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Effects of Aqueous Extract of Zanthoxylum bungeanum on Gel
Properties of Mandarin Fish (Siniperca chuatsi) Surimi Gel
WEI Haigiu'?, YANG Mingliu’, ZHOU Yingqin>®, FANG Xubo‘, CHEN Xiaoe"*, XIE Ningning™*"
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Abstract: In this study, the effect of Zanthoxylum bungeanum aqueous extract (ZBAE) with the addition of 0, 0.125%,
0.25%, 0.5% and 1.0% on the characteristics of mandarin fish surimi gel, including water-holding capacity, gel strength,
texture, whiteness, secondary structure and microstructure were performed. The results showed that the fish surimi gel's
water-holding capacity, gel strength, hardness, and adhesion presented a trend of first increasing and then decreasing with
the increasing of ZBAE, which had a maximum value of 0.25%. Also, FTIR analysis showed that a-helix, f-fold, and
random coil structure exerted a trend of first increasing and then decreasing, and the content of f-fold and a-helix both
reached the highest value at 0.125% and 0.25%, respectively. SEM results showed that when adding 0.25% ZBAE, the

network structure was more ordered and denser than that of the non-addition group, and the fractal dimension, average
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diameter and water holes were also perfect. In addition, low addition (<0.25%) of Zanthoxylum bungeanum water extract

could improve the sensory quality of surimi gel.

Key words: Zanthoxylum bungeanum; mandarin fish; surimi; gel properties; protein conformation; scanning electron

microscope
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Table 1 Criteria for sensory evaluation of mandarin fish surimi
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Fig.1 Effect of ZBAE addition on water holdability of surimi
gel of mandarin fish
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Fig.2 Effect of ZBAE addition on gel strength of surimi of
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# 2 ZBAE USEEX 6 A0 0 BESE I R ) 500
Table 2 Effect of ZBAE addition on the gel texture of mandarin fish surimi

I (%) R (g) fiile3 AR () NELIER: (g) EE TS
0 12302.737+23.145¢ 0.896=0.003" 0.639+0.002° 7857.292+16.785¢ 7054.389+18.696° 0.250+0.000°
0.125 12807.288+26.179° 0.885+0.001° 0.618+0.002¢ 7914.849+12.682° 6958.516+24.178¢ 0.231+0.001°
0.25 13155.030+32.084° 0.910+0.000* 0.645+0.001% 8480.584+16.358" 7659.669+19.494° 0.2500.002°
0.5 12363.437+0.696° 0.866+0.003¢ 0.648+0.001* 8007.387+15.787° 6934.245+4.134° 0.252+0.002
1 12322.777+11.365% 0.861+0.002¢ 0.644+0.000" 7931.765+12.187° 8302.536+18.800° 0.257+0.003"

T [l — 48R AR 7R 7R 22 5 125 (P<0.05 )5 #2417
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Table 4 Effect of ZBAE addition on sensory quality of
mandarin fish surimi gel (scores)

Ef=ta) 0 0.125% 0.25% 0.5% 1%
B 82.30+1.10° 84.00+1.10° 80.50+1.02° 78.80+0.98¢ 77.90+1.22¢
R 76.20+£1.08° 79.70+0.90° 81.00+1.00° 78.80+0.75" 75.50:£1.02°
AU 83.60£0.66° 84.40+0.66" 84.90+0.70" 80.90+0.83° 79.90+0.70°
FMAEHE 84.70+0.64° 83.20+0.98" 83.00+£0.63" 80.20:£0.87° 77.10+1.04¢
BF 81.70+£0.42° 82.83+0.43° 82.35+0.34° 79.68+0.58" 77.60:£0.63¢

I (<0.25% ) ZBAE X fa BEEE e 4 SRS BH Wk
VEF, nIScs P T SR SR, v (B BB B S T .
3 g

