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AR (EE
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TR (BTIA
3 Shigella paradysenteriae 15ith 4.4 1
BIIE)
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5 LEHR
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B R
15 Staphylococcus albus 151
BRE
HEIRD
16 Staphylococcus aureus 1Hi
BRE
Staphylococcus aureus =BT RD
17 15ih
NBRC 12732 EKE

18 Bacillus mesentericus fuscus B ERE  IEih
Bacillus mesentericus fuscus FBEEE (3

19 &t
(spores) fa)

20 Bacillus subtilis Sawamura &R 1=ith
Bacillus subtilis Sawamura

21 FEE (ZFRE) 15t

(spores)

22 Bacillus subtilis (spores) MEE(EF)

24

7.5

10.6

14.9

9.1

9.3

9.4

18

28.1

21.6

33.3

36

10



F%5 (Yeasts)

4 JLA(Virus)

Bacillus subtilis (spores)
23
NBRC 3134

24 Bacillus anthracis

25 Bacillus anthracis (spores)

26 Mycobacterium tuberculosis

Saccharomyces cerevisiae
27
untergar. Munchen

28 Saccharomyces Sake

29 Zygosaccharomyces Barkeri

30 Willia anomala

31 Pichia miyagi

32 Adenovirus 40

33 Poliovirus 1

34 Rotavirus SA-11

FEE () Sl

L]

E—)LEER 15

BARERERE 15t
GEH/EO

=ith
=8
14 UTE

=ith
i3S
EFrEiE

1E=ith
75 )OA ZKEB
JLX 7K
MRUADA %88
JLX 7K

O52-1)L

A

20.3

13.5

163.5

18

18.9

19.6

21.1

37.8

38.4

90

12

24



35 Hepatitis A

36 Feline calicivirus

37 Coxsackievirus A-9

Bacteriophage QB (E.coli
38

phage)

Bacteriophage MS2 (E.coli
39

phage)

40 Influenza

41 Cryptosporidium parvum

[R4EN)(Protozoa) 42 Giardia lamblia

Microcystis aeruginosa PCC

43
7006

44 Nematoda

*<dAHVUS HF
1)L K
09w+
@K
—J14)LRA

J7—= QB PBS

)
e

\

77—

MS2 7K

12T

HoA)L

A

RR U7

hRUS

FRR

11 7
21 7
36 7
54 7
42 7
6.6 3
12 7
11 7

120-180(1BTEH]
6
i)

232.9(99%) 5



M (Mold stores)

45 QOospora lactis
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Application of UV Reinforced Pulsed Xenon Light for Food Sterilization

Shuji YOSHIKAWA, Yoshiaki Dor*, Sadahito INOUE and Toshiharu KONNO*-**

The pulsed light from a high-voltage xenon dis-charge lamp is commonly used by semiconductor

manufacturers.

It is known to sterilize UV-tolerant fungi and offers an instantaneous sterilization

method. However, light-pulse sterilization apparatus is used by only a few pharmaceutical makers and

is rarely used in the food industry.

This report describes the sterilization effect of UV reinforced pulsed xenon light on several

microorganisms and evaluates the influence on food quality after treatment.

UV reinforced pulsed xenon light was able to sterilize UV-tolerant fungi, bacteria and their spores.

Damage to microbial surfaces was observed after irradiation. Vacuum packed foods wrapped with

21 different films were tested. Packaging films having a UV transparency of over 359 and a UV

transparency at 254 nm of over 259§ were suitable for light pulse sterilization.

The influence of light pulse irradiation on food quality was examined. The taste and color of foods

were not changed and food smells were slightly reduced after irradiation.

Changes of exposed food

surfaces were detected by scanning electron microscopy and were supposed to be caused by instantane-

ous heating.

