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Preparation of Cinnamon Essential Oil-mesoporous SBA15 Complex
and Its Preservation Effect on Pneumatophorus japonicus
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Abstract: CEO-SBA15 complex was prepared in the present study, exploiting mesoporous material SBA15 and cinnamon
essential oil (CEO) as raw materials. The conditions of optimal process of CEO-SBA15 complex were obtained by single
factor experiment, investigating the effect of different conditions on the load rate and yield of CEO-SBA15. The structure
and properties of CEO-SBA15 complex were characterized by scanning electron microscopy, Fourier infrared spectroscopy,
X-ray photoelectron spectroscopy and the release behavior of CEO-SBA15. The effect of CEO-SBA1S5 on preservation of
Pneumatophorus japonicus at 4 °C was also investigated. Results showed that the optimum preparation conditions of CEO-
SBA1S5 complex were as follows: mass ratio of SBA15 to cinnamon essential oil 1:20, ultrasonic time 20 min, adsorption
time 24 h. Under these conditions, the essential oil load rate of CEO-SBA15 complex was 66.22%+0.58%, and the yield
was 77.65%+1.62%. SEM investigation showed that CEO-SBA15 was fibrous in shape. FTIR and XPS showed that
cinnamon essential oil was loaded into the surface and interior of SBA15 by physical adsorption. The sustained release
behavior analysis of CEO-SBA15 showed that the long-term release effect of cinnamon essential oil could be achieved.
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Moreover, CEO-SBA15 compound could effectively reduce the contents of volatile basic nitrogen, trimethylamine and

thiobarbituric acid during the storage period, and could effectively delay the increasing rate pH and the deterioration of

color and odor of green fillet, which indicated that CEO-SBA15 had a good preservative effect on green fillet. The present

study provided a new idea for the application of CEO-SBA15 compound as the agent of food deodorizer and preservative.
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Fig.1 Effects of different mass ratio of SBA15 to cinnamon
essential oil on the load rate and yield

of CEO-SBA15 composites
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SBA15 fLill, A A T Se B RARKS il iy T 2. (HBE S
B Al [ AR R 25 | RS TR B FHE R Y, T e
23 FECB S A RBONST 0 43 e AR BT, PRI E PR T 2045
A=A BFS I E] 20 mins

2.1.3 WZRFHESTE] %) CEO-SBA1S5 &£ &y i 2 K /115
SR INE 3 BTN, FEEE B Rl 3, CEO-
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Fig.2 Effects of different ultrasonic time on the load rate
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Fig.3 Effects of different adsorption time on the load rate and
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2.2.2 fHEM4T4MERE  CEO. SBA15, CEO-SBAILS
FILTAIMSEREEANE 5 Fizk. SBA1S 7E 1068 cm™ AbfY
KA R Si-O-Si AR BRI L PR 5h, 7E 796 cm™!
KB SEA S Si-O-Si BXIFRBZEIR SN, 7E 446 cm™
Ab B W R AR 3 Si-O-Si £l A5 i YR 3152, CEO #E
2990 cm™' Ab IR WA FR -C-H-48 I h iR 20, 7E
1667 cm ' Fl 1624 cm ™" &b Fiéy I Az e 4R 3 i ¢ ik XYL
HE-C=0 MH4aIRSN, 76 1447 cm ' Ab g/ k-
C=C-EIME 2R3N, 748 1124 cm™" &b (W e e/t 2
C-H-O WP ¥R 3, 76 678. 745 F1 1289 cm™' AL 1Y
W WSC e 347 X 17 PRI PR 1R 2R LB, CEO-SBALS [R]Hst
HA SBA1S5 il CEO MHRHIENE, iR SBALS TV A
ekl 2% CEO-SBAI1S5 H PUAA il 11 4 B 8. 555
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= 2 X T SBAI15 Fll CEO-SBA15 %F C., O, Si =
A TCE AR - HT el I, AR T RS S,
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#2 SBAI5, CEO-SBAI15 (% Si, C. O JLR & it/ #7
Table 2 Si, C and O element content analysis of SBA15
and CEO-SBA15