TEBR 0 0 B8 Th S INAE & 1Y ZBAE, 3 K
AEAR AR XU, [RI AR I ZBAE X6 B8 il & i 57K
P BERRE . TPA LIS TSR — R
FUSENE . BSHN 0.25% ZBAE B 340N 1 4 BE I BEIIR
Rp, 0 BEBE RS A RE B L S TR A P S B B R
{8, 4353 13155.03 g, 0.910% #Fl1 8480.584 g, fHEL
T ANGHELE R B IR, 555 H4AHLEL, 3 ZBAE f5
K TR B 0 BEEEI P o-B85E . B-HT 2 AT TCHL )46 i
G548, BETREE R B KA TFIURE ) . I RS R R
7N, BN 0.25% ZBAE JE % 1Y) fa BEEE R S FLAR e
SRR, RO . (HiX BN ZBAE, &HA%
WAL G, SRS T M. 26518, i
0.25% 1) ZBAE REfS I35 M BE ] M T, S EE &
BEH SO T HR AR

S Ak

(1] B, mwdam, gk, . h BT LR e &R
B AEZ MR A T Foa U] F B2 & F IR, 2021, 21(9):
160-168. [ ZHOU Y Q, YANG M L, YIN J F, et al. Effects of Lac-

tobacillus sake on edible quality and volatile flavor compounds of

stinky mandarin fish[J]. Journal of Chinese Food Science, 2021,
21(9): 160-168. ]
[2] RAH, WS, THF F HALHLEREGH LML
(] & dh 5 % B T 1k, 2019,45(19):299-306. [WU Y X, YUC
H, WANG T T, et al. Research overview of traditionally fermented
stinky mandarin fish[J]. Food and Fermentation Industry, 2019,
45(19):299-306. ]
(3] Rsr, oAt gid, . LB EIRB AT T HRA
B R0 T AT P B A R, 2020, 20(4): 179-186.
[ ZHOU Y Q, YANG M L, YIN J F, et al. Changes in quality and
volatile substances of stinky mandarin fish during low-temperature
fermentation[J]. Chinese Journal of Food Science, 2020,20(4):
179-186. ]
(4] FEM, ABX, Rtk REATHEF S5 RARREL[I].
LR K F, 2021, 46(12):68-70. [HUANG J Y, ZHU Y W,
SONG X J. Summary of artificial breeding and culture technology of
mandarin fish[J]. Contemporary Aquatic Products, 2021, 46(12):
68-70. ]
[5] Fx, 54, & RRAmdh ot s & BB & FEH R4
PR KA T Wy oa [T]. & Fe A5, 2020,41(15): 54-63. [ LI
S, LI F, JIAO Y. Effects of different additives on the dielectric prop-
erties and water mobility of silver carp surimi and surimi products
[J]. Food Science, 2020, 41(15): 54—63. ]
[6] GUO X J, SHIL, XIONG S B, et al. Gelling properties of vac-
uum-freeze dried surimi powder as influenced by heating method
and microbial transglutaminase [J]. LWT, 2018, 99: 105-111.
[7] BUBL, oF M, B30, 5. & BE R & BEH) 5 K 5B i
JE[I]. P BA 54,2019, 19(12): 304-310. [ YISM, YEB B,
LI X P, et al. Research progress on moisture in surimi and surimi
products [J]. Chinese Journal of Food Science, 2019, 19(12): 304—



544 5 o )

TRk , S5 AERUK SR it BEBER e M S <119 -

310. ]

[8] Rk, fLik, SEakdm, 5. LRIy B R o3RI kA A AL
2AHR ], F BA &SR, 2016, 16(3): 125-130. [SONG LY,
NIZ, FAN L N, et al. Study on the extraction method and antibacte-
rial mechanism of antibacterial components of Zanthoxylum
bungeanum[J]. Chinese Journal of Food Science, 2016, 16(3): 125—
130. ]

