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Study on the effects of nano-emulsion of lemon essential oil on fresh-keeping
of marinated pork patty

SHAO Chu-Yao, DAI Rui-Tong"

(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

ABSTRACT: Objective To study the antioxidant and bacteriostatic effects of lemon essential oil nano-emulsion,
and study its preservation effects of marinated pork patty. Methods Lemon essential oil nano-emulsion was
prepared by ultrasonic method using sodium caseinate, lemon essential oil as the main raw material, the antioxidant
effects of nano-emulsion was analyzed by 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl radical scavenging
method, and the bacteriostatic effects of the nano-emulsion on Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa were analyzed using bacteriostatic circle method. The color, texture, thiobarbituric acid
reactive substances (TBARS) value and total bacterial count of marinated pork patty were measured by adding lemon
essential oil nano-emulsion during storage. Results Under the same concentration, the antioxidant effects of
nano-emulsion were better than lemon essential oil, the nano-emulsion had better antibacterial effect, and the
inhibition effect on Escherichia coli was the best. The effects of nano-emulsion on the fresh-keeping of marinated

pork patty were studied and compared with the control group and the essential oil group, the results indicated that
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nano-emulsion could maintain the texture properties of the pork patty, the emulsion group had lower TBARS value,

the least total number of bacteria, and the color change was insignificant. The shelf life could be extended for 4 days.

Conclusion Nano-emulsion of lemon essential oil can delay the oxidation of marinated pork patty and inhibit the

multiplication of microorganism, and has a good preservation effect.

KEY WORDS: lemon essential oil; nano-emulsion; marinated pork patty; antioxidant; bacteriostatic

il

0 3|

Wil 2 A 0 1T 2R R, R R o o R R R
JRUR A28 A s R T A AT A 21 B A o
U EE RN EEER, Zgubl sk Ul G amimEukl,
ZeRlERE . AU T 2B, FE iR R A
TR A, e AL R RN AT Y PR
B LA G RN . PR HE . RN A PR R
ZEUS1 AR, R P A AR N IR R R B b i
PR EA . RRIREA, BAEWMCAR R, &7 5
7% o PR Fe R R DR A vk BRI, S R B P o
nh PSR, B — @ BB R SRR AN

FrERG TR RIS B Fh BRI, S . S R
A SR R B TR etk A O e S
BRI Ay, SRS 80%LL b, A AL, M
WM, Pia a5 25 4 MR (Food and Drug
Administration, FDA)F A2 INE &g, al) 2
R bR CRE R G U2 gy 2 BRI 2
AE I ELA R A B AR S PR RN A R AR VEBR AR T, HAAR
EIEPER T . BRI o (H i TR e Tk,
BA G kWA S SRRk, ARMEAE & 5 P RS R AT
T, FHOLSEBRN FREAL. Bk, RAZ 4T MEk
MPAF IR T, DAFLIR AT 20 0 2 6 5, A UAE
PR EARRI RS E M, AR TR, AR T A
PR, RENE R AR . K FLIE B KA . A
FRTmRR M, BB r i sh M mis e, sef Rl
SRR IE P A R T BE R R, Tz TR L R
Aot it 2 45113 2R R Al S R XS £ A 0 )
I, A SCEA R A e AR A S
WA T A LA FLS, LIRS PR i, SR Ak
2.5 1%, E PGS R A Il A R 2

BR8P A R BRI 5 R A T TR
SRR AL, XAE PR T B g R LR P R B PRl 1)
TREESCR B A X /0, R TR . /AR
S5 X IR HR PR ) S DR BV T, e/ DA Aol Tl XoT R B A o)
TREECR A, FLA8K A3 AR B AR 4 10200
K, ABI 53 o 1 25 Fr A il A oK S, AP B
b, RO, RIS R T TR B R A R, A R 2 PR A
wh PR 7 TR B S SR e SO

1 RS

1.1 RS

FrBERE (& ah 2, TLVEIRER R SR A b FRA 7D); 1
FEHERAE M, MEEERAHRARRA ), &3h. K
% AL IR (B b EE ).

