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Ko BRAMEI(UV-C) 2 T R AR W & B (H PR T 85 2 100 1 AR IR A4 1, UV -C X2 ) T 5
3| — 5 B PR [R) B R 2 A B S b R 2R T o R AT T (GEO) HAg S0 A Bt BRI 22 0%
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BRI T N LTS GV R it A S A iE A i, AN [A) vk B GEO(1.0,4.0,8.0,16.0,32.0,64.0 mg/mL) FIAS
[Fi] HB 554 551 152 UV-C (20,40, 60,80, 100,200 mJ/cm?® ) P [7i] b SEAZ R 3 it . A5 =5 G 85 3% 11 (996 SR , 23 HF GEO 5
UV—C X355 S A 14 13 1] 355 Dyl S HAILBE , FRIFAR 12 K 06 D 6] S g 40 23 405 1 s i [ 285 51 TR 31 UV-C 1)
HEGH5 42 80, 100, 200 mJ/em’XF 3 Fffig J {1y FLA 8 3 1 X0 AR FH L GEO RYHTHR S A FH ELAG 70 2 R st [ AR 561 o
7t 8 mg/mL GEO ZbFH 12 min Ji5 F5-55 UV-C (100 mJ/em®) FrFIAE T 3 s B A4 119 2 &2tk 250820 (2.42 log, ~3.22
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Abstract: [ Objective | Escherichia coli 0157: H7 and norovirus in fruits and vegetables often cause
outbreaks of foodborne illness. Ultraviolet irradiation (UV-C) is a commonly used method to inactivate
pathogenic microorganisms.Due to the unique structure of fruit and vegetable surfaces , the effectiveness of UV—
C in microbial inactivation is limited, and it also affects the color, texture, and tissue stability of foods.
Grapefruit essential oil (GEO ) has strong antibacterial and antiviral activities and is safe to use, but the cost of
using it alone ishigh.In order to improve the disinfection efficiency of UV-C while reducing tissue damage to
fruits and vegetables, this study aims to analyze the combined effect of GEO and UV—-C on the inactivation of
surface pathogens on fruits and vegetables. [ Method ] Escherichia coli 0157 : H7, mouse norovirus (MNV-1) ,
and tulane virus (TV) were artificially contaminated at a certain concentration on the surface of cherry
tomatoes, lettuce,and blueberries in a sterile environment.Different concentrations of GEO(1.0 mg/mL,4.0 mg/mlL,
8.0 mg/mL, 16.0 mg/mL, 32.0 mg/mL and 64.0 mg/mL)and different doses of UV-C (20 mJ/cm®, 40 mJ/cm’,
60 mJ/cm®, 80 mJ/cm*, 100 mJ/cm®, and 200 mJ/ecm*) were used to co—treat the pathogens on the surface of
cherry tomatoes, lettuce, and blueberries.The synergistic inactivation efficacy and mechanism of GEO and UV-
C on pathogens were analyzed, and the impact of this inactivation method on fruit and vegetable tissue damage
was evaluated. [Result] It was observed that UV-C doses of 80, 100, and 200 mJ/cm® had significant
inactivation effects on the three pathogens, and the antipathogenic effect of GEO was dose— and time-
dependent. After treatment with 8.0 mg/mL GEO for 10 minutes followed by UV-C (100 mJ/ecm?*) co—treatment,
the levels of the three pathogens were significantly decreased (2.42 log10-3.22 logl0 [CFU or PFU J/mL, P=
0.017-0.029). Adopting the same co—treatment method on cherry tomatoes, lettuce and blueberries, significant
inactivation effects were also observed (1.9 log10-3.68 logl0 [ CFU or PFU J/mL, P=0.012-0.035).The results
of transmission electron microscopy showed that GEO caused denaturation of the viral capsid protein, which
explained the anti—pathogenic effect of GEO and its enhancement under UV irradiation. Finally, textural
analysis and sensory evaluation of fruits and vegetables indicated that the addition of GEO had minimal effect
on the taste and quality of the tested foods. [ Conclusion | This study provides a rapid and effective method to
inactivate foodborne pathogens on fruits and vegetables while minimizing the impact on the taste and quality of
the tested products.It will provide new technical support for the prevention and control of foodborne diseases.
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(WF 58 3 SR AT B 0157:H7 (Escherichia coli O157:HT)J&—Ff £ IR0 18 , 7] 51k i 1 %
S AR PR BERE 2R G, B B R (B 7] S BU™ H A Bk P 2 TR [, S5 119 2 (human no-
rovirus, HuNoV ) J&—Ff 2 A G IR 7 , S EORZ BRI RE B W A 28k, HURe U AN]SR e A
PR YA 6 NS A BB . T B = A RSN 37 2R 40, AT HuNoV 25 ) 880R B 7R 2 25U
A 35 55 1 HuNoV S k47, 110 B35 209K 55 — 1 (mouse norovirus—1, MNV—=1) Flft 22 %5 25 (tulane virus,
TV). AfFRE R AT H WA P EEN PRI, AR, BE NG AT AR | A ff
TEBR B A KA RE Y HH o SR, ORI 2 o W1, AR A 7 i 2 5 IR 28 2 B YA
KA WFFEN BAERERE i AR SR B PR 1 R AT T O157:H7 Flvk Qi 3 , W 2B S 7 it 1) 7 2
ok T —E R AR Choi S HIE , B A ™ i, AR A3 A M-SR B S PG £1A0 , 32 2 KW
FFTE 0157:H7 1 HuNoV V5 4 i KU AR 55 o PRIt , A b 7 A i SR 0 T 5 s B 455 v O 2 v 80 T 2%
HR o BEAME (UV-C) SZXF N T 200~280 nm [ 5 FM LRI, AT H T LR D I 2% B TR AR
155 A 2R O BT 3SR ERCRAR @ AR AR A Ok B AT . UV-CHE N —Fhe 4 AR
% BRI DCTR 7, AT /K SRR S R S AR B AL B . H A, SRR R SR R O gt FH 1 3R b
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i, e CUB X AR UV-C AR R T3 3R i PR, 8 C0K O TR 22 AOBim i By v o SR, A
UV=C 3% £ it v (09 D 1A 75 58 1 R i 88 R 5 2 ], 36 9 3 8 £l 2k 5 | 2 A0 s 2 £ LA, B 3
TIRg J5 Sk T £ S 7 AR SRR R Al B UV-C X 2 T A AR TR sk 20 et
£ il il T ) 2 O H [T IS R AR DR SR B BB 43 mT A KSR R SRR R A
AP A A RO LB I AR A R A O SR S A R T B S B | 20 RN 2 T Y A )
PE I (151 40 A 4R i B4 R 4 28 FF 42 B ) BT AR RORE Y HuNo VR K i #F 187 A JBe et Al kS i
(E0) 5 UV-C &5 &t 17 iz T A= o 7= i B9 T 2 AR o 4n, R B2 EO #L (0.02%) 5 UV-C
(1.2 kJ/m*, 2 min) &5 A 40 B 0K U] 21 252 v 10 SR A5 JE V0 1] IR R (Salmonella typhimurium ) F1 542 41 i
B8 15 22 Ry T (Listeria monocytogenes ) AU 73 51| FE A% 1.40 log,, CFU/g #11.29 log,, CFU/g. $K T , 50
S EO A B FE VD 17T IR I 2D 0.38 log,~0.55 log,, CFU/g, i 534 2% Ky [ 0 20 0.27 log,,~0.31 log,,
CFU/g; [AIRE B F UV =C Al {19 25 554 24 W 5 ik 43 ) 0 20 0.4 Tog,, CFU/g 10,6 log,, CFU/g. PRI, EO
FUV-C R T AN o A, B PP 45 S 3 B, 1565 Ak B 7™ i ot 2t T A s ™ 4 26 it ( -
rus paradisi Macf.) J& 25 BRI —Ff, RN PGB gk )1z & o 38 2 K 28 7808 M+ Bz h 3RS
(R4 28 1 B4 # A 4 T (GEO) |, b 7 BB A% el e L T R R Sk B JF A
IRERY A ARG T R L2 e B DR AR A i)z T T B i AR AR G o A8 i
7 30 B g (R RS IR A R EAR . sEAh, BRI GEO R AT 3 4R b e BT B T T T
RPN L, X GEO M HE— 2552 T BB 25 & B8 — i FH 1 B 5 it 47 R0 DR B 1) 35 78 SR (e
R A .