R SigriE (%) CEra(%) O (%)
SBAILS 22.86 27.36 49.78
CEO-SBA15 17.24 5271 30.05

224 4 °C gt i 7 aTLEH, 7E 10d
N PR T S S A B R, W RESE T
IR B AR TR S . B A 3R DR T
ARSI 10 d Ja BB R e, 78 30 d BT A
FEG T R LS S0 B RBECER 552 40.13%+
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Fig.7 CEO and CEO-SBA15 cumulative release curves at 4 C
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Fig.8 Change of TVB-N content of mackerel during storage
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TVB-N &z, ARy¥EPR GB 2733-2015¢&
M A EIRARE B IRBIIMK T R ) X Y T
AR, fET A L AR SR ALY TVB-N {H 55351
AT 15 mg N/100 g F1 30 mg N/100 g%, PUZHAf
SANAESS 1 d R8T 15 mg N/100 g, 55 5 d #2 CEO-
SBAI1S £H TVB-N {H it 2 (P<0.05) Ik T X B £H 1l
SBA15 2H, 2 6 d X REZH A1 SBA15 ¥y E & it
30 mg N/100 g, CEO £HF1 CEO-SBA15 £H7EES 7 d A
TVB-N {E53- 51~ 27.429+0.495 F1 28.954+0.344 mg
N/100 g, —JE NI A-E4% 0, 3X AT HE2 i T PRSI
AR U0 BT A R R o S 43 2 e e 2SI s R AE -
Ik, CEO #1 CEO-SBAI1S5 REMSH AU S b
TVB-NTH, X5 456 BA7 W2 AR e e .

2.3.2 CEO-SBAI1S5 %75 &% — FF i & 5 g 52 )
WA P9 7 S5 — R i S AR an & 9 s, HHIEL 9
T B DR TR AR S, DUZEASE S 1 — FF B 5
RGN, B 3 d P9 4 SRS LH X = F TS BRSGR TG
BEZER, 5 4 d i CEO-SBA15 4H =W e it 35
(P<0.05)ETHAhLH, CEO dHyk =, TEN M AYEE 7 d,
Xof HELH 5 4 = W e & ok 23.19120.157 mg/100 g,
M CEO-SBA15 417 45t i) = H e & 5l 14.748+
0.223 mg/100 g, F2H] CEO-SBA15 REMEFEAILT 45
i = H R & A, HAT U5 S5 N P = F
SRIYER

CI=H

SBAI15

J I CEO
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Fig.9 Changes of TMA content of mackerel during storage
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Fig.10 Changes of TBARS content of mackerel during storage
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Table 3 Changes of pH of mackerel during storage

TE s ] (d)
AbPRZE
1 2 3 4 5 6 7
X AR 5.64+0.01° 5.61+0.01° 5.79+0.02° 5.93+0.01° 6.11£0.05" 6.46+0.05° 7.08+0.01*
SBAIS5 5.63+0.01° 5.55+0.05" 5.68+0.01* 5.89:+0.01° 6.05+0.05" 6.44+0.02° 7.07+0.02*
CEO 5.57+0.01° 5.53+0.01° 5.58+0.01° 5.70+0.01° 5.85+0.01° 6.18+0.02° 6.67+0.01°
CEO-SBAI15 5.72+0.01° 5.64+0.03* 5.66+0.01° 5.72+0.01° 5.89+0.04° 6.12+0.01° 6.65+0.01°

T x ANJA]/ING R ) — T B AR [ 28 18] ) dt 4 22 5 (P<0.05), 4l .
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Fig.11 Textural changes of mackerel during storage
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Table 4 Color changes of mackerel during storage

IS ] ()

