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ABSTRACT: This work aims to provide a reference for further research and application in fresh cut fruits and vegeta-
bles by introducing the research progress in application of ultraviolet sterilization technology in fresh-cut fruits and veg-
etables. The effects of long-wave ultraviolet, medium-wave ultraviolet and short-wave ultraviolet on the quality of
fresh-cut fruits and vegetables, enzyme activities related to physiological metabolism and microorganism are reviewed. As
a green and safe fresh-cut fruits and vegetables preservation technology, ultraviolet sterilization technology can effec-
tively inhibit the growth and reproduction of microorganism in fresh-cut fruits and vegetables, slow down the physiologi-
cal metabolism of fresh-cut fruits and vegetables, prevent browning, delay aging, and prolong the shelf life. And ultravio-
let sterilization technology has no influence on the flavor and taste of fresh-cut fruits and vegetables. Under the current
trend of attaching importance to fast and safe food, ultraviolet sterilization technology has been widely used in fresh-cut
fruits and vegetables preservation because of its safety, convenience and environmental friendliness, and has an important
development prospect.
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Tab.1 Application of ultraviolet A (UV-A) in preservation of fresh-cut fruits and vegetables
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Tab.2 Application of ultraviolet B (UV-B) in preservation of fresh-cut fruits and vegetables
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Tab.3 Application of ultraviolet C (UV-C) in preservation of fresh-cut fruits and vegetables
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Tab.4 Application of ultraviolet C (UV-C) combined with other fresh-keeping methods in preservation of fresh-cut
fruits and vegetables

. fitf P S N - S
i3y ALY /. A= I\ 7
AR B K /nm o BA B A AT S EYi ) it
4% PAL. PPO #l POD %, FEARA R
i EIE=M 2
200-280 T 100 mg/L C10, #48: 6.0 kJ/m I VS [53]
. RFLEN 0.5%FF ) F&{% POD. PAL #1 PPO i, #kIff4])
254 R KRR (CA) S min/ i SR, RAREEREnEE O
. YRR A IR M S, TAC A
200~280 PE 227 “m%;ifaM R 05kI/m> B MRZE ARSI 0% 4 1%, # [55]
Ve TR TR A 18] £ 22 Ak
. . FRHER TR RSB, W TIBA
1/ > o/ it
2537 o 421:%%;8:)@% 5 min/ I SRk, IR [56)
> W/ T 2.6 1g(CFU/g)
SRl 16l ‘
W“%fgcg 1A 7 1 T I 2 0386 1
200~280 R s 3ol 10 min/lfi 2.76%, AHEYIT MDA B, FEHERME  [57]
e e TR R, WA T VA A
B (CS)
, NZM (ALA) FEERR (SA) &
200~280 [ ;éii%;?ﬁfﬁggifgzg) Flik: 6.0 kI/m*  BIFEALT 27%~44%F1 31%~61%, HIESE 58]
M L) Py 5 BRI SR B R
A feff AR T it 38 A 2 SR T RO A) 4R T VR
AL kY =& . 2
254 [i=via 5 KPE(WUV) FlH: 0.5 kI/m RO 2.4 1g(CFU/g) [59]
. ATl T 54 B R T A 0 S R A
=1y > o/ (A
253.7 L ﬁigﬁiéw%b FIHE:3.0kI/m?  23.6%F 30.8%, i S ek [60]
R(CS) HEF1 4> ML 22.2%F01 20.2%
PIEM, HAEEW AR,
4 Z5iF

Wt B D) R i 52 B R AR 2 S I, PR
BORWIZ N EF N RTE R R FOMREROR
VB —Fh R Ao 484 | LY PR EE R, HAT A
PR 5  n] LU S5 i BUB R M A KRB L FE R
R it S A ] IR ELAS 25 Wi 6 U0 R 5 Y 10 SRR AU 45
PUnt, BUAEEEUIR G AR SRR T A BRI A
RALAFAELCVE RS , IR B IR, A%
B fE DR B AT K 23 LA PR B2 R, il —
DL 22 1 5 4 g S AR i g — LU R B 5] B2 5
FHSRAR A% W AE 7 5 Lol P A 107 12 30 9 ' R 4 ALY
N, DslEif. toh, BUTERYSANR IR I i A
FARESE S EEUIR T2 52 8, E AR S5l LATE
B bt — A, D G s R P B A
B, SN IUHR R SR ANA T — PR AT R
TR T B, B A X PR A L A R B4 A% - R S
Fiad, 1A RTE AL S E SR | L7 fEPREE 1 2
T, TEEEUIR G R EE T =R B R AR U E H 4532

