College of Food Science, Southwest University, Chongqing 400715, China)

Abstract: Gelatin and polysaccharide gel are two kinds of macromolecular hydrophilic colloids that are widely used in the
food industry. But gelatin colloids have insufficient gel network stability and poor thermal stability, and their application
is restricted by religious factors. Polysaccharide gels are characterized by insufficient mechanical strength and poor water
vapor barrier properties. Gelatin and polysaccharide can interact with each other non-covalently or covalently, resulting
in surface selective patch bonding, emptying effect, co-gelation and other phenomena and consequently changing gel
properties. By adjusting the pH, mixing ratio, temperature and other conditions that affect the structural formation and
improve the gel properties of composite gels, different types of composite gel systems with unique properties can be obtained
and used to further prepare nano/micro particles, hydrogels, films, lotions and foams. In this article, the existing problems on
polysaccharide and gelatin gelation, the interaction mechanism between them and consequent changes in gel properties, and
the external conditions that regulate composite gel properties are reviewed, aiming to provide a theoretical basis for wider
application of polysaccharide-gelatin composite gels in the food industry.
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Fig.1  Schematic diagram of the chemical structure of type I collagen'*

WA R 2 AR R e S 3R A 0 B AR, R E T
O 2 T/ bl ety BRZG500, (HILE
JEE R ARAFAE ) — L BRI T 2 T HAE SRS b 2 21— 28
PR EZAFELUT LT 1) BB 4 45 Fa e
PEAS R o B ol Js 0 2 v =B e R 4 SR L I R A5 AR
T = HR e 4 40 £ 2 A e e e g, S BUHIRER A 5
S RIHURMAE S22 AU P AT DLSE 22 BRSO it
JRE oA 2% BT R o At B xR £ e 1 AR
2) MREVEE. W, ST, ZIRem ik,
BRI KR . BB AL IR (IR T35 C) (K
TR, KO R T W 5t J2 A S5 B A 7 o (14
RY, G ) B R OB AR B R AR B Ak, I B i i
R . Behh, FE L QU R T, B AR
SEMEW BRG] 7 HAER,  AnCanpeans!"'7E B 6178 £ 40K
1R ER A E PRI T v R B BEAE 25~ 90 °C AN Ak 22
MRS RAEGWEL, PAERBRRE, X EREE
AW A 7= w] R, & AR OROR B AR . 3D BEAHE



XA ERA

E6mill=

2020, Vol.41, No.11 279

PERZJFRLE MR o A% S8 BRI R IR R B R
AR, NIRRT, AHBEE S R R O R S
TR, TR T K= B R 25 A 7L 304 B
I IR e A o 0 2 T 77 A 1 ] R 40 ek DR s e
1150%~80%, #930% 1% 4) i K e Fn B f& e, i JiR
HAOSER, Bd/KEeT A AR, KK n T
= A EE O B R A SR B AR TR . (RK P B R
Il L3042 A B LA A 55 I AR R v, BRI 7 LR
R 32 RN TR A (R A e T 2 1 P T R
AR, MAEBAKRS 58NS ENIER, fax =8k
g, WA SRR E AT RMRR S &R, 2L
BRI R S5kt KA AR R B A R R I R & 1
BALH S G et Ak, R R & &5 S i
(G E A D21 oK £t 7 BA i v O 2R A A, e
Ji 5 FEE ARG o AT S0 K P B IR ) SR AR 1 e L T
AR 7L B0 4 B S e B e e 1) 3 2 1)

2 ZBEBERRIITE B B L B FP BRI

LR AR K T2 R A SN, EER
AR RGP - MR AT o R R S5 M TR M T 2
BB ALY . AR 2B ROY it AR 1, B2
W5 55 R P D < S T B A 2 B T A B A ik
JE A 28 T B P B R B o 2 AR IR ) A
S FRAE B R B T AR B B AR R S TR
ZHEAK 7 TR Z AR s, R AR S T
BRI . — KD TS5 M4 s, A
LR Z WE 75 LRI BT, T 1 DY T A€ 1) B
KT ok g ™. DIBRIRZ R0, 2HS T2
[ LA S 57Ky 7 2 [AE R S A BAE A, T 7
Moy laEsE, JfHefsKrEmIR e, AR
IKATARRL .t RT T G S 01 AR 231 [ 4 5 1) F
B WEEZEEMR, JF HIP Y TR 254 8 K &
Wy, PEORBALRY. BT _RIRMER T, SESRmR v 2 Rk
B ORI MR I, BlinRELR. AR EIRE
s — N B AN B T2 5 2 1 WA s T 18] 4
&, RAETREEE B sHER. BLRRR BB AL
BB, RRE — MR AL A FL IR, KR R S
BYREDTHNNE TS, 8y TeERE, HE)R
BT SRR TR AR R SHER (TR AL
IR SR PIERR T4 G . e T
AN AR ELAE R B 73 1 A T ) 4 e idt 1
R > TR E A, BRI, AEK
B AR RN B 2 0 A AE AR AR T 5 SRR R BEAN )
Y JEE 18 N R TR BRGNS R R
B, BWHREDTIRE, FHAEERRRNS . K

