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1 UV-LEDs £ R #EA

UV-LEDs 248 BEf% & 3 5 46 1 & O ik
% (LED) , LED J&—#h ] DL 226t BE 5% 1k kot
A A 2 AR, A — A A, i p
U SR n AU SR 43 4B, 3 ) 3% 2 v TR
M ER ARG p B S 23 0 R A,
n R GA EEUR A BT, FE p SR n G2 0]
A— L PEZ BN pon 45 I [ HLUR A AE AT
HLHLE T p-n 45 p D o 00, BEE A P
SN Rem DT IR R ok, DT = A= Ha 3K
KHAIME ) LED —fTE p-n 25404 — 2R T
WAL CRFBE) BT Ul P s S B A
R, ML LED &JGRCR, B2 i 1B 4L Ak
Al LED % Hi 2 AM 20 S [ il K it | 8
AR T R R/ NS AT Y R AR

S AMNT M L, UV-LEDs EA U F A #.
FEFR AR /N AR (AR 5 ~9 mm) 2K, S5
B HLRE AT BRI, 0T LIPS IT/ SCHL, Hohg
= e R FAE AR R AT o5 KR
T AR PR EE 7 TE 5 AT LA A5 v
A 25 000 ~ 100 000 h''® | FE K FAE G5 L HME IR A
Soxt AT Y HLRT BOSOR SR T 16 58 40T
ERMANGE G () s AL G SRAT (19 328 R 5
W KN 253.7 nm, 1] UV-LEDs A] LG 15 gl 28 2 S 44
PRI SR T AR L K Ry 5 0
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PEHI (LEE 1), V. R. D. Souza %> W5 W 1E
(25 CH4 °C) MR ,UVC-LEDs (3K H
277 nm) XY R B AT R IR TARE R
KT (KN 253.7 nm) B RRTY RE &A1
MR 2 1g CFU/em?, P UVC-LEDs 4b B
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KB, UVC-LEDs 4b 3 71| 5 55 35 220 m)/em® B, 15
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Table 1  Application effect of UV-LEDs technolgy in the sterilization and preservation of fruits and vegetables
_ o N FI| A=A o - S
UVIEDS sy CC TS R ABIRGEACR 2k
w P IEH % SRR MY T B FRR T
2n R ( Penicilliun expansum) 250 2.8 lg CFU/cm’® [23]
A R A
o KA f A AT IR AR AL A
272~293 ik ( Botrytis cinerea) 25.92 5RAbHRA RE Eﬁ'ﬂﬁ‘ﬁ I, UV-LEDs [27]
AL BT (AL S RO AE G 3 d
I KI5 DH5a BRI KB FT I DHSa
365 Bk ( Escherichia coli DH5ar) 67.5 7&&1&3 23 1g CFU/g [28]
SR QLS HT(E. col U KA 0157 H7
i 0157 H7) [T J I i e L O 1
240~280 W Sulmonella typhimuriam) F1iRgzs 216 BT EE Lzlfzﬂ %ﬁg?ﬁﬁwlﬂ PIREAE T [29]
R ( Listeria monocytogenes) : ) &
SRV T o TR 0 BARIEVD 1] IR FI R T 1
280 EE ﬁﬁ%&&ﬁﬁﬁﬁ%ﬂ@ 300 0157:H7 4 5IEME 7 1.1 1g CFUZg  [30]
: 1.0 1g CFU/g
a P 2 2 1 1 R AT 11 0157 HT A
280 U R DT A 2100 ORI TREMIER 25 [31]
ROl A 2 lg CFU/mL #1 1.5 lg CFU/mL
foy I )L,“ BIRIR 2F R )5 ﬁﬂﬂﬂ
R BRI AT I %/L$HE%M5‘{@*?I§]E/] e
275 L2l (Alicyclfbacillus acidoterrestris ) 220 &/ﬁ\:%@%gjﬁﬁgzgé}tf CFU/mL [32]
e » _ A B K12
280 SERI RIBFTE KI2(E. coli K12) 30. 86 &1 f%ﬂﬁiﬁg:m [33]
280 SR K HFH K12 7716 FRIPENITE KL BST [y

