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Research Progress on the Bacteriostatic Mechanism of Limonene and
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Abstract: Fruits and vegetables are prone to rot and deterioration caused by microbial infection during storage and
preservation, which seriously affects their shelf life, quality and safety, and causes large economic losses. Therefore, the
research and development of natural preservatives with obvious bacteriostatic effect and high biological safety has always
been the focus of scholars in the field of fruit and vegetable preservation. Limonene has been widely used in the field of
fruit and vegetable preservation because of its broad-spectrum antibacterial activity and good safety. In this paper, the
antibacterial mechanism of limonene and its application in fruit and vegetable preservation are summarized, and its future
development direction is discussed in order to provide reference for further research and application of limonene in fruit and
vegetable preservation and other foods.
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Fig.1 Molecular structural formula of D-limonene
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2 FPEERHIEER RAEIE
2.1 HIEER

B AR I TR g o AR v AR B 52 K AT T
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aureus) . i 5 ZFE MK B (Bacillus subtilis) VI X I8z
4 AT (Bacillus thuringiensis ) S4B AIT5 4L, ™
R R TR LA R I I A L A P ] st
AR [ N S5 38 0 T aa b s M g 9 e,
ks ] LA S A ) 4 g AR, Aanseat AR SR
DI PR BRI P IBE RO EE, 42—k
W] A AW KRG B (Escherichia coil) | 4388
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( Bacillus subtilis) W A= 1, 30 & B B 42 5 51 ik
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g3 FH A RS R A UE B AT A v A S8 il R AT i
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aureus) . VUERBRTE (Micrococcus tetragenus) UL X Al
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X —LE A AR B S B HRAE T, PR ULER 1 R,

PPN A A PR P I AR B AE X B PR A —
JE W AE T, T A RO i 2 th 85 B (Aspergillus
niger) . v 1 5% B (Aspergillus flavus) . & 7B
( Saccharomyces rouxii Boutroux) . = ¥R 8§ JJ B
( Fusarium moniliforme Sheld) DA X M3 % £F ( Sac-
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Table 1 Inhibit effect of limonene on bacteria

P R SR TR PGSR TR R L o/ MR MG ) S5 30k
KWHFI# (Escherichia coil) I (9.19+£0.64)mm
4V B ERTA (Staphylococcus aureus) EREWISTS JIHEE: (9.44+0.27)mm [29]
W HEZEHLFF B (Bacillus subtilis) TP (9.78+0.26)mm
KT8 (Escherichia coil) HEA TG 0.9557
LA HIBRTE (Staphylococcus aureus) . JTE S 1 0.942°
PUBKERTE (Micrococcus tetragenus) SRA HEA TG 0.9357 [30]
AN ELZEAIAT A (Bacillus subtilis) TG 0.877
SR HIERTE (Staphylococcus aureus) ER=100%
KB 8 (Escherichia coli) N, 5 R =95%
W B ERVD T TR (S.senftenberg) DR R M E=97% (31]
R 1% )& (Pseudomonas sp.) T ZR=86%

‘ KBk 8 (Escherichia coil) MIC(v/v): 0.05~0.1%

FrE 4t (B ER I (Staphylococcus aureus) Bl 2 ar MIC(v/v): 0.05~0.1% [32]
R ZERIAT B (Bacillus subtilis) MIC(v/v): 0.05~0.1%
KBk 8 (Escherichia coil)
S AOHRIEREE (Staphylococcus aureus) KA R MIC: 1 pg/mL MIC: 1 pg/mL MIC: 1 pg/mL [33]
R ZEHIAT B (Bacillus subtilis)
VIR (Salmonella spp.) e BT R MIC (vv)=1% [34]

Iz & RN (Bacillus thuringiensis)
KIGHFE (Escherichia coil)