W 2 W I AT AE SRR X 45k, T 22 W ok P ol s 2 TR ik
FERAE P EB R T PRARTY . AR AR T 2 b
A T AR AR AR P A, AN [R] S B IX AR A
A, SHEREAARFEGEMS, BFER RN
PR FIRI G S AR . U e A I b e A 25 B - B e i A
I, R B FFD ME T S LB e (1) SR AR T < = 0B
ZHERWET, AR ZEW P REGE. RARZH
BROGE Z N AT &M ety B, T
k. FE S Tk, 2 B R 3 N T A R A
WYE R R IR A R . 2R B A AR 2
Yoo AEWE R R AR ThRERRE, B B SRR R
WHCEL WOKEAER, nTHT & BT &5k,
ZHEEA A Z IR, (A0 B BRI RH AR
1) HUMPEREZE . Z0E 5> T IHAH ARS8, T8 S0 i
LRFIVEAR, T 0O ISR k> 22 0 o B R K AR
HAEH LR MG RN R T, 2 iER R R AW
B P B M AT 2 DL A U E " . Lupina 2§
T il 46 BR324 - BH e (¥ LTRSS R R P R B, R — B ]
AT I Py oz 1 9 2 AN 4.6 MPa, T A2 5 v i T (A 9 k)
VTG SR 2R = R R B B BB 49170 MPa. 4k,
T R B VR R P S s JE R B T e e o o) 4% T PR
FECRE, B R A IR . P R o & 1 K
RS REARAT (AR VEAA B), T R 25 AT p SR AN B IR
PR BLA A B 00 20 A2 DA O 15 40 2 50 B8 1 L %8 7K 52 A gt
TEARFE R AP AR 3E M (0 R i B A R T A WL o R
TER ST, BT HUAE R 1 22 BE e R T v &
ML G 1 e L JBRr  O 2) AR5 1 7K 2K BB 1
£ RS T FH 00 G RO RHE AR B 51 ™ B I ER R 1)
TERRIR AT B& Ak S hREVEBLEE M R O3 . 2 HERER
2 I R AR SE KAk, TERRIE, Ik, T HF
W& BFMAEMESIRE. RAG4ER. TRE. &
By FEIR R R IR Hh 55 2 M AR08 LA R G BEL I M
MR ARNRE, Ak Sk Can sl ORI RO %R
B, (XK AR BHL R T 2, 5 TR B (K 2R
BIEMNLO05X10 g/ (me=s-Pa) , MEHKTIE
4.9X10 P g/ (mese«Pa) ™ KESWEBELLSE>
R ESAR A, RO X e SR T 2 M
FRAE R B b A AR TR T T B AR A AR R o

3 ZHE-BIRRHEER

3.1 AHEAERRLEL

WAl s ANE, Ky T2 AN S T2
WL BB T2, k. WIS T2 RaE R
PR BRI AR IR CE AR | B
B ARL iR (AUBR, fReE) « F5EER,



280 2020, Vol.41, No.11

E6miltl Z

KRR

RIS WIKIBE T2 RA TR e, 4R,
JURERSE; P20 1 2R BT 2 ORI
Ja AT o IR AT AR AIB R . AR SURRIR
PR, A S pME AT ~9: BEURRIBE UK, pUE N
4.7~5.0. ANFISER 2 0E LR 2 8 A R A A EAE
TR A AN I VR RE AR A I R A TR 1) 45 )l 6 2
H1 2 M Y 03k R A g 1Y o

% W5 5 IR 2 TR ) AR ELAE 7793 D 3R A AR AT AR
SRR (B2 o AR IR 2 2 A A s 0 5 B
FRAEAER S8 BUKMEAREN ., uEe s, £
CAER AR AR O E, PR AR R HE R B0 S,
B RS E SR RN RN & R
REAN LI o 535 B 18] (R AR ELAE R AT j s 4R B
(RIURE S W 4%, 50 1 A PR 5 R SR 1 P = 7 2R T Y
R, WRERAEARS Z R A IR, AT SO 2
B AR, VR S RO R R BUBRLR . 3 AR
P 3 B4 I P S R 2 1) PR SR 5 5 TR R e
AR HC A LA 62, o I 1) 22 45 W IR F AR ELAE
TERC=NIEA . 56 h s LT b 1 6 S — BB 1
TR, A RS AR K AR A miE
il 2% AR REfE LA S I B, HUR UG A B A, T
S VR 5 PO T B et R M AR I 51

BRI
—— Sl
rrrrrr B FL A L
—————— eiT

2 SEE-UIREE M R pLEE s
Fig.2  Schematic diagram of polysaccharide-gelatin

interaction mechanism>**'")

