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i E:ARZURART SRRk, KA R o RABS AR e & T &4 b f§ A4k (Chitosan coated
double-loaded clove essential oil liposomes, CS-DLCL) , % 4P 7 LR 5@ a e M. @3RI RRH
&R RAERARMSARKE A 3.5 mg/mL, FT#F CS-DLCL 49-F34#:42% 33043 nm, PDI 4 0.24, Zeta ©4:ik 17.78 mV,
3t £ F K 70.75%. 1% Lot & 445 K% (Fourier Transform Infrared Spectroscopy, FTIR) iE5 7 & R4z 5
DLCL Z I 69348 ZAF R, 7238, 30 d B A% i R 8 F 34 87.08%. A4 AAREE S ALY, 7kiE+CS-DLCL 432
MERRLBRMBAR: MEBAEEK, P pH ## EH, KIE+CS-DLCL 484 12d M pH R1&; HELIEKER
1%, % 12d Fi£ %] 6.08 Ig CFU/g (5 44 6.0 1g CFU/g) , WRIMMAH B 2~4d ZFEKE 10~12d. H O A
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Preparation of Clove Essential Oil Liposomes Modified with Chitosan
and Their Effect on Beef Ball Preservation
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Abstract: To enhance the stability of double-loaded clove essential oil liposomes (DLCL), chitosan was used for surface
modification, and the modified liposomes were comprehensively evaluated for their physicochemical properties and storage
stability. The average particle size of chitosan-modified DLCL (CS-DLCL) was 330.43 nm, the PDI was 0.24, the Zeta
potential was 17.78 mV, and the encapsulation rate was as high as 70.75%. These were obtained via optimization
experiments with an optimal chitosan modification concentration of 3.5 mg/mL. FTIR analysis confirmed the electrostatic
interaction between chitosan and DLCL. After 30 days of storage, the essential oil retention rate reached 87.08%. In terms
of beef meatball freshness preservation, the ice temperature+CS-DLCL treatment group showed the best results, with the
pH value of all meatballs increasing gradually over the storage period, and with the ice temperature +CS-DLCL group
maintaining the lowest pH value during the 12-day storage period. Moreover, the total number of bacterial colonies grew
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the slowest, reaching 6.08 lg CFU/g (critical value of 6.0 g CFU/g) only on the 12th day, significantly extending the shelf-

life in the refrigerated group from 2~4 days to 10~12 days. Protein oxidation analysis showed that the ice temperature+CS-

DLCL group had the lowest carbonyl content and the highest sulthydryl content at the end of storage. This was further

confirmed by the thiobarbituric acid reactive substances (TBARS) value analysis, which indicated the lowest lipid oxidation

in this group, suggesting a synergistic effect of ice temperature and CS-DLCL in preserving beef meatballs. In addition, the

meatballs in the ice temperature+CS-DLCL group maintained the best quality and sensory evaluation scores throughout

storage. Collectively, the present study offers valuable insights for applying chitosan-modified double-loaded clove

essential oil liposomes in beef meatball preservation.
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s TR AR S BRI L R OBE L XS L ANIRAT L LT SEERY
BT A ] T A A R T 5 1,1,3,3-PU & AR DY B
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W Arrel, Z e mRaEGa BRA ]

ZBJ-40 AL i A I LR 5 N F
Neofuge-15R EfpRY & EMA BN RS A BRAF; UV-
2600 5 OGETT  H AR EEAF]; CR-40000 4,
AL HASEREIRIATA PR F]; Zetasizer ZS90 Hr
BEAHTHL SEE TR ST
1.2 XFHE
1.2.1 K5I a5 Y i Hl 4 (CEO/-CD)
B-CD it T-2EM8 K b, 60 °C JnHGa i J5 I AKS il
L W#E CEO 5 B-CD i kb 1:8, F 40 °C.
300 r/min 544 FHEFE 2.5 h, @75 0.5 h J§ T 4 °C vk
FEVR L 24 h, FH 2288 FoK PR UIT U85 UIUE, 40 C +
M ZEIEFEIS CEO/S-CD &MY,