(AR LLZEA UL EWFSE, UV-C R AR FE L EO Y B[R]l FH T B2 — Rl AT AR T 2
DL/ D AE AR EO B RGR 5 AL UV-C B D28 DT 3 B8 A 280 TG 8= 40, R IR0 2 T 2t R Xof
1t JOT R T 5 ) 68 2 R I (LR ke %) G S ) R ] AR B S SULPTA GEO Bl b B D K 5 UV —C P[] Ab %
PR AR ESERERE B RIAFT# 0157 : H7 MNV-1 A1 TV (9450 B FPUE T3 M Ih AL, HEER T8 i v R B
GEO I 553 B TS AE (BT JEATL ] , LA B DA 35 e A 7 i () WA A B o, DT R B Tl 5 LA T —Fosh
F14) SR 6 2k I 7K SR RT3 v 1 £ Rk 0 T2 P B LR 2 A HR
1 #MR5RE
1.1 BEHRSEF

KIAFF 1 0157:H7(9490) Fl B i A 5 MNV—1 11 [ & [F 8175 5% 2 91 {458 7 0> (American Type Cul-
ture Collection, ATCC) , ¥ 23555 TV 1 32 [ 4\l 554\l B 57 Jag 78 35 b DX 52 o 3R AEE o 306 Hh o A4
b PR 2006 4 [ ZE AR A R4 58 32 52 A 1) O Bl A ) ST 560 28 A 0 2 A IR B A BN ) S i

