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Boiled young sardines produced in Tokushima Prefecture are untreated and additive-free, and it is difficult to
maintain their quality since they can stay at their best for only 2 to 3 days. In this study, we examined the
growth of bacteria in the boiled young sardines irradiated with ultraviolet light from an ultraviolet light-emitting
diode (UV LED : peak wavelength, 280 nm). First, numbers of bacteria in general and various genera of the
bacteria in the packaged boiled young sardines were determined using standard agar, mannitol salt agar with
egg volk, violet red bile agar, X-SAL agar, and ES Vibrio agar. From the boiled sardine were isolated 50 strains
growing on the standard agar and 10 strains growing on the mannitol salt agar with egg yolk. The strains were
phylogenetically analyzed, and four groups of isolates were found to be dominant, and related to Psychrobacter
species, Kocuria rhizophila, Staphylococcus sciuri, and Macrococcus caseolyticus, respectively. These four
dominant isolates were irradiated with the UV LED for 3 s, and 99% of the bacteria died. Boiled sardine
irradiated for over 60 s contained bacteria in general at significantly smaller numbers than the non-irradiated
boiled sardine. Furthermore, the numbers of bacteria in general in the irradiated boiled sardine after storage for
48 hours in a refrigerator were smaller than those in the non-irradiated samples stored under the same
conditions. These results demonstrated that UV LED irradiation has a bactericidal effect, and can suppress the
growth of bacteria in boiled sardine. (Accepted 9 January 2019)
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free (7%H0)/Non-thermal (JEINZR)/Bactericidal effect (FXB#I#) /Growth suppression (EFEEIH]).
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ML ELBEOL VKRB TOREDRREIHED SNT
BY, LoTiiBI 2 IEMBREBMIHREOE EIC
H5bo

AT, BHTLLTOBERFHMOLEELZH
e L, JEMBA OB 2 RO D7
®, UV LED (Ultraviolet light-emitting diode) @ B
BHZ X AL ST ORBRE 2R L7
BB, FOEEZEIC, UVA (320-400 nm),
UVB (280-320 nm), 3 XU°UVC (200-280 nm) @
JHEBICRSENBY, HTH, UVCIRELBVERHE
HE2HELTED, ShITA#S 72 EKELLT,
ZRRK, BIUKL RYOREHREIHVONTE L,
L2L, 20174 8 H16H IZRBREH BB S h, HE
KEUERBG R, —REBHAOBEKART v 7122V T
BEHAB L OCREBEORE I RE L (20204£12H31
HHEEHFAE) . chHoKBE7 v 7oREL LT, LED
ORBA~OIGHHEEhTWE, K5 V7L, Eh
2L KRORBOGHREEYDH 2 2 LTz T, REK
YDV BRT TR TRARD 2 RETE vt
LED 3B I, KET b miihaRETL L
PR TH D, L 61, BEKRT ¥ 713185 nm B &
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BUHRTH LI D, Br BBt LEARE
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Fx1T, TTEHTLOTOBMEWHRRRLHEL,
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2z QOBFRELRD), 155MAEYFA4 ILEY,
HOMBEBROFREYF A XHOLBAZ, ELOH
(8590xg, 54+, 4T) L, 03 mM Y v B&&EHR
KTIOEBEE A LH)ICHABL, ChEEHBITLS
THREVFA BB E Lz 2B, LOTORERAE
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_10_



Vol47, Nob (2019)

Heat sink

WA AR TANTIOIA

NI

1 Center |
Plastic petri dish (¢53) 280 nm LED

193
B
Lo}
-y
Z st
Z
= 6ot
£
£ w0t
i L
E 0 300 300 400 500
Wavelength (nm)
D ,
31 O |:|'|:| Oox o
oboooo o
enter
O o EI a O
O l:l E] | O

Center

The inner diameter of the dish (q)53)
(unit: mm)

Fig. 1. UV-LEDs used in this study. A. Illumination source with 32 LEDs emitting light
with a peak wavelength of 280 nm. B. UV-LED radiation spectrum. C. Diagram of the
UV-LED irradiation setup. D. Diagram of the positions UV-LED for light application to

the surface of an experimental sample.

reagent for DNA (¥ % 5/34 +#) % H\»T DNA #
H % 47\v>, Bacterial 16S rDNA PCR Kit (¥ %1 534
T DTIA<—nH, FAFy POFHFEICED
TPCRRIEZETo720 1 %7 A 00— A7V TOERK
Bj#%, NucleoSpin Gel and PCR Clean—up (% % 5%
4 4®) =ML TPCR BB oMM ZIT o720 &
EEF|OPsElX, Bacterial 16S rDNA PCR Kit D75 4
=RV T, Y= Iy TEMNELL: (2-a7 4
YY) 37 AW BHN16S rDNA BRSOV
“C, National Center for Biotechnology Information 35 X
F DNA Data Bank of Japan ® Basic Local Alignment
Search Tool % AV CTHREMRE L, RHEBTICHW .