We concluded that light pulse irradiation could be effective for sterilization of food surfaces with

less deterioration. -

BEEE2PTCRE LX) VT TinoFET 3
2V ANER, FEREGEEFETRILSFHINTE T,
20V 2 D SRR P EL B 0 3 2 BRI T AT S T
B, BN AEEGRE LTS Twa, Lrl,
Ko v AR LB I F B O ARG D 2 1 E
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KRS T IR BOE OB 2 o 2wt L7z +
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TV ORI NIz, 21 DR 57 4 VATEZE
BEEL TR R R L - RIMRBE R 35% L 1T,
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FHEL  RELRPE
BHEL DSV AR OB MELE I B U 5 L AT

« JLHEEE N (T060-8639 AtumEALIH hREXAGHE 1T H 2 %)
s Bl e ¥ = a0 —ERIWIRETY; (T068-0111 Jb¥fE 22 HERSERITFH R 2-9)
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B) Food protection (& hH4)

BHOBREFRE L U T bHEEL OEE T L 2 b ZAfi
BFRIIMAEECTHL, LoL, MBIV HED s
oo 7 4 VERERINLEFEORE, 24T — FKIHE
Wk 28 M, BROMMEE L AEOBEHBO & 551k
WX 2W I Z20%, HEHVIEY N EOEMIC X
2 7 & DNCREK, BROZAbZ EMEET O KA 7%
bh2HELHY, MEEEIRELZRGDZ L, 20
o RGE, REEHRBEF M) AR T7 Vva—LigE
% D 7 BRI T e b Tw 208, FE#Fl% H
Wz, W S R ORI L > TRAN DL,
HDHNIED FROWMHELAKSIEL B2 EOMEDH
D, WEEELLOEEONE TEEREIRSES 1T
LESZEBE,

Z T, EROBEFFECELLIFERD—DELT,
BIANVF—HSOVADBEH I N TW S, 3600 20X
FX /U HABREA LT v IR S EE 2 Fh0
LU URESITS® 2 EHET D DT, BRESMIIKE
HEIFIFHELL, FEETIODH 2 5 300 nm LU D)
EEt, 200, BHEIC L OEESTEET, Lr b
KDOFE S kDT b FERFE CRE TR TH 5 L O
EH DY, Lo L, v A RRE I3 EER S TERML
ENTVEDAHT, BMEEICIIHVeRTVRL,

ek, Mz X 2REHEE L CRIMBEE N ERL S
NTW3H, FIMPEEIIEI A N Th 2 K, HIED
AL BROBRODMEE, b2 WIEY v 7 HEOEM Y
ERMOMERPLIRI2GENDH L I Lo T
%, iz, KOYULZRHEDALDPEEIN LW & E
5, REHOREICITHEHARE L ShTwi,

—7 T, BMEEOMAEMERIIRAICB L TELY
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DHEETHNFN SNV AREHIIERTH L LFzoh
%,

Z 2T, RHETIEAE, BR, ME, X OMEE
Rz sV 2 ZBE L, BREREEZHO»PICT 2L b
2, BEOBEICHWIIGE ORISR L & T EEZO M
BHADZE OV 2 T D THRET 5.

KB F &

1. RN RBHERE
RRER TR WG OV A BEEEE 13OV 2 % K
Z7NIBKERE S, VTS, BLIUT Y 7OR

BAEfTS 77 k025 FEERRBEE (200V) %
R DE B ST 2 BIFRHIC L > TR S 5.
RO A P a R ETEBEYRBE LT A ME (VY4 E
B KFS-3000 TU) 2 fwiz, BEEHEFE/ > 77
ANOHENAFEY ) O ATTET (BIRAEE) 531000 A/cm?
DF¥X /T eV AKRKEIR, E51C7 7LD
U 2R T 2 200 5EE THR SN S, 7OV ARKHR
REOHEE L 8 kw, HIMIEHR X 1500~3000 V D
FHTHZERTH 2., SHEAVF X/ V7 v 7OBEPE
WFEIFEEB O S L kb ko ik Lz b DT,
480 nm KHEE — 27 3dH % b D W (Fig. 1).

2. MEARY PILORER

MEE LT 7 2R OKRIEGE (Escherichia  coli
ATCC11229), 7 7 LBGME OWMER (Bacillus subtilis
ATCC9372), LM B & U T Lactobacillus  plantarum
JCM1149T, MR L U ORISR CRIMEY: @ #
ERHIFMRER), EEEE U TR Y (Aspergillus niger
ATCC16404) 8 X U'BERE (Saccharomyces
JCM7255T) % Hw 7z,