KIGFFI O157:H7 R A EAR L7574 LB R EE F7 5L 11557 PRI TR A LB IR IR R k.
PITEAEREIR 1T 37 °C. 180 v/min FH5FE8 hJm . HU150 wLA4H MRS 2 5 mL LB IR IRKG FR B rh a2 b
7% 1.2 h, JLiF ODy,,=0.5, TR B 8724 R 1x10° CFU/mL,

MNV-1FITV 23 H7E RAW264.7(ATCC TIB-71) F1 LLC-MK2(ATCC®CCL-7™) 4f ffl rp 3451 . #54
DMEM i MEM {14 24 FLA1 S FE0H 19 RAW264.7 F LLC-MK2 Zi i 78 CO, s - b AR K, H B A% i
KF 80%~90% . FFFLEREAE K IGFRAE , BEFLEFN 200 WL MNV-180TV,37 CHi 7 2 ho AL DMEM 5
MEM e 9 7R DL 25 5 oKk 25 A s 25 , IR 73 0 500 wL #r & DMEM 5 MEM . 4280 )5 , % 40 iL 78 CO, 15 37
R R 3 Ao BRI 9 40 I 2L P LA 1000 r/min B0 10 min, DL 3RS 44k B B 45 T . 8 VA GE
0.22 pm DL JELR A RN AR R . WEBEIE 057 (plaque forming unit, PFU) FF AL TV FIMNV-1.

1.2 REHE

1.2.1 HHAHEH(CEO) 4 & 22 Jin BT T, ARBESE T4 i ( CitrusXaurantium Linnaeus )
W) i V148 i M T, R 2 A 2 S D pp AR AL (32 [ Gatan 28 F]) MR UEJE |, {8 ] Thomas—Willey fiff 25 #L
(3383170, M A= A a8 B A B B BB, 1aX0 R RV vk A B2 i B ORI % 5 s Ay 5
ekt Wi, VI 2.5~5.0 mm K/, BOE FRMEAL Lo o U8 KR & 90176 4 °C T LA 15 480 v/min &0
20 min. YA L2 BB A B EHPIRY) R IR 78.6% , 4 CIAF &
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122 GEOMLF o %w M OREERE 6000 8 4 2 M F K &% (DAD) (It 50 5t Bl B i BHE A PR
T FI J&W DB-5 43 3B 4044 (30 mx0.25 mmx0.25 pm) o HIHGHEFE N 40 °C, 5 min F1 250 °C, 5 min.
T EE LA 3 °C/min A 40 “CFHZ 250 “Co #A M m 221(99.999% ) , i # 0.8 mL/min, FFAEIR B 250 °C, i#F
FEE 1 wLo XFMS, BN EL B EHE N 70 eV, BT EHRER 40~650 m/z, B2 1 PHEE R 150 °C, 4
HELE A 40 “C ALHZR IR % ok 280 °C.
123 GEO# X &7 FARRTE DMSO FUKFZARF1: 1R A, 74 1 mL GEO %8 2 54 DMSO//K [ &
O H . K GEO B B 2= B 0.1% .0.4% .0.8% . 1.6% .3.2% . 6.4% . 10.0% #1 100.0% , L) 35 5] 2.5%
DMSO [ e 2 B FFEAFAE 4 “CF o XHIRAL AN & GEO By T iV B 2.5% DMSO ¥ AL . X F 51l 2=
FAFSE , GEO (JiT 2 ¥ & 100% ) 3 33 0.22 pum 2 3845 I 2 B LA b 5 1k J0 e A8, X 1o A e B 4 331 o
1.0,4.0,8.0,16.0,32.0,64.0 mg/mL. 7£4: %)% 245 (BSC-16001B2, 7j M % 78 25 B AR A B2 ) el
100 wL. GEO 5 100 pL KXAAAFH 0157:H7 MNV-1 8 TV iE & (4334 6.07x10° CFU/mL,5.29x10° PFU/mL
H15.67x10° PFU/mL) , 587 i i , JF7E %5 1% FEE 10 min, [5) 0 2655 3246 P L 300 o/min 093 B3R . 6
FH 5 W 2.5% DMSO RS B KB B O157:H7 MNV—-1 FI TV /E %t BE . %k B 8] A SEPERIFSE , Bt
100 pL GEO 5 100 wL KM #T # 0157:H7 .MNV-1 5 TV (6.07x10° CFU/mL . 5.29x10° PFU/mL F 5.67x
10° PFU/mL) , 8 i W iE R % R e S FIHH 0,2,4,6,8,10, 12, 14 min, i J 5 & W 2.5%
DMSO 1 A 19 KW FF B 0157:H7 .MNV-1 F1 TV {E by oK Ab B A XF BE . MNV-1 R TV M 26 10% i
A= 1ML 3% (FBS) F 40 i 1% 77 2 (DMEM 5 MEM ) &b B2 1F S R o A 17 B 1k 20 2 M i o 20 8 U
(30 ku, Millipore , f [& ) 2= 5 /55 175 &b B A9 GEO , I % LLC-MK2 5§ RAW 264.7 21 g 17 40 it &% 37
(200 J 3% 5 6 5 2 1384-M, 5[5 FE 2R K Thermo 23 ] ) 1l 52 Jle I &2 95 75 Wk BEJE i 20037 (PFU) o ffi
DA 2 258 40 B 0 2 1 02D