BT ALY Bok A A

MIC: 1000 mg/L
MIC: 3000 mg/L

S WO ERE (Staphylococcus aureus) R A MIC>2000 mg/L (351
AR ZEAUAT R (Bacillus subtilis) MIC: 2000 mg/L
YN (Pseudomonas fluorescens) IR B v MIC=20 mL/L [36]
il 2315 BN 14 (P. Aeruginosa) S A B B 1 MIC=10 mL/L [37]
2 PR E R A EIE
Table 2 Inhibit effect of limonene on fungus
R L E S SEE T VG R IR P e/ NV | SRS MR %) S8 30k
F% (Mucors) MIC(v/v): 0.1%~0.2%
JEEBETE (Yeast) TR e MIC(v/v): 0.2%~0.4% [32]
T 8 W (Penicillium) MIC(v/v): 0.2%~0.4%
BRI B2 EE (Saccharomyces cerevisiae) TR 7 i R MIC: 0.5 pg/mL [33]
B (Aspergillus niger) MIC: 4000 mg/L
NP %R (Saccharomyces cerevisiae) = VRS, MIC: 320 mg/L
) % (Penicillum sp.) LSS MIC>5000 mg/L [33]
FHEI% A RERE (Saccharomyces sp.) MIC: 320 mg/L
PR (Aspergillus niger) JEEE: (9.0£1.41)mm
HH W (Penicillium sp.) AT RLE WA (3.0£1.41)mm [38]
I B (Aspergillus flavus) JEPE: (7.543.54)mm
5 1 2% (Aspergillus flavus) AR P HOE 2R 100%(500 ppm) [39]
IR I (F.verticillioides )  FEARBUIRHT T I o IR 100%(75 ppm) [40]
& G (Saccharomyces rouxii Boutroux) AR R VA TR MIC=0.75 pL/mL [41]

P LB R B (PEP) FIZT4E K (CAS) FUTE TE, WA
AR RE (AT 5 oAy Bef 3 DA A pAsedas nT LU+
PR E AN T O RE A TR AR, AN IR {3
A BERARST T30 7 LA Sl = BRI (ATP) 5 %
2 BHAE, T TR A P (e B T, i ELAT
BRI SR 5%107° mol/L By BV AT 2141 il £ FH s
WA BRI AR TReE Y ro 4a i B,
IR SR, (A o R 2L | FLAI AR s B 45
4, 5 AR N NI ER HY, DT S 5O i T Y
AERBESEASZRH . M A3 i A B, ATAEARER T LA
BIBEAEHBE AL, Hoad n] LUz 2R AR, A
A G A= P TR A A B s FIAR [R) 28 732 A e v Y
BRI RN BRI Z A1, SHARTENS PRI I R
52 D-FYEIEIE I H B 25T S Y, D-ATASEa

T (e PRSP - 2 B o LA R A L R A 45 L B BE Y
Cprlp Fll DNA &2 G2 7704 Rptdp V&, M) R
VP BRI T, S s la A A LRI FR AL T =
FILRER,

e B ETBEFE b, gl im a8 Tk =4
240 BRSSP 1T 28 S R LA 5 H i A BRI LA S
BT AR, FEAERRT, A B AR e T R
e ORI B XSUZ RS, M-S AR A AR
NE TR b ARk, AN IS LS P e AR, T AT B
FET, Z M AL WA ] TIF 2225 MW NE, un
Pasqua 59 i AT AR IRFTATAG s X0 4 2 (0 A 4
BRTA . 8 V0] QPR ARG F4 Aot/ \IDEBR P A1 M ASE 17
s, R, AremtE T2 )5, Beg S |4l
ML AR Ak, H AR AR RN R o 1 B sk
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Fig.2 Locations in the microbial cell thought to be sites of action foressential 0il**"!
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FATTSR RIS R F LA AL BRI REDT | Rigt®)
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[E e o | RHRE | pH. (0056 . BRI ALFL AR TR R A5 48
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FATTEIISE R I & A Fr s 1 T P A A A b P
BE [FIRE AT DAAT 4 il R B AR B 9 A, I Has T
DA 3L IR A AR T B4R v ) S 4 DY 21 £
A (PAL) (15, il B AR Rp 8 i AL T 3 & it
(43.849 mg/100 g), M P45 B AR S 2T 1% £ i3 012,
TEPEIRAAREE |, 2R CIAEE . 52 TRBE RISk i 1
P18 AR T A 250D ] 4 e (o A A BR N R AT P 2
K, (BRI AR5 51R(6.61£0.04) F1(6.88+0.02 )mm,
P IRAE IR [a] (B B2 R BRI 20% LA R, A5
SUAELE T kAT R &