&% 3k

[1]

(4]

OLIVEIRA M, ABADIAS M, USALL J, et al. Appli-
cation of Modifified Atmosphere Packaging as a Safety
Approach to Fresh-Cut Fruits and Vegetables-A Re-
view[J]. Trends in Food Science & Technology,
2015(46): 13—26.

YOUSUF B, QADRI O S, SRIVASTAVA A K. Recent
Developments in Shelf-Life Extension of Fresh-Cut
Fruits and Vegetables by Application of Different Edi-
ble Coatings: a Review[J]. LWT, 2018: 198—209.

MA L, ZHANG M, BHANDARI B, et al. Recent De-
velopments in Novel Shelf Life Extension Technolo-
gies of Fresh-Cut Fruits and Vegetables[J]. Trends in
Food Ence & Technology, 2017(64): 23—38.

AL BRI T R R e )] RES
i, 2019(6): 60.

HAN Zai-yang. Processing and Quality Safety Control
of Fresh Cut Fruits and Vegetables[J]. The Farmers
Consultant, 2019(6): 60.



+ 90 -

1 % T f&

2021 47 A

[11]

CACACE J E, DELAQUIS P J, MAZZA G. Effect of
Chemical Inhibitors and Storage Temperature on the
Quality of Fresh-Cut Potatoes[J]. Journal of Food
Quality, 2010, 25(3): 181—195.

FEmAR, U, WiAE, 5. SEURGIBUR B A
Mot RED]. PREESINT, 2019, 19(1): 147—152.
CHENG Li-lin, WU Bo, YUAN Hai-jun, et al. Re-
search Progress in Storage and Preservation Technolo-
gies of Fresh-Cut Fruits and Vegetables[J]. Storage and
Process, 2019, 19(1): 147—152.

M ER. Ao 1) SR 5 fR G BR B T 5
i, 2017(13): 75—78.

MEI Gui-bin. Fresh-Keeping Technology of Fresh-Cut
Fruits and Vegetables and Its Research Progress[J].
Modern Food, 2017(13): 75—78.

QEEDT, WISCE, FE. N T ) AE f e
&ﬂrlﬁaﬁ #J%[J T 2 A B A 4 3R, 2015,
6(7): 2403—2408.

JI Yi-fang, HU Wen-zhong, JIANG Ai-li. Application
of Preservation Technologies in Fresh-Cut Fruits and
Vegetables[J]. Journal of Food Safety & Quality, 2015,
6(7): 2403—2408.

TREL, ZEMGHE, VR, 4. SANAS REEIFEXS 14
VT TR B 2R A 52 [ ] %‘uuiikﬂ& 2017, 38(9):
314—318.

ZHANG Hong, LI Qing-qing, XU Qing-long, et al.
Effects of Ultraviolet and Plastic Film on Preservation

R[] BRE

of Blueberry During Cold Storage[J]. Science and
Technology of Food Industry, 2017, 38(9): 314—318.
Erhoo, £, 5%, 4. %E?I"’%%%%ALEEXT*%%
SR e A BRAR AR D52 [T]. B ELEE, 2016, 37(2):
256—260.

WANG Zhong-yuan, WANG Zhan, LI Wen, et al. Ef-
fects of Ultraviolet-C Treatment on Postharvest Physi-
ology and Storage Quality of Cassava Tubers[J]. Food
Science, 2016, 37(2): 256—260.

[ETE R ?&iﬁ JL W SN AE R B R 5 R
Ry R B 9 R (D], PR EE S5 TS, 2011, 11(5):
1—S5.

YAN Rui-xiang, ZHANG Na, GUAN Wen-qiang. Ad-
vance of Research and Application of Ultraviolet-C
Light in Fruits and Vegetables after Harvest[J]. Storage
and Process, 2011, 11(5): 1—5.