R=C1-C2 (1)
A RACE DB, C1UR X I A, C2 SRR 06 4H Rk
1.2.4 GEO#rF UV-C R i& 8 7 E48 % X% ¥ 100 pL GEO 55 100 pL KB 0157:H7 . MNV-1 5
TV (4518 6.07%10° CFU/mL.5.29x10° PFU/mL F15.67x10° PFU/mL) IR & IR IR . 7E2 1% FIFE 12 min
5 IR G R TR T 254 nm AL AR FHE (20,40,60, 80, 100,200 mJ/em?) 1 UV-C T AL (L35-60W-01 42
HMRAR BT IR ERHEABR AR o X IR SCR FH UV-C b3
1.2.5 BARERMAFA O157:HT Feit o i i e R 38 Loy m R I BVLPERL KA R 5 7 AR pE
Jifi (Lycopersicon esculentum var.cerasiforme A.Gray) /3¢ (Lactuca sativa var.ramosa Hort.) F11 %% (Vaccinium
spp.) &4 6% 5 FIH T M EASONTAY (5 S A2 R AR R IR B A BRZA 7 )12 1 10 min 23 FRF HIREY)
IFEAE4 CTRAfAE. FREE 10 g MRkt AR SE RN . K Al A (KBTI 0157:H7 MNV-1 FI TV ) 45
100 WL ¥ 5 8 B0 AE 3 AN A 7™ SRRl I 18 . KB AT IR O157:H7 .MNV-1 FI TV 19 532 Fh 5 50 1
6.07x10* CFU/mL.5.29x10° PFU/mL 1 5.67x10° PFU/mL. K3 R AR A6 €0 S RE A B T3 JXUBE XU I Ak
HEWRFFWRE RN o K100 pL(8 mg/mL)GEO IR {ECHFM AN M BUmTE I & Ul b KRk i A=
SEMEREPEE 12 min, AR5 B FEAE 100 mJ/em’ [ UV-C F. FJ5 , H4E EN ISO 16654:2001"F1 EN ISO
15216-1:2017"J7 ¥ , AT A A A s A il o Sk 7 [BDSCRIT R B A B O157:H7 K FE 7 54 40 mL
Dey—Engley(D/E) 2z #1117 ( Difco ) [ TG BR 845 1 LA 260 v/min 2454k 2 min. SRIGHF 213K AE T 0.1%
B R K b 3% S RS, T A B U AT 0.6% I B4 HUY) A1 50 pg/mL 28 BE 2 ( Difco; TSAYE-N) Y TSA
o 35 °CHEF 72 hm X KGR O157:HT W g #E 17140 o THREUMNV-1 80TV = e i i % 2
A 10 mL B SEHRIUE th RN 50 WL SRS 50 mL B DA . o T MCRER B OR T BN AE MIX-
28S Touch Fairy I8 HEAL (T K RRAL S A R 7)) LA 2 500 v/min B ZUFESN 5 K, B 10 s SR A KA
ZHA3TE 4 “CF L3 000 r/min &0 10 min, 74 LG AE DMEM 5 MEM (Gibco , 2R € HE R BHE A ) hi%e
SER R R T . X R CR A UV-C Ab 3R,
1.2.6  GEO#» UV-C & 22 )5 09 K R An 3 32 0 su o 47 (A BETH(CS-826, MM iR A BR A F])
FIEE i A A (TA=3000, 35 7 58 R HL TR R w00 s ARk 78 i A =3 R0 5 174) 3 T 00 € 1 I M
) L L R0 b* 0 B AR Ak, L L o R b o3 IR IR SE BE 2T/ R B/ . 6 B R 1T 3 s bl
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SELE RO, TR A . (8 T 0 R A A R L 2R R £ A R
B JBE T T E 8 mg/mL GEO 5 100 mJ/em?® UV-C 45452 7523 el 28 7SR R 52 B BB vk
AIREFASE T 30 B ABIE PN R T A28 (20~30 %) o IRPEEIE A A4 RIE XU FILEAR AT 2
ZUEFATRCE RS . 1309 B T 2R AR DO B PR AR RO B R B BE AN B
WAREIR B B — B R =0
1.2.7 &5 8F 2 A (TEM) S 27 K BT & WK E 0.8% GEO ALY MNV-1(3 nL) FEMR IR 2 EM
A% AR 1045, T 3 WL B R USRSl K 8 W (IR R 40880 3% ) B 5,1 min., T4 )5 , 78 JEOL-1400 H1 ¥
b R [ RE R (D) B A PR A AR 75 80 kV Az A- A 5t o FH Gatan UltraScan 1000XP FH AL LA 40
000 5 F A AR
1.3 #HEFEBSWH

