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Abstract: In this experiment, myofibrillar proteins were extracted from chicken breast meat to prepared emulsions. The
effects of different concentrations of citrus fiber (0%, 1.5%, 3%, 4.5%, CF) on the stability of chicken myofibrillar protein
(MP) emulsions under low-salt conditions (0.3 mol/L NaCl) were investigated by measuring the apparent stability,
Turbiscan stability index, droplet size, rheological properties, microstructure of emulsion and the content of adsorbed
protein in the oil-water phase. The results showed that with the increase of citrus fiber concentration, Turbiscan stability
index value and oil droplet size of the emulsions gradually decreased, while the apparent stability, apparent viscosity,
storage modulus, loss modulus, and adsorbed protein content of the emulsion layer obviously increased. Laser confocal
results showed that myofibrillar proteins were uniformly distributed around the oil droplets, and cryo-electron microscopy
results showed that the oil droplets were uniformly distributed in the three-dimensional network structure formed by citrus
fibers. When the addition amount of citrus fiber was 4.5%, the prepared emulsions reached a relatively stable state after
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being stored at 4 °C for 7 days, and no emulsion stratification was observed. These above results indicate that citrus fiber

might be a potential emulsifier in improving the stability of low-salt myofibrillar protein emulsions.
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Fig.3 Effects of different concentrations of CF on the
distribution of low-salt MP emulsion droplets
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viscosity of low-salt MP emulsions

H A 5 AT, TEig e 5 AN ARG 2T 4k, FLIR Y
G'H GEFEFE SR A NI E—E R TR
THrEa S, HFLR R GEEJER T G, iX R FL
WHA B BORG AE AN ISABE A T . &l 5 abn]



8478 2

TR, 45 MG AERH SR 5%

PTG USRS 4 A FLIBAR R PRI - 81 -

F i, FL Y GAN GELREE MG e B i3 hnimg
HEI, X R LT AR A BRI LR B AR LS F A
TS . GAI GEAIEINZR WL BAT AR X 5 ey
FO B, AR 2T 4 vP 9 SR 55 7K 1l B e I 495 415
¥, I FEE A ARG LT A B3N, 28 ShFaRR e P B
kfo ZHOU 25PN ppIF TR, 2 H BLLT 4R R nv s
Hohn 1T WUSET 4 A FLkn G G, HLEERR
FLAF RSN E I G GMEPEEE I, FU S50
WAFFE R, MOPELTAE R A BB 1 & A FLA Y
G'F G"{H, H G'F1 G"(EL Pl £ 4 28 W BE iy 34 g
.

100 e A . 0% Gv

* o o o . e

,:. . o @ . . - 4.5%G'

o] e g T L
.

b : At At < 15%G"
N * *
A ST DS

- ‘;/ el
et * 45%G

GY/G" (Pa)

0.1 i 1'0 1(‘)0
FAME (rad/s)
K5 ARG AR US4 E A FLIR G
A GBI
Fig.5 Effects of different concentrations of CF on G'
and G" values of low-salt MP emulsions

2.5 FLRAAHRE

WO R AR — T R B M ZLIAM R SEBRR
IINFIG3 AT L K S5 R AR AR B9 05k i
Pl 6 RIT, X BEZEL LR I o3 A1 AN 21 29 HL g R

0% 1.5%

45%
[ EEA AR AT AR R ER U £ A2 PO LR
SRR

3.0%
&l 6

Fig.6  Effects of different concentrations of CF on CLSM
images of low-salt MP emulsions

SRS, TR RS LT 45 B F LR A 1 R 1
AN = R W= R TV 3 2 = e N1 e o B3 R A SR e M D |
Bl BEE AR LT A 52 g in, i AN R T 240
/NE Ay ARk 5], 3X FeBHAG AT 4 s s A1
FLAB AR 054540, BARSE T 2R SR
5L, SRR, 28 P B A T 1 2= m, DA
LAY AN SRR B ZE B, LI e LI o
2.6 FiRAFFEEBIER

d P 7 BT, B S A AE LT g e B f B hin Lk e
S PR EE A AR A S B INAR S, BT i XA o3 A A 4%
HR Xt BEZH YT R T ELEE BUARE [RJE , TT0 E E AH A 41
e 8 PRI, TR R STHs/ N 3K PT BE YR RLUEAH AR
LR YE S W ZEBE LR RS 32 1T REE RS I 265 4%
FEUSL TS LI BE S FH AR £T- 4 S = B i 58 i
FaE . BXFFTAE SRS I R 45 5 DA o6 5
AR E S5 IR —3

100 pm

““““ S -
0% A%
Pl 7 RV HEHERREF AR LI £F 4 B 11 SR

FLBE IR
Fig.7 Effects of different concentrations of CF on cryo-SEM
images of low-salt MP emulsions

