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Effect of Fat Substitution in Pumpkin Seed Protein-Carrageenan
Emulsion on Myofibrillar Protein Gel Properties

ZHENG Shuang, LI Yanqing', LIBo, ZHOU Tianshuo, HAN Qi

(College of Food Science, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: To further develop a protein-polysaccharide composite fat replacer in low-fat meat products, this used pumpkin
seed protein (PSP) and carrageenan to prepare a composite emulsion fat replacer, and added it to myofibrillar protein (MP)
to form heat induced gel. The effects of the composite emulsion formed by PSP and carrageenan at various additive
amounts on the properties of MP gels were investigated through the determination of gel moisture distribution, textural
properties, microstructure, theological properties, and other indexes. The results showed that when PSP and carrageenan
composite emulsion was added at 50%, the water-holding properties and strength of the gel significantly improved
(P<0.05), textural properties improved, and cooking loss and freeze-thaw stability significantly reduced (P<0.05). The
rheological properties showed that the G' of the gel was always higher than the G". Therefore, a gel structure with elasticity
and a denser and homogeneous microstructure was formed. Collectively, the gel properties of MP improved with the

addition of 50% PSP and carrageenan composite emulsion.
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il AR =, A5 PR L TR AR 2 Ry PRI R L T
FEM—RKE P, Rezaece 551 RN SENF R -4
TR FLRAE B WP AN AR P &, REASKEAIL
T FIRRITIR & A B S, Hmm ™ ah i FLALES 2 M
FEALFSE M, 35 7= i 1 B SR E; B H FIIEEDT il
B IRRFFIRE - BRAT I L UL LA T I, SR R
MBI R 75% B, ZLALIGIIZE BRI, £RK
PEXG I, ZUARRRCE ey, HIBVE Sh BT i AR k.

A JIVFF4E 1 (Pumpkin Seed Protein, PSP ) Z 2
FRETFE SRR, R R R AT S A DL TR
YR A, B H IS B RAFryDhaet o, anigsfig
PR BEARCPE L R ARV SR ER E R, R
P (Carrageenan, CAR), X PR XK, =—Fhai
PR RN 208, 0 IR ISAR A T PR ECT, AR PR A
BRAERAE SRS IR, RPIB A o B TR 4 HULE
ZFIEHY . AR ST G RRT, o RPIEXT LR
LT AR BRI AR K M NG E IR B e B SR A E ., 1
S — R R R IS PR IR EER, T N H T AT
A, LA RLAL P HI oK 4S G Re T . BERCREME
FHBTHA R

FIRI, 5T PSP FIZ KR G X MP BER4F A
WFgRER A, S35 560 AT JIOF-AE 1 o 225Ukl E T
REEN, MO 3@ B A T R TR R -8
ERFBREGY), IR HIZE A YR8 2 /I IH
Pickering FL#K, ¥85% T Pickering FLIKA 2 X1 55 KT
TR SRR E P A SE R, (HOR UL PSP--RHZE-MP 25
BEIEAAS 22 M BE RS PEREIAST o

AT LERL PSP AR HI A8 E A ZLIBCRAUER
SIRE T, ¥ EIN A B WL LT 4k 8 s b, T =
R0 BB UL WNEd: IV i B e i el (R KA S 15
FEEsg R | AR . B I O EE F AR AR I AR
1k, ¥R5T PSP-RH IR G FLIE T MP BER M RE 5%
mal, SR —2E PSP AR P 25 0 FLIREE A E S g
WA e R G v N R R A SR .

1 MREREE
L1 FHRSINEE

BE RN MHdb s enoE s mIE A
(FEHEEKRT 90%) BRpa s YR A R
" R EAfhm L= RARA A RhR

B, 4liE 98%, &0 (R i) B A BRAF; -
TREISRAREN(SDS)  fhEkal, TTINSEE AR
BRSNS SR &N BRS8N R srdrali, 1T
TIREGEFNA RAF; IR EE 40 0ral, REEmRHE

RRAL2EIRFNA TR A E I T ebral, Jb et diAR AR
P ARAARRA T WRE-1, 4- 20802 T BEE ¥k
Siprall, g e A R A R A F] .