K FH SPSS 10.0 #AF 4750 5 B, LASF- S 45 o 25 387, SR FHAR B ¢ 4 30 b Ase 1 4 A - 441
XTI LA b (0 22 8 He s, 2R FH AR R 22 50 B Al Fisher e/ B 5 1 22 ARG IG5 H 22 5 0 P<0.05, &1
ERBE,

2 ERSHMH
2.1 GEOMILERM S S

1T GC-MS 43 #t LL i % GEO 19 41 F 1 BEMEHRRYOEREREETENEES
B, I 0 T AR — A A Ak A W i A Tab.1 Extraction rate and main chemical
X i, SRR 74 FOEA Y R components o OO
GEN95.76% (32 1) . FE AL EE 9 Fhf FEIMIEIY) Essential Oil Extracts S %
(40.96%) . 12 F1 i 45 (13.329%) 1 12 Ff Jig CRO Content
(12.52%) FEHUR Extraction efficiency 78.60+10.46°
ARSI R B (GEO) X 1 3 41 il B Acetal 40.96+6.73
FEIE BB IR B 2 W | 4 VR T GEO RN Wik Terpene 13.32:2.86
fifi Esters 12.52+6.81

B0 T A0 R, & BLUH AT RAW 264.7 F
LLC-MK2 4 B B A5 40 B d 0k (| 1) . 2% a%‘?ﬁ%ﬁﬁiﬁ‘?ﬁﬁ%(n=3?o.

CEO E\%iﬂqﬁd\ﬂ:%ﬁ: 16 mg/mL Hﬂ’ ’ *Xﬂ a represent mean=standard deviation(n=3).
RN R EIEA . Rt ZEpum il e v, 28 B0 T VR BE (16 mg/mL) 9 GEO AN 235 m { F i 32
2 BB E PO RERCR I BE T -

1201 —O— RAW264.7
—e—LLC-MK2
100 }
--------- 1C50
o 2
Eﬂ_@ 80
i :
EE 6
- N
Ty *
20
0
1 2 4 8 16 32 64 100

GEOM & /(mg-mL™)
Dose of GEO

IRPELR IR LIRERE L+ RIORALPLH]AE P<0.05 /K- b2 5 ik 3
The error line represents + standard deviation.“*” indicate significant differences between treatments at the P<0.05 level.
1 ANIR) R LR AR T2 P (GEO) X i EAMIE RAW264.7 Fil LLC-MK2 4775 (19 1
Fig.1  The impact on host cells RAW264.7 and LLC-MK2 survival by grapefruit essential oil extracts (GEO )at varying concentrations
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2.2 GEOWMEMMBESIERD W

2 32836 A6 000 25 2 Aok T 6 K AT B O157:H7 MNV—1 FTV B 520 (& 2) o 76 45 Aok i DLk 5 44 i
PRy 20 WD KA AT B O157:H7 MNV-1 1TV . Fifi 25 5 265 ARG 780 3 5 B9 388, 3 s 2 o Jm B 48
{81 1 8 mg/mL % 45 HUOKS W0 ISF, K AF 3 0157:H7 . MNV-1 FI1 TV 8 38 20> 5 43> 51 4 1.13 log,, CFU/mL .
1.47 log,, PFU/mL#11.13 log,, PFU/mL. 8 mg/mL F1 16 mg/mL 32 HAE I A0 S0 25 Wy /D e i W8 25 5%
HRAE Z BT RIS, K ZEH T A W 1 P IS ARG Tk S B ARE St A Mk BE VS A 1~16 mg/mLo PR, A
H i T 8 mg/mL A T4 3

9 —
OMNV-1 BTV mO157:H7

W

GEO{ZZFF/(mg mL B
Dose of GEO

WP TR ehRifli 25 " FIR AL FL A LE P<0.05 /KT 28 R 2
The error line represents + standard deviation.“*” indicate significant differences between treatments at the P<0.05 level.
B2 AR KA AT 0157:H7 MNV-1 I TV Kk (530
Fig.2 Effects of grapefruit essential oil on E. coli 0157:H7,MNV~1 and TV