(9] xR, 4R, AR, F. o S BRRA L 7 &AL
#E ] REH AL K 4,2020(2):9-10,12. [LIUL, XU W F,
FAN J F, et al. Research progress on the extraction of polyphenols
from Zanthoxylum bungeanum and their functional activities[J].
Agricultural Technology and Equipment, 2020(2): 9-10,12. ]

[10] &K HAR FFFERNH S PR AR FEIA
ok d=, 2010, 35(4): 39—42. [ SHI K C, LIN S R. Discussion on the
application of spices in meat products[J]. China Seasoning, 2010,
35(4):39-42. ]

[11] FEE ZXF, WA WA ST A FH 8RR
[J]. &Kk TA2H K,2017,37(26): 70-71. [LIHS, WANG W Y,
WEI L R. Research status of application of spices in meat
products[J]. Agricultural Engineering Technology, 2017, 37(26):
70-71. ]

[12] RMFF, BRdE, BAE, 4. KB Xt b £ 9% & 1 BF2 %,
BARE M Ry Ra (1], WEF,2019,33(10): 36-43. [ ZHOU
Y Q, YAN Y, YIN J F, et al. Effects of fermentation methods on the
composition of flora and volatile substances in Huangshan stinky
mandarin fish[J]. Meat Research, 2019, 33(10): 36-43. ]

[13 ] BA fehf B R RIS ERAFRID]. Hx:
% % &k K %2, 2011, [ DI K. Extraction, purification and activity
study of polyphenols in Zanthoxylum bungeanum[D]. Nanjing:
Nanjing Agricultural University, 2011. ]

[14] FE, 2%, FRR, 5. 1D 50 RH&EG A dr
P & Gt KRR A B R [T). & S A, 2019, 40(21):
266—272. [LI W H, LIU F, LI Y B, et al. Inhibitory mechanism of
plant polyphenols on protein oxidation of meat products and its ap-
plication in extending shelf life[J]. Food Science, 2019, 40(21):
266-272. ]

[15] WATTANA T D, SOOTTAWAT B. Effect of oxidized kiam
wood and cashew bark extracts on gel properties of gelatin from cut-
tlefish skins[J]. Food Bioscience, 2014, 7: 95—104.

[ 16 ] HARSHADRAIM R, DORTE C, SASCHA R, et al. Interac-
tions of different phenolic acids and flavonoids with soy proteins[J].
International Journal of Biological Macromolecules, 2002, 30(3):
137-150.

[ 17] MAQSOOD S, BENJAKUL S, SHAHIDI F. Emerging role
of phenolic compounds as natural food additives in fish and fish
products [J]. Critical Reviews in Food Science and Nutrition, 2013,
53(2):162-179.

(18] W&, BAmT, F5, F. AAY $ Brat L& & & FERtA Ay M a)
HED] el X B T, 2018,44(10): 90-95. [JIAH, XIA L
N, LI Q, et al. Two kinds of polyphenols improve the gel properties
of mackerel surimi[J]. Food and Fermentation Industry, 2018,
44(10): 90-95. |

[19] 23k, 4, AR, 3 MM % st & B4 S bk 8 5 ST 0h %

w [J]. 4 F Rk X 3 4R, 2019, 38(1): 119-124. [ CHENG D,
LI W, YANG H. Effects of three kinds of plant polyphenols on the
storage quality of surimi products [J]. Journal of Huazhong Agricul-
tural University, 2019, 38(1): 119-124. ]

[20] FRIBAR, ¥ 5. RO IR I 3t ok & & JBE ) Fo A% SE4E A 04 BF
7 ], & & A3, 2020, 45(11): 131-137. [ CHEN M Y, YANG
H. Study on the preservation effect of partridge tea extract on silver
carp surimi products[J]. Food Science and Technology, 2020,
45(11):131-137. ]