FA-1004 AUE R BT RP _LigsEFE R4

AR A PR 7] DHR-2 BUR-G AR JEE TA X
R F] s TA-XT PLUS A4 P& [E Stable Micro
Systems 2y H]; UV-1100 BIEESMEEE T HigSe
IR AN CM-5 224 H4s Konica Minolta 2%
A); DK-S24 AU EVEIR/KEES  HIEARME L5
HBRAF]; BRAI B RELDHL 5EE Thermo 237l 6
1.2 SLWHE
1.2.1 WUFREFAERAMEER DB REIIANIER
AL, Z 8 Cao 51 WY 7 L BEAE VR 3%, BLARHEVE AN
T A RBGIRRLE 4 °C B N T, BREBUH
R e U N FEFRE LA REAR, A 4 5 R
WUR A 4 28 A 38 B, o437 0.1 mol/L NacCl.
2 mmol/L MgCl,. 1 mmol/L EGTA #1 10 mmol/L %
TR ER 2 i, ARG BTN, FE 51 L PR 2
WA O S0 (4500%g 15 min, 4 °C), F72<
B TS UTTE BN 4 R RS ET 4R 25 HE HR
W, EERAE 3 IR, R BRI E 5 0 51581
PLIEIMA 4 15T 0.1 mol/L NaCl ¥k, 765
PEIGE) eI uE (3 240 AE), P4 pH = 6.25 fS7EAREIAY
FA T EIRES L, 152 A WLR £F 45 5] A PR A AR TR VK
,7E 48 h M. DL BSA VERMFRAUEE I, SR
BRI 2 WL A 42 R 1
1.2.2 PSP-RPIRESZLAHI 4  ARIFRTHITISL
Bgh R, B PSP (LA EE N 3%, wiv) 5 ML AP
ZEIR K ARG 1A 5 min JEINAKSIH
(&M E R 10%, v/v), IFHE 6000 r/min £514 R 1
SBT3 min, SRS FERE T REES OB FE T I AR P
(RN 1.5%, wiv), EFEE5) 5158 PSP-Rfr
B AR
1.2.3 WURLAFE AR GEERIE RS  BUURES
YEE FTCHEE 40 mg/mL BUZE FIER, B TR If
WEPEX 5], SR E K & 4 PSP-RPLIEE A FLAE
PR R S22 I AR, JAE T TS50 1 e
Bl EEEE IR 3 0%, 10%. 30%. 50%. 70%,
LA 70 °C KB HINEY 30 min, §ill LR LR
R AMAETE GEER . NG S_ G, BUH BRI, VK
WA 1 h, Z 51588 AL SR IV AFAE 4 °C vkFE
H.
1.2.4 WURLAYE AR GERFKEMIE =%
AR WS I TR B . R G
TI YIRS T7 AR /N B, HERFRIUSR &= (24 2 g) BEIR =
50 mL B0, HIEAU ) B FE OB P E.L
(8000 r/min, 10 min, 4 °C). B.L5ERE MBS
B SR 4R, 840 b BRI /N O, FRECES O J5 5E
BT, BERSFEA MR N ARG
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1.2.5 WURELF4EE A2 A BRI E S5
PR () AR B . WURET HEEE PSR ST AL AT
PERIN 5E R TA-XT plus B FAG 3L . BTk 53
MHSCR SN R - e A F i 2, ik
AT RN 1 mm/s, P3P Ry 2 mmys, 505 3
RN 1 mm/s, FEBEECSHEERSEER S mm, 5|k T
K5 g, LA S BEPE P/0.5 . PRSI S
B L EE e, fEER UM TR, ARSI T 3 Ik
SPATELE, BOF-HAIE

1.2.6 WUREF4ESE 12 G BERARIG I REK 5343 A6 1
M S hr KUY (ks ek sl . 2 55K
(10 @) AEZEIN(25 °C) N P4 30 min J5#H8 BAZREE
(20 mmx=300 mm, A= ) H, A ST . &=
(25 C)F, A MG R At R i TR, S22
ZEUN R« 4k F 51 A Carr-Purcell-Meiboom-Gill
(CPMG)JF4, TAES# N 18.18 MHz, 43T 90°Jlk
1 180° ffkii = [B][E]FE 20 ps, FHYERIA 0~10000 ms,
18000 YK Il , &=/LFHE 3 K. KA MultiExp Inv
Analysis FEFPXHIR p £ T Z2Fe B i £k /= 477, Bif5:
SBIRETE](T,) o

1.2.7 WURELFHEER A2 SR AR e =
AR (T, ISR ) . KBS BERAE =
& N85 30 min J&, {6 TA-XT plus #PEHRAL,
Fe & P/SO RSV TIAE o D5 B e 580K - TR
BE 5.0 mm/s; I J5 3 B A 5.0 mm/s; K A R
1.0 mm/s, M RE B B2 -G8 BERY 172, JTAa il
REFRRR R AR | SR POSRPE. BhPE . THIEME