4.4 lg CFU/mL

KT Ok

2.2 MRHMRERERmRHZMN

2.2.1 ZERFISRRABEREFHME  JRA LA
Tl S TERR AT sk B SR AR TR S R AT TS
Y | AT 5 G HEE FR AN (B R i B A AT, =5
REWEBRFD, BFFEIESL, UV-LEDs X/ ff X
U BER R IEERDY FEEA R
AR, P. N. Haughton 2% #ff 57 & BH, 28 UVA-
LEDs (14 395 nm, F &8 9 J/em®, BEIHIE B
3 em) ZbPR 5 min J5 , A= EE XS PR R 0925 B A AT e
( Campylobacter rjejuni) FEAK T 2. 62 1g CFU/g, D.
K. Kim 25" #ff 58 & B, 28 UVC-LEDs (K0 240 ~
280 nm, &K 21. 6 mJ/em®) kb FRS  SE A
1 B R FT T 0157 . HT | BRAFEVDT TR AN B 2=ty
B BIREAR T 1.1 1g CFU/em’ (1.5 1g CFU/em® Al
1.6 Ig CFU/cm?, 2L, D. K. Kim %55V AR5 R B1, 2

4k UVC-LEDs 4bH 5, B & & s 35 1 09 K AT 5
0157 H7  BUGFEVDT T FC R A R 2= i Re B o s b 1
2.01g CFU/g.1.5 lg CFU/g 2.0 lg CFU/g,

2.2.2 XTAHBBFEHPW AU R, &
UVA-LEDs ZbH5 |, XS A A9 o * (B 8 CH: S 8 R & A=
WEA(P>0.05) ; B 10 em YA T AL 2
3 min 5 YRR b ETHE T L™ {ERER (P<0.05) ;
(ERFUN P GELE SOPLISRURE S ey AT E XN =8 8
Lt mE, A, B. Soro %P HFSE &L, R A UV-LEDs
(WA 280 nm) ALFEXG M P R JF 8 T 4 C &4
SEFE 7 o, AKX 6 PR 1) €0 58 SR (B b b
S50 BRI ) F0 pH (3 AN RS2,
2.3 EHMEmFAEAREFHNA

2.3.1 EEMAEREFHNE SYRAELE
BB IR R T SR G
ol TR N PR B T G, X A A R S
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S. Subedi %5V HFFT & B, 55 oA A B A RE S AR LE, 7E
25 °C FHXFMREE 75% 554F T , 48 UV-LEDs (34531
A 275 nm 365 nm F1 395 nm) AL F 60 min J5 ,/NE
IRy TV TT IR 3 A BE AR T 1. 07 1g CFU/g,
2.42 1g CFU/g #13. 67 lg CFU/g; TH & /K A,
T 7 2 R AR T AU A s R A T AR
1E 275 nm K FAEBR 60 min J5 , 1A (675 K & A
B3 AL, (HFE 365 nm Fl 395 nm P K T Ab B
60 min J& , A & AR T 0004, H 395 nm I
A FEX 1A A3 RO e fE . L. H. Du Y
SR, 2k b UV-LEDs (9% & & 395 nm) Ab B
60 min J&, /N 2 1 OB oV 1T IR KRR T
2.91 g CFU/g; AN T Ay 33 15 5 3 ) B2 il T
TR RS R T R ARG L ESRE
W], UV-LEDs bR REA SO KR 1A 3
A=Wy, T L RBAS B (005 | B S B AL R

2.3.2 EKFEHABEREFRHMEE O IR DIk
K S K R e HLUE SR T 2 AN R R 7 1R 4
FIEWI, TS N TRV A7 2t R vl 2 & A T
ARI B B PR B, FE T AR LML
Fan 252 0F58 & B, R A UVC-LEDs (4 275 nm,
FIH A 4000 m]/cm® ) Ab B A 0 4 4 10 1, AT il LA
FEYDITICHA | 1 2R oA R K A K T 0157 . HT 43
WFE AR 1. 31 1g CFU/cm’, 1. 86 lg CFU/cm® Hi
1.77 1g CFU/em® 4246 f8 1) pH {H  FF /K J1 WL4r
HE AR B BEFESERIR AR R R (P>
0.05) B BT A AL K- THis . X AT R UVC-
LEDs Zb¥ T 72419 H,0, -0, . -OH S5{F 4 ] L
PRI A A EAL . R, 724 IS BB 5T R R &
itk UV-LEDs BYALBE T 22850, 1008 UEAS T 4 it
RCR AT B T 38 G 0T 7K 5™ it it B3 AN RS
2.3.3 HEIFIBABEREFHELA FLHNEE
e R EA Y 2R E SR YR, TR A
TR 5 Z 0 R AR s g, S, .
Kim %50 058 & B, 5 A A0 BB S A L 48 UVC-
LEDs (K} 266 nm~279 nm, 75 4 3 mJ/cm?) &b
USRI R R KBS E 0157 HT | B4 98
I QT R B R 2 I FR T R T 29 2. 2 ~
4.8 lg CFU/g; WMk IY " B b " {8 L™ HSF B SHL