-
T

Pathogens content
wn
1

WRIRME B/Log,, (CFU or PFU) mL™

Kl 3 @R T FH 8 mg/mL GEO K% KM AFHE 0157:H7 . MNV-1 1 TV B9 fe AEVE I E] . 24 8 mg/mL
GEO 5 K5 0157:H7 MNV-1 5 TV AL FE 12 min, KB FF# 0157:H7 . MNV-1 1 TV #9870 5 53 5]
4 1.19 log,, CFU/mL . 1.42 log,, PFU/mL #1 1.18 log,, PFU/mL. 4t¥ 12 min F1 14 min 22 [8] 04 4 A s /0 15
A 2R (P<0.05), B, a4 T R AT TR AT 12 min AYAE BRI A]

9 -
OMNV-1 BTV mOI157:H7
=
= 8
eyl *
= : *
A -
55 7
o g
<= 2 ¢
2 O
on on
Q Q
= S
o< s
4 * * .
H‘l-\' 4 *
=
3 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16

B iE)/min Time
IRIELR TR eARIERE " RN AL BRI TE P<0.05 K B 225 3%
The error line represents + standard deviation.“*” indicate significant differences between treatments at the P<0.05 level.
K3 8 mg/mL GEO Kl KA 0157:H7 MNV—1 FI TV A t5cfE/E i a)
Fig.3 Optimum action conditions for 8 mg/mL GEO inactivation of Escherichia coli O157:H7,MNV~1 and TV
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2.3 ZEIMZUV-C KB HE 0O157:H7 . MNV-1F1 TV RiFRI 20T

K4 BoRT UV=-C X KIBAFE 0157:H7 MNV-1 FITV [ KTGVEF . BEE UV-C FIHE B, 52541
FF 2 T T 14 e T R (T 4) 0 25 UV=C R 200 mJ/em® [t i, KT B O157:H7 MNV-1 I TV ()
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Fig.4 Inactivation of E. coli 0157:H7,MNV~-1 and TV by different doses of UV-C alone
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Fig.5 The effect of 8 mg/mL GEO combined with different doses of UV=C on the reduction of bacteria and viruses
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2.5 hEAMEAEEM AR 0157:H7 . MNV-1F# TV & RSP AR A

K16 /R T 8 mg/mL Y GEO 55 100 mJ/em® UV-C 454 XMk it 2B S AiE 28 h KIBAT I O157:H7 |
MNV-1 FITV 500 . 5 8 6A Bl UV-C AbFEAH FE , 56 A0 BRI 250800 1 /K S 085 22 v i) 40 B
Wi EE (K 6B) . EFRBETE i, KIBHTFE 0157:H7 . MNV-1 F1 TV #9980 £ 43 5 4 3.96 log,, CFU/mL .
2.19 log,, PFU/mL #12.77 log,, PFU/mL. TEASE T, K AFH 0157:H7 . MNV-1 I TV (%95 2> 5t 53 51
3.54 log,, CFU/mL.2.56 log,, PFU/mL #12.20 log,, PFU/mL. 7E#5%&:H , KIAHFFE 0157:H7 MNV-1 1TV [
W35 K 3.68 log,, CFU/mL . 2.49 log,, PFU/mL 11.92 log,, PFU/mL.
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Fig.6  Effects of 100 mJ/cm® UV-C alone treatment and co—treatment of essential oil 8 mg/mL GEO and 100 mJ/cm®

UV-C on E. coli 0157:H7,MNV~-1 and TV in(A)cherry tomato, (B)lettuce and(C)blueberry
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22 R TR I A AN AR SEZ5d 100 m)/em® UV-C .8 mg/mL GEO 1 8 mg/mL GEO 5 100 mJ/cm’
UV-CE5E R BT, PHREIALBRS | A SRR 75 i 10 8 B 0 €8 e AT B8 3] 2 5 s i A (L T 5
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SR VAT B AR A, PR R 50 R P R DU BT R R . A5 IR ER I, 280 UV-C AR BRSS , SREE 5t B R 2R
TR A BRI RN B SBE T AR 3 B o IR0 AR SRR R A S A B TR
A 2 5 ARG 22 540/ o X TRk, U0 20 AT B2 2 () ) B FR AR I W 25 . X
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2.7 TEM&SHHE&ER

R T 2 T GEO (/R A =, (8 358 5 fe 7 8 30BE (TEMD) K2 25 & A 8 mg/mL GEO J H 5
100 mJ/em® UV-C BG40 FRAT 5 R E MNV -1 FIE. coli O157:H7 LA, 450 WoR , RZAEFE) MNV-1
S EE R 52 24 30~35 nm YIERIEZ54 (K1 7A (K1 7C) o #R1, H 8 mg/mL A GEO S5 100 m)/em® UV-CEK
AR, MNV - 155 2 5082 59T 25 TR /NS AN 22 80~100 nm , 26 WA FORE & A8 T 28V g2 ik A 0 ik 22 (&
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MNV-1;(E)E. coli 0157:H7 control group; (F)GEO and UV—C synergistic treatment of E. coli 0157 : H7.
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Fig.7 Imaging analysis of MNV-1 and E. coli O157:H7 in the absence or presence of GEO
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K2 EHRBEMESMERZT 100 mJ/em® UV-C.8 mg/mL GEO#18 mg/mL
GEO 5100 mJ/em* UV-CEE RGBS
Tab.2 Quality analysis of cherry tomato,blueberry and lettuce after 100 mJ/cm’* UV-C,
8 mg/mL GEO and 8 mg/mL GEO combined with 100 mJ/cm’ UV-C