25 b, AP AE S —Fh MARG B RG Th rh BR ER R
R AL A R O A e SR R
ST RATARCR, LA D) S P e A LAt £
FRAEA Tt B A EE B A R R
4 RE

FyAEIaAE S — P B ) R ARAE RS T, LA
| e N B ety T T i P A 2 £ e e SNLTE E
fif | BR2h . ARZGAEGIEE, FE T N RS AR
Fl o AEZ: E At E PSR AN B A LR AT i AN BH BT,
XHRBRAR ARSI IT WA, Bk, S /51 DAE IR



- 418 - £ Tl B4

20214 7 H

TR ELEE, LA Asda o HA B R b I

EESCRIDITTE, S RN B E PR BAH
S0k

(1] EE, e, 30348, 5. SRR BAR S F a) 52

B [J]. Ak Tk AHE, 2017, 38(20): 347-351.

[2] Liu W C, Zhang M, Bhandari B. Nanotechnology-a shelf life

extension strategy for fruits and vegetables[J]. Critical Reviews in

Food Science and Nutrition, 2020, 60(10): 1-16.

[3] B&F, RAE, BB, F RARBGHAZLER S

# B MAFZLT]. o vk, 2020,45(4): 186188, 200,

[4] MR, &2 #. RAREE0) 37 8 HUZL B H e o AT b o 4 52 R

FRHE]. FRASAMA,2019,30(5): 134-144.

[5] Dias A L B, Sousa W C, Batista H R F, et al. Chemical

composition and in vitro inhibitory effects of essential oils from fruit

peel of three citrus species and limonene on mycelial growth of

Sclerotinia sclerotiorum[J]. Brazilian Journal of Biology, 2020,

80(2): 460—464.

(6] =, 2k, A7AH ey A A AR &), & o

F1,2018(9): 133.

(7] #7548, ke, 30 EF, F. v ey & oWt Lt R 1],

A A, 2015,36(15): 277-281.

[8] R /K, REE, BT, 5. RARRBAY D-ATHIFAE K 25

A ey A AR (1], d2 LA, 2017,33(3): 1-2, 28.

[9] xUefs, 255, Sk, F. AP0 R 2 AR v R 2t & [T].

B HARFF),2019,39(8): 24-28, 69.

[10] EZUM, S, REZ, F AGAATAIH AL L 5 A

J (] At 5 % 15 5%, 2012, 20(5): 46-50.

(11 ] ARt A7 05 g FU Ak 09 %1 & A 3L AT R [D]. E%: &

X%, 2018.

[12] BEwei. AFAM R B a9 AP (I, W)l B 5, 2011,

32(8):1300-1302.

[13] #7, %A, R0, 5. AHAG AT b P AT G 3 B BT

R [T]. #ab AL, 2013,21(4): 41-44,

[14] Elegbede J A, Elson C E, Qureshi A, et al. Inhibition of

DMBA-induced mammary cancer by the monoterpene D-lim-

onene [J]. Carcinogenesis, 1984, 5(5): 661-664.

[ 15 ] Murthy K N C, Jayaprakasha G K, Patil B S. D-limonene rich

volatile oil from blood oranges inhibits angiogenesis, metastasis and

cell death in human colon cancer cells[J]. Life Sciences, 2012,

91(11-12): 429-439.

[ 16 ] Parija T, Das B R. Involvement of YY1 and its correlation

with c-myc in NDEA induced hepatocarcinogenesis, its prevention

by D-limonene [J]. Molecular biology reports, 2003, 30(1): 41-46.