1.2.2 FERMEALH RN 2R T 7K AR 5T A 1 i 7%
(CS-DLCL) CS-DLCL B il #5 2 B Sebaaly 45112
W iEAE s S . K EEAE I H EEELL 5:1 % T
10 mL Jo/K LB, #E+EE A 3 mg/mL CEO, ¥
REAHES WA & CEO/S-CD AL 447 (10 mg/mL)
FZKIE W (20 mL) H, ZEIEIHEFE 30 min, JEFEZE A 5R
ZL T S AR EE 7 min A5 08U 2% T ARG vl IS 5 1A
(Doubled-loaded CEO liposomes, DLCL). FH 1%/(v/
v) B UK IS R AR ), BCl e BE Sy 2.5 3. 3.5, 4 Fll
4.5 mg/mL W5 R . K RS wd b 1:1
(Vv T AR B E TR, it 5 15 3] 72 SR B
AIAUINZR T BRI A, 4 °C A 7#5 o
1.2.3 SEEBHEE DLCL BYFR1E
1.2.3.1 FEAFK/N, Z50FEEECN Zeta FAIE
FHBLEE A3 ATAAE 25 °C T 90°BILET M F i 2 A Bk
MEEHL /N . 24 EHREL(PDD F Zeta B . TR
BT FHICA X5 TR RS 10 4%, B FEmEE N
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1.2.3.2 CEO fuflx S8 Xia 255 (19 7L I HREE
Bk . ¥ 0.5 mLAEEIAR S 1 mL 10%(w/w) it 7
80- WV IR AT, IR 30 s, BB T/KFMEEZE 5 mL,
T 281 nm AWt WG EEAE, PAZS FIRR TS Sy o) B,
14 CEO sif,

#: 0.5 mL 5 TR S 3 mL A7 Wi BEvR &, % iE
2 min, 3000 r/min Z5.0> 5 min, W FIFHK. HEEPERIR
IFEIF LIS, A MEEESR S 10 mL, T 281 nm
Ab s W G FEAE T L R MR AR v f £ 3R 25 CEO
MEE. GEREETHRAT:

S CEO(mg) — i 2 CEO(mg) y
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EE(%) = K.CEO(mg)
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1.2.4 (R MARR TGS (FTIR)  >RA FTIR i3
AT, Jg AV VR T ks A s U b B 5 KBr 1R
G, 7E 4000~400 cm™' I TEIR
1.2.5 WagkasEdE B DLCL A1 CS-DLCL 7E 4 °C
IR 30 do BERE S d I BE Y /N A AR A
(%) Fil CEO R E%(%), THEAX AT
P KA AR AR (%) =
T e A YA K /N (nm)
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T A ) A

CEORHE (%) =
T3 e A AR T B (mg)

NI B TR TR TR 2 g 0
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1.2.6 CS-DLCL %JIr 5% 4= PR b R 20

1.2.6.1 WEAFRSrEH BTt Ab ol P R AL
W5 BT PEPL, G THE | min J5, ARE H 55
HARIINA 2% k. 2% Bl 0.4% X945 . 2% /NIRdT .
4% LTEETERI AN 25% KoK (SBnA 1/3), F1# 30 s I
BHE 90 s, FEIMAGEIA VKK, dk&2rd: 60 s, it
AHRRAEFFIREEAE 10 °C LUF, KRR EEHI AL 20 g 2264
P4 AL, YENARBSINAR B4, L 20% CS-DLCL+
5% VKK (AR EE 1) A/E M B TR, T A 4 PR LT
4 °C Vg

S HRERG BIIRES 71, Bl e SR Sk
AR AL, T—18 °C vKAR 1, 0 R VIR TR E,
F% 2 min ic5E—IK, RS 2R, ARPa R4S pi 281
B AR ALK A, A ARSI B AL AN s inflig o
PRZH R FLAI VRS 533 oR—2.2 °C Fil-2.3 °C.

SISV VA |« YRR BT AL | PRI ZH KK
TRHIE TR, I T 0. 2. 4. 6. 8. 10, 12 d E4 A
FLEHTFERR
1.2.6.2 pH B E B 5 g BFE, 5T E = ohife 4y
2 mmx2 mmx2 mm ISR, KA ER S AR S
A E 50 mL .05 H, LA 50 mL 0.1 mol/L KC1 %
W BTEIRBIESGT(25 °C), L 150 r/min JE%E

$2& 30 min. £ UE)E, RSP UESE AL HEY
pH THMEIEH pH.
1.2.6.3 A EEIINE PSS E SR GB
4789.2-2022 B i & A= E SRR UE B S RS 96 TR
V& BONE D o
1.2.6.4 EHEAEEONME IESF4EEHD
PEHL: FREL S g FES T RSO S, 2 1:4(wv) B EE
FIHNA 10 mmol/L BEFEER 22 ik, 213K )5 T 4 C.
5000 r/min 2.0 15 min, 575 FER, EE 2 K. Br
HULVEFE 1:4(m/v) 1 LA T 0.1 mol/L NaCl, 3
JRFFILIE, ISR B AU AT 4E 8 e
PRELE REINE - PR S B S IR iy
B, AR, 4 1 mL MP %#& (4 mg/mL) 5 1 mL
10 mmol/L DNPHE IR A, E A& F W 1 h, Jin
A 1 mL =& 21 (20%, w/w) ¥E#, 6000 r/min 5.0
10 min, 325 FIEWE I 1 mL 288 2.15: ok 2w
BAVEW (L1, vV PREDITE. VITETPIIA 3 mL £;
FRHK (6 mol/L, pH8.7), T 37 °C 7K 15 min IEHRIT
¥E, 5000 r/mingS.Cr 10 min J5 B W T 370 nm 3
A RE W (As50) o