1.2.8 WURELF4EE 12 B ZEEZI i R
P Li 1 pI i Dy i RSV E IS 0 BRI ES ir it i 1
EERERESS 5 g, Dl B0 FRE S B, FH/INA
BRSO RE ST, TEUEAR AR 30 min, fF2E7E
TR A HE S, PRSI A B O I T . 258
WAL ARG

FEFIR (%) = 270 100

b, — 1M,

o my: BLOAE BT (g) s my: FESRTELO A BT
H(g); my: ZBRAKIGHES AL O T (g) o
1.2.9 WUBET4EEE 52 5 80 R iR e TR A il 2
R EES % Cui 7 kg S K S g
TREEEAE—20 °C RIS 22 h, 1E 30 °C /KIS i
7R 2 ho VRAMEARELE 5 Ko HT7KE(%) I T Rkl
PGP TS BRI A S /KR EE, I LA R ARG

—B 100

piken =20

ZUH A HRBIAL RIS I (g) ;s B MiZRmED
AP S MR K A3 B 25 AOBEER R () -
1.2.10 WURL4eEHE SRR ta2ZeE HEE

O LR P = IVE: N e 1B O A W R (TP B |
R E TR NS GEERFEN, K IE, id5%
L. a" . b{H-
1.2.11 WURLHERE AR S BER M RIE
Jia SEUS) (0 206G 5 v 1AM B, B RE SR IME R Ry
1 mmx1 mmx1 mm, FH 2.5% A% % (pH6.8) =1L
24 h [&E; FPaSL mE, FH 0.1 mol/L, pH & 6.8 A
B 2% v vt 10 min, BE4 3 UG AR K 2B W
PR EE (50%. 70% . 80%. 90%)IEATHIK, AR BT
3 s 3 FHICK ZEEMOK 3 UK, A3UK 10 min; FHIC
IKZEE AT EE(L: 1, V V) LUMGRUT 1, 4554 7—I%
B, B 15 ming BRI R TS, FH B IR
TERE T E — 2R 10 nm B4 IS WUEEAE S
POMESA (FL T 15.0 KV, JRAEEC 2000 175) o
1.2.12 WURLFHESE &GS AR E =
e e A B T PRI S A TR AR AR . BGE
1.2.2 Hl45 IRRMIARE &, 5688 2 RARSGRE &5 1, 7Ei)
R R, BRSO 2 s — 2R agRER, LA 2 C/
min FYHNHGHEZ 20 °C THEZF] 80 °C, BEE N AL N
0.5%, 55N 1 Hz, MSREER A ERERL (G FIFE
(G BYAE T
1.3 HIEAIE

S 4 L 1A Ry B AT R RE TS E A,
JH SPSS 24 A PEIRSE 5T, IHHH ANOVA
A7 BEAT B3 PE 4 M (P<0.05), fi#i ] Origin 2022,
SigmaPlot 14.0 Zf4AEK .
2 FBR55H
2.1 PSP-FRIEGARARIRMEMARTEER
R F K ME RN EE B 58 AT A2

1 e T PSP-RPLE A FLIBCA RIS I ™
WUBRETF 435 1A 2 A S0 B P E RN IS 5 B A8 T
Ulo BE#E PSP-RPEFL B A1 0, AT Ay
R AR o B H4 e T R4, BV S F LI ra s hn

120 1 == K - 100
100 —o— BN S
1 a
¢ b ==y b s
;\;\ 80 A /2///5\ b @)
ot ¢ S i
#H 60 /-// L0 o
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7 40
20
0 20
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HAEFLRAAN (%)
K1 PSP--RILIEE B FLIBCAN R A X WURET 4k 25 BRI
R PR BRI 530 B2 (4 5 )
Fig.1 Effects of different additions to pumpkin seed protein-
carrageenan composite emulsion on the water-holding
properties and gel strength of myofibrillar protein gels
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CIRDRTE =i Wka B o S 0 3l DE SN S S
B bl LIOWEER, 752 G FLIRES I A 50% I, 5
IRPEANBE 5 BE YA TR K- X ml RES 15
WA AAEBERIE it A rh LAV E R 5, PSP ks
W) T WURLF e 25k i 25 B, [RIEE it
A E PSRBT AE T UMEIWER, EMTGE T BEKE
L5, FE R O ) AR E5 K, eAss T LR ST 4EFR 1
BEE AR /K PERNBEIE SR EE . -RPREE n] A5 UEET
YEHE L Z R U, DT SEBEE X 25 2 A4 B A
PO R, SRR, AT ARG
I MBI TR SO 22 7K 53T, AR E KT EBERE
P £ 2t e O SRR P, N BER f A Ak . A, 2
EAAFLRA IR 70% B, BEH 5 L IR/ HEREAIR,
D AT B th TS LU S i vy, OIS
LY F BRI F b B Ok, BEAS T USET e
RAE, SN T BRI 8 4R Ay SE e e, DITT AR 1 BE
JIEE s B IR AR
2.2 PSP-FHRESIRARIRMENAINRALER
BRI IE LR