27 FEEANEE

HAFOE—AE R FLAER, ERe 21 oA e
TH T 118 2 TR 18 B 10 IS, DT R 3 17 53 A 7 7K AH
BT U T A R P ARG i 2R T R S 5K T T B
AEJT -5 W R R 1 B9 5 S S DR S, T 2 W B (4
e HE AR P SO A VSR R i B, AT — 2
Er L ata e e LML R E 6 451 AT
N, BB AT A hn SRR, 25 a2 ahiE HAR
SRR LB, LI ARG T 3R
SERA A RATA, )y PR i i S Bl 0 3 P 5 I,
FEAR A gk S 1] 8 HL UK &GS SR AT A, KA Y
AR e AN AR R A LR R
BE . oL . WUBhEE . JELEREE L JLBREE
FIAREE 1 MULERE A RREE 2. BEE ML 4R
o, FLROKAR e LR EE FEEAE . DLshE A EAL
BRAT AR ER 1 A B o B i 25 AR, iyiAH T AL



82 - 8 TR

2026 4F 1 H

EREE R WIBhE A | RS A A LERER s
) SE RN, X ARG LT AU INEAGE T L
e e, HoAT RE I SR IR EE U AILSh &8 o AT
T B AR TATRAARR 1 2t 1o i g I3 i s e HE S
NI 1 FLBRRE PR

AR B USR]
12 3 4 5 6 7 8 9

-

260 kDa «<—1 > Lk
140 kDa <—1 — oL E
100kDa <—

70 kDa <— | -

50 kDa <— | S HEL

40 kDa <— 1

ol — IR

25 kDa <— et

15 kDa <— —> LBk PR

10kDa < - — = —> JJLERER 15851
Bl 8 TNIRIe i AHHARS £ 4 SRR LI 2T 2 85 1 L v s e ok

KR 520
Fig.8 Effects of different concentrations of CF on SDS-PAGE
pattern of low-salt MP emulsions
TE: 1 RonbriE Mark B RS, 2~5. 69 73 BIZRAR BN 0%,
1.5%. 3.0%. 4.5% MAGLT 2k 4 i 2 1 FLIBORE it

3 i

PG LT A i e WUB 27 4k 2 A LI R
SEVE R . A MO SE R EAT S B
T L~ B VRl N RV PL VRORS FEE 88 o v e S A 3
FUSCET 4 2 1 LR PR BN L A AR T 4
HHE Ny 4.5% I, PR EVERBURAT . a2, HHE
LAl R A K AL R FLIR T RE R P S LA,
A AL IR P R S AT R AT R R . SR, A
LT AEWK B ST580, RS ITFLIR P B RS 2T v i
SHEASERAER R . A1, HIBLTdire LAk 25 P il
it PR SRR IS PR AT, A BT SR B MR 2T
LA E LA T P ) R (SRR

© 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 K
[1] LAMR S H, NICKERSON M T. Food proteins: A review on
their emulsifying properties using a structure—function approach[J].
Food Chemistry, 2013, 141(2): 975-984.
[2] SANTHI D, KALAIKANNAN A, SURESHKUMAR S. Fac-
tors influencing meat emulsion properties and product texture: A re-
view[J]. Critical Reviews in Food Science and Nutrition, 2017, 57
(10):2021-2027.
[3] ZHU Chaozhi, JIN Haoquan, YIN Feng, et al. Emulsion-form-
ing properties of heat-induced pork myofibrillar protein affected by
NaCl[J]. International Journal of Food Science & Technology, 2021,
56(6):3016-3025.
[4] ZHAO Xue, WU Tao, XING Tong, et al. Rheological and
physical properties of O/W protein emulsions stabilized by isoelec-

tric solubilization/precipitation isolated protein: The underlying ef-
fects of varying protein concentrations[J]. Food Hydrocolloids,
2019, 95: 580—589.

[5] WEI Sumeng, YANG Yuling, FENG Xiao, et al. Structures
and properties of chicken myofibrillar protein gel induced by mi-
crowave heating[J]. International Journal of Food Science & Tech-
nology, 2020, 55(7): 2691-2699.

[6] WANG Ji, HUANG Xuhui, ZHANG Yuying, et al. Effect of
sodium salt on meat products and reduction sodium strategies: A re-
view[J]. Meat Science, 2023, 205: 109296.

[ 7] HUANG lJiayi, LIAO Jinsong, QI Junru, et al. Structural and
physicochemical properties of pectin-rich dietary fiber prepared
from Citrus peel[J]. Food Hydrocolloids, 2021, 110: 106140.