. A
)é\ ‘ﬁ/‘\g — 370 6
F% 3 E 5 (nmol /mg, pro) —4><22000X10
X @

SAEUEE T HE A E : A ] Ellman 3305002864 70
AN A A BRA IS H AN, HAax sz A A,
Ay O 421 nm ARSI

A412 6
2x13600 1©
& (5

1.2.6.5 #ACE L Z iR IS B il xE  TBARS 1)
M2 2 REREE S i ik o ¥ IREBY i3 s HERA R
B 5.0 g imA 25 mL =4 42 (20%, w/w) Fl1 20 mL
MIZEME K, 293¢ 1 min J5TE 4 °C. 3000 r/min [ 5%
R ESC 15 min, BLEWEW T 50 mL &I+ H
ZEMRKER . I 2 mL A FWE RS 2 mL TBA
(0.02 molVL)EMIR A, 7€ 95 °C A4 T4 20 min,
A G T 532 nm W) HOSGE . Eat 1,1,3.3-
VU 2, 48 3L VY KsE b E BH 28 ( Y=0.15006X+0.08473,
R*=0.99992)11%. TBARS {H, mg/kg-
1.2.6.6 BEEVHY  AFRILEE RIS R
M) 10 24 22 AL JEAT PR, PR /N Bl L A8 43 AT oy
22~25 % (91E 5 4, Lotk 5 45), FEI A4 A ALEY)
3 okl ARSI SZ B . BRI DT bt
k1,
1.3 HIEAIE

BEASL B IEAT = AT, R R S R
{HFRUEZZ"; 5% JH SPSS 25.0 1 Origin Pro 2018 %%
PR EE | SRR T2 Bl SR ANOVA VA T3
MR, P<0.05 TR A S #AE X .

R34 5 (nmol /mg, pro) =
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Table 1 Sensory evaluation standard of meatballs
IHE
it H
7~10 4~6 1~3
JGAES AT JEPE, L2, AT, LLAARLE], IR RETOCEE, IR, Wik
s SAPER, SMRGRIE, AT SRS, SN, HAR T SN, BBKIE, BT
RS e DA T DRI, TE Sk S A IE B UREBGHR, IS IR S A IE B URBGR, SR I

SRR W

LA N

2 HERESH
2.1 FEHEEIE DLCL FRIE
MR 2 WA, BETC R BE TS, CS-DLCL 1Y

FEYLFR /MM 217.27 nm IS FE 379.60 nm, 7] fEEFEEE
FRTAY 22 it P2 ml v T B T R I ) H 2 TR AR AR I 45 2,
55 Qiang &P PUTSEEE IR —3 . FEBRPEHRE LT
3.5 mg/mL A, PDT JCi 281k (P>0.05), iX R CS-
DLCL 7E I B N AR AR X H9 57 ; W 2 4k S b SR,
PDI WL ik 25 T 8345 (P<0.05), AT B 558 2R
FE M ek AR B SR A5 2 CS-DLCL 434 RN 5)H
Ko LEIRFH, BFERBHURE M 2.5 mg/mL FHnE|
3.5 mg/mL i}, CS-DLCL 4 Zeta Hi {i A —7.07 mV
WEHINFE] 17.78 mV (P<0.05), 7B 5 N 5k
A P 7 1) TE A8 HL p S 2% U PR 52 SO 1 HR 1r O
F(-NH, ) Sig AR m B mras &0, B
FEBRBEU A 3.5 mg/mL B ik B B Er, H ) 3E—
HENETIEAT R B, nIREE SRR S R TR

BAHEAEHITE . 255 PRl iR, 3.5 mg/mL 5234
A% CS-DLCL HAT e A TERES B $Ea /NNy
330.43 nm. PDI 2}y 0.24, Zeta 537 17.78 mV M
=1 EE {H(70.75%), RIS e ik B F /5 2200193

2 TR CS-DLCL B R/, /a5,
Zeta HL FNAL LR
Table 2 Vesicle size, polydispersity index, Zeta potential, and
encapsulation efficiency of CS-DLCL after coating with chitosan