IR TAEBENE A 25 B AR S SE ) 4 1 BERE
P, AR B LR (LF-NMR) sth B B a] T, #9281k
A EDW 7R K T AATEIR SR 18] 2A R 1L
JRELTF AR G BEE T,y Tayo Tyy Fl Ty, SRS
] 534 o T,,(0.1~1.0 ms)FRFE 1 AR AR ES &
7K Ty (1~10 ms) 2Ny 55 3 L AT 455 AH X R 3 1K
T,3(10~100 ms ) fAEA S5 87K; T,,(100~10000 ms )
AR A KR WIFEERI, oRa S s Tz el A
Fh RSB N, SFR IS TR] T, B, T, 35 b it 8 i ik &
ZE20 NIE] 2A R LIWELS, 530 LI AR LE, AbPHZH
i T, ks R AL, Uil PSP-RHIE G FLK
HOBS I RSN S B0 S BERORAK I BE ) %, K3
VLB PHERE N, BERE N K S AT T ER A, H

FIES, & 2B AT LIRSS T,y Al T,, AYIETHIFR
o b, IS B it slK AN B il K25 S BER P Y
FHEIRSTH I, FEE PSP- ARG FLIR TSN, 4k
FZH [ RO S0 BRZEAH PE 52 T ke, 1]
BERE T 7K ST TEANWT A SRS o AN S i sl 7K AR XS
RS EIHE R RS SRR TE PSP-R
PR G FLBIVETT, 5G /KR WA S i sk I7
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Fig.2 Effects of different additions of pumpkin seed protein-
carrageenan composite emulsion on relaxation time (A)
and peak area ratio (B) of myofibrillar protein gels

mER, NG sk, (E2kEE PSP-RIIKE &
FLIR ARSI, EERE NI AN 2 i sl /K FF IR 28
R E H7K .
2.3 PSP-FHEREESIRIRAMEMARAEER
EEAR BRA RS20

JOT A 2 F 5 WL 2T 44 B P18 IR A 19 R 22 4R
b, WP B R 0T e ) TR S, ik 1
A, BE3E PSP--RPICFLE AGES I, WUREF 4R A2
A B s 1 SRR D P9 R S X R 25 RO IR 5 (P>
0.05), Xt HBZH 5 4 PR2H AURERE | B A
FARAR(P<0.05) . MEEGFLRBINE N 50% B, HL
JRET YRR (1 2 A SR IR R | B P RIE M s 3
FAE . AR BB S A SCRE AR P FIEE RS 5 B35, 3X
KRS INM PSP-RHIFLA T LA S R LT 48 AR
UF b2t A, DG IE IX 45 28544, RBIH 414 BT A AR

1 PSP- R A FLIRA RIS i 0f JULJs 2248 25 1 R A A 2 e

Table 1 Effects of different additions of pumpkin seed protein-carrageenan composite emulsion on the texture of
myofibrillar protein gels
AT (%) T (g/em?) #E (mm) N Hitk(gs) R (m])
0 74.11£2.33° 0.93+0.06" 0.427+0.04° 30.5244.29¢ 28.41+2.59¢
10 81.14+2.82¢ 0.96+0.04* 0.366+0.03" 30.4844.01° 29.67+3.20°
30 96.06+2.94° 0.98+0.02* 0.396+0.02° 39.8142.35°¢ 36.76+2.73¢
50 158.11+2.28° 0.95+0.02* 0.411+0.07° 65.34+3.46° 61.83+3.02°
70 106.87+3.39° 0.94+0.05* 0.468+0.02° 50.75+3.96 48.38+5.84°