L at b* Tl Hardness Pk Springiness
ST L bt b b -~

T MR R B WR R B MR B B WR ER Bh R EX
Cherry Blueberry Lettuce Cherry  Blueberry Lettuce Cherry Blueberry Lettuce Cherry  Blueberry Lettuce Cherry Blueberry Lettuce

Treatments

tomato tomato tomato tomato tomato

Control 36.88a  36.24b  60.15¢ 20.96b  23.21a  23.49a 19.34b  1690a 18.77c¢ 2199.50a 634.96c 599.74a 0.84a  0.79b  0.93a
UV-C100 34.77a 344lc 67.75b 2648a  2221b -025b 22.18a 10.09¢ -1.47d 2108.85a 633.43¢c 570.83b 0.79b  0.85a  0.94a
8% GEO 33.99a 36.28b 7535a 13.44c  21.55b  19.00a -0.80c 9.41d 24.86b 2106.65a 663.02b 391.31d 0.75¢  0.64d  0.96a
UV-C 100+

8% GEO 3426a  39.31a  58.00c 22.39b  19.51¢  21.97a 20.57ab 15.42b  26.0la 2147.12a 802.75a 420.36c 0.73¢  0.72¢  0.95a

AR /NG SRR IR Al —REA R [ b B35 20 1325 25 53t (P<0.05) 5 L* (o FN b+ 43 R S8 (L4 A B/ s Hard -
ness {8 M ; Springiness {CRHME:

Different lowercase letters indicate significant differences between treatments at the P<0.05 level; L*, a* and b* represent

brightness, red/green and yellow/blue respectively ; Hardness represents hardness ; Springiness represents elasticity.
x3 FAELEEIKRFHEENEEITN

Tab.3 Sensory evaluation on fruits and vegetables after different treatments

RBER Qb B Bt ML, 21 USind NS AP
Species Treatment Color Olfaction Tissue Taste Flavor Acceptability

A3 pagiEEl 7.65+0.59"  7.45£1.00° 7.40£1.05°  7.50+0.61"  7.10£0.72"  7.80+0.62°
Lettuce 40 8.10£0.55"  7.75+1.02°  7.85x0.88"  7.95+0.60°  7.80+0.83"  8.15+0.59"
IRIGLHVEVEALBE  7.9020.64"  7.60+0.88"  7.35x0.67"  7.5020.76"  7.60£0.94"  7.80+0.77"

PEREE Xf R ZH 8.10£0.64"  8.15+0.93"  7.85+0.81°  7.95:1.00°  7.65+0.75°  8.000.73
Cherry tomato 520 8.15x0.59°  8.05+0.94'  7.85+0.59'  7.55x1.03"  7.65x0.81"  7.95x0.60"
RIS THVEAL I 8.0020.65°  7.70£0.80°  7.75+0.64°  7.70+1.10°  7.30+1.03"  7.90+0.45"

WAE Xf HEZH 8.10+0.91°  7.45+0.94"  7.65+0.75"  7.45+0.92"  7.40+0.88"  7.65+0.81°
Blueberry X620 7.85£0.49"  7.90+0.85* 7.90+0.91*  7.70x0.76"  7.85+0.75°  8.05+0.83"

R ZHTEVEA IR 7.60£0.60"  7.40+0.82°  7.60+0.94°  7.45:0.76"  7.40£1.05°  7.65:0.88"
A B/ NG PR R Rl — R AR R R AL By XA B 35 22 57 (P<0.05) o

Different lowercase letters indicate significant differences between treatments at the P<0.05 level.
\/\ A \/\
3 Fit5itie

H AT H UV-C BRG nh  oc SR a0 A S A S 5 ) BRI AL 2 R AR KTE & i i U E ™ 88
I, AN 2 5l i X S H R AT RE 2 s W S SR I sXUR . SRR SEIIL & W REEOR TR BR & Bt
G IR AR D205 Jir A 671 fp Rt v i 6 A 7™ il JOT kT LA LR Tk g RS ™, RS R — e
ARTE RS BE 7 T R IR E 245 BESE  (E X T 78 R 2 5 FRAK 8 IR RIS E Joa 2t 114 ] A e A BIR 22
Vol /D B o s DA ¥ e G BRI, P % 1 vt Bl = R AT o