SEREEREE AR ZOHEEEL Zetalifi LR
(mg/mL) (nm) (PDI) (mV) (%)
0 217.27+1.18°  0.24£0.01°  —21.99£0.67* 66.60+2.19"
2.5 315.10£1.21¢  0.25+0.01°  —7.07£1.01°  68.52+0.91"
3 326.97£5.24°  0.2440.01°  525+1.71°  69.93+0.86"
35 330.43£3.45°  0.2440.00°  17.78+1.39*  70.75+1.11°
4 361.97+1.43°  0.28+£0.01"  18.81+2.12"  68.88+1.46™
45 379.60£9.23*  0.33+0.00°  19.07+0.71*  68.07+1.76™

TE: Al —FIA R NG FREROR 22 57 .35 (P<0.05) .

2.2 FTIR &3#h

N 1 ffF /s, CEO 7E 2842.92 cm™' 1 1838.06
cm™' ZbPAFAE A3 S ER ik S (C-HD PR sh A0
TR XU (C=C) R PR3 . CEO/B-CD Al& M HHIE
% 2927.78. 1637.48 LI} 1029.93 cm™', 3B CFEK
F(-OH) XFrhrfidRsl . &4 (H-O-H) & ithRzh#n
fist £ ( C-O-C) AN X FRPLAP PR B P2, 30 SRR AF 14 AF

DLCL HyE 2%, TIEBH 3% P42 ot 9 sl B4 25 7 DLCL
i, S e AU 3N FE R 3 S AL
F* 3700~3000 cm'(-OH) , 2923.93 cm '(-CH;) FlI
2877.64 cm '( -CH,) , J:4F 1k 1§ 1656.76 cm™ 1l
1595.04 cm™', 43 BRI FL R FLE#E (C=0) i 3)
AT FA S (-NH, ) iyPRsh™>, B 23 (-NH; )
FIPRBhIGE M FETRMY 1595.04 cm ! 54452k CS-DLCL
1% 1639.40 cm™, SRS DLCL PYBSIRILH] K&
A AT EAEH, SECEEBIR, IESE T SRS
DLCL B4l 500, hAh, 72 SROPH Ik e S e B bt
(C=0O) i F 1656.76 cm™' 4k A4EAFIEYE CS-DLCL
e, BN BE SRS G, 53 1739.70 cm ™
Kb IS BERG N . RIS, DLCL A @i ig Sk AT pl 4 fiE g
M 1249.80 cm ' AbFEE 1251.73 cm Ak, P2 HH
FoRBES DLCL 4546 5| iR Eh ik, FTIR O
T AR L SR [RINESE T 52 3R PE 5 DLCL 8 o i A
F . A AN RIAH BEAE IR TR E M E S
W), iy CS-DLCL 3R # dRHt T G5AR3E -

Chitosan
~ R .
\ o~ N SN
N Y 'W\ it
2o 165676 Cisosor -
_ CrS;[zLCL — “ ’\Y ‘ /\‘tu,ﬂ '/3/1,'\w/v\{v,\u/
X N, msn Y| [\ [V J‘
< g 1@3944’)\ \ Y W
‘}Iﬂ» CEO/f-CD [
I — VA" 1n
“= / \ M i o~
\ / ? A
‘S’ﬂ CEO N 292778 M\y 1029.93
DLCI A it
[ o VN T
= 124980 109165

4000 3500 3000 2500 2000 1500 1000 500
WAL (em™)
¥/ 1 DLCL. CEO. CEO/-CD, CS-DLCL H15% S i
FTIR Yit
FTIR spectra of the DLCL, CEO, CEO/$-CD,
CS-DLCL and chitosan

23 BRI E M

A 6] (0~20 d), DLCL Fi1 CS-DLCL FY#E (1
FNFRE &l 2a) o BFFERI], WA R E R 255
ORI AN TR AR SR AOBEIR, SET S | AR AR SR EEFN
R FEL A Y. 7E 0~20 d, DLCL FE A8 1k i
ETE T CS-DLCL(P<0.05), FIHFERHZ FEALI 55
FEHLAFH )T 7, BHIESREE . WK 20 d /5, CS-DLCL
PRI )N, FRAHFEIBEM DLCL FRmiH 5, iX
—Z5 5 Tai 5P FE5C IR Y 22 8 NG A b
MIRI—3 . WAk, BEIE A E IR RN A b o

Fig.1



%478 % sl

Fih , A5 SCRFHEMR T FRHMNR BTG 8 SOtk LA PRECR: - 363 -

(a) 140+

—=—CS-DLCL
——DLCL

1304

1204

110+

B/ NIFR RS AEAL (%)

0 5 10 15 20 25 30
T g s 1) ()

—=— CS-DLCL
—e— DLCL

bed od d

0 é lb 1'5 2'0 2'5 3'0

] (d)
& 2 I E DLCL #1 CS-DLCL 3/ NaAE 254k (a)
F1 CEO B R 1481k (b)

Fig.2 Relative changes of vesicle sizes (a) and the CEO
retention rates (b) of DLCL and CS-DLCL during storage

TE: a~e FoR AN RGN ] A 2 225 57 (P<0.05) .