H: RIFAN R TR R 25 57 1 2 (P<0.05); 220,



- 142 - £ Tl B4

2024 4 8 A

P, M A ] e R S I BB R T, B A
FLIE 1 PSP RPLIZ S WUR LT 4EHE 1 [A] i 32 AR
FEXSIN, FLWCH BT AS t B8 O A B FE SR s R 45
KR, MRS T B A AR

2.4 PSP-FhEEESIRIRAMEMNAIRALER
X e S 0} =1 ]

&l 3 JZ T PSP--RPIIE G FLIAS RIS &%)
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Fig.3 Effects of different additions to pumpkin seed protein-
carrageenan composite emulsion on cooking loss of
myofibrillar protein gels
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JBERT 7K R AR B ELHD i S /K A5 A BE 77 RO, Rl
faE ik, Kl 4 v, BEE PSP-RPIFLIK
FOBSIN, FURET 48 A 2 G SR AT K Faz i LT,
AbFRZH (RTK RIE m X RR L, IS T HESE PR
AUREF 4R 1 2 G SRR YR AN — B A 2 J5 , B
H AR EST, 38 o BRFS TR B B X £ £5 A B i RS,
PR B 7K 43 T U328 T N IR 25 44y Hh A HB PO, i)
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Fig.4 Effects of different additions of pumpkin seed protein-
carrageenan composite emulsion on freeze-thaw
stability of myofibrillar protein gels
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Table 2  Effects of different additions to pumpkin seed protein-
carrageenan composite emulsion on the colour difference of
myofibrillar protein gels
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Fig.5 Effects of different additions of pumpkin seed protein-carrageenan composite emulsion on the microstructure of
myofibrillar protein gels (5 pm)
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Fig.6  Effects of different additions to pumpkin seed protein-
carrageenan composite emulsion on rheological properties of
myofibrillar protein gels

4 PSP--RALIEE GFLRAINE A 10% B, G'A
1 GME AT AR, X T ks T/ i) PSP-
RS A ZLBOMA BN USEF L FR BB T, TE AL
BEWCAR RIFATRE, IROMBHAR T BEME 28 25 A 14
P, B S IR i E— 2B, G G R
FEAEGS NG 30% B my T HAWMALPRLE, X RT3 i
PSP--RPLIKAZ 5 FLI B IINTT LU M e X 2 2544



- 144 - é’uﬁ&‘r\“/ﬂ*ﬁ

2024 4 8 A

B, ASEILCEE USRS 4R B G iAEfk
HaFE G, I ARG gt #2 b, Gk
LT G, UL IS I I BE RS — D BAT
BEUF B E A BER
3 #Hig

ARSLYGHFFGE T PSP-RHIE GRS RIS s
XL LT 4 2R (SR MERE R . P IR 45 R oK,
4 PSP-RPLICE G FLIAAINE R 50% i, k246w
T WURET 4 75 1 52 A5 B SRR 7K R e 5k )3 (P<
0.05) . [FIEs, WUSET 4k 12 A e e hsi B | e . nEL
WAt o A S LA I s g, R R
U A REE, DUREF 4R 2 A BRI 288 R k%
A, HAEZLI BN 50% IF, R BB ) —
PRI S A FNAR U M T AR 2R e . 275 DA R85 2RA5
H, PSP-RHALIEE G FLI TV M g Wi A
PRSI0 T, 355 B Rt s T L Y 2 3 R PRI )
ah 3B R, R SRS AR N FH AR TE] R s T,
PR X PR o) it £ P O R W IO A TR (A5
S SEBRAE PR PR ] A R R A

© The Author(s) 2024. 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/).

&% ik

[ 1] AMIRI A, SHARIFIAN P, SOLTANIZADEH N. Application
of ultrasound treatment for improving the physicochemical, func-
tional and rheological properties of myofibrillar proteins[J]. Interna-
tional Journal of Biological Macromolecules, 2018, 111: 139—147.
[2] SUNJ, LI X, XU X L, et al. Influence of various levels of
flaxseed gum addition on the water-holding capacities of heat-in-
duced porcine myofibrillar protein[J]. Journal of Food Science,
2011, 76: C472—C478.
[3] Rlck, FAH, ik, LB A 34 s R 4 6 5
AT (1], A e A, 2023, 48(12):236-243. [ WU Yihui,
HUANG Guiying, CHEN Haiguang. Research progress on applica-
tion of emulsion gel as animal fat substitute[J]. Food Science and
Technology, 2023, 48(12): 236-243. ]
[ 4] REZAEE M, AIDER M. Study of the effect of canola proteins-
xanthan based Pickering emulsion as animal fat replacer in a food
matrix produced from mechanically separated meat[J]. Meat Sci-
ence, 2023, 204: 109283.
(5] ERA, Sm, ik, 5. TRAFIC- T RAT i SLIR RIS By
St ELAC B Su SR AF M 6 e [T]. R Se A 52, 2023, 44(10): 64-72.