Eiztan E2)
1 3 5 7

X R 45.23+0.39" 44.14+0.51° 41.88+1.05" 38.56+0.43°
I SBAI5  45.52+0.35" 44.05£0.53" 41.62+0.24* 38.93+0.87°
CEO 45.7£0.54"  44.17+0.92° 42.78+0.77° 40.11+0.11°
CEO-SABI15 45.88+0.69" 44.34+0.62° 43.24+0.51° 40.63£0.99"
X R 5.13+0.67* 4.20£0.46" 3.44+£0.34" 1.85+0.13°
. SBAIS5 5.13£0.09° 4.46£0.32° 3.36:0.44° 1.69+0.26"
¢ CEO 5.51£0.86" 4.5240.53* 4.25+0.36° 2.45+0.43°
CEO-SABI15 5.27£0.45° 4.67+0.37° 4.51+£0.48° 2.69+0.18°
popitst 12,89+0.71* 14.83+0.79° 15.81+0.81° 17.27+0.46°
b SBAI5  12.58+0.63" 14.92+£0.61* 15.69+0.58" 16.95+0.85"
CEO 12.96+0.14" 13.46+0.88" 14.39+0.44"° 15.08+0.42°
CEO-SABI15 12.81+0.27* 13.50+0.48° 14.51+0.5° 14.57+0.56"
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Fig.12 Sensory evaluation of mackerel during storage

3 #ig
AWFFEERTE T A FLAE SBA1S 5 PR RS il



547 % 5% 2 )

X445 IWEAEIH-NFL SBALS B AWt M 5 A AU PReERUR - 363 -

Hrbb ., ABFERE] IR TRI S S CEO-SBAL1S 1
RS RAIFZIN, I LU E T #l4 CEO-SBALS
A YIEAE T 540 SBALS 5 AR vl o i
bb 1:20. A5 EFE] 20 min, W E] 24 h, S35
14 7F il 5 i CEO-SBALS5 & &4 ks i 2k R
66.22%=+0.58%, 153N 77.65%=%1.62%, FTNELEFFK
HH SBA15 MILRHEMEHE G R4k, PN
VR S BRG BF 2 A SBALS PNER, IR0 T PIANS
YRR . CEO-SBA15 & 49T LLAEA 201
T A AN A RIS, RELE T HAEI SR B PN R 3k
A W RE . AR L Z R pH iy RS, A5 )
FHEEmH A AR E AU 157, XS A EHA BT
HIIREEAER, 9 CEO-SBAI15 E-&WIVE &I mRizs
ST A N FH ST S

© 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] BRITHR, sk 345, Batat, 5. 6 & 3R EACRR BT 25 5 R A
AR (1], KX g T K F 4R, 2023,42(3): 16-22. [ YAN
Ana, HONG Yanting, CAI Qiqi, et al. Characterization and stability
analysis of antioxidant peptides from mackerel[J]. Journal of
Wuhan Polytechnic University, 2023, 42(3): 16-22. ]
[2] LAN Weiging, ZHAO Jiaxin, LIU Lin, et al. Relevance of
cathepsins activity and texture in slightly acidic electrolyzed water-
slurry iced mackerel (Pneumatophorus japonicus)[J]. Food Bio-
science, 2022, 49: 101924.
[3] ZHOU Yueqi, WU Shumeng, PENG Yulu, et al. Effect of lac-
tic acid bacteria on mackerel (Preumatophorus japonicus) season-
ing quality and flavor during fermentation[J]. Food Bioscience,
2021, 41: 100971.
[4] &3k, TH ANEE, F AFEHEAHTMHEEEZL 25
JREABHERRBER sh R s L H & BT HEY & & R R
s bEaE [J]. o A5, 2023, 44(13): 120-130. [ HUANG Yanru,
DING Jie, LIU Liangjun, et al. Preparation of pullulan polysaccha-
ride/thermoplastic polyurethane coaxial electrospinning film with
oregano essential oil as core material and its preservative effect on
the quality of Lateolabrax japonicus fillets[J]. Food Science, 2023,
44(13): 120-130. ]
(5] E&, RoRA, R, 5. 75 o B M5 R ok x4 784 68 4R 8¢
R Hom [T]. RS, 2018,39(11):227-232. [ WANG Zhe,
GUAN Rongfa, LIU Zhenfeng, et al. Effect of lysozyme liposomes
on Trachinotus ovatus preservation[J]. Food Science, 2018, 39(11):
227-232. ]
[6] SINGH A, AHUJA A, MADAN M, et al. Active packaging
film of poly (lactic acid) incorporated with plant-based essential oils
of Trachyspermum ammi as an antimicrobial agent and Vanilla as an
aroma corrector for waffles[J]. International Journal of Biological
Macromolecules, 2024, 278: 135086.
[7] Z Rk, 60 FALM A i a9 HL W Hk 05 L 2 Z ik o 4
AR AR B (D], £ M. 2/ K4, 2022, [ WU Tianlin. Antimi-
crobial activity evaluation of 60 essential oils and mode of action of
oreganoessential oil[D]. Lanzhou: Lanzhou University, 2022. ]
[ 8] LUO Qingying, RONG Xingyu, XIAO Zhenkun, et al. Effect