PIR R TR EAE R RE Sl R B G £ DL T &L
N: 1) REEFMEM A AEERYY, BREME (2
WE &2 HE-IRE &) S & W 7 R T
WA AL S CBEBD , JFw IR 73 4 b7 5]
ol e A B B AE RO R AE A, LSRR A BLAE A
TR HE- I IRIR AV U IR R ) B A R -
FAOF B BRI PHES T 22 00 G 52 SR M g S 0 R AE R THT
WS g5 A P A I EBARTR 45 R, 2) 3t
B AR Y, 208 0 o R B IR e M 4, TR
JSC PRI TR A 5 S BRI T B = R 2 R 22 0 B i T
AR BRI 4% R, R — AN R AN %
(interpenetrating polymer network, IPN) 224y, #5

pHEL & LR SR I AT 2, R R Ak T
iy SR S BE I, A2 5 U ol 2 RSN A A 2 ATV 5 ¢
Ao AZIR AR b — R A 1 B AL th AT BLSESR
PR AR B ) — FREE A o, AT RO R AN
BB, W IR R R . WIS IR A
KA FLEE A RIS = AR I B 3B TR AR R ARES it —
DT R A BRI o ) Pl AR A1 P X A B HEAT R4
AT SR SRR 0 B IR R S IR . 3D HEE AN,
HI iR RIS, B Z B> TR, diAR
FBLE, 244k RpHAE S5 T WP AT, WIS 2 42 1A
(g AR RS, B AR AR IR B NI, K0 T2k
ZIEAHBRER X, PAERKBEL, (k2 hm
M B SRR D A IR — M, &5 i)
T 12 R B R SR AR (BE3C) o AN FLr 10 JBE 5
TR 5 4 T pUAEL PR B I REAE IR L T 6 26 W S (R HE 2 2K
2, W TR AR

% B 5 IR IR ELAR D 52 2 AR R R . WpH
. ST ZHSURIRELL, AR IREEY,
FEAFZZMT, SMER R, BB AT
N (E3) , EEA%E. . B3 M.

NN+ LT

* e
z T
AA/ B X
e - i
R Eadiis 3
ICEY s N w8 g
®

3 mREEEHREETAH"

Fig.3  Mixing behavior between gelatin and polysaccharide”

3.2 ZHE-PRE AR R

R AN 2 BB & RAR KA PR AW, W& A AR
FH AT DA M R I P 485, 45 AT T R i e e
5L HEAT R R DI REME R E AR, ZRE-IRE A
J Al e B TR . 1) HUMSREERGIN. ZHE S R
T BRIV A5 B FR LB 1 15 380 B 2 e o, A
TE W 70 B TR O i ) I 22 2 - e B A R R R
WA () S8 v R I, B RS N 9 OB, BT B 5 B A
25.32 MPa, 4S8N EI5 %I, TP e FE 1 hn 2
97.72 MPa. FRITLLZE Mg f je WA e 5 e R b vl i B2 &
Fi, R R L — B AR . Sow SR IE IR B IR
S R B R 5 ) P TSRO B B A 1R 1 R ) SE G R K
W, . ZWE. MURTE— R LR AT DAL H AR
R e S50 R W s el A . 2) IAFRse e . RIE
V5P AU T A, T v i A8 4 45 T v ) % 1) 3
TER a3, EEiEsisS2-mKkE &M Bk



XA ERA

E6mill=

2020, Vol.41, No.11 281

FRELAE I 5, o S0 B 07 20) 445 ) RO A R 2 B A1
A PR e e 5, R4 Gilsenan ! W Ji I FH 420 3%
A EAE T B FE ol R, AR BEe 7E35 Ik, 4
FIRA P FCEINANO.5% RN, IR TH =260 C,
T A R AT Z R I E AT R I, BR T EK
MHEAER B oTERSS, B EERF TR T HLER A, &
HUBFRENE. 3) BEMWENE. REWE 0T RS
TAGEKXBHEMX B, WiZEGYEAWEE. X
BBE . 2RO AR 2 1% 5 S W) oR KSR P A ]
KT 205 IR B4 60T LLSGE 20 0 sE A D s
PERR, NI B SN TR AN SRR A R R
bl 5 SR FEE T L S /K Y T I N 5 SRR A0 A i K
PER KBRS 20 MIIRE &G RN BA 2 0
P 5T FA B B S /K BN ANV TR A etk g o TR R il
F ALK 3G 0, XK RIS i, W] AR TR K A
Bl BT ARG A R 3 22 0 R K 28 AU RE R 1 22 1
I‘lﬂ ;@[28,44] .