K, MERE, FURE, BRORBHER IR
%3m0 arE L TN U 72 B % 085 % B8 B AR B AL K
WCRRE L RICFA— & THREREE R RN L, HE
0.85% W B 42 B B HE /K I IS L TR 107~10" cfu/
ml E5BEDCHELL- DO RHW, £, MERESF
fa i3I OFEEWE 2, BH Eicow TR TRER
B CHW, SEEBHE T 2 VAREIL, KIBH,
WEERE, MERFIE=2— M) > MEXRE (7
VA NR) &, AME X GAM 5l (HASEE) %2, B2
EERRHIRT T F A o — AEREMH (2 VA F)
L7, BBAEW 2 100~10"° {57 L T, 20 0.1 ml
ZHEE 9 cm OFHEEH Ficy—cBH L7, Yy —V
Lo 7OMOREER 20 cm, 1 [EH 720D OBSHRE 2
1190 w e LT, 1~30 [EHEETL 72, BERSRYI O -
INVF—EERBSN 1EHZD 0.12]/cm? &£ L.

Ko A 2R L EEBREEHEE B I A v F a—
Y — THTE DR L IR TRIE L, ko au=—%
R, AEEEEHL .. SEOBEEME, KIBH
\& 37°CC 24 Fifll, MAELE & AR ZENE L 30°C T 24 Iy
M, FLEBH & BERHIZ 30°CT 48 HF[E, B4 v i3 24°CT
48~T2 IEfE & L7z,

3. EERTEFEMBEICL 3MEDRBEENTR

Za— MYV ZVUNTAH—LRECEE LRV A X
0.20 um OFFEL NV T —RAT7 4 VY —%DX, ZDFIZ
KIBHE (E. coli JCM1649T), A€, BRE24EBESE

cerevisiae
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Fig.1 Spectrum of UV reinforced pulsed xenon light
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BrixnvF—E21.8]/cm? &5 k5 BHE, AW
KR WE Ule, DEM B O SR RZRT HEL LR
3t (Beckman, DU 7400) 7% v CHlE L 7z,
5. RV AREIEGRDOREICSAHE
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filfl, b* {5 X OEEZFHEIL 72, pH IZMYTI L7238k 5 ¢
WA 20ml ZMZTHREY F A4 AL, Zh% 3000
rpm T 15 SR OSHEL, EEAO pH 2 &5k 2 [
HE L CFMEERD 72, BoKIEIZFE 28T 3 85X
LTI Tk A, vt x—% — (3 V% CR-200 D) T
10 kg OANFET 60 BRELREF L, Bk L V&1 L EHA
sy OEIE % A5 BHEE U CEfE R KD 7z, HEE
BAEIFEREE 2 T4 AR SV A EZRBE LI b O LR
DD D %Y 7 FHTHD, ZhsZ2BH 10 4, 2
420 U A TREL TEREOR S 25Hifi L 72, 25
IV R % BRE U 7e IEE 4= AR 30 g & H A2
L, 70°CT 90 SHEMA LI BICKR—F 7TV =41 E=
5 — (HFHE - OD-85) 1<k W HIE L 72,

51, AEAERAER CREESR, MHECEA
WEIMT L, BN ORI L R B 15 BIESE, &
HRE TSI L 28R 21T - 7o, B O BElE AR,
HiEoWEw ZRR e LG LRETo 72, 72,
2539V —k—YDEEITE VA RE 15 BB D
DIZDOWT Y, FEBRICEE 21T o7z,

BRBIUEER

1. SEWMEMHICHT 2REDR

SV 2 DIREES 0.5 ]/ cm?* FEEE TRBEE DI
N EEOBEINC R EREIMET L, FHCHER D%
Al & KB, FLEREIC B TSR O 453
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Table1 Packaging films used for sterilization tests with xenon pulsed light

Composition Transparency(%) Thickness

No. (Outer/Inner) 254nm uv Visible (xm)
1 ONY15/LLDPE70 ca.30 50 60~70 85
2 EVOH15/PE60 ca. 0 60* 70~85 75
3 NY25/DL/PO70 ca. 0 40 50~75 95
4 BON15/EVA55 ca.40 50 70 70
5 PET12/DL/A19/CP70 0 0 0 91
6 IPP30 ca.3b 45 65~85 30
7 LDPE/EVOH/LDPE ca.3b 40 50~75 60
8 NY/PE ca.bb 70 80~85 60
9 LDPE30 ca.h8 70 70~85 30
10 LDPE60 ca.60 70 70~85 60
11 EVA30 ca.20 30 30~65 30
12 EVAG60 ca.2b 35 35~60 60
13 LLDPE30 ca.60 65 70~85 30
14 LLDPE60 ca.40 55 60~80 60
15 HDPEI15 ca. 1.5 2 2~13 15
16 HDPE30 ca. 1.2 1.5 2~12 30
17 NY/PE ca. 0 30 40~60 0
18 PE/PVDC/PO ca.40 20 30~60 65
19 ONY15/CPP60 0 45 50~70 100
20 NY/DL/NY/DL/LLDPE ca.2b 30 40~60 70
21 NY/DL/PE ca. 3 55 60~65 65