TEHERL, SEBiEi XN, S SEAMRAE R G R T T

BB 5T E R (3], Hh E BT AR AR TR UR, 2017, 36(4):
50—52.

HONG Ya-min, ZHU Qing-qing, LIU Qing, et al. Re-
search Progress of Ultraviolet Radiation in Fruits and
Vegetables[J]. Chinese Wild Plant Resources, 2017,
36(4): 50—52.

R, WU, %%W . AR HETEEDIR G
e i B TS HE R[], %€ A%, 2020, 41(15):
8—13.

LIANG Xi-wen, GU Si-tong, JIANG Ai-li, et al. Re-

[14]

[15]

[17]

[20]

[22]

(23]

search Progress in Application of Modified Atmos-
phere Packaging in Fresh-Cut Fruits and Vegetables[J].
Packaging Engineering, 2020, 41(15): 8—13.
HOLLOSY F. Effects of Ultraviolet Radiation on Plant
Cells[J]. Micron, 2002, 33(2): 179—197.
SURJADINATA B B, JACOBO-VELAZQUEZ D A,
CISNEROS-ZEVALLOS L. UV-A, UV-B and UV-C
Light Enhances the Biosynthesis of Phenolic Antioxi-
dants in Fresh-Cut Carrot Through a Synergistic Effect
with Wounding[J]. Molecules, 2017, 22(4): 668.
Bk, FWE. k. MRS REHE G BORXT R
T S LR B B DR W (0], P AR R S 4
(ASREL2EIR), 2018, 46(4): 147—154.

JIN Zhi-qiang, WANG Shun-xi. Synergistic Effects of
Microwave, Ultraviolet and Ozone Combination on
Mold Spores and Aflatoxin[J]. Journal of Northwest A
& F University (Natural Science Edition), 2018, 46(4):
147—154.

VIR, iR LED MR BUR 5 Rk 19 B[]
JEEE 2016, 26(15): 311.

SUN Wei-dong. The Present Situation and Future
Prospect of LED Lighting[J]. Science and Technology,
2016, 26(15): 311.

LANTE A, TINELLO F, NICOLETTO M. UV-A Light
Treatment for Controlling Enzymatic Browning of

- BHE

Fresh-Cut Fruits[J]. Innovative Food Ence & Emerging
Technologies, 2016, 34(6): 141—147.
BRAN, KM, WA RRE UV-A )'(;ﬂﬁﬂi%ﬂ@ﬁ
4 °CTF SIS b B S BT R AL RE T SR (D], B
5k, 2019, 45(21): 139—146.
YU Jie, ZHANG Yu-chen, XIE Jing. The Effect of
Cyclic Irradiation of Low Intensity UV-A on Quality
and Antioxidant Capacity of Fresh-Cut Spinach at
4 °C[J]. Food and Fermentation Industries, 2019,
45(21): 139—146.
BRAS, SRR, Whdh. (REREE UV-A U IRGTEE 5
e- TR AR AL FIXT 4 °CTF U] 9 S PR e R5UR A B 5%
(0. 55 KBTI, 2020, 46(18): 154—160.
YU Jie, ZHANG Yu-chen, XIE Jing. The Effect of
Cyclic Irradiation of Low-Intensity UV-A Combined
with &-Polylysine on the Preservation of Fresh-Cut
Spinach at 4 °C[J]. Food and Fermentation Industries,
2020, 46(18): 154—160.
ATHARA M, LIAN X, SHIMOHATA T, et al. Vegeta-
ble Surface Sterilization System Using UV-A
Light-Emitting Diodes[J]. J Med Invest, 2014, 61(3):
285—290.
Iﬁﬁf@ UV-B i BEGHS 525 B 1 53¢ it JOOR DR S 28R
ENA[D]. B S R RS, 20170 17—52.
WANG Han-bo. Effects of Ultraviolet-B Irradiation on
the Quality and Storage of Mung Bean Sprouts[D].
Xinxiang: Henan Normal University, 2017: 17—52.