WK . & Ok . SE I ) B
ORI E AR AR

1,1- — 2R FE-2- = A 5L 28 P (2,2-diphenyl-1-icrylhydrazyl,
DPPH)., /KGR . RERW.2%. Hy0,. — T HIRHEHZE | i
& B kb % BR (thiobarbituric acid reactive substances,
TBARS)(4r#r4ll, Jb X REKERFEAMAR), —HL W]
(Grbral, g e MAERRHE A BR A HD); KR N
Bl | 1,1,3,3-P0 RSN BECobTat, [ 24 F Ak 23004 PR
oy, EARE e, LT ),
12 UFE5EE

FA25 BB HL(E I FLUKO FAAMUR I 1 A BR A
ri)); MS-H380-Pro 1 J14ii i [ R IE 241 S50 A E (AL mt) ik
B35 F11; TY92-TIDN 75 20 M Al w43 (77 B 2 AL R R A
FRZAT]); Evolution60 484h-AI WL/t 6 1 (35E Thermo
Fisher Scientific /A 7); YP6002 By, TR F-(Hs & 0.01 g, Fifg
ERMU AL A R RD; IT-10 $AFTHRALATH R [H 1
AR FD; CT-3 Bt (3 Brookfield 23 l); CR-400 {7,
ZAL(H AT JE R -SEfEIA A F); BK-124002 fighr K R (EH
Fpre 1 H); HH-W600 -5 15 ik /K VA4 (435 T RHIT AT
FRAT]); TGL20M e BV VR 5 O AL (BRI T LR S 3 (L A0
AR A A ), YXQ-LS-100A 7 =X & 7 2895 K TH % .
LRH-250F & {1k 5 3% 56 (L MR s2 ) A R A Al);
SW-CJ-2D # ¥ 1AE & (5 ma B BEI7 e A BRA 7)) o
1.3 XLWHE
1.3.1 A4t b ok 5Lk & ik

TSN, B E R T 8 7oKk, Fiht
oA 1:6.9, FHTE IPEEESRAE 500 r/min 5514 THEFEE T
VA FRAE S 7K o 1) T L 10 R VS Y S8 T I AP AR Tl (1
BEHBRIAS R 12.69%, BRI 3%), dhedid:
2 h, HAIHHLAE 19000 r/min F 374 5 min, 58RI
FLFLV o 50 5 PG T AL 2L Y P P 200 M e e Sl T
FAALH, P LR 327 W, PSR R R 18 min, 15RIfE



2552 B dn 2 4 R R I A 4R

13 E

MK AL, BUE 4 CokFh &
132 AdRFRER
(1) DPPH H L5 B2 56
S MBI kT DPPH A th RS R SLk: 78
FEIRSAFT, HERECH 0.1 mmol/L DPPH ¥#¥4, "tHL 100 pL
A WFES S 3 mL DPPH IR A Y92), KL 20 min,
FETF 5000 r/min B0 10 min, B EIHH, T 517 nm AL
TERCEE, 04 4; EL 100 pL FLIEEEA S 3 mL (AFH
AL 95%E) LR BOR A RN R, FARR A0 T e o
BE, 08 4;; WHC100 pL AR 4L 95% (1 £ B 3 mL
DPPH &R ARG, TAHIRAME TS RNE, idh
Ao XFRRZALL 3% R VA (A T i AU sk il
YPORFL, HAEVEARAE . FZAZN(1)ITSE DPPH A L
DPPH 5% /%= (1 - %) x 100% ey
0

() 4 RS I OGIE; A; 9 DPPH 25| i
(G s Ao AN JINRE S AW B

(2) B A HIEERER

2 N R AP )y b AT 1 R TE RS SG: FE iR
AT, BUHIBEEREE S50 5. 10, 15, 20, 25, 30 mg/mL
HIFTEARS I AN K S - 76 10 mL L @45 TR 23S A 1.0 mL
BIAPEERS IR FLE . 1.0 mL ¥EEE R 2 mmol/L /K5 1R
CEEAW . 1.2 mL ¥ N 1.0 mmol/L [ FeSO4 ¥R LA K
1.0 mL ¥& £ 4 2.0 mmol/L %) H,0, &7, K 0.5 h )&, 7
510 nm AL R 4, 25 HLEHLL 1.0 mL 2858
KA RGP FLIR, AR A, BT ot
Ay XoF BRALLA— R4 55 A HH [R) 5 5 Tk B (A A B s e £ e
BRI ZLR, HADEREARAS . A0 HyO, B 510 nm &k
FIESERE N Aso XTRRAILL 3%Fr B IHIA R A T 2 B )
BRI, HA B EAZE . FAXQ)H R
F TR A L T bR AR