Faom i = A HOAE ) o R R A RS, —
AR S5 A TT R AT — L R R T R I
1) WU S 58 15 W0 48 S5 44 o B e B 22 W 0 v e £ o 2 4
IR, A — B BIEAE 5 — iR, MBS R
TEA A B 3EATY 8, B R S m0g, o] S T
B, 2) RERRIAER. 2RSS TR
RIRSR) REER . HASE, REZENARNEE. £8
IR E R R, Z0EERAA ERE R R B AR E
KSR, Z M-S S E RN &Sk R A
HRELBKIERD, 3) BicgmnriiEt:. sz
W - B SR AH B F 2% A R DL 45 5 G Bk I 1 3R THI TR 3 2
TREE A, I AR S R b T DL R A R R T R
B BORCIR BOBURLR, DU AN [ 7 Y AT
325 1) 5t Jos X 8% 25 K B ALAR RS, LTRSS AH DG RE,
KM LK ZE

4 FET ZRE-UIRAE I AR BB R 4 & i A

Z M-I AE FLAE F 32 B 2 PR R sg ), ml a1
epHIA . IRA . W JEEFXAF IR A 1 R TE R
U A BRI N BRI I, 49 BT URR T RE AN ) 2
M EGRAERS, Mt — D6 & 2R OR R, 7K
B W FLRAEESE, ATERANR AR E TR AR
£ i AR R B, o B AN A BOb RHE B s
T 5 N .

4.1  HHAEAR IR
4.1.1  JA¥pHIY

W pHAE B Hl B A BAER, TR SR e A

PIRIRAS . IR K2 T R A4k . FR 4 pHAA Al

HRpUAM SR, AILMEZ SRR, »T8E. &
AW EFEEANFREE WS HEFRER, A
R R A A HE 25 RS . R A 1E YO o T HER
JEIT . @I pHAE $ fl # d A B AE FH 22 A 4 FPE
1) pHAEZIEpUER, B/ T W5y s, 2 BE-I i
FEAEAER N, HRS T RAERE, EREAYEHA
K5 F. pHIEMS & TplERS, BRI FIERS
Wiy i, ZRE- R R AEFR R T, X PR I
15T VA H I HA Ji 2 P - i 55 AR Yy 2) pHAB % Fopl
HES, TERHREEY, 20 FRAAERM T RRP
WAVEATRANE, RIS I0# T BOst K VR FH AHE 2 28508 31
o, O S M 2 BURCRR ;s 3) pHAE K T8/ FplE
I, A EAE RS T IR REE, oy TRER )
PE, I SR A, — e R B> TR R
SRR, WA 2 WS IR B R 51, v CABHAS
IR 7 FIEIE . gigs, Hrpf 7R Ar, (et
BEMLIRAE: WRTE R F AT, 1B J73&E i R T T ik
A 51, R R ERAR, #
JFAE I3 58 S B0M 20 B R AT 4D EEkpHAE, i
F R G R 2% . 2 0E- AR B A M R AR SRR I
B0 Klak5 " i W i -5 5 R 46 5 2 T BOHT Y 1 it e 45
¥y CEP H RN ST (B I 28 A R IPN S5 ¥, FFE AT %
W RN B 1 AH AR i B A B S5, SEBVIN T
1%, TERFIE R TR IE R IIPNZE M TR, AT AR A e
FU A F f PR B B 3 N3 7, 5 %0 B A SR [ AR E AR B 1
20 %,

PL 14 FhpHAE 7% 45 B0l T8 A 13 806 7 1 ) 2%
gik. PPEREMN S BEE S, A GERNDRR
PRV BRI RE O . BRI AE IR pHAEL 2% A4 T 1 5 22 I B
BT, SHETE2REREREEY, pHIEM KNl
FHEE AR G, THTHARREEMER (nE
LrEHIF . RS . IPNZE K I T R 1T A SR IR 5%
o, AN TESRE LA EE, R, IR
B AR AR R I A5 AU RE S5 B mT 4 L DK
B EBEARH TR, R,

4.12 AR LA

ZHES IR G A2 2 MoE BAEA,
FHERUFEBAAER A EWIEILNEH, FEZREER.
KT aE TN HHRKE—2, ZHRER
B, SEVIMESRIES, KAESOHFRmER: S
WEEARES, A5 RS 2adi, COHE T
WAk, TR EWRERE: RA RN, AL
T SR A B e A P TE S 5 AR 1O, o i B O o A e
W& R, TRABIRIER 2. & ULHRCAELSM, &
MRG0 20RO, B R AR R TR 4 A 2 B 35— B4
BORFFRIR LR AR L. #EpH 7.054FF, EFRESEN



282 2020, Vol.41, No.11

BEmiitzE XA

5% B SIS I 43 ML RO 0.5% 1% 2%
e, SRR R O 45 M & AR AR (B4) B, i
B SRS N EE S0, B P R AR T I L A
PR TORERS I N ss, H M B TR Re 38
e P B AN A 9F 72 B P A B AR BT e A1 AR I 1 R e
A BE AL B B v SR AR T 1) 3 PR AR B g R
SR, R I g g T A1 i A B A7) 30 5 B ) R T S R AR
S B R ST 3 T 5 ) 2 o 2 Y