B RA TR (P>0.05) o

ZE LTk, UV-LEDs 4b B A] A 808 K& fh & 1
A=, A5 R T A B2 (A BRI | R AR I ] | R
SPPRE RS A ) BB A BRI (03 TR B | 2 THI
JKPESE) FIAR TR, UV-LEDs Ab Pt 7] R 25 % £ 5 i
Jo i B — R B AN R R

3 UV-LEDs tha R EH ARSI B

IR R B, SR B R 2SR b
BRI AT BESL I UV-LEDs BY R BEBCR, A
5 UV-LEDs XA 9 i 2 IO, rps 5 i 1k
LA /K (CL, P S5 R R
3.1 EREMEBEBKIHELIE

AR 1 HL f# /K ( Slightly Acidic Electrolytic
Water, SAEW ) J&—F g 28 JC €8, 0Bk HX AR 3R
BICHERHRN, O E | H AR E AR L
iR E M . Y. R. Jiang 2P BF5T KPR,
SAEW 5 UV-LEDs B[R] &b 30T LA R K5 G i
St B ZEV T IR FI R A FF I 0157 . H7, &
SAEW (F 2 & 5 i W R 60 mg/L, Pk i i 1]
5 min) Al UV-LEDs ( Z1%8 240 wW/cem?, I8 5 i [a]
k30 min) BUAL B JE B SR 2T A R AGFE VDT
G A2 1.85 1g CFU/g 1 1. 15 1g CFU/g,
KIAFFE 0157 HT 70 il B& K2y 1. 87 1g CFU/g i
1.22 1g CFU/g, T 7E #H [A] 25 18 &, & SAEW 5
UV-LEDs PRI B 5 |, A S i 2R 1m0 19 BRG 2E VD TT 1R
B AR IAFF B 0157 .17 43 BIR#ARZ) 2. 72 1g CFU/g
2. 42 1g CFU/g, X Al gt 1 T SAEW 5 UV-
LEDs P[] A B4 588 1 5% 200 T2 200 0 A 1y 452473, ok 40
FRC3E 375 P 1, 2 B TR B RCR T B4,
SAEW 5 UV-LEDs Blp [F] & B 0] D) ZE 4 75 358 (1) i i
1, HARXSHAAPE o R A BN R
3.2 5, thE4E

YR —FloB B R B 7 %, UV-LEDs 5 Cl, P[]
AERE TR KRS %, G. Q. Li ™ fiff 5%
KB, UV-LEDs ( 3 K & 265 nm, # &~ 125 m)/
em®) 5 Cl, B[R] &b BT i A 5 28 #60FF B ( Bacillus
subtilis ) - T0FEAE 4.9 1g CFU/mL, B3& & T Cl, 4
AL (ZEARRETA 2 0. 1 1g CFU/mL) F1 UVC-
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LEDs Sl b #EA (ZFfREAR T 3. 1 1g CFU/mL)
X[ REE R M AE UV-LEDs 5 Cl, B[R] Ab 3 2 vp
TE R - OH 55 1 14 S8 2 5 30 40 B 78 7 A I, o skt
C17 i) PSS 30, BT 48 1 o At 5 2 AR T T 2 0 1) %
RIS,
3.3 5@FRhELE

YT UV-LEDs %835 GE J1 A R, 4 JL 55 8 75 0
(Ultrasound , US ) Plp [ 4k B o] 42 /55 KB 2R, X, Q.
Zhou ZF N BI5E KB, 26 UVC-LEDs (7154 30 m)/em?)
B ELS K B KIBAT AR T 3.70 1g CFU/mL;
TEAA A AL BEF B R, 28 US FIl UVC-LEDs & 7K 4k 3
&, KIGFF R T 4.92 1g CFU/mL, H _E iR P [A]
B SAE KIGAF I R A B E . XA N
US BB 248 17 3 PAT | DT {6f 5 22 14 4 L 5
£ UVC RbFRAMETN . Ak, US 12ty HLBAK
N | AR A5, 2 % 200 B A SR B T 1
UVC-LEDs X KM F i i 2% KACRD
3.4 5HMREFHELE