KRG, v Jd e 5 A1 %ﬂﬁﬁﬁ&i@ﬁ%‘%’ﬁ%?’%ﬁ
PR AR K LRI BT S [D]. AU WiV LR



Wak H13 FAEFE . BRI R BOR T U S R b i o T 5 3 R - 91 -
,2018: 22—75. UV-C[J]. Journal of Food Ence, 2007, 72(3):

[25]

[26]

[29]

[32]

ZHENG Jian. Effect of UV-B/C or Oxalic Acid Treat-
ment on Improving Quality in Bamboo Shoots (Phyl-
lostachys Prominens or Bambusa Oldhami) without
Sheaths and Its Involved Mechanism During Cold
Storage[D]. Hangzhou: Zhejiang Gongshang Universi-
ty, 2018: 22—75.

. UV-B I 2 PZFRSOEE . BRI
JE A BTS2 [D]. BT % IR IS R, 2018:
20—43.

XIN Xin. Effects of UV-B Irradiation on Morphology,
Nutritional Quality and Postharvest Storage Quality of
Radish Sprouts[D]. Xinxiang: Henan Normal Univer-
sity, 2017: 20—43.

KASM M U, KASM R. Yellowing of Fresh-Cut Spi-
nach (Spinacia Oleracea L) Leaves Delayed by UV-B
Applications[J]. Information Processing in Agriculture,
2017, 4(3): 214—219.

DU W X, AVENA-BUSTILLOS R J, III A P B, et al.
Effect of UV-B Light and Different Cutting Styles on
Antioxidant Enhancement of Commercial Fresh-Cut
Carrot Products[J]. Food Chemistry, 2012, 134(4):
1862—18609.

FORMICA-OLIVEIRA A C, MARTINEZ-
HERNANDEZ G B, DIAZ-LOPEZ V, et al. Effects of
UV-B and UV-C Combination on Phenolic Compounds
Biosynthesis in Fresh-Cut Carrots[J]. Postharvest Bi-
ology and Technology, 2017(127): 99—104.

DU W X, AVENA-BUSTILLOS R J, BREKSA A P, et
al. UV-B Light as a Factor Affecting Total Soluble
Phenolic Contents of Various Whole and Fresh-Cut
Specialty Crops[J]. Postharvest Biology & Technology,
2014(93): 72—82.

2. UIH) 7 ORI UV-C b B B 70 55 15 it o S 4R
AL PR B9S2 W [D]. B At B RO R %, 2017:
17—40.

LI Jing. Effect of Cutting Styles and UV-C Treatment
on Quality and Antioxtoant Activity of Fresh-Cut Let-
tuce[D]. Nanjing: Nanjing Agricultural University,
2017: 17—40.

SRR, AHE, WAL, 4. RS UV-C AbBEXS R4
T O ff 25 SR B SE R 7). AR5 T, 2020, 20(1):
48—52.

ZHANG Zhi-min, ZHU Xiang, XIE Rong-qian, et al.
Effect of Postharvest UV-C Treatment on Storage and
Preservation of Raspberry[J]. Storage and Process,
2020, 20(1): 48—52.

ERKAN M, WANG S Y, WANG C Y. Effect of UV
Treatment on Antioxidant Capacity, Antioxidant En-
zyme Activity and Decay in Strawberry Fruit[J]. Post-
harvest Biology & Technology, 2008, 48(2): 163—171.
GONZALEZ-AGUILAR G A, VILLEGAS-OCHOA M
A, MARTINEZ-TELLEZ M A, et al. Improving Anti-
oxidant Capacity of Fresh-Cut Mangoes Treated with

[33]

[35]

[36]

[38]

[40]

[41]

197—202.

Jagadeesh S L, Charles M T, Gariepy Y, et al. Influence
of Postharvest UV-C Hormesis on the Bioactive Com-
ponents of Tomato During Post-Treatment Handling[J].
Food & Bioprocess 2011, 4(8):
1463—1472.

BF, TPy, i, & IR AN BRI X 6 D) B
Fim BRI [T]. &5 Tolk, 2019, 40(5): 205—209.
ZHAO Lei, WANG Dan, MA Yue, et al. Effect of Ul-
traviolet C Irradiation on the Quality of Fresh Cut Cu-

The Food Industry, 2019, 40(5):

Technology,

cumber Slices[J].
205—209.

PAN Y G, ZU H. Effect of UV-C Radiation on the
Quality of Fresh-Cut Pineapples[J]. Procedia Engi-
neering, 2012(37): 113—119.