of chitosan films containing clove essential oil-loaded microemul-
sions combined with deep learning on pork preservation and fresh-
ness monitoring[J]. Food Control, 2025, 168: 110914.
[9] YANG Liying, LTU Xueyi, XIAO Douxin, et al. Sustained re-
lease composite antimicrobial film containing oregano essential oil
microcapsule for postharvest strawberry preservation[J]. Food
Packaging and Shelf Life, 2024, 46: 101387.
[ 10] LIU Shuting, LAN Weiqing, XIE Jing. Natural preservative
Litsea cubeba essential oil: With emphasis on its biological activi-
ties, encapsulation methods and application in food preservation[J].
Food Bioscience, 2024, 62: 105557.
[11] JITPASUTHAM S, SINSOMSAK W, CHUESIANG P, et al.
Green active coating from chitosan incorporated with spontaneous
cinnamon oil nanoemulsion: Effects on dried shrimp quality and
shelf life[J]. International Journal of Biological Macromolecules,
2024,262: 129711.
[ 12] ZHU Yiqun, GU Mengqing, SU Yuhan, et al. Effect of Lit-
sea cubeba and cinnamon essential oil nanoemulsion coatings on the
preservation of plant-based meat analogs[J]. Foods, 2024, 13(21):
3365.
(13 ] E 35 JUAP A A4 b s 0 AT A7 B & K B A T 244
[D]. X #. R &M HE X%, 2019. [ WANG Fang. Research on
composition the bacteriostatic and it’s application of several kinds
plant essential oils [D]. Tianjin: Tianjin University of Science&tech-
nology, 2019.
[14] DOX T,NGUYENTH T, PHAM N T. Experimental study
and process modeling of vacuum batch rectification column for cin-
namon essential oil fractionation[J]. Food and Bioproducts Process-
ing, 2024, 148: 400—409.
[ 15] LOPEZ FERNANDEZ M, LEN T, URBANO J, et al. Trans-
formation of furfural into dimorpholinocyclopentenone using Al-
SBA-15 materials[J]. Sustainable Chemistry and Pharmacy, 2024,
39:101573.
[16] CHAABANE L, NIKOLANTONAKI M, WEBER G, et al.
Functionalization of SBA-15 mesoporous silica for highly efficient
adsorption of glutathione: Characterization and modeling studies[J].
Journal of the Taiwan Institute of Chemical Engineers, 2023, 152:
105169.
[17] BREZAMEER &, BRFTHEHEELEH. GB25576-
2020 R EA B RAFE R HBR A ZRAMES]. K FEAF
#& th prAE, 2020: 2—-3. [ National Health Commission, State Admin-
istration for Market Regulation National. GB 25576-2020 Food safe-
ty standard for food additive silicon dioxide[S]. Beijing: Standards
Press of China, 2020: 2-3. ]
[ 18] JIAO Long, LI Yuwei, HU lJiajie, et al. Curcumin-loaded
food-grade nano-silica hybrid material exhibiting improved photody-
namic effect and its application for the preservation of small yellow
croaker (Larimichthys polyactis) [J]. Food Research International,
2024, 188: 114492.
[ 19] SURENDHIRAN D, ROY V C, PARK J S, et al. Fabrication
of chitosan-based food packaging film impregnated with turmeric
essential oil (TEO)-loaded magnetic-silica nanocomposites for suri-
mi preservation[J]. International Journal of Biological Macro-
molecules, 2022, 203: 650—660.
[20] M, T48. F ZA5d-A-ILG R — AR SR B 40 B4
JBE A 70, B 2 AR F 2R AT (D). F B R 3K, 2021, 41(4): 1-9.
[LU Wengian, WANG Juan. Preservation effect of OEO-MSNPs/
Sodium alginate film on Agaricus bisporus[J]. China Fruit and Veg-
etable, 2021, 41(4): 1-9. ]