[ 17 ] Kaji I, Tatsuta M, Tishi H, et al. Inhibition by D-limonene of

experimental hepatocarcinogenesis in sprague-dawley rats does not

1ras

involve p2 plasma membrane association[J]. International
Journal of Cancer, 2001, 93(3): 441-444.

(18] #WAsy, I, SR £35, ¥, 4 MRFLHLE RS
GC-MS 2 #7 % D-#e A2 M 45 B B B AT L (1], F B IR 2
,2020,37(7): 806-813.

[19] LuX G, Zhan L B, Feng B A, et al. Inhibition of growth and
metastasis of human gastric cancer implanted in nude mice by D-

limonene[J]. World Journal of Gastroenterology: WIG, 2004,

10(14): 2140.

[20] Chaudhary S C, Siddiqui M S, Athar M, et al. D-Limonene
modulates inflammation, oxidative stress and Ras-ERK pathway to
inhibit murine skin tumorigenesis[J]. Human & Experimental
Toxicology, 2012, 31(8): 798-811.

[21] Z&f, k24 D-APAEE 5 G 5k 0 I8 o9 Huh A7
7% [1]. AHEER, 2010(5): 6-9.

[22] WA, RF, TRF. A& RATHRESEFA G ok m I8 1
AU #9815 BT LT b5, 2008(11): 938-941.

(23] Sk, A, R4k, 5. AP AOR B W 09 1L S LR AL RAL
BAP T H AR T, Ao T AL, 2015,36(5): 126-131.

[24 ] Jayaprakasha G K, Murthy K N C, Demarais R, et al.
Inhibition of prostate cancer (LNCaP) cell proliferation by volatile
components from Nagami kumquats[J]. Planta Medica, 2012,
78(10): 974-980.

[25] EARR, F&, I IR DATARM T KRB AT 545 R R
R F L0 [T, £ KA, 2015,36(5): 163-167.

[26] 40 %, &, Hacth, 5.2 Fbid R o s & M K 5 4 KR
5 ke rm (1], Lk sl X3 SR (REAFR), 2019, 37(2):
54-58.

[27] &4, xgese, T O, F AFREGARTE B AR K
S L, 2017(16): 51-54.

[28] #Ap#tte, B, ED, F AARFERARFRAREI]. £
e 5 A BT, 2017,43(2): 274-278.

[29] 33, R/, R4k, 5 AR BOHN W £ R0 47 B4R
FALFH AR [T]. & 5 AU, 2017,33(12): 138-142.

(30 ] mii, ug, ECH, F. 5 AAhHH b RS 2o s L AL A=
A E [T, &S, 2018, 43(11): 255-261.

[31] Dabbah R, Edwards V M, Moats W A, et al. Antimicrobial
action of some citrus fruit oils on selected food-borne bacteria. [J].
Applied and Environmental Microbiology, 1970, 19(1): 27-31.
[32] 575, Fift, B, . MAGH @640 8 B DATANG
& et AT, A Tk, 2012,33(1): 21-23.

[33] Zahi M R, Liang H, Yuan Q. Improving the antimicrobial
activity of D-limonene using a novel organogel-based nanoe-
mulsion[J]. Food Control, 2015, 50: 554—559.

[34] Obryan C A, Crandall P G, Chalova V I, et al. Orange
essential oils antimicrobial activities against Salmonella spp. [J].
Journal of Food Science, 2008, 73(6): M264—7.

[35] Z5H, i, 35, . RAGHEFE I RF 0 E
BRRAT AT [T]. F ARk K 3 424k, 2010,32(1): 24-28.

[36] 43582, BEA, ANT, F AT RAB LRG0 E &
MR AR R [T]. e T AL, 2019,40(12): 134-140.

[37] A F, T#h, BXF, F.ATRF RSB LA GITE
EHEA A [T]. A& T A, 2018,39(7): 1-5.