RODONI L M, ZARO M J, HASPERUE J H, et al.
UV-C Treatments Extend the Shelf Life of Fresh-Cut
Peppers by Delaying Pectin Solubilization and Induc-
ing Local Accumulation of Phenolics[J]. LWT-Food
Science and Technology, 2015, 63(1): 408—414.
MARTINEZ-HERNANDEZ G B, GOMEZ P A,
PRADAS 1, et al. Moderate UV-C Pretreatment as a
Quality Enhancement Tool in Fresh-Cut Bimi ® broc-
coli[J]. Postharvest Biology & Technology, 2011,
62(3): 327—337.

ARTES-HERNANdez F, ROBLES P A, GOMez P A, et
al. Low UV-C Illumination for Keeping Overall Qual-
ity of Fresh-Cut Watermelon[J]. Postharvest Biology &
Technology, 2010, 55(2): 114—120.

WANG D, CHEN L, MA Y, et al. Effect of UV-C
Treatment on the Quality of Fresh-Cut Lotus (Nelumbo
Nucifera Gaertn) Root[J]. Food Chemistry, 2018(278):
659—664.

ALEGRIA C, PINHEIRO J, DUTHOIT M, et al.
Fresh-Cut Carrot (cv. Nantes) Quality as Affected by
Abiotic Stress (Heat Shock and UV-C Irradiation)
Pre-Treatments[J]. LWT-Food Science and Technology,
2012, 48(2): 197—203.

AR, TeIELT, BEEE, 4. UV-C AbEEEILT.0 8 b
PR AL IEE R R[], & MRk, 2016, 37(11):
12—17.

GAO Fan, LONG Qing-hong, HAN Cong, et al. Effect
of UV-C Treatment on Antioxidant Activity of
Fresh-Cut Red-Fleshed Radish[J]. Food Science, 2016,
37(11): 12—17.

R, MR, ERAE, AF. UV-C 5 R B
i 1) BT O R R ], B AR S OT &
2018, 39(16): 178—184.

ZHOU Cheng-min, YE Xiu-ping, WANG Bing-hua, et
al. Effects of UV-C Treatment on the Quality of
Fresh-Cut Bamboo Shoots (Acidosasa Edulis) During
Cold Storage[J]. Food Research and Development,
2018, 39(16): 178—184.



92~ fu % TR 202147 A

[43] LIML, LI X A, HAN C, et al. UV-C Treatment Main- [52] MANZOCCO L, PIEVE S D, MAIFRENI M. Impact
tains Quality and Enhances Antioxidant Capacity of of UV-C Light on Safety and Quality of Fresh-Cut
Fresh-Cut Strawberries[J]. Postharvest Biology and Melon[J]. Innovative Food Science and Emerging
Technology, 2019(156): 110945. Technologies, 2011, 12(1): 10—17.

[44] BN, SEAMREE G R MEAL B0 ST EE N IR L 5T [53] #EARAET, WIEME, HIRWE, . UV-C 454 CIO, abBE
MIRFFE[D]. K RERE K%, 2019: 11—20. Xof it 1 A S 0 DR VR T (D], B0l B, 2013,
HUANG Jing-ru. Study on Storage Quality of 41(28): 11506—11508.

Fresh-Cut Radish Treated with Ultraviolet and Coated HUANG Cheng-qgian, YAO Rong-yan, YANG Hu-qing,
Film[D]. Tianjin: Tianjin University of Commerce, et al. Fresh-Keeping Effect of UV-C Combined with
2019: 11—20. CIlO; on Fresh-Cut Bamboo Shoots[J]. Journal of An-

[45] IGNAT A, MANZOCCO L, BARTOLOMEOLI I, et al. hui Agricultural Sciences, 2013, 41(28): 11506—11508.
Minimization of Water Consumption in Fresh-Cut [54] ZF, WISCHE, . AN IR BT SR R Ab PR
Salad Washing by UV-C Light[J]. Food Control, 0 47) 3 5 AR E AR T [J]. B 2 4 T RS T 2 4R,
2015(50): 491—496. 2015(7): 2482—2488.