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.fbio.2022.101924
https://doi.org/10.1016/j.fbio.2022.101924
https://doi.org/10.1016/j.fbio.2022.101924
https://doi.org/10.1016/j.fbio.2021.100971
https://doi.org/10.1016/j.ijbiomac.2024.135086
https://doi.org/10.1016/j.ijbiomac.2024.135086
https://doi.org/10.1016/j.foodcont.2024.110914
https://doi.org/10.1016/j.fpsl.2024.101387
https://doi.org/10.1016/j.fpsl.2024.101387
https://doi.org/10.1016/j.fbio.2024.105557
https://doi.org/10.1016/j.ijbiomac.2024.129711
https://doi.org/10.3390/foods13213365
https://doi.org/10.1016/j.fbp.2024.10.009
https://doi.org/10.1016/j.fbp.2024.10.009
https://doi.org/10.1016/j.fbp.2024.10.009
https://doi.org/10.1016/j.scp.2024.101573
https://doi.org/10.1016/j.jtice.2023.105169
https://doi.org/10.1016/j.foodres.2024.114492
https://doi.org/10.1016/j.ijbiomac.2022.01.178
https://doi.org/10.1016/j.ijbiomac.2022.01.178
https://doi.org/10.1016/j.ijbiomac.2022.01.178

- 364 - £ Tl B4

2026 4F 1 H

[21] ATIYAH N A, ALBAYATI T M, ATIYA M A. Interaction
behavior of curcumin encapsulated onto functionalized SBA-15 as
an efficient carrier and release in drug delivery[J]. Journal of
Molecular Structure, 2022, 1260: 132879.

[22] E@E. 4KAIL SBA-15 15 2 T X M % B HAR AT
[D]. ¥ &: Kk &% T X 5,2022. [ CUI Yurui. Study on nano-
mesoporous SBA-15 as amoxicillin sustained release carrie[D].
Changchun: Changchun University of Science and Technology,
2022. ]

[ 23 ] HAO Qiulian, PENG Huan, ZHAO Ruichen, et al. Reactive
nano-essential oils for sustained release of essential oils and applica-
tion to wallpaper[J]. Chinese Chemical Letters, 2022, 33(1): 320—
323.

[24] ZHANG Rongfei, CHENG Meng, WANG Xiangyou, et al.
Bioactive mesoporous nano-silica/potato starch films against molds
commonly found in post-harvest white mushrooms [J]. Food Hydro-
colloids, 2019, 95: 517-525.

[25] BREAAHR AT ER S GB/T 5009.228-2016 A &4
A B FARE RS P ARAOM R Redml 2 [S]. bR P EARE B
4, 2016: 3-5. [ National Health and Family Planning Commission.
GB/T 5009.228-2016 National standard for food safety-Determina-
tion of volatile basic nitrogen in food[S]. Beijing: Standards Press
of China, 2016: 3-5. ]

[26 ] MOKRANI D, OUMOUNA M, CUESTA A. Fish farming
conditions affect to European sea bass (Dicentrarchus labrax L.)
quality and shelf life during storage in ice[J]. Aquaculture, 2018,
490: 120—124.