—SEHT TR L AT T RS 3% UV-LEDs 1Y B AL
B lhn, B ERAER & — Rl Z A AE TAE Y I R
S, B RAFBIBTR TG . A. Shirai 25 i
FERI, BUERIR (Il 100 mg/L) IR AL 2 5
FH5R T UVA-LEDs (R0 1 J/em® ) X 554 27 1
FLFFE ( Sporolactobacillus inulinus) i R V1] R
( Salmonella enteritidis ) i B ZF 0 FT 18 55 1) 28 KR
W TERIEARTERON 5 1g CFU/mL I, 28 PR mR (5t
VRN 100 mg/L) PAhAb BR S , 2600 2 A LT
FEAIK T 3. 15 lg CFU/mL; UVA-LEDs ( % & H
1 J/em®) Sk AL 322 RSCRAS Bt 1 5 ] 2 R
) Ab B , 465 2760 2L AT TAT AT 9 250 ek A0 381 A B LA
R AT RERAE UV BB ST, B35 R 5 4 1k I
SRR, T BRI A A Y
3.5 %l UV-LEDs thR4 32

A HIAE S8R AY UVC-LEDs #H 1, UVA-LEDs
(18 i ) TR | 3 BE ) TR AR A, P
LA R UV-LEDs 1940 &, A 58 42 m AR
FOR K. Song 45U #F5E T ASIF P UV-LEDs
ZH A XK A P ) K TG R, & B UVC-LED (%
K4 265 nm, FHH 4.2 mJ/cm® ) B Ab BEATfi R

kT8 ( ATCC 11229) # 2> 1. 8 1g CFU/mL, UVB-
LED (44 285 nm, 754 15. 3 m)/cem®) Hjli4b
PR K AT s D 2. 8 1g CFU/mL, i 243X 9 Ff
WA AL A e — R [ e Ak B o 51 S5 Ak BT 2] 53
KT # I D2y 4.6 1g CFU/mL, X5 A. Green
SEUT IR A R — B, R 22 R B PR R RS R AR
BT R ] UV-LEDs (193 KIS H 414 052X
(DG /EIEATSE Sl

4 ZhipSREY

ARCERR T UV-LEDs $ARTE B i A% T O fif 40
B R ISR . I UV-LEDs HA REFEAR
1Y/ AT A L TE B R T AR
e U EAT T A B N TS, {H UV-LEDs %Fi% R
FIHE8 S TR A A Y A BRASCR | T
55 HAth A TR AR D3 ] e P T LA A i A TR ASCR
W TEA JE B AR AR R AL AL S PE T, R 4L
tift. UV-LEDs 2L 3 T2 2808 5 HA AR W H AR P
R, DT A 380 AS A0AE 0y %) T Bk g o R B2
T 0y 8 SR A o AR B, A, HET UV-
LEDs 5% 2 4 vh T 52 560 2 W 58 Br B, UV-LEDs %
B AR AL /N | SRR EARAE [R) R, 4 5 1
T A A 7 PR SR 1 UV-LEDs 36 8
DIEZ) UV-LEDs $ARTE B i il A ) 42 4 4 i ek
B BRI

S ELHK .
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Research advance on the application of ultraviolet light-emitting diodes
technology in food sterilization and preservation

WANG Wenwen, XIANG Qisen, BAI Yanhong
College of Food and Bioengineering/He'nan Key Laboraiory of Cold Chain Food Quality and
Safety Conirol ,Zhengzhou University of Light Industry , Zhengzhou 450001, China

Abstract ; Food is easily contaminated by microorganism during production and consumption, which causes serious
adverse effect on its safety and quality. As an alternative source of traditional ultraviolet mercury lamp, ultraviolet
light-emitting diodes (UV-LEDs) have many advantages, such as adjustable wavelength, environmentally friendly,
safe and efficient. This paper aimed to review the application of UV-LEDs in the field of food sterilization and pres-
ervation , its influence on food quality and its application progress in collaboration with other non-thermal sterilization
technologies. The results indicated that UV-LEDS could not only effectively sterilize foodborne pathogenic bacteria
and spoilage bacteria,but also could well maintain the quality of food products. The bactericidal effect could be fur-
ther enhanced when it is used in combination with other technologies such as slightly acidic electrolytic water, Cl,
and ultrasound. However, UV-LEDs have some disadvantages, such as weak penetration and small processing
capacity. More attention should be paid to the optimization of processing parameters and equipment development in
the future. This paper provides reference for the practical application of UV-LEDs in the field of food safety control.
Key words; ultraviolet light-emitting diodes ; non-thermal sterilization technologies; food safety ; sterilization and

preservation
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