[38] Omran S M, Moodi M A, Bagher S M, et al. The effects of
limonene and orange peel extracts on some spoilage fungilJ].
International Journal of Molecular & Clinical Microbiology,
2011(1): 82-86.

[39] Singh P, Shukla R, Prakash B, et al. Chemical profile,
antifungal, antiaflatoxigenic and antioxidant activity of Citrus
maxima Burm. and Citrus sinensis (L.) Osbeck essential oils and

their cyclic monoterpene, DL-limonene[J]. Food and Chemical


https://doi.org/10.3969/j.issn.1000-9973.2020.04.039
https://doi.org/10.3969/j.issn.1006-2513.2019.05.015
https://doi.org/10.1590/1519-6984.216848
https://doi.org/10.7506/spkx1002-6630-201515051
https://doi.org/10.3969/j.issn.1672-6820.2019.08.004
https://doi.org/10.3969/j.issn.1008-1100.2012.05.015
https://doi.org/10.3969/j.issn.1004-0501.2011.08.067
https://doi.org/10.3969/j.issn.1007-7561.2013.04.010
https://doi.org/10.1093/carcin/5.5.661
https://doi.org/10.1016/j.lfs.2012.08.016
https://doi.org/10.1023/A:1022207630482
https://doi.org/10.1002/ijc.1353
https://doi.org/10.1002/ijc.1353
https://doi.org/10.3748/wjg.v10.i14.2140
https://doi.org/10.3969/j.issn.1672-3791.2010.05.005
https://doi.org/10.3781/j.issn.1000-7431.2008.11.007
https://doi.org/10.1055/s-0031-1298619
https://doi.org/10.7506/spkx1002-6630-201505031
https://doi.org/10.1128/AM.19.1.27-31.1970
https://doi.org/10.1016/j.foodcont.2014.10.001
https://doi.org/10.1111/j.1750-3841.2008.00790.x
https://doi.org/10.1016/j.fct.2010.04.001
https://doi.org/10.3969/j.issn.1000-9973.2020.04.039
https://doi.org/10.3969/j.issn.1006-2513.2019.05.015
https://doi.org/10.1590/1519-6984.216848
https://doi.org/10.7506/spkx1002-6630-201515051
https://doi.org/10.3969/j.issn.1672-6820.2019.08.004
https://doi.org/10.3969/j.issn.1008-1100.2012.05.015
https://doi.org/10.3969/j.issn.1004-0501.2011.08.067
https://doi.org/10.3969/j.issn.1007-7561.2013.04.010
https://doi.org/10.1093/carcin/5.5.661
https://doi.org/10.1016/j.lfs.2012.08.016
https://doi.org/10.1023/A:1022207630482
https://doi.org/10.1002/ijc.1353
https://doi.org/10.1002/ijc.1353
https://doi.org/10.3748/wjg.v10.i14.2140
https://doi.org/10.3969/j.issn.1672-3791.2010.05.005
https://doi.org/10.3781/j.issn.1000-7431.2008.11.007
https://doi.org/10.1055/s-0031-1298619
https://doi.org/10.7506/spkx1002-6630-201505031
https://doi.org/10.1128/AM.19.1.27-31.1970
https://doi.org/10.1016/j.foodcont.2014.10.001
https://doi.org/10.1111/j.1750-3841.2008.00790.x
https://doi.org/10.1016/j.fct.2010.04.001

428K 14

EAET, A AR LA AR SR R o o BT e - 419 -

Toxicology, 2010, 48(6): 1734—1740.

[40 ] Dambolena J S, Lépez A G, Cénepa M C, et al. Inhibitory
effect of cyclic terpenes (limonene, menthol, menthone and thymol)
on Fusarium verticillioides MRC 826 growth and fumonisin Bl
biosynthesis[J]. Toxicon Official Journal of the International
Society on Toxinology, 2008, 51(1): 37—44.

[41] Cai R, Hu M, Zhang Y, et al. Antifungal activity and
mechanism of citral, limonene and eugenol against Zygosac-
charomyces rouxiilJ]. LWT-Food Science and Technology, 2019,
106: 50-56.