A~DAIERZIITRIE N0 0.5% 1% 2%
4 pHTOFRMET, RIS E % R BER RO 4 ™
Fig.4  Effects of varying jelly gum concentration on the microstructure

of gels measured by confocal laser scanning microscope at pH 7.0

42 FBEENER

Z WE-I IR S AW AR R 2 T8 B A Z2 B de
g, XHER AR R i K. AR S A
WELhi, W5 W I B R T BRI 2SI, X 22 16 7 50
A B 1) L 2 X 45 S5 TP, ] ARG I Ak 21 v 1 i
fi e, 0 ) R T R LB R FE S R S
PERT R SE B T B, BEANST BRI (Ui s R
B . BEESE (BRERBEAMED « B8N
SRR B R R M AT R AR, RS BEAR A B P
ORI KRR, Z IR E AR, XKL= 7E B AR
N LA BMETER T & S fdE . R AR
Ji T BA B KR 5.
43 RS KA AEIENE

TR FE S 22 - R AR AR A . BRI A R T
ST R B UL P G 3l n R 3 804y 7 R T
SRR B AL B B, T I s i K A AN AE ELAE
T il BT DA SRR 45 I T B, T s ek 52 mT DA B e A
22 W (R 7K 3 T 22 1) T B K AR BLAE T, T R da e 2
WE-FA e S AR, (X pHAE AU Rk, @it
TET SR A NI BE- W BT i Z A9, ol LA SR %
H RS A ORIE, AR Ik S5 R R E G, TR
FEFL &N Tt

S 2 S A BAE I R 2 HAR T,
BT BIRFAA, R BETFEE. TR R

PREHTE OB H 2 2 NN IR SR, 2R
R G B P, 75 2 R I 42 1) 22 A PR 20 22 0 - )
JE AR ELAR P AT 5. Pl 52 i S A0 B A R3S A
M2 fE, B RERIFIS. AT EAE, TSN Y 4% 45 Y
SREEL KN, R AR RA A FBR R thAh, 9
5 ZRERE AT e B A B IVERE, $h 98 N TE
Hl. HArZ - E iz MR

1 ZR-HBEEAHHRREMA

Table1l Formation of gelatin-polysaccharide complex system and
its application
o G (R i % WA B
EWEE g mwmpen BHZRRE, R M
P () %ﬁlﬂﬁ\ «ﬁﬁdﬁw pHiﬁ Uﬁﬂ‘:’iﬁ%) e [33]

faw mebn o oam o PPLEERER gpre W

g PORDEL  WEER ERE o P
S TTeR war ears MY W W
AN KM WNEL RS wME W

A TR

TRHE A BB FIRAE FARE 61
™ AEY, Bh &

BER SSRAR AR ayhmir  oeEde)
Tt

WY R R0 2 il v i P B R R A, (H LR
P75 T8 AN 2 BRI TR o 3T A R 2 R - W A IR
MW TERRN I R — 208 1 O BB, A v B
it “REGZH. BIRITREA MR IR, T
TRIRBEDEIN VG o A ST 20 e Wt i 1 B
HLEE, 2 Wl W SR AR RIALEE DT T, 0 P e 3R & Dt I
R AN IR B DR R 2 T oS S R P D ) 22 B -
FEELAE R VR AT T M E . 6 R AR 1 Y Tt IS 1 o
A, KRR TR 2 0 - B 00 = & F T B A
Mok . 25 BT 16 AR EL AR I E 9 3 2R AR
PERT, funig s S /HE R EAE . S8 B/ AR
S, EELAE AR I SRR AT 1R e
FEW) B iR AR, AE 2R MR R G B (1 B RO
B 0 2 WE- WO ELAE P AR 4% RIS A R 231 8 3
W AR P 2 A A A7 1 T DA R 5 i 45
ey, LR BRI, RIS KR Th RETE SR . 2 M- W
B E G RARZMA, HHENHRREZE —ER
H, R AR R E T R e B, iR
W - W AR ELAE P — 20 R S B RR 1, X 2 -1
2 W) S5 D BEAE B ot U 1) L F 7 B A ARp it —



XA ERA

E6mill=

2020, Vol.41, No.11 283

AN, W& R Re AR R ER B IRR
AR, BB R R AR GO R B A R
o {E, mERB TSRS LR e, K
PRI S H a2 . AR R B Rt A
R TR, XA WY B A8 P A A B v K i R
o AEKP B P RE RO AL Eh M I I 58, il S &
FEAR ELAE F 077 205 RARRG ) DA i) 8 £ oA 2 5

B2 BE- W R AR R . BB

5 S A AT

M Z R, B ARER 2> TR, AR IR B 1 e K% AT
B 1)

EE U ¥

(11

(4]

(31

(6]

(71

(81

[10]

[12]

GILSENAN P M, RICHARDSON R K, MORRIS E R. Associative
and segregative interactions between gelatin and low-methoxy
pectin: part 1. associative interactions in the absence of Ca”"[J]. Food
Hydrocolloids, 2003, 17(6): 723-737. DOI:10.1016/S0268-005X(03)
00094-8.

COLTELLI M B, WILD F, BUGNICOURT E, et al. State of the art
in the development and properties of protein-based films and coatings
and their applicability to cellulose based products: an extensive
review[J]. Coatings, 2015, 6(1): 1-59. DOI:10.3390/coatings6010001.