[27 ] LI Peiyun, CHEN Zhijie, TAN Mingtang, et al. Evaluation of
weakly acidic electrolyzed water and modified atmosphere packag-
ing on the shelf life and quality of farmed puffer fish ( Takifugu ob-
scurus) during cold storage [J]. Journal of Food Safety, 2020, 40(3):
e12773.

[28 ] YU Dawei, ZHAO Wenyu, DONG Junli, et al. Multifunc-
tional bioactive coatings based on water-soluble chitosan with
pomegranate peel extract for fish flesh preservation[J]. Food Chem-
istry, 2022, 374: 131619.

[29] KLINMALAI P, FONG-IN S, PHONGTHAI S, et al. Im-
proving the quality of frozen fillets of semi-dried gourami fish (7ri-
chogaster pectoralis) by using sorbitol and citric acid[J]. Foods,
2021, 10(11): 2763.

[30] BERIFANEAEZR &, BETHEETELER. GB/T
18108-2019 4 && % 4~ B F AR/ &F ik &i@ 0 [S]. A7 F B 45
/B R4, 2019: 1-2. [ National Standardization Administration,
State Administration for Market Regulation. GB/T 18108-2019 Na-
tional food safety standard. General rules for fresh marine fish[S].
Beijing: Standards Press of China, 2019: 1-2. ]

[31] ¥ =Z. H HAbbn b i od 5 & 2 AT AT R (D], K
W d K%, 2019. [ PENG Yingyun. Preparation and stability of

grapeftuit essential oil microcapsules[D]. Changsha: Hunan Univer-
sity, 2019. ]

[32] 7hed. & 42 @38 A-SL = RACAE 5 &40 09 ) & A 25 U] A
7 [D]. & RiE . 5 RIEH L X 5, 2019. [ SUN Han. Preparation
and release mechanism of Aniracetam mesoporous silica complex
[D]. Harbin: Harbin University of Commerce, 2019. ]

[33] ABEDIE, SAYADI M, OLIYAEI N. Fabrication and charac-
terization of emulsion-based edible film containing cinnamon essen-
tial oil using Chia seed mucilage[J]. International Journal of Bio-
logical Macromolecules, 2024, 266: 131173.

[34] A% ZRE—THAHBELREMIFGHELLE
8, & R85 P 4 A AT A (D). i Bi# X, 2023, [ ZHU
Weizhong. Preparation of montmorillonite-clove essential oil hybrid
antimicrobial materia land its application in abalone preservation
[D]. Shanghai: Shanghai Ocean University, 2023. ]

[35] BREAMR AT ER A GB/T 27332015 &% 4 H
RARAE 8 AP AR T &S] T T B AR E B R, 2015:
1-2. [ National Health and Family Planning Commission. GB/T
18108-2019 National food safety standard for fresh and frozen ani-
mal aquatic products[S]. Beijing: Standards Press of China, 2015:
1-2.]

(36 ] dérus. k-F A Ik I A AR K S 58 B W) o 4R 5 P 4
&R D]. F 5. F 5AHE X3, 2023. [ YOU Shuhan. Application
of Kk-Carrageenan composite films in freshness monitoring and
preservation of marine fish[D]. Qingdao: Qingdao University of
Science and Technology, 2023. ]

[37] PIRANAVATHARSAN U, JINADASA B K K K, JAYAS-
INGHE C V L. Validation of thiobarbituric acid reactive substances
(TBARS) method for measuring secondary lipid oxidation products
in fresh Indian mackerel (Rastrelliger kanagurta) [J]. Food and Hu-
manity, 2023, 1: 1194-1199.