25 MRS TR (GEO) J& —FMR 4 L2 2 1) RARAL S8 IR, al 38 45 1l H JF 38 m & a4k, 1b4h, GEO if
HAPUHE S MPTE G AR5 A I GEO X KT 0157:H7 MNV-1 ATV A3 %L, H 552 Al
f ) A S ME . 8 mg/mL GEO AL H 12 min A #14] 1.19 log,,~1.42 log,,(CFU or PFU)/mL 41 & 8% 7 . 4
Macwan &8 , GEO (Y40 & P T BB 5 HLmi I (2 TR AN 9 3 A G . TEAE SR, GC-MS Sk 7R i %
K T Y =2 G R B A R o X L R 5 2 AR I ) EO X 4 (0 7 2K R R 2t 1 S B TR
A INHIVE R RSl A4S R R, GEO n] g & —Fh F & i i A7 AR S i B BB AL B 0

UV=C B8 S Tolb A el B 5 Hl R 22—, &5 BH AT LA 20 ) PR 2 £ 28 7 i v 468 DA
s SR A ) T TR R 7 i IR B Y UV -C BRIHE NS . 78 TG R AR 7 s i A i # v, ey
F UV 8BRS0 2 5 th OG0 G W 09 5 77 A= 67 TH S e B AR L8 R A0 (8 RS AR PR FEAR IR SR
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o SR R ASCR 1A B RV S T, AT T GEO 5 58 AN P[RR RO 6 TR s R A 7 Y A
JH B FEXF AR i = B 0 . 8 8 mg/mL GEO AbFH 12 min 5 4848 FE 2 1Y UV-C (100 mJ/em?) AL T
PEBETE i A S A A A A TS Y 0 SRR, DR RIAE A 8RR 1.92 1og,,~3.96 log,,(CFU or PFU)/mL,
R AR E AR TR, 3% —45 55 Battistini 252 AT FE 45 B2, R A8 (2.84 log TCID, /mL) |
%A (2.89 log TCID/mL) 13K 1% A% B ik (2.94 log TCID,/mL) K5 AL BEZ) 1 h, B FEAR T /K B LT
HAVIEEE . HHELZ R AR5 R, 28 GEO 5 5 AMNESE Gt , SEBUR A8 /D 2 A X B0 i 75 i Bt ] (24
10 min) #4654 .

GEO M UV-C P [FIAb S , 20178 R i A4 7 S (¥ i f . Dagala S8 "WF5Y 1T UV-C IR AG FORS I X
KA AT K12 75 5 09 1L 25 A A B[R] AR BRAE AR, & 31 1% LG 5 200 wW/em® UV-C 256 7] A RR B K I FT
P K12, fH i T UV-C B a8 BE RS2 (B K 112 R 3 R A e e M Az B s . AR AR BISE
30 3L VA €0 R b SR AT 5 A SR GRS 0 il 5T, 25 SR 2 B 100 m)/em® UV-C 5 8 mg/mL GEO Z545 X 7K R Al
BRI LT R . B E e B, D[R] A BRI B A o] S sz e e, LT F P Tk

J T 22 GEO BIVE AT 2, i TEM W %E GEO AL H 5 MNV-1 FIE. coli O157:H7 F754k . &5
BN, MNV-1 RS P 488K, 35820 S0RE W E 5 1 E. coli O157:H7 F i & P ¢ 24, N AW B 4n
Jitd, FBH GEO RS i A8 A B2 (il s A X B2 2 AN A A F e X — R B Al 0 5
TR T CAE IR AN MNV -1 FH 4 28 3 A PRI UL ER 31 i JE A A8 fb — B0

ZE L RTIER R T U g TR AR £ far B v BT AR 7 S R T AR IS SY T GEO K 5 UV-C 4b 3
ZH A X PR BE T A S RN W A P ORI AT B O157:H7 .MNV-1 FI TV B R Th 5. 45 %0, R /5
(100 mJ/em® UV=C Jill I 8 mg/mL GEO)SZFL T 1.92 log,,~3.96 log,,(CFU or PFU )/mL A J& /L, & F B i
FHUV-C, ik T B[RV F LA B A poms AR BSCR . teAh , GEO R UV-C I BRI B R R 4 1 K%
s SR A ) S B IS TH] o TEM MR 7R GEO B0 #E A S 248 18Pk, INTTT B B 1 GEO RYHLR J5AE FH A
HAE L UV-C B3GR ML o BRA, SRR 5 Hh A3 A7 FUERE PE A 22 B, P ) Ak X 00 3 7= il F) G 306 Jo o 5%
Mtk /N o BRIIE , GEO FT UV-C B BMRIE & — R s ad 09 SR s, ml LA /90 AR 36 sf ] A UV -C 3
[ RFFE SRR BT, SR, AR AT B — 2D 9 GEO R4 8 I FH 2% 14 X6 2 T P g W e A=
VIR SEBR TR, HAf D GEO 2 AT 7R B PR [, 3k ST 5% S8t 17— b A R0 L4 B 1 D o0 G K AR
FIBE 3 B B PR SRR 3 L0387 i 4 WA S A e R i /N o
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