[ 8 ] XUE Xiuheng, DONG Jinhua, HE Haiyong, et al. Emulsifica-
tion and stabilization of diacylglycerol-in-water Pickering emul-
sions stabilized by ultrafine grinding oat bran insoluble fiber-gela-
tinized starch hybrid granules[J]. Food Hydrocolloids, 2021, 112:
106322.

[9] LUNDBERG B, PAN X J, WHITE A, et al. Rheology and
composition of Citrus fiber[J]. Journal of Food Engineering, 2014,
125:97-104.

[10] TOMASCHUNAS M, ZORB R, FISCHER J, et al. Changes
in sensory properties and consumer acceptance of reduced fat pork
Lyon-style and liver sausages containing inulin and Citrus fiber as
fat replacers [J]. Meat Science, 2013, 95(3): 629—640.

[11] SONG Junhong, PAN Teng, WU Jianping, et al. The im-
provement effect and mechanism of Citrus fiber on the water-bind-
ing ability of low-fat frankfurters[J]. Journal of Food Science and
Technology, 2016, 53(12): 4197-4204.

[ 12] FU Qingquan, LTU Rui, WANG Haiou, et al. Effects of oxi-
dation in vitro on structures and functions of myofibrillar protein
from beef muscles[J]. Journal of Agricultural and Food Chemistry,
2019, 67(20): 5866—5873.

[13] GORNALL A G, BARDAWILL C J, DAVID M M. Deter-
mination of serum proteins by means of the biuret reaction[J]. Jour-
nal of Biological Chemistry, 1949, 177(2): 751-766.

[ 14 ] FU Qingquan, CHENG Jingrong, SHI Haibo, et al. Effects of
xanthan gum and Psyllium husk powder with different ratios on the
emulsification and oxidative stability of low-salt myofibrillar pro-
tein emulsions prepared by ultrasound[J]. Food Chemistry: X, 2025,
25:102214.

[ 15] FU Qingquan, LTU Rui, ZHOU Lei, et al. Effects of Psyllium
husk powder on the emulsifying stability, rheological properties,
microstructure, and oxidative stability of oil-in-water emulsions[J].
Food Control, 2022, 134: 108716.

[ 16 ] HU Hongyan, XING Lujuan, HU Yaya, et al. Effects of re-
generated cellulose on oil-in-water emulsions stabilized by sodium
caseinate [J]. Food Hydrocolloids, 2016, 52: 38—46.

[ 17] FU Qingquan, SHI Haibo, ZHOU Lei, et al. Effects of ultra-
sound power on the properties of non-salt chicken myofibrillar pro-
tein emulsions [J]. International Journal of Food Science & Technol-
ogy, 2022, 57(4): 2523-2534.

[ 18] LIKe, FU Lei, ZHAO Yingying, et al. Use of high-intensity
ultrasound to improve emulsifying properties of chicken myofibril-
lar protein and enhance the rheological properties and stability of the
emulsion [J]. Food Hydrocolloids, 2020, 98: 105275.

[19] UMANA M, TURCHIULI C, EIM V, et al. Stabilization of
oil-in-water emulsions with a mushroom (Agaricus bisporus) by-
product[J]. Journal of Food Engineering, 2021, 307: 110667.


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.foodchem.2013.04.038
https://doi.org/10.1080/10408398.2013.858027
https://doi.org/10.1016/j.foodhyd.2020.106322
https://doi.org/10.1016/j.jfoodeng.2013.10.021
https://doi.org/10.1007/s13197-016-2407-5
https://doi.org/10.1007/s13197-016-2407-5
https://doi.org/10.1021/acs.jafc.9b01239
https://doi.org/10.1016/j.foodcont.2021.108716
https://doi.org/10.1016/j.foodhyd.2015.06.019
https://doi.org/10.1016/j.jfoodeng.2021.110667

547 % 5% 2 )

RPAL, 45 WHRLTHERREL A%

T SRR 4E S H LA E PR - 83 -

[20] AYADI M A, KECHAOU A, MAKNI , et al. Influence of
carrageenan addition on Turkey meat sausages properties[J]. Jour-
nal of Food Engineering, 2009, 93(3): 278—283.

[21] SHAO Ping, FENG Jieru, SUN Peilong, et al. Recent ad-
vances in improving stability of food emulsion by plant polysaccha-
rides[J]. Food Research International, 2020, 137: 109376.

[22] ZHU Chenyan, ZHANG Shunliang, ZHU Ning, et al. Effects
of Citrus fiber on the emulsifying properties and molecular structure
of mutton myofibrillar protein: An underlying mechanisms study [J].
Food Bioscience, 2023, 51: 102304.

[23] POWELL M J, SEBRANEK J G, PRUSA K J, et al. Evalua-
tion of Citrus fiber as a natural replacer of sodium phosphate in al-
ternatively-cured all-pork Bologna sausage[J]. Meat Science, 2019,
157:107883.