[ TANG Yueli, JIA Na, YANG Songtao, et al. Effect of flaxseed
gum-flaxseed oil emulsion substitution of fat on quality characteris-
tics of emulsified sausage[J]. Food Science,2023,44(10): 64—
72. ]
[6] 3K3F. dRATHR G IR FA R [D]. o5 Ri%: ZAIT
X %, 2014. [ ZHANG Fen. Extraction and properties of pumpkin
seed meal protein [D]. Harbin: Heilongjiang University, 2014. ]
[7] WIJESEKARA I, KARUNARATHNA W. Usage of seaweed
polysaccharides as nutraceuticals [M]. Seaweed Polysaccharides: El-
sevier, 2017: 341-348.
(8] x4, B, £0b, . TH RIS F 1A% RIS BT

R RO RN Hall]l. R L A, 2019,4003):
45-51. [ LIU Qian, SHANG Xu, JIANG Shuai, et al. Effect of
compound pairing of myofibrillar protein with carrageenan gum and
xanthan gum [J]. Food Research and Development, 2019, 40(3): 45—
51.]

(9] 337, BE-F, 4/ HRAFRGEARE MM T LRI
A A5 h g, 2023,36(1): 78-81. [ GUO Fang, FENG Caiping,
ZOU lJia. Research on processing technology of pumpkin seed pro-
tein vegetarian sausage [J]. Grains and Oils, 2023, 36(1): 78-81. ]
[10] Mzt dR4Fw Pickering $Lik 84 ) &% H 44 % M 15 35 4L
HF 08 BF 5 [D]. K L. KX % T K ¥, 2023. [ CHEN Yagqi.
Preparation of pumpkin seed oil Pickering emulsion and its stability
and digestion characteristics[D]. Wuhan: Wuhan University of
Light Industry, 2022. ]

[11] CAOY G, MA W H, HUANG J R, et al. Effects of sodium
pyrophosphate coupled with catechin on the oxidative stability and
gelling properties of myofibrillar protein[J]. Food Hydrocolloids,
2020, 104: 105722.

[12] SEH, W45, TR A, & S Ao P4 3 & 6 & BE ) 5 5
B 4 M eg e B [J]. Ak T 3k, 2018(4):30-39. [ DAI Huimin,
DENG Wei, CHEN Manhua, et al. Improvement of gel properties of
gluten on silver carp surimi products with low sodium salt[J]. Meat
Industry, 2018(4): 30-39. ]

[13] S, RAE, 705, 5. ZRAFRT LA E-ILR G 4% G
Hf SR Ha (1], R %A S, 2019,40(20): 1-7. [JIA
Na, ZHANG Fengxue, SUN lJia, et al. Effect of flaxseed gum on
heat-induced gel properties of catechin-myofibrillar protein[J].
Food Science, 2019, 40(20): 1-7. ]

[14] % X KRI . FRIIAC T AT T BT LR 4 4 %
& LA Fe 5 bk 09 % vm (D). 45 M 3 M K F, 2018, [ FEI
Litian. Study on properties of guar gum and xanthan gum emulsion
and its effect on myofibrillar protein emulsification and gelatinity
[D]. Yangzhou: Yangzhou University, 2018. |

[15] Efhfd. & G R SLiR B0 H) & B2 2 SLA A 1 oF 04 5 )
[D]. &% "M 2 X%, 2022. [ WANG lJiajia. Preparation of
protein-based emulsion gel and its application in emulsified sausage
[D]. Nanjing: Nanjing University of Finance and Economics,
2022. ]

[16] LIX Q, XIONG Y L L, CHEN 1. Protein oxidation at differ-
ent salt concentrations affects the cross-linking and gelation of pork
myofibrillar protein catalyzed by microbial transglutaminase[J].
Journal of Food Science, 2013, 78(6): 823—831.

[17] CUIB,MAO Y Y, LIANG H S, et al. Properties of soybean
protein isolate/curdlan based emulsion gel for fat analogue: Compar-
ison with pork backfat[J]. International Journal of Biological
Macromolecules, 2022, 206: 481—488.

[18] JIAN, WANG L T, SHAO J H, et al. Changes in the struc-
tural and gel properties of pork myofibrillar protein induced by cate-
chin modification[J]. Meat Science, 2017, 127: 45-50.