GOMES S, RODRIGUES G, MARTINS G, et al. Evaluation of
nanofibrous scaffolds obtained from blends of chitosan, gelatin and
polycaprolactone for skin tissue engineering[J]. International Journal
of Biological Macromolecules, 2017, 102: 1174-1185. DOI:10.1016/
j-ijpiomac.2017.05.004.

AHMED E M. Hydrogel: preparation, characterization, and
applications: a review[J]. Advances in Polymer Technology, 2015,
6(2): 105-121. DOI:10.1016/j.jare.2013.07.006.

CALIXTO S, GANZHERLI N, GULYAEV S, et al. Gelatin
as a photosensitive material[J]. Molecules, 2018, 23(8): 1-22.
DOI:10.3390/molecules23082064.

YANG J L, TUJ M, LIU H L, et al. Identification of an
immunostimulatory polysaccharide in banana[J]. Food Chemistry,
2019, 277: 46-53. DOI:10.1016/j.foodchem.2018.10.043.

DEL OLMO J A, PEREZ-ALVAREZ L, HERNAEZ E, et al.
Antibacterial multilayer of chitosan and (2-carboxyethyl)-f-
cyclodextrin onto polylactic acid (PLLA)[J]. Food Hydrocolloids,
2019, 88: 228-236. DOI:10.1016/j.foodhyd.2018.10.014.

FENN S L, CHARRON P N, OLDINSKI R A. Anticancer therapeutic
alginate-based tissue sealants for lung repair[J]. ACS Applied
Materials & Interfaces, 2017, 9(28): 23409-23419. DOI:10.1021/
acsami.7b04932.

GRS R RN WL 2 1 ELARAT 9 R Ay 4 A L
WEFED]. B0 Herprferll K2, 2016: 1-140.

WIJAYA W, PATEL A R, SETIOWATI A D, et al. Functional
colloids from proteins and polysaccharides for food applications[J].
Trends in Food Science & Technology, 2017, 68: 56-69. DOI:10.1016/
jtifs.2017.08.003.

ARVER, 2R, PSP, A5, WIS M SRR BN A LA B SE R,
i 5 AR T, 2000, 26(3): 10-21. DOI:10.13995/j.cnki.11-1802/
15.2000.03.003.

SHADDEL R H, AZADMARD-DAMIRCHI J. Double emulsion
followed by complex coacervation as a promising method for
protection of black raspberry anthocyanins[J]. Food Hydrocolloids,
2018, 77: 803-816. DOI:10.1016/j.foodhyd.2017.11.024.

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

ZHANG Y H, MA L, CAI L Y, et al. Effects of acid concentration
and the UHP pretreatment on the gelatinisation of collagen and the
properties of extracted gelatins[J]. International Journal of Food
Science & Technology, 2016, 51(5): 1228-1235. DOI:10.1111/
ijfs.13089.

DJABOUROV M, LECHAIRE J P, GAILL F. Structure and rheology
of gelatin and collagen gels[J]. Biorheology, 1993, 30(3/4): 191-205.
IR, RS AT S FL A R AELT]. b [ 23, 2002, 31(17): 21-22.
RAWDKUEN S, THITIPRAMOTE N, BENJAKUL S. Preparation
and functional characterisation of fish skin gelatin and comparison
with commercial gelatin[J]. International Journal of Food Science &
Technology, 2013, 48(5): 1093-1102. DOI:10.1111/ijfs.12067.
WYBOR W Z. The structure and properties of collagen and gelatin[J].
Polimery, 2000, 45(1): 10-21.

ASIYANBI T T, BIO-SAWE W, IDRIS M A, et al. Gelatin-
polysaccharide based materials: a review of processing and
properties[J]. International Food Research Journal, 2017, 24: 313-319.
CANPEAN V, GABUDEAN A M, ASTILEAN S. Enhanced thermal
stability of gelatin coated gold nanorods in water solution[J]. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 2013, 433:
9-13. DOI:10.1016/j.colsurfa.2013.03.072.

KARIM A A, BHAT R. Gelatin alternatives for the food industry:
recent developments, challenges and prospects[J]. Trends in Food
Science & Technology, 2008, 19(12): 644-656. DOI:10.1016/
j-tifs.2008.08.001.

WASSWA J, TANG J, GU X H. Utilization of fish processing
by-products in the gelatin industry[J]. Food Reviews International,
2007, 23(2): 159-174. DOI:10.1080/87559120701225029.

LIN L, REGENSTEIN J M, LU S, et al. An overview of gelatin
derived from aquatic animals: properties and modification[J]. Trends
in Food Science & Technology, 2017, 68: 102-112. DOI:10.1016/
j-tifs.2017.08.012.

BhAE, R, M, S5 K H At B WK R B A A BT 2 S5 A 3 AT ().
B RHE, 2018, 39(10): 40-45. DOI:10.7506/spkx1002-6630-
201810007.