* Transparency of over 280nm

Al: Alminum,BON:Biaxially oriented nylon, CP:Cellulose Propionate, CPP: Casting polypropylene, DL: Dry laminate,
EVA: Ethylene vinylacetate copolymaer, EVOH: Ethylene-vinyl Alcohl, HDPE: High density polythylene, IPP: Inflation
polypropylene, LDPE: Low density polyethylene, LLDPE: Linear low density poly-ethylene, NY: Nylon (Polyamide), ONY:
Orientednylon, PE: Polyethylene, PET: Polyethylene terephthalate, PO: Poly olefin,PVDC:Polyvinylidene choride

FRZEN1.9%107%, 2.9%1072%, 1.0X1072% & %>
7o B CREIMRCET IR D B RIS TED,
KRR BV THO A O TR O L REIX
RbEWHEEZRLUZ, L2 L, BEE 1.2 J/cm? TIZAER
RS 10%TREE & 72 o Tz, RHELREF I I3 SR E M Fe_5E
BLIZ WA, BN ALVF—E%20.5]/cm2ll L
5L, BERERER/N0.I%EE E TIck o7z, KB

L0, HEHE (D EBLUER) CHEE (77 2B
BXUBMHEHE) S o cHEERFB L OHESE T
I Y R R TRE T H 5 Z LSS TR o Tz,
F7z, BEER 1.2 ]/cm?BL B LT ERFKICK
EnZx ko7, (Fig 2).

AT S IIKIBE, BEKE, EE, VoY o,
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%ac:tobaa}’}us plantaram

—8

MO .............
10 e _{__\ _____________
- FEscherichia colf
] - 1
0 1 2 3 4

Total irradiated energy (J/cm?)
Fig.2 Viabilities of microorganisms after UV reinforced pulsed light irradiation
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A FRHEE OB LA, Hr LV & 30 BRSO A B E

(e)

&, EBRERBKIBLTWSb0O5% < (Fig. 31), &
BOE ) CRTIXEARRESHE L T ERIc k> T
B Y (Fig. 3b), RIS OIIF ORI & 134 < Fx 2K
EIRT b DOWE 5Tz, KOV A 30 [BIHREHE: OBERE b il
DAY & Ak ERREOBEEIED 5h, KIEHO
HRBSHEEZIE 2ROt L, REHSHEEL TW5
b DN%Hh o7z (Fig. 3d). Komatsu 59 BEERT
BHARG L B O  EN RS T 5 2 L &,
Tatsuguchi 57 1227 ¥ > LD bV 7 A OB %
ERS B KIBHE, BXUp-t NuF v ZEdEFHBT 7L

(f)

Fig.3 Surface of microorganisms irradiated by pulsed light (b, d, f)
and control (a, ¢, e)- Spores of Aspergillus niger ATCC16404
(a, b), Saccharomyces cerevisiae JCM7255" (¢, d) and Escheri-
chia coli JCM1649" (b), (e): These micro-organisms on the
nutrient agar media were irradiated 30times.
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SNV AT X BRI

22 THEMLE L 7 KIBE O Z2h ZhicB»w T, WiE
DEEREHHRE L TR BT T 5 2 & 2B
M THER L THE L T3, ko7, AFABROEEIT
KOV ZBRBNIC & U RO REBENBIR S h, NEY
PHHLTEREESN I A=A L ERBTEHDTH
5.
. MY REVDRICRETHE

HZAEEL A SV R 2B, AR EE
L7z (Fig. 4). ZHERIRIIEMIC LD EixoTz, ﬁs%ﬁ
B 35% LA ET, »OE 254 nm OYGERE R
25% VL LA B W TEREN I E o T,