[42] Burt S A. Essential oils: Their antibacterial properties and
potential applications in foods-A review.[J]. International Journal of
Food Microbiology, 2004, 94(3): 223-253.

[43] B 7% RAKALY i 69 47 1 & MR ILAR A ML AT [D]. b
7 AT K, 2011,

[44 ] Marei G I, Rasoul M A, Abdelgaleil S A, et al. Comparative
antifungal activities and biochemical effects of monoterpenes on
plant pathogenic fungi[J]. Pesticide Biochemistry and Physiology,
2012, 103(1): 56-61.

[45] A=k, A%, B 7T, . ALY it I o 3 9% Rk
A h AR T]. At S, 2020,41(11): 285-294.
[46] Knobloch K, Pauli A, Iberl B, et al. Antibacterial and
antifungal properties of essential oil components[J]. Journal of
Essential Oil Research, 1989, 1(3): 119—128.

[47] X REE, X FIE. A7 0 Br Ji5 AR A B A0 A ALIL AT 503 e
(7). & &5 T, 2015, 15(6): 83-87.

[48 ] #A3E3E. BRIE BEAF A D-ATAL M 18 69 & & 405 547 [D].
R L KA, 2012

[49 ] Pasqua R D, Betts G, Hoskins N, et al. Membrane toxicity of
antimicrobial compounds from essential oils[J]. Journal of
Agricultural and Food Chemistry, 2007, 55(12): 4863—4870.

[50] Pasqua R D, Hoskins N, Betts G, et al. Changes in membrane
fatty acids composition of microbial cells induced by addiction of
thymol, carvacrol, limonene, cinnamaldehyde, and eugenol in the
growing medialJ]. Journal of Agricultural and Food Chemistry,
2006, 54(7): 2745-2749.

[51] Choyam S, Srivastava A K, Shin J H, et al. Ocins for food
safety [J]. Frontiers in Microbiology, 2019, 10: 1736.

[52] Haroon E T, Zou X B, Gustav K M, et al. Recent develo-

pments in gum edible coating applications for fruits and vegetables
preservation: A review[J]. Carbohydrate Polymers, 2019, 224:
115141.

[53] Xing Y G, Li W X, Wang Q, et al. Antimicrobial
nanoparticles incorporated in edible coatings and films for the
preservation of fruits and vegetables[J]. Molecules (Basel,
Switzerland), 2019, 24(9): 1695.

[54] Barbosa A A T, Mantovani H C, Jain S. Bacteriocins from
lactic acid bacteria and their potential in the preservation of fruit
products[J]. Critical Reviews in Biotechnology, 2017, 37(7): 852—
864.

[55] ik, B8, 2 %A 4B SULR AT FHOR G £ 2 fo
Bsn ey #m [J]. £ T AL, 2012,33(18): 332-336.

[56] RHFE, #4 k. ATHIH AR TR B R R0 [T].
T E RS EH,2014,20(4): 42-45.

[57] RHFE, §EM, R T AT LA R A ARG PR
RegFeall]. P ERH L ER,2015,21(1):35-37.

[58] MHE, KEE MR LESFATEERSREARGY
1] P B 5 &R, 2014,20(3): 51-54.

[59] Fifa, R, 0 F o A SUAC R A 3 KRG £ 2 fo
s ey [T]. & T kA, 2013, 34(1): 338-341.

[60] Maleki G, Sedaghat N, Woltering E J, et al. Chitosan-

5]

limonene coating in combination with modified atmosphere packa-
ging preserve postharvest quality of cucumber during storage[J].
Journal of Food Measurement and Characterization, 2018, 12(3):
1610-1621.

[61] Lan W J, Wang S Y, Chen M R, et al. Developing poly(vinyl
alcohol)/chitosan films incorporate with D-limonene: Study of
structural, antibacterial, and fruit preservation properties[J].
International Journal of Biological Macromolecules, 2020, 145: 722—
732.