RS RSE Y vt s, DA T RAATR AR B AR I S i e (B
REME. W HAZE] 30 d B, DLCL 1 CS-DLCL i
JHER B R A5HIR 77.16% F1 87.08% (&l 2b), A
FBEALIE AT LU 27 1IEAR A CEO 1 8 fL R fit,
Vel L S TR A e TR
24 AREMCES R TR pH B

pH JE TP A 8 T BE SRR, BB S LB
BE . K 3 s, B ] i SE K, pH g,
A BRAETAAE ) B PR BERRE A I 28 15 A 5 R 45
i, A T O B YR HAR BT AR ZH S vk
JEAARZH RIALIY pH IR, 3 R S 5 SR S 4 g I

o4 T
7| e VIR AL
6.31 —v— VKilA-+AR KA o
— 8 Bz
o -\d// Bed J;, — {: /7 L!rb — im
B62p 4 4+ g —§ 1
"Ac Ber = ,,,——!/// Cb Db
i,
Be X
6.14 c
6.0

0 2 4 6 8 10 12
JEFEEIR ] (d)
K3 AR 0T AL pH r2E 4k
Fig.3 Changes in pH of meatballs under different
storage methods
T a~f 3RR [ 476 A [R] i) 8] pH 9t 25 7 22 5% (P<0.05)
A~D A AAER] ] pH F i #1422 57 (P<0.05) .

AR S IR, I HLP AL pH BB Ta] B 2E 42 B 5
REATR S Tves A, Dt PRI b s S e e ™ A LR
s A A A B R P IR, R T AR SR AR
i, FERE T AN g A v, R DD SR IRE A it i P
FLERII I, 25 P S E S ) AR A E T R 3
K VERAE 43, S 30 pH RRL TP, vKIE-HIR B AR
ZHRILIY pH 7E 12 d MY N AL F e IOK P, 2=
BH VKR 25 A SRR A 3 B R HAT W 25 P R R0 .
ASTIRAGERS HAE T KRN S 2 A e B A (8 FH Rk
FAE S B o) ERL Bl 2B 45 RS ) B 1A S AR R | 4 1)
KAz, R A RIS A SRR o
2.5 AREEARNTALESZ DT
W (], A 2 5 | R PR il s A8 T g 32 2 A

=, W BRI s bR . =% GB
4789.2-2022 {E i & A E ZEARE £ ST E RS TR
V5 SBON e ) ¥4 e PR ) S 0 T AEARHE (FRAE 6.0 1g
CFU/g) . WA 4 Fr7R, Bk R 3L LA B 7% S 80k
4.61 lg CFU/g, Forh & sl 4 P FL AT 9 B4 s B e,
45 4 d B33 6.65 1lg CFU/g, HIFTHRHA{Y N 2~3 d;
VKIRLZH R ALTESRS 8 d RV SVECh 6.92 1g CFU/g, 5%
ZUHAGER 2 6~7 d, FRIHVKIE A FREA A il i
A, BIRBIARHTESE 6 d FTE BEUCH 5.66 1g
CFU/g, 8283k 6~7 d, XA FEFHE AR B AR
FE TR R M . VKRR SR ZH 4 40 PR SR
W, H 10 d Bis B R 5.69 1g CFU/g, B
FE5 12 d A 3KF)] 6.08 1g CFU/g, He 28 HI3E K F 10~
12 d, UESZUKIR- 5 B8 AR I I R E FH e B A R A i)
WA AR . PEPFEER R T AR i T 2 oK

BTN FH T R AR e b, AEASE B E RR P EIE 0L
ER T ZH AL BT AR

8.0 —= VR4l

e IR TR

% 757 e vkiRdl
2704 7 UKIRHIR AR

@) Aa / Ba

2 6.5 Va Ve

?‘J%é 6.0 Ab A',"["/ o
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Fig.7 Changes in the appearance of meatballs under different storage conditions and their effect on sensory evaluation of meatballs
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