2V ANDS Fig. 1 IR & 5 W& E T O5f IR
DEMNMREEL I L, 756 CICEIMNROBEEIME N,

PIVANT & B RREBERED— D0, AR OIERTH 3 2
R E NI, Lo Uik b BERMESEM Th -

b, MIRE AV 8% 3.8]/cm? &9 % L AR
us%uTuﬁTﬁﬁﬁ%ot(f—&i%ﬁk

. BNV ABREFNEROKEICLEAIRE
%wa%%@ﬁﬁk;éﬁm@ VB DB EEE S
IR % AW TN 7z (Table 2). pH &, S OHEHE
WZirdpb & TR CHET, RAEEZRTEHKRGRSIZL
AEEDbS R, L L, a* fH, b* E, ¥E
DETEBOTHREOBERIZL2EZPROSNL»o
7o, RS LR DO TICREDRETH 5 Z LA S
Elxolz, ROOES L 100 32 &, HEXIE
7.98%0, BNV ADEGFIZ L > TRV SN S

HErHWDE EREREMEL R AEAERT I 06, K ZEWBgrol.
Table 2 Effects of UV reinforced pulsed light treatment
on the qualities of meat (Muscle semitendinosus)
Control Irradiated
pH 5.9 59
Water content (95) 84.7 88.1
Color L* 36.8 38.1
a* 21.2 20.1
b* 4.3 4.2
Chroma 21.7 20.5
Strength of odor 100 77.9
Tasting with panels Odor present (14/14) No odor (10/14)
Slight odor (2/14)
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Packaging film (Constructions of each films are shown in Table 1.)

Fig.4 Viability of L. plantarum inoculated to Kurakauer wurst packed
with various films after UV reinforced pulsed xenon light irradiation
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HREFAIC L 2ERAROME S L, NV A ZHE L7
bODOFBRLZTT & OFHin % <, v AMEEHIC
IV BRROMENDELEZIENZ ENPHS M E RS
7z, Jr OV A DS & o TRWBIH S 15 LSt
MR EEE, pH, Ak SR LIEFR s vt o
78, FEBE A2 RERS DY SV 2 IBEHE OREE % A H
BTHEME CHE L & 22, KRB OO S
1%, M7 FETho7znicxt L (Fig.5a), v
A BB O FAHRR L, BN 2 B T2 Lo E D
Rehi(Fig.5b). ERRIE NV RA RS L7 7 aw
V-t —YDORMEEEHNEFEBEECHE LI
Z, REABED 7 Z7avY —Xx—YDEHICIE, HMHBH
2 HERGER S HER T & 2 DXt L (Fig. 5 ¢), v R HRE
B0 Z7avy—x—YREOIEHEROZ < 1%, Mhs
ZOEHEZEL T (Fig.5d). ZOBRIZ7I7aw
Y — -t — O KEDOREITER DZA01Z & b & THRIRFH O gL
kB HDEHRIN.,

b5, SO R IEEHE BT ) % B 1z g
T 50, BEEEOREIRBIBIEONTZHDOTH

()

3 EDIRBE N,

Takeshita 59 1, 7SV A WS X 0 BRI O
DNA 2E5 L, % OBIR EG SRS & AR E R
FHETh2 LfEmoOU T3, Lal, HEMcs g
LEBED Y o7 BOWH B L ORREZ I OV Ak
B TOMERIN e 2HELTWE, 2O L,
LM T b 72 & S e WINEGHR S B iR O K fEi
1 OIEEEHY OV ZIEE THER S NI KB OFE R & &
SFFET 2. F7HA ORERPAAILS OHEICH 2K
[ DS THRBDK & WD T 2 LI M3
WAREORM S Zh o OBRTHHETEETH 5.

INETHONIBERLIY, KV, EEARY
VBRSNS USRS W B A 0 R R
JobBEUEETH D, FHEIVERFECRIRETH 2 2 L H
biroiz, Flz, KV AREH RS OB IE A HE
THBZEeWmEN. LaL, SV AZEC L D)
SR BB AT RE 72 R T A AR TS S R TR T I B
S5NBZHDTHY, POV AXREHEIZT S 7% Y7
2bDIBoNE s, ERCEBMROBREICHNS

(d)

Fig.5 Surface of muscle semi-tendinosus and Krakauer wurst irradiated
by pulsed light (b, d) and control (a, ¢)
Muscle semi-tendinosus and Krakauer wurst were observed by
scanning electron microscopy before and after light pulse irradia-
tion. (a), (b) : muscle semi-tendinosus , (c), (d): Krakauer wurst (a)

and (c) : before irradiation.

(b) and (d): after irradiated 15 times.
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