[21] F&, wm. jeietd 35 RaRRA A L]
W+ B ifvk i, 2022,47(3): 196-199. [ QIAN H, YIN T T. Extrac-
tion and functional study of polyphenols from Zanthoxylum bun-
geanum leaves [J]. China Condiments, 2022, 47(3): 196—199. ]
[22] 3pEs%, 4, FH, F. LM E BRI L0 ERART
K F 547 J]. & A5, 2018, 39(2): 247-253. [GUOH Y, LI
D, LEI X, et al. Response surface optimization and kinetic analysis
of polyphenol extraction process from Zanthoxylum bungeanum[J].
Food Science, 2018, 39(2): 247-253. ]

(23] ZXA&, REE, IS, F. 0% § ey IR T 2K
HArE4EA ], F BA%R &, 2021, 46(8):37-42. [ WANG W J,
JIAO S R, SUN B R, et al. Extraction process optimization and an-
tibacterial effect of total polyphenols from Zanthoxylum bungeanum
[7]. China Condiments, 2021, 46(8): 37-42. ]

[24] &, B4F, T4, LRBELIR M FBACE S HT A A [T].
#HAF 51 1,2020,49(3): 13-16. [ WANG M, LU Q, DONG L
J. Analysis and application of antioxidant activity of alcohol extract
of Zanthoxylum bungeanum[J]. Salt Science and Chemical Indus-
try, 2020, 49(3): 13-16. ]

[25] LIANGF, ZHU Y I, YE T, et al. Effect of ultrasound assist-
ed treatment and microwave combined with water bath heating on
gel properties of surimi-crabmeat mixed gels[J]. LWT, 2020, 133
(prepublish): 110098.

[26] YISM,LIQ, QIAO CP, et al. Myofibrillar protein confor-
mation enhance gel properties of mixed surimi gels with Nemipterus
virgatus and Hypophthalmichthys molitrix[J]. Food Hydrocolloids,
2020, 106: 105924.

[ 27 ] BALANGE, A K, BENJAKUL, et al. Effect of oxidised phe-
nolic compounds on the gel property of mackerel (Rastrelliger
kanagurta) surimi[J]. LWT-Food Science and Technology, 2009,
42(6): 1059-1064.

(28 ] WA, R FE, 75 Faik, . - RBtH: 4k BB 9 & & BEit
Bty Fo R #od [T, & FeAH52,2021,42(12): 37-44. [ YANGML,
ZHOU Y Q, FANG X B, et al. Effect of transglutaminase on the
quality of mandarin fish surimi gel[J]. Food Science, 2021, 42(12):
37-44. ]

(29 ] B3k, ko, B, 5. &4 & AR & 7455 & B4 S B
Hieeg e ], F BA & F4R, 2022,22(5): 180-188. [ ZHAIL,
YANG J C, CHEN K, et al. Effects of tuna nanoscale fish bone cal-
cium on gel properties of surimi products[J]. Chinese Journal of
Food Science, 2022, 22(5): 180—188. ]

[30] GUANAY,MEIKL,LUM C, et al. The effect of electron
beam irradiation on IgG binding capacity and conformation of
tropomyosin in shrimp[J]. Food Chemistry, 2018, 264: 250-254.


https://doi.org/10.1016/j.fbio.2014.07.001
https://doi.org/10.1080/10408398.2010.518775
https://doi.org/10.1016/j.foodhyd.2020.105924
https://doi.org/10.1016/j.lwt.2009.01.013
https://doi.org/10.7506/spkx1002-6630-20201009-055
https://doi.org/10.7506/spkx1002-6630-20201009-055
https://doi.org/10.1016/j.foodchem.2018.05.051