¥ 1 L e (1 -

) x 100%  (2)
2

K@) 4, IHERE R, 4, h% & ROLEE;
Ay AT Hy0, B AR LA AR GRS o
1.3.3 HZRAA

SR FHUB AR S e B0 W o A ARG T 499 K 2L i 41
BRACRP: FHTALA R4 FATH EA N 6 mm Ay RTE
UEACH, 4121 °C. 20 min = EZEVRK R EHE T K
KGRI B AR, MG E W AR
WA, [ EREE IR N BIMA KRR . 4
CEATERE . S AR R 0.1 mL, IRATIIAIE AL
B 3 min, M AR IR AFTEERS IR 0N 1%,
2%. 3%. 4%MFFBERE AR LR P IR 2 h FRTE
HSFIe i, e LG Z AT I

BT RIERW, AT 3 K, FJCE KM A

Xof B o o) HEZELA AH )5 2 A B AT AR TR VA L (O TN R )
REATERGMPORFL, HNE s AR, e AR

A5 BB A SR A, T 37 °CAMF FER SR 24 ho HTIE

bR RO E I B AR, 5RBOEE.

1.3.4 A B9 &

R, KB 5% 8 R LA PLE R, InA
KRR IE, A, AEA 3:2 TR IR G AR N
3, ARl AA . R IAL LR . = AR I 2%
. 20%K, KEIMAIA 2% B EE . 19.7%K . 0.3%F7H
B, FLRAUMA 2% & 10%K . 10%Fr 845 WK
FLI A TS A B HE 30 min S, B A BER Y 50 g
LEAEBRPE, T 4 CokAtvh, B — a2 I ] BORE I o 4%
izt
1.3.5 e & & e T4k

A EASGHTINE, BRI 3 AL E HEF TR,
WL, dF b, ERAREAIE 6 K, BOEIHE.

1.3.6 T 18] i At My 6 AL

BERESL T ER 1.5 emx 1.5 emx 1.5 cm f AR, EHUE
BE L ONTMEL s TEIB SRR AR T, A
A IR TA3/100 AL, hkER
H 1 mns, filk SAEH T g, FEEEAEIEARER 30%, W
B 2 K, PIRIGERRIFRETTEY 5s, FAIEE 6 NEE
1.3.7 e W4 TBARS {449 T 4L

Z M8 ERKAN 2524175 75 % TBARS {H. B 2 g N[
S PR A DFBTRE, TN 16 mL 5% =4 Z BRI 100 pL
2 o/L T HRRILFIRYE R, SI2K 2 min, 7 5000 r/min 2514
FE.L 5 min, B 5 mL B35, A 1 mL 0.01 mol/L
TBARS R, IRGIRAGISIG, KA 40 min, ARAE]
REIR, 78532 nm AIEHLEOGE . TBARS HitH A
L(3).

TBARS {£i=10.21x0OD+1.13x10~* 3)
K@)+ TBARSTH: FACE L ZERI VY, H01k mg
N W /kg; Y62 ¥ (optical density, OD): 532 nm AbIIF5AY
WSERE; 10.21 A 1.13x10°* H 1,1,3,3-P0 2 5838 P el 2 -
o ilbr it th &R 15 .
1.3.8 Mg dnie) p 4t A KAk e) T

S )P I T FEJCHPREE PRI 2 ¢
FIRAYE, BATCE RS, FIA 18 mL 0.85% AR
ok, MHXEYEATT | min, B 1 mL @ RARKHEAT 10 1%
FRRE, BEBCANE AR, 4 3ITRI 0.1 mL AR 150
JEHEFRHE, RN 3 AN EE L AR E S A 37 °C
BSR4, 48 h R BT RIE AL
1.4 HBBIEFE

SIEH A 3R, 4ERER A xts, SPSS Statistics 22.0
HAFTF R .23 HF, Origin 2018b BRI .