[38] k2. SABRAMIREBMRE/T HH b RS f R
PBAT/PPC & ) & B H 2t it o7 & 4R 88 i AT T (D). Lk
L& # KX $, 2023, [ LING Yu. Preparation of the PBAT/PPC
Composite films containing mixed acid-etched halloysite nanotubes/
clove essential oil and study on their preservations application forthe
sea bass[D]. Shanghai: Shanghai Ocean University, 2023. ]

(39] #54, FARN, KEE, F. o8/ 2 REERG MR L%
JBE 0 ) & A A A BARSE P 0 m R [T]. R T A, 2024,
45(5):309-318. [ CUI Fangchao, ZHOU Shanshan, ZHANG
Xinghui, et al. Preparation of leaf aldehyde/zein nanofiber film and
its applicationin tuna preservation[J]. Science and Technology of
Food Industry, 2024, 45(5): 309-318. ]

[40] MONTEIRO M L G, ROSARIO D K A, TORRES NETO L,
et al. Exploring high hydrostatic pressure for enhancing the preser-
vation of white and dark muscle fish fillets stored at different pack-
aging systems under refrigeration[J]. Food Control, 2024, 155:
110038.


https://doi.org/10.1016/j.molstruc.2022.132879
https://doi.org/10.1016/j.molstruc.2022.132879
https://doi.org/10.1016/j.cclet.2021.06.085
https://doi.org/10.1016/j.foodhyd.2019.04.060
https://doi.org/10.1016/j.foodhyd.2019.04.060
https://doi.org/10.1016/j.foodhyd.2019.04.060
https://doi.org/10.1016/j.aquaculture.2018.02.032
https://doi.org/10.1111/jfs.12773
https://doi.org/10.1016/j.foodchem.2021.131619
https://doi.org/10.1016/j.foodchem.2021.131619
https://doi.org/10.1016/j.foodchem.2021.131619
https://doi.org/10.3390/foods10112763
https://doi.org/10.1016/j.ijbiomac.2024.131173
https://doi.org/10.1016/j.ijbiomac.2024.131173
https://doi.org/10.1016/j.ijbiomac.2024.131173
https://doi.org/10.1016/j.foohum.2023.09.009
https://doi.org/10.1016/j.foohum.2023.09.009
https://doi.org/10.1016/j.foohum.2023.09.009
https://doi.org/10.1016/j.foodcont.2023.110038

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 CEO-SBA15制备
	1.2.2 单因素实验
	1.2.2.1 SBA15和CEO的质量比的筛选
	1.2.2.2 超声时间的筛选
	1.2.2.3 吸附时间的筛选
	1.2.2.4 负载率和得率测定

	1.2.3 CEO-SBA15的表征及缓释特性研究
	1.2.3.1 扫描电镜
	1.2.3.2 傅里叶红外光谱
	1.2.3.3 X射线光电子能谱
	1.2.3.4 4 ℃下的缓释行为

	1.2.4 CEO-SBA15对青条鱼的保鲜作用
	1.2.4.1 除味处理
	1.2.4.2 挥发性盐基氮（TVB-N）含量的测定
	1.2.4.3 三甲胺（TMA）的测定
	1.2.4.4 硫代巴比妥酸（TBA）的测定
	1.2.4.5 pH测定
	1.2.4.6 质构分析
	1.2.4.7 颜色测定
	1.2.4.8 感官评价


	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.1.1 SBA15和肉桂精油的质量比对CEO-SBA15复合物负载率和得率的影响
	2.1.2 超声时间对CEO-SBA15复合物负载率和得率的影响
	2.1.3 吸附时间对CEO-SBA15复合物负载率和得率的影响

	2.2 CEO-SBA15的表征及缓释特性分析
	2.2.1 扫描电镜
	2.2.2 傅里叶红外光谱
	2.2.3 X射线光电子能谱
	2.2.4 4 ℃下的缓释分析

	2.3 CEO-SBA15对青条鱼的保鲜效果
	2.3.1 CEO-SBA15对青条鱼挥发性盐基氮含量的影响
	2.3.2 CEO-SBA15对青条鱼三甲胺含量的影响
	2.3.3 CEO-SBA15对青条鱼硫代巴比妥酸含量的影响
	2.3.4 CEO-SBA15对青条鱼pH的影响
	2.3.5 CEO-SBA15对青条鱼质构的影响
	2.3.6 CEO-SBA15对青条鱼颜色的影响
	2.3.7 CEO-SBA15对青条鱼感官评分的影响


	3 结论
	参考文献