TAKO M. The principle of polysaccharide gels[J]. Advances in
Bioscience and Biotechnology, 2015, 6(1): 22-36. DOI:10.4236/
abb.2015.61004.

BRAUDO I P E E, PLASHCHINA I G, SEMENOVA M G, et al.
Structure formation in liquid solutions and gels of polysaccharides: a
review of the authors work[J]. Food Hydrocolloids, 1998, 12(3): 253-
261. DOI:10.1016/50268-005x(98)00021-6.

MORRIS E R, NISHINARI K, RINAUDO M. Gelation of gellan: a
review[J]. Food Hydrocolloids, 2012, 28(2): 373-411. DOI:10.1016/
j-foodhyd.2012.01.004.

CAZON P, VELAZQUEZ G, RAMIREZ J A, et al. Polysaccharide-
based films and coatings for food packaging: a review[J].
Food Hydrocolloids, 2017, 68: 136-148. DOI:10.1016/
j-foodhyd.2016.09.009.

LUPINA K, KOWALCZYK D, ZIEBA E, et al. Edible films made
from blends of gelatin and polysaccharide-based emulsifiers: a
comparative study[J]. Food Hydrocolloids, 2019, 96: 555-567.
DOI:10.1016/j.foodhyd.2019.05.053.

AUGST A D, KONG H J, MOONEY D J. Alginate hydrogels as
biomaterials[J]. Macromolecular Bioscience, 2006, 6(8): 623-633.
DOI:10.1002/mabi.200600069.

B, JRELBE, FAE, 4 R H et IR S - Rhk R T Bt
A PERR TET]. £ Dol BHE, 2018, 39(19): 13-19. DOI:10.13386/
j-issn1002-0306.2018.19.003.



284 2020, Vol.41, No.11

E6miltl Z

KRR

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

LADJEVARDI Z S, GHARIBZAHEDI S M, MOUSAVI M.
Development of a stable low-fat yogurt gel using functionality of
psyllium (Plantago ovata Forsk) husk gum[J]. Carbohydrate Polymers,
2015, 125: 272-280. DOI:10.1016/j.carbpol.2015.02.051.

MAN S M, PAUCEAN A, MUSTE S, et al. Influence of psyllium husk
(Plantago ovata) on bread quality[J]. Food Science and Technology,
2017, 74(1): 33-34. DOI:10.15835/buasvmen-fst:12631.

MEHTA N, AHLAWAT S S, SHARMA D P, et al. Sensory attributes
of chicken meat rolls and patties incorporated with the combination
levels of rice bran and psyllium husk[J]. Journal of Animal Research,
2013, 3(2): 179-185.

WANG C S, PAULA M, HEUZEY M C. A gelation mechanism for
gelatinpolysaccharide aqueous mixtures[J]. Food Hydrocolloids, 2018,
79: 462-472. DOI:10.1016/j.foodhyd.2018.01.016.

GUPTA B, TUMMALAPALLI M, DEOPURA B L, et al. Preparation
and characterization of in-situ crosslinked pectin-gelatin hydrogels[J].
Carbohydrate Polymers, 2014, 106(31): 2-8. DOI:10.1016/
j.carbpol.2014.02.019.

BOANINI E, RUBINI K, PANZAVOLTA S, et al. Chemico-
physical characterization of gelatin films modified with oxidized
alginate[J]. Acta Biomaterialia, 2010, 6(2): 383-388. DOI:10.1016/
j-actbio.2009.06.015.

DICKINSON E. Interfacial structure and stability of food emulsions as
affected by protein-polysaccharide interactions[J]. Soft Matter, 2008,
4(6): 932-942. DOI:10.1039/B718319D.

KCHAOU H, BENBETTAIEB N, JRIDI M, et al. Enhancement of
structural, functional and antioxidant properties of fish gelatin films
using Maillard reactions[J]. Food Hydrocolloids, 2018, 83: 326-339.
DOI:10.1016/j.foodhyd.2018.05.011.

JIA D, HUANG Q L, XIONG S B. Chemical interactions and gel
properties of black carp actomyosin affected by MTGase and their
relationships[J]. Food Chemistry, 2016, 196: 1180-1187. DOI:10.1016/
j-foodchem.2015.10.030.

KAUSHIK P, RAWAT K, ASWAL V K, et al. Mixing ratio dependent
complex coacervation versus bicontinuous gelation of pectin with
in situ formed zein nanoparticles[J]. Soft Matter, 2018, 14(31):
6463-6475. DOI:10.1039/C8SM00809D.

GUPTA A N, BOHIDAR H B, ASWAL V K. Surface patch binding
induced intermolecular complexation and phase separation in aqueous
solutions of similarly charged gelatin-chitosan molecules[J]. Journal
of Physical Chemistry B, 2007, 111(34): 10137-10145. DOI:10.1021/
jp070745s.