[24 ] TAO Ye, CAI Jiaming, WANG Peng, et al. Exploring the re-
lationship between the interfacial properties and emulsion properties
of ultrasound-assisted cross-linked myofibrillar protein[J]. Food
Hydrocolloids, 2024, 146: 109287.

[25] XU Wei, XIONG Yongzhao, LI Zhifan, et al. Stability, mi-
crostructural and rheological properties of complex prebiotic emul-
sion stabilized by sodium caseinate with inulin and konjac gluco-
mannan[J]. Food Hydrocolloids, 2020, 105: 105772.

[26] FU Qingquan, ZHOU Lei, SHI Haibo, et al. Synergistic ef-
fects of Psyllium husk powder and different levels of methylcellu-
lose on the storage stability of sodium caseinate emulsion[J]. Fron-
tiers in Nutrition, 2023, 10: 1125312.

[27 ] FU Qingquan, QIN Chun, CHEN Quanzhan, et al. Effects of
Flammulina velutipes powder on the emulsion properties of chicken

myofibrillar protein under low-salt conditions [J]. Journal of the Sci-
ence of Food and Agriculture, 2025, 105(4): 2118-2127.

[28] VERKEMPINCK S H E, KYOMUGASHO C, SALVIA-
TRUIJILLO L, et al. Emulsion stabilizing properties of Citrus pectin
and its interactions with conventional emulsifiers in oil-in-water
emulsions[J]. Food Hydrocolloids, 2018, 85: 144—157.

[29] MOROS J E, FRANCO J M, GALLEGOS C. Rheology of
spray-dried egg yolk-stabilized emulsions[J]. International Journal
of Food Science & Technology, 2002, 37(3): 297-307.

[30] KURT A, GENCCELEP H. Enrichment of meat emulsion
with mushroom (Agaricus bisporus) powder: Impact on rheological
and structural characteristics [J]. Journal of Food Engineering, 2018,
237:128-136.

[31] ZHOU Lei, JIANG Jinyuan, FENG Fan, et al. Effects of car-
boxymethyl cellulose on the emulsifying, gel and digestive proper-
ties of myofibrillar protein-soybean oil emulsion[J]. Carbohydrate
Polymers, 2023, 309: 120679.

[32] ZHAO Yinyu, HOU Qin, CAO Songmin, et al. Effect of re-
generated cellulose fiber on the properties and microstructure of
emulsion model system from meat batters[J]. Food Hydrocolloids,
2019, 87: 83—89.

[ 33] JIANG Jiang, XIONG Y L. Extreme pH treatments enhance
the structure-reinforcement role of soy protein isolate and its emul-
sions in pork myofibrillar protein gels in the presence of microbial
transglutaminase[J]. Meat Science, 2013, 93(3): 469—476.

[ 34 ] PENG Weiwei, KONG Xiangzhen, CHEN Yeming, et al. Ef-
fects of heat treatment on the emulsifying properties of pea
proteins[J]. Food Hydrocolloids, 2016, 52: 301-310.


https://doi.org/10.1016/j.jfoodeng.2009.01.033
https://doi.org/10.1016/j.jfoodeng.2009.01.033
https://doi.org/10.1016/j.meatsci.2019.107883
https://doi.org/10.1016/j.foodhyd.2023.109287
https://doi.org/10.1016/j.foodhyd.2023.109287
https://doi.org/10.3389/fnut.2023.1125312
https://doi.org/10.3389/fnut.2023.1125312
https://doi.org/10.1002/jsfa.13843
https://doi.org/10.1002/jsfa.13843
https://doi.org/10.1002/jsfa.13843
https://doi.org/10.1016/j.foodhyd.2018.07.014
https://doi.org/10.1016/j.jfoodeng.2018.05.028
https://doi.org/10.1016/j.foodhyd.2018.07.044
https://doi.org/10.1016/j.foodhyd.2015.06.025

	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 蛋白乳液的制备
	1.2.3 乳液表观稳定性观察
	1.2.4 乳液Turbiscan稳定性指数测定
	1.2.5 乳液液滴粒径测定
	1.2.6 乳液流变特性测定
	1.2.7 乳液激光共聚焦观察
	1.2.8 乳液冷冻扫描电镜观察
	1.2.9 乳液界面蛋白浓度及组成测定

	1.3 数据处理

	2 结果与分析
	2.1 乳液表观稳定性
	2.2 乳液Turbiscan稳定指数（TSI）
	2.3 乳液粒径
	2.4 乳液流变性质
	2.5 乳液激光共聚焦
	2.6 乳液冷冻扫描电镜
	2.7 界面蛋白的鉴定

	3 结论
	参考文献