[19] #EZ ATXEFG-TRBE-BRTEMELLSHRA
B IR R a9 AT D). M M K, 2023, [ HUANG Weiying.
Study on the construction of composite coagulation gel system based
on soybean protein-chitosan-dietary fiber[D]. Guangzhou: Guang-
zhou University, 2023. ]

[20 ] ZHENG H, BEAMER S K, MATAK K E, et al. Effect of «-
carrageenan on gelation and gel characteristics of Antarctic krill
(Euphausia superba) protein isolated with isoelectric solubilization/
precipitation[J]. Food Chemistry, 2019, 278: 644—652.

[21 ] PETCHARAT T, BENJAKUL S. Property of fish gelatin gel


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/10.1016/j.ijbiomac.2017.12.167
https://doi.org/10.1016/j.ijbiomac.2017.12.167
https://doi.org/10.1016/j.meatsci.2023.109283
https://doi.org/10.1016/j.meatsci.2023.109283
https://doi.org/10.1016/j.meatsci.2023.109283
https://doi.org/10.7506/spkx1002-6630-20220818-207
https://doi.org/10.7506/spkx1002-6630-20220818-207
https://doi.org/10.3969/j.issn.1005-6521.2019.03.008
https://doi.org/10.3969/j.issn.1005-6521.2019.03.008
https://doi.org/10.3969/j.issn.1008-9578.2023.01.019
https://doi.org/10.3969/j.issn.1008-9578.2023.01.019
https://doi.org/10.1016/j.foodhyd.2020.105722
https://doi.org/10.3969/j.issn.1008-5467.2018.04.008
https://doi.org/10.3969/j.issn.1008-5467.2018.04.008
https://doi.org/10.3969/j.issn.1008-5467.2018.04.008
https://doi.org/10.7506/spkx1002-6630-20181019-211
https://doi.org/10.7506/spkx1002-6630-20181019-211
https://doi.org/10.1016/j.ijbiomac.2022.02.157
https://doi.org/10.1016/j.ijbiomac.2022.02.157
https://doi.org/10.1016/j.meatsci.2017.01.004
https://doi.org/10.1016/j.foodchem.2018.11.080

545 % % 164 IR A, A5 IR - AR LR D UL 4 2 B R - 145 -

as affected by the inorporation of gellan and calcium chloride[J].
Food Biophysics, 2017, 1: 1-9.

[22 ] HUANG C, BLECKER C, WEI X, et al. Effects of different
plant polysaccharides as fat substitutes on the gel properties, mi-
crostructure and digestion characteristics of myofibrillar protein[J].
Food Hydrocolloids, 2024, 150: 109717.

[23] KANG Z L, BAIR, LU F, et al. Effects of high pressure ho-
mogenization on the solubility, foaming, and gel properties of soy 11S
globulin[J]. Food Hydrocolloids, 2022, 124: 107261.

[24] XIA S G, XUE Y, XUE C H, et al. Structural and rheologi-
cal properties of meat analogues from Haematococcus pluvialis
residue-pea protein by high moisture extrusion[J]. LWT-Food Sci-
ence Technology, 2022, 154: 112756.

[25] LUO H B, GUO C, LIN L, et al. Combined use of rheology,
LF-NMR, and MRI for characterizing the gel properties of hairtail
surimi with potato starch[J]. Food and Bioprocess Technology,
2020, 13(4): 637-647.

[26] DUJI, ZHOU CY, XIA Q, et al. The effect of fibrin on rhe-
ological behavior, gelling properties and microstructure of myofib-
rillar proteins [J]. LWT, 2022, 153: 112457.

[27] ShATH. Hhnd Foib 55 2 a2 75 X3 WUR ¢F e % & B0k
L3l et %oa (D). s M 2 X%, 2022, [ HAN Key-
ing. Effect of camellia oil addition and physical treatment on my-
ofibrillar protein gel and emulsifying properties[D]. Nanjing: Nan-
jing University of Finance and Economics, 2022. ]

(28] &M, R, ARE, F - FTEBEABIMTEREFA
B R e iR B A 0 2 2 (T, S 55 K B L Ak, 2020, 46(1):
136-142. [ MENG Ziging, ZHAO Gaiming, ZHU Chaozhi, et al.
Establishment of an evaluation model of the effect of x-carrageenan

on the quality of Simmental hybrid beef minced beef[J]. Food and
Fermentation Industry, 2020, 46(1): 136—142. ]

[29 ] #A&. B3 % A A ek 5 My BE 34 ) & B m T 45 AR
[D]. K, 4 PRk K %, 2022, [ JIANG Jie. Study on prepara-
tion and processing characteristics of konjac gel-based bulk fat simu-
lant[D]. Wuhan: Huazhong Agricultural University, 2022. ]

[30] TAN M T, DING Z Y, MEI J, et al. Effect of cellobiose on
the myofibrillar protein denaturation induced by pH changes during
freeze-thaw cycles[J]. Food Chemistry, 2022, 373: 131511.