[ 62 ] Dhital R, Joshi P, Becerramora N, et al. Integrity of edible
nano-coatings and its effects on quality of strawberries subjected to
simulated in-transit vibrations[J]. LWT-Food Science and Techno-
logy, 2017: 257-264.

[ 63 ] Dhital R, Mora N B, Watson D G, et al. Efficacy of limonene
nano coatings on post-harvest shelf life of strawberries[J]. LWT-
Food Science and Technology, 2018, 97: 124—134.


https://doi.org/10.1016/j.fct.2010.04.001
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.lwt.2019.02.059
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.pestbp.2012.03.004
https://doi.org/10.7506/spkx1002-6630-20190603-018
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf052722l
https://doi.org/10.3389/fmicb.2019.01736
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.3390/molecules24091695
https://doi.org/10.3390/molecules24091695
https://doi.org/10.1080/07388551.2016.1262323
https://doi.org/10.3969/j.issn.1006-9577.2014.04.011
https://doi.org/10.3969/j.issn.1006-9577.2015.01.009
https://doi.org/10.3969/j.issn.1006-9577.2014.03.013
https://doi.org/10.1007/s11694-018-9776-6
https://doi.org/10.1016/j.ijbiomac.2019.12.230
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.fct.2010.04.001
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.lwt.2019.02.059
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.pestbp.2012.03.004
https://doi.org/10.7506/spkx1002-6630-20190603-018
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf052722l
https://doi.org/10.3389/fmicb.2019.01736
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.3390/molecules24091695
https://doi.org/10.3390/molecules24091695
https://doi.org/10.1080/07388551.2016.1262323
https://doi.org/10.3969/j.issn.1006-9577.2014.04.011
https://doi.org/10.3969/j.issn.1006-9577.2015.01.009
https://doi.org/10.3969/j.issn.1006-9577.2014.03.013
https://doi.org/10.1007/s11694-018-9776-6
https://doi.org/10.1016/j.ijbiomac.2019.12.230
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.fct.2010.04.001
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.lwt.2019.02.059
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.pestbp.2012.03.004
https://doi.org/10.7506/spkx1002-6630-20190603-018
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf052722l
https://doi.org/10.3389/fmicb.2019.01736
https://doi.org/10.1016/j.fct.2010.04.001
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.toxicon.2007.07.005
https://doi.org/10.1016/j.lwt.2019.02.059
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.pestbp.2012.03.004
https://doi.org/10.7506/spkx1002-6630-20190603-018
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1080/10412905.1989.9697767
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf0636465
https://doi.org/10.1021/jf052722l
https://doi.org/10.3389/fmicb.2019.01736
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.3390/molecules24091695
https://doi.org/10.3390/molecules24091695
https://doi.org/10.1080/07388551.2016.1262323
https://doi.org/10.3969/j.issn.1006-9577.2014.04.011
https://doi.org/10.3969/j.issn.1006-9577.2015.01.009
https://doi.org/10.3969/j.issn.1006-9577.2014.03.013
https://doi.org/10.1007/s11694-018-9776-6
https://doi.org/10.1016/j.ijbiomac.2019.12.230
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.3390/molecules24091695
https://doi.org/10.3390/molecules24091695
https://doi.org/10.1080/07388551.2016.1262323
https://doi.org/10.3969/j.issn.1006-9577.2014.04.011
https://doi.org/10.3969/j.issn.1006-9577.2015.01.009
https://doi.org/10.3969/j.issn.1006-9577.2014.03.013
https://doi.org/10.1007/s11694-018-9776-6
https://doi.org/10.1016/j.ijbiomac.2019.12.230
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.lwt.2018.06.038

	1 柠檬烯的结构、理化性质及功效作用
	1.1 结构
	1.2 理化性质和功效作用

	2 柠檬烯的抑菌作用及抑菌机理
	2.1 抑菌作用
	2.2 抑菌机理

	3 柠檬烯在果蔬保鲜中的应用
	3.1 单独柠檬烯处理
	3.2 复合柠檬烯处理

	4 展望