KLAK M C, LEFEBVRE E, REMY L, et al. Gelatin-alginate gels
and their enzymatic modifications: controlling the delivery of small
molecules[J]. Macromolecular Bioscience, 2013, 13(6): 687-695.
DOI:10.1002/mabi.201200386.

LE X T, RIOUX L E, TURGEON S L. Formation and functional
properties of protein-polysaccharide electrostatic hydrogels in
comparison to protein or polysaccharide hydrogels[J]. Advances
in Colloid & Interface Science, 2017, 239: 127-135. DOI:10.1016/
j-¢is.2016.04.006.

AFEWERKI S, SHEIKHI A, KANNAN S, et al. Gelatin-
polysaccharide composite scaffolds for 3D cell culture and tissue
engineering: towards natural therapeutics[J]. Bioengineering &
Translational Medicine, 2019, 4(1): 96-115. DOI:10.1002/btm2.10124.
WRUF, FEFFOR, BEAS, S5 JBE 00 T SR IR S E R MR P 0.
A S5IIR, 2013, 26(10): 18-21.

SHAKILA R J, JEEVITHAN E, VARATHARAJAKUMAR A, et al.

Comparison of the properties of multi-composite fish gelatin films with

[49]

[50]

[53]

[61]

that of mammalian gelatin films[J]. Food Chemistry, 2012, 135(4):
2260-2267. DOI:10.1016/j.foodchem.2012.07.069.

i SH, 2 - W T B PR A A B LK B AT D).
MR FRABRRE, 2012: 12-41.

SRITAL, SRS, SLesR, &5 6t 7 W IR SE TR A 5 4 R 1 ) %
SYERE]. &R, 2018, 39(7): 243-248. DOI:10.7506/spkx1002-
6630-201807036.

SOW L C, KONG K, YANG H S. Structural modification of fish
gelatin by the addition of gellan, kappa-carrageenan, and salts mimics
the critical physicochemical properties of pork gelatin[J]. Journal
of Food Science, 2018, 83(5): 1280-1291. DOI:10.1111/1750-
3841.14123.

DERKACH S R, ILYIN S O, MAKLAKOVA A A, et al. The
rheology of gelatin hydrogels modified by x-carrageenan[J]. LWT-
Food Science and Technology, 2015, 63(1): 612-619. DOI:10.1016/
j1wt.2015.03.024.

TN, e R A B %
K2, 2015: 7-50.

MUHOZA B, XIA S Q, CAI J B, et al. Gelatin and pectin complex

PERE SR HID]. b3 LT

coacervates as carriers for cinnamaldehyde: effect of pectin
esterification degree on coacervate formation, and enhanced thermal
stability[J]. Food Hydrocolloids, 2019, 87: 712-722. DOI:10.1016/
j.foodhyd.2018.08.051.

TAVERNIER I, PATEL A R, MEEREN P V, et al. Emulsion-
templated liquid oil structuring with soy protein and soy protein:
x-carrageenan complexes[J]. Food Hydrocolloids, 2017, 65: 107-120.
DOI:10.1016/j.foodhyd.2016.11.008.

IQBAL S, XU Z C, HUANG H, et al. Controlling the rheological
properties of oil phases using controlled protein-polysaccharide
aggregation and heteroaggregation in water-in-oil emulsions[J].
Food Hydrocolloids, 2019, 96: 278-287. DOI:10.1016/j.
foodhyd.2019.05.028.

LU H X, OH H H, KAWAZOE N, et al. PLLA-collagen and PLLA-
gelatin hybrid scaffolds with funnel-like porous structure for skin
tissue engineering[J]. Science and Technology of Advanced Materials,
2012, 13(6): 1-9. DOI:10.1088/1468-6996/13/6/064210.

TN AL B B e SR B IS ELAT Y R X B 45 A R KR A [D].
BT )R, 2018: 1-122.

FEM, SR, WL, 55 WIS RS AR BRI, £
B2, 2014, 35(1): 29-33. DOI:10.7506/spkx1002-6630-201401006.
MARFIL P HM, PAULO B B, ALVIM I D, et al. Production and
characterization of palm oil microcapsules obtained by complex
coacervation in gelatin/gum Arabic[J]. Journal of Food Process
Engineering, 2018, 41(4): 1-11. DOI:10.1111/jfpe.12673.

MR 36, W/ AL IR R A A IR T e bt B R T R i ig 2
WEFLD]. J&HS: 74 RIS A, 2014: 1-48.

WANG Y Y, TONG L L, ZHENG Y, et al. Hydrogels with self-
healing ability, excellent mechanical properties and biocompatibility
prepared from oxidized gum arabic[J]. European Polymer Journal,
2019, 117: 363-371. DOI:10.1016/j.eurpolym;j.2019.05.033.
PODDAR S, AGARWAL P S, SAHI A K, et al. Fabrication and
cytocompatibility evaluation of psyllium husk (Isabgol)/gelatin
composite scaffolds[J]. Applied Biochemistry and Biotechnology,
2019, 188(3): 750-768. DOI:10.1007/s12010-019-02958-7.