[31] BAxgt & %48 5 5L W B R o9 ) & 2 3 AR RS
A B P g 5 A (D], B 4 A2 T K42, 2020. [ ZHOU Shigi.
Preparation of kelp polysaccharide compound milk gel fat substitute
and its application in low-fat chicken sausage[D]. Shanghai: East
China University of Science and Technology, 2020. |

[32] JIANG S S, MA Y Y, WANG Y H, et al. Effect of x-car-
rageenan on the gelation properties of oyster protein[J]. Food
Chemistry, 2022, 382: 132329.

[33 ] XIONG Y L, BLANCHARD S P. Myofibrillar protein gela-
tion: Viscoelastic changes related to heating procedures[J]. Journal
of Food Science, 1994, 59(4): 734-738.

[34] DOU Z M, CHEN C, FU X. The effect of ultrasound irradia-
tion on the physicochemical properties and a-glucosidase inhibitory
effect of blackberry fruit polysaccharide[J]. Food Hydrocolloids,
2019, 96: 568—-576.

(35 FhRF, B S, A, 5. B Mstdo £ & sPIFIUR 4 4 &
B B A 0 e [J]. A S A, 2022, 43(12): 42-50. [ SUN
Lechang, ZHOU Dianying, DU Han, et al. Effect of konjac gum on
myofibrillar protein gel properties of Penaeus vannamei shrimp [J].
Food Science, 2022, 43(12): 42-50. ]


https://doi.org/10.1016/j.foodhyd.2023.109717
https://doi.org/10.1016/j.foodhyd.2021.107261
https://doi.org/10.1016/j.lwt.2021.112756
https://doi.org/10.1016/j.lwt.2021.112756
https://doi.org/10.1016/j.lwt.2021.112756
https://doi.org/10.1016/j.lwt.2021.112756
https://doi.org/10.1016/j.lwt.2021.112756
https://doi.org/10.1007/s11947-020-02423-y
https://doi.org/10.1016/j.lwt.2021.112457
https://doi.org/10.1016/j.foodchem.2021.131511
https://doi.org/10.1016/j.foodchem.2022.132329
https://doi.org/10.1016/j.foodchem.2022.132329
https://doi.org/10.1111/j.1365-2621.1994.tb08115.x
https://doi.org/10.1111/j.1365-2621.1994.tb08115.x
https://doi.org/10.1016/j.foodhyd.2019.06.002
https://doi.org/10.7506/spkx1002-6630-20210822-286
https://doi.org/10.7506/spkx1002-6630-20210822-286

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 肌原纤维蛋白的提取
	1.2.2 PSP-卡拉胶复合乳液的制备
	1.2.3 肌原纤维蛋白复合凝胶体系制备
	1.2.4 肌原纤维蛋白复合凝胶持水性的测定
	1.2.5 肌原纤维蛋白复合凝胶强度的测定
	1.2.6 肌原纤维蛋白复合凝胶低场核磁水分分布的测定
	1.2.7 肌原纤维蛋白复合凝胶质构特性的测定
	1.2.8 肌原纤维蛋白复合凝胶蒸煮损失的测定
	1.2.9 肌原纤维蛋白复合凝胶冻融稳定性的测定
	1.2.10 肌原纤维蛋白复合凝胶色差的测定
	1.2.11 肌原纤维蛋白复合凝胶微观结构
	1.2.12 肌原纤维蛋白复合凝胶流变特性的测定

	1.3 数据处理

	2 结果与分析
	2.1 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶持水性和凝胶强度的影响
	2.2 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶水分分布情况的影响
	2.3 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶质构的影响
	2.4 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶蒸煮损失的影响
	2.5 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶冻融稳定性的影响
	2.6 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶色差的影响
	2.7 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶微观结构的影响
	2.8 PSP-卡拉胶复合乳液不同添加量对肌原纤维蛋白凝胶流变特性的影响

	3 结论
	参考文献