- 120 - £ Tl B4

2023 4F 3 A

[31] F%E, Wi, ¥, ¥ 5 ABLEH R Q456 6 R
6 - M LA B I AR B ML M e Fom (1], P B A & R,
2020, 20(6): 106—113. [ ZHOU X X, CHEN H, CHEN X C, et al.
Effects of glutamine transaminase on the properties and microstruc-
ture of surimi protein-oil composite gels of white cod surimil[J].
Chinese Journal of Food Science, 2020, 20(6): 106—113. ]
[32] ZHANG Y M, DONG M, ZHANG X Y, et al. Effects of in-
ulin on the gel properties and molecular structure of porcine myosin:
A underlying mechanisms study [J]. Food Hydrocolloids, 2020, 108:
105974.
[33] A oot & B i 5 R 09 %00 (D). ) it K 2,
2017. [ YANG F. The effect of pickled pepper on the quality of
surimi gel[D]. Wuxi: Jiangnan University, 2017. ]
[34] WRIBIR. B 48 254 By 5t # J5E ) o 268 JI A B R 8 o R 89
#Hok [D]. KL 4 PR K, 2020. [ CHEN M Y. Effects of
partridge tea extract on gel properties and preservation quality of
surimi products[D]. Wuhan: Huazhong Agricultural University,
2020. ]
[35] 4B, stmb i, FIAR, F AR THAEKE & BREIA
e B ARSI AL S 4 e Fvd [T]. RS A 5, 2022, 43(14)
76—84. [ ZHONG T J, HONG P Z, ZHOU C X, et al. Effects of
gallic acid on the gel properties of surimi and the activity of in vitro
digestion products of goldfish surimi[J]. Food Science, 2022,
43(14): 76-84. ]
[36 ] BALANGE A, BENJAKUL S. Enhancement of gel strength
of bigeye snapper (Priacanthus tayenus) surimi using oxidised phe-
nolic compounds[J]. Food Chemistry, 2008, 113(1): 61-70.
[37] K48, £5%, 7, F. B RABR LRSI G 6k &
B Fen (I, F B A 53R, 2019, 19(12): 69-75. [ YOU
J,JIANG X Y, YIN T, et al. The effect of dextran and its glycosyla-
tion modification on the gel properties of silver carpsurimi[J]. Chi-
nese Journal of Food Science, 2019, 19(12): 69-75. ]
[38 ] BUAMARD N, BENJAKUL S. Cross-linking activity of
ethanolic coconut husk extract toward sardine (Sardinella albella)
muscle proteins[J]. Journal of Food Biochemistry, 2017, 41(2):
e12283.
[39] 304, B4, F0ed, . FREMARERAERE & JE
w8 R M R 0] 3L AR A S A3, 2020, 36(10):210-217,164.
[ SUN K, YAN F H, XU X, et al. Improvement of gel properties of
surimi by apple polyphenols modified egg white[J]. Modern Food
Science and Technology, 2020, 36(10): 210-217,164. ]
[40] CAOH W, JIAO X D, FAN D M, et al. Microwave irradia-
tion promotes aggregation behaivior of myosin through conforma-
tion changes[J]. Food Hydrocolloids, 2019, 96: 11-19.
[41] RAF, #mE, AAL F. ARGEFBHLLTHILR
ek B b RS R W n (1) R & A, 2022, 43(24):
102-109. [ SONG C Y, HONG P Z, ZHOU C X, et al. Effects of
resveratrol-loaded safflower seed oil emulsion on gel quality of suri-
mi surimi[J]. Food Science, 2022, 43(24): 102-109. |