%84

APAERE, S RPN AN KL IO JH B A D OR S CR 5T

2553

2 HERS5SH

2.1 BHEFBRIEER

FPERT I . AT KR ZLON DPPH., R A i 4&
THERARERANE 1 FrR . S5RRW], BEEFEN AR
T LR A R S, Al 2R R BE ) A5 2
5, R MR BOR T HAT B 9 LR AR BE 7 o AR R ot
SR BUE, FPBOR I AR FLIR DPPH F kR A il
T BR AR 300 T A7 AORS i v e, LD AT nT e Ot 2K i
BRI R 22, HUAAL TR TERIG; AT BORS il 4 oK 7L
AR KA R A R i A, R A A HRH B 1 T
By, B S R IR AR Ty, AT R 4R R A R T
WP RE O, I, B I RRINRE S 2 G SR T
FUE B A, B FL P RO . LoT PR
i 28 P R G — ol RS AR R0, T AR S o2 ik
AR SOMT AR T B0 B e, B 2 i SR A, I 3 4 v 7L
AT

T APl AR P
A FreE

o0
(=]
T

[=)
o
T

7

DPPH H B &5 53R /%
S 8

0 % E
5 10 15 20 25 30

B /(mg/mL)

2.2 HIERESKELER

HIZE 1AL, Rk i SO R FLIBON R L &
R ] 2 oK R R AP R 8 A R A A R OCR,, HLRE
EATBORTIN S A, I EBCR G ARG 98 . SCR s
RUIANMER . JCREK S TCI RIS, SRR L, 99KFL
TR DL HSR AR RACR, HLR A A] R AG 1ih e 28 o i
KW, R T KFE, LA il 37 5 1 ful 51 240
T A ) — e BEAT AR il 4 K L O R 8 4 40
ORI AT, HR 4 B A B, 10 X A 2 15 B B 410
PR i 22 o YA A il 1%, X 3 D G A £ AR 1
A o T A PR R Bk v ) T2 B R B AL
KWL, RTINS | - b | o WA TR B H A
R, AR BRI T Rl B AR, R BoRs il
o A2 SR R R AR B AOCR o T3 i A A 4
HL T SBfBE  BH, Nisin [z DA 6 2 A il B AR LR AR
T A 3 h, RERIR R RN, 384 2 Bl p e i 1,
AT A S R ACR

O ¥k Ak 2L
0ol B O Friefii
=
< 80+ 7
% 7
% 60 +7
E
= 40)
Qunng
o I% %
0 E
510

15 20 25 30
JREWE/(mg/mL)

Y A: DPPH [ I B B: J6 1 e ETEBR 5.
B RS AOR IR BRI L LV R AR FF (n=3)

Fig.l Free radical scavenging effects of nano-emulsion and lemon essential oil (n=3)

1B HRENRLBINELRATO=3, x+5)

Table 1 Study on bacteriostatic effects of lemon essential oil and its nano-emulsion (n=3, X +S)

5 8l /mm
L}
1% 2% 3% 4%
. FrEER 6.73+0.31° 8.60+0.10° 10.46+0.21**
KIGHF o
K FLI 8.73+0.68%* 10.03+0.21°* 11.40+0.45
I Pt 6.26:0.21* 7.70£0.30° 8.63+0.51°
A W A BR IS .

WK FLI 7.60+0.348 8.67+0.47°® 9.47+0.15°
i LER Rl 6.43+0.25°¢ 7.56:0.21*

) A1 L B . ‘
YR FLIK 6.93+0.15° 7.83+0.32°¢ 8.63+0.23%C

TE: MR EAR/DTEET 6 mm; ARV/NG T EERR AR R EE R 77 75 25 22 5 (P<0.05); AIRIKE F8E KR AR BR8] 4778 3% 22

5 (P<0.05),
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Fig.2

Color changes of marinated pork patty during storage (n=6)
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Fig.3 Changes in TBARS values of marinated pork patty during
storage (n=3)
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Table 3 Changes in the total number of bacteria in marinated
pork patty during storage (n=3)

A %%Eﬁ@ga@@]A

sk bRl Al
0 4.70+0.09° 4.39+0.33° 4.19+0.20°
1 5.64+0.11° 5.55+0.12° 5.36+0.10°
2 6.11+0.06 5.84+0.25" 5.58+0.17°
3 5.85+0.19° 5.51+0.39"
4 6.34+0.30° 5.72+0.20°
5 5.68+0.13°
6 6.21+0.28*

H: B —AAFNEFZERRAFEN KRB NAEREER
(P<0.05).
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