[46] MARTINEZ-HERNANDEZ G B, HUERTAS J P, JIANG Dan, HU Wen-zhong, JIANG Ai-li. Effects of
NAVARRO-RICO J, et al. Inactivation Kinetics of Ultraviolet Irradiation and Citric Acid Treatment on
Foodborne Pathogens by UV-C Radiation and Its Sub- Fresh-Cut Apples[J]. Journal of Food Safety & Quality,
sequent Growth in Fresh-Cut Kailan-Hybrid Brocco- 2015(7): 2482—2488.

li[J]. Food Microbiology, 2015, 46(4): 263—271. [55] CYRELYS C, TOMAS L, INGRID A A, et al. Decon-

[47] SANTO D, GRAA A, NUNES C, et al. Survival and tamination of Fresh-Cut Broccoli with a Qater-Assisted
Growth of Cronobacter Sakazakii on Fresh-Cut Fruit UV-C Technology and Its Combination with Peroxya-
and the Effect of UV-C Illumination and Electrolyzed cetic Acid[J]. Food Control, 2018(93): 92—100.

Water in the Reduction of Its Population[J]. Interna- [56] CHEN C, HU W, HE Y, et al. Effect of Citric Acid
tional Journal of Food Microbiology, 2016(231): Combined with UV-C on the Quality of Fresh-Cut Ap-
10—15. ples[J]. Postharvest Biology & Technology, 2016(111):

(48]  Wiif, 24e7, P, S OUEDEE S B X D) S 126—131.

F Y B Sh S (], 2 TR T Fh, 2017, [57] THE, XK, K&, % UV-CHRISEE IR AL B
15(9): 3660—3666. fRETT 3 JLIP T R A 2 (D], T LSRR, 2020, 40(7):
CHEN Min, LAN Wei-jie, LUO Wei. The Influence of 1—6.

Double-Sided UV Irradiation on the Surface Microor- DING Zhen-zhen, LIU Fei, ZHANG Tian, et al. Effect
ganism and Quality of Fresh-Cut Apple[J]. Molecular of UV-C Irradiation Combined with Film Treatment on
Plant Breeding, 2017, 15(9): 3660—3666. the Quality of Fresh-Cut Apple During Storage Pe-

[49] MANZOCCO L, PIEVE S D, BERTOLINI A, et al. riod[J]. China Fruit & Vegetable, 2020, 40(7): 1—6.
Surface Decontamination of Fresh-Cut Apple by UV-C [58] MARTINEZ-HERNANDEZ G B, ARTES-HERNANdez
Light Exposure: Effects on Structure, Colour and Sen- F, GOMEZ P A, et al. Combination of Electrolysed
sory Properties[J]. Postharvest Biology and Technolo- Water, UV-C and Superatmospheric O, Packaging for
gy, 2011, 61(2): 165—171. Improving Fresh-Cut Broccoli Quality[J]. Postharvest

[50] #HES, WAk T, WRAE(S, 55 JE ik 58 M4 IR G X e 1) Biology & Technology, 2013(76): 125—134.
WEMAEYRNZ W] & HE%, 2009, 30(17): [59] COLLAZO C, CHARLES F, INGRID A A, et al. De-
67—69. contamination of Listeria Innocua from Fresh-cut
ZU He, PAN Yong-gui, CHEN Wei-xin, et al. Effect of Broccoli using UV-C Applied in Water or Peroxyacetic
UV-C Irradiation on Microbial Indexes of Fresh-Cut Acid, and Dry-Pulsed Light[J]. Innovative Food ence
Pineapples[J]. Food Science, 2009, 30(17): 67—69. & Emerging Technologies, 2019(52): 438—449.

(511 BR/R. UV-C ZLBEXFEEDTRIE | AT A AL 16 PR Y [60] XIZ, tEWEWE. UV-C HREGS 5 7¢ BB IR X e Ui L

FMAD]. B AT FRURL R, 2015: 19—40.
CHEN Chen. Effects of UV-C Treatment on Quality
Maintenance and Antioxtoant Capacity in Fresh-Cut
Carrot[D]. Nanjing: Nanjing Agricultural University,
2015: 19—40.

HREESOR D). SRR, 2021, 42(3): 289—295.
LIU Rong, CUI Yuan-yuan. The Preservation Effect of
Fresh-Cut Chinese Yam by UV-C Irradiation and Chi-
tosan Coating[J]. 2021, 42(3):
289—295.

Food Science,