[42] RAF, sk, AAE, ¥ K LmfMilk Lhdssk
& & JERR SR8 D] R S A5, 2021, 42(8): 90-97.
[ SONG C Y, HONG P Z, ZHOU C X, et al. Effects of soybean oil
and pre-emulsified soybean oil on the gel quality of goldfish
surimi[J]. Food Science, 2021, 42(8): 90-97. |
[43] B2, RRS, AR, F. TS BE G &R &5
J ey e [J] R & 5 A B Tk, 2013, 39(9): 101-105.
[ZHAN B L, ZHAO F M, CAO Y F, et al. Effects of flax meal
protein isolate on quality characteristics of surimi products[J]. Food
and Fermentation Industry, 2013, 39(9): 101-105. ]
[44] ¢, LR, BEA, F. S0 5IR L 4K G 48 ZAF A HLH
B 4y ik 8 3 v A R 2 A (D] A e A, 2020, 41(11):
239-246. [ PENG L, MA L, DAI H J, et al. Research progress on
the interaction mechanism between polyphenols and myofibrillar
proteins and their effects on protein properties[J]. Food Science,
2020, 41(11): 239-246. ]
[45] T A, TRW, & E2FRIFFIRALEETOREL
EERRGRARTATE QR E A G Y 1] RSB,
2020,41(22): 1-7. [JIAN, LIN S W, WANG L T, et al. Effects of
gallic acid-induced changes in myofibrillar protein thiol content and
surface hydrophobicity on protein gel properties[J]. Food Science,
2020,41(22): 1-7. ]
[46] ANV ARI M, CHUNG D. Dynamic rheological and struc-
tural characterization of fish gelatin-gum arabic coacervate gels
cross-linked by tannic acid[J]. Food Hydrocolloids, 2016, 60: 516—
524.
[47] ZAAv, B0, 3088, 4. RLBLBE 3028 i) 1) BRSSP A it
A Foa [J]. S5, 2018,39(5): 76-80. [ WANG X X,
LI K, HUANG Q, et al. Effects of Eucheuma spinosa on the gel
properties and rheological properties of minced chicken breast
meat[J]. Food Science, 2018, 39(5): 76—80. |
(48] BRH, Ae, FRK, F. FREX ST G E & R
Hr MR ERAE R B a [J]. R 5 A B Tk, 2022, 48(19):
144-152. [JICY,HU X, ]I HW, et al. Effects of polysaccharides
from laver on the gel properties and antioxidant activity of silver
carp surimi[J]. Food and Fermentation Industry, 2022, 48(19): 144~
152.]
[49] LIU X Y, ZHANG T, XUE Y, et al. Changes of structural
and physical properties of semi-gel from Alaska pollock surimi dur-
ing 4 °C storage[J]. Food Hydrocolloids, 2019: 772—782.
[50] ZFHM5. Bk % o ad R Ae S R I 2 & JBE SRS Ay M %5
vy [D]. B B # K5, 2018. [ WANG Y X. Extraction and
identification of brown algae polyphenols and their effects on the
physical properties of surimi gel[D]. Shanghai: Shanghai Ocean
University, 2018. ]
[51] BUAMARD N, BENJAKUL S. Improvement of gel proper-
ties of sardine (Sardinella albella) surimi using coconut husk ex-
tracts [J]. Food Hydrocolloids, 2015, 51(10): 146—155.


https://doi.org/10.1016/j.foodhyd.2020.105974
https://doi.org/10.1111/jfbc.12283
https://doi.org/10.1016/j.foodhyd.2019.05.002
https://doi.org/10.1016/j.foodhyd.2016.04.028

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 花椒水提物制备
	1.2.2 鱼糜凝胶制备
	1.2.3 持水性测定
	1.2.4 凝胶强度测定
	1.2.5 质构特性分析
	1.2.6 白度测定
	1.2.7 鱼糜凝胶蛋白结构分析
	1.2.8 扫描电子显微镜观察
	1.2.9 感官评定

	1.3 数据处理

	2 结果与分析
	2.1 ZBAE的添加量对鳜鱼鱼糜凝胶持水性的影响
	2.2 ZBAE的添加量对鳜鱼鱼糜凝胶强度的影响
	2.3 ZBAE的添加量对鳜鱼鱼糜凝胶质构（TPA）的影响
	2.4 ZBAE的添加量对鳜鱼鱼糜白度的影响
	2.5 鱼糜凝胶蛋白结构分析
	2.6 扫描电子显微镜分析
	2.7 ZBAE添加量对鳜鱼鱼糜凝胶感官品质的影响

	3 结论
	参考文献