5. UV LED (280 nm) BE%E

LED i, NCSU234AE (HHEA LT M) % H\,
ZDLED # EMICERE L - HE%E (B FLE
) EEBIHEALE (Fig. 1 Ao BEIARS g,
RVFF xRV HEEE (MCPD—3700A, KFE
F#) #EHALCHEL”Z (Fig. 1 Blo ZOMEE—
713280 nm Th Y, PEEIEIL275-285 nm TH - 72,
280 nm IZ BT A METREER, 74 b AF—FEY
#— (PD-300-UV, B+ 71 =NV x3V) 2z
72BERT (NOVA II, 8 74 — VP x28y) Tl
L7 1@ LED (IF=300 mA) T, MREEHEEL
mm CHELER 111 mW/em®Tholz. RERTI,

LED20MEIC & Y B~ DOHG 21T o 727:% (Fig. 1 D),
AT AoV ¥ —8i3, 1 REFEET2200 J/m? 3R
MEHT6700 J/m?, 5 RIRETT11000 J/m?, 108 IR
§5T22000 J/m?, 2080 FIBR 4 T44000 J/m? 308 M
51767000 J/m?, 60% B IR 4 T130000 J/m?, 12080
HREHC270000 J/m*CTdh o 720

6. 2BITL ST HEMKDIRE

BEREIZIZ, BT L ST 00558 L7 Psychrobacter
sp. (P. faecalis, P. pulmonis), Kocuria rhizophila,
Staphylococcus suciuri, Macrococcus caseolyticus &L
B E M L7z. sBEPR% 5 ml LB Bi#T35C, 16—
18 iR E RS # %, H O RE (6570xg, 347M, 47T)
WCEYEEL, 085% (w/v) EHAHRKTRE £&
Bz 24T 5720 BIBREID ODgeo e d L1, 0.85%
APAEKTIOO cells/ml ICRAR L, ThzRBRERS
WE L, MBLA-BERER 7ml %2, 30CT55Mm
B, 79AFv 27 v¥—L (¢53 mm : IWAKI EL
By yva, B=) \J0EL, 77250, BE
BE LSBT Z10 mm & E L7 (Fig 1
Clo LED &, ¥+ —LOEZENIC0EH—IZESL D
L7z (Fig. 1 D)o 30CICRRE LA v FaxR—¥%—
WT, E»STFHRAWL, 3, 5, 10, 2000E B %
Tol, BEHE Wl E085%4EMAEKTIOGEREA
ML, SAHFEE SCDLP BRI HIZEA L, 35T T8
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BESEREOLERBZRAEERRE L, RARE
(N, & tBmEEHEoERE (V) cbeiz, X (1)
MOEEE NS Log survival ratio B HOEEL L
y

Log survival ratio = Log (V, / N,) (1)
ETOERITIIMAIE L, FMIIFHELSD TRL .
7. 2BRFLSTORE

BEL-EHTLOTH1g %, 653 mm DT IR
Fo Iy —LIZELZLEWEHICHNR, 6. IZEEHL

k91, BCIKREELA Y FaX—F—-HNHTUV
(280 nm) %5, 10, 30, 60, 1208 HIERET L7z FESTER,

2. TEREBLAZEIIICKEYFA X217, EEATE
HIEREMIZEBA L, 3BT CIMEEREFT L2
O=—%, —BMERAEERKE Lz, FkICLT, #
BRI OERREZF L, BEHEORBOAREE
BL7. £/, ERHSB I UCRFZORE MEIER
L7c i e N C48RF R ARTE (3C) L, MIBRICARE
PRE L. £ ToEBIZ 3 AR L, BiEIZFIgE+
SD T% L7

KEBEFERROER

1. EBTLSTOWEYERHAE
EBTLOTOMAEWMHRRRZRAET 272012,

Ny r—VmENRE L, FEERN L SRR

HOWT—iMIR, 7 FoRERE, KERE Fver

SEW, €7V ERROEREEEHE L7z, Table 112,

EHTFLOTO 1 g U 0K ECRE I N0

RN R: g

——BERLL, —HBMIE$U36280 CFU/g, 7 FER
BREARBUE, 2800 CFU/g Thotze ZDOW, IIH
O % 7R L7 B $213900 CFU/g Th oo ZDORER
»H, TRoRFELHEESNAMERII —BMAREHO
5% % DB ERTh ol BB, —RAEEL
EREEETED SN (—BEHRAE 1 g Y
720100000 LL FTHAH I &) %L THBH, BH
WAROBEEETCRHOAENEETH 2 KIGHE,
Y7 FEH, YVERTBREIIARINTH - 72,

2. ZH\T U 57T BRI BEEKD R

— MBS0k, B L OBEM~ = v b AR A
LM N7 B IREHEE RO (9B 8 BUS AR
FRRERETHFNENEK) 122V, 16S
rDNA (#15 kb) OEHERFNEBTTHZLI2EDHR
HIRNT 24T > 72 (Table 2)o DR, RERL-HK
60BE D H1 T16S rDNA EERH 2 BT 35 Z LA TE
72578kIE, TRI2EIZHEE N, ¢ P oFEEEE R

Table 1. Numbers of the isolates from packaged boiled sardine
growing on each selective medium.

CFU/g
Mannitol salt agar

Standaﬂrd with egg yolk” X'ilolet re((i_ X»SA} ES Vibrrio
ile agar ar agar
agar EY EY 7 ga ag g
6,278 1,900 900 0 0 0

The number of bacterial colonies was counted after cultivation on agar
specific for the growth of each bacterial species :

“standard agar for bacteria in general ;

* mannitol salt agar with egg yolk for Staphylococcus sp. :

‘violet red bile agar for coliform bacteria ;

?X-SAL agar for Salmonella sp. :

“ES Vibrio agar for Vibrio sp.

/Egg-yolk reaction : negative.

#Egg-yolk reaction : positive.

Table 2. Numbers of the isolates related to the bacterial species based on phylogenetic analysis using 16S rDNA

sequences.

Media Species No. of isolates (%) Subtotal (%)
Psychrobacter spp. (P. pulmonis or P. faecalis) 19 (38) 19 (38)
Kocuria rhizophila 15 (30) 15 (30)
Staphylococcus sciuri 5 (10) g (16)

SA“ Staphylococcus saprophyticus 3 (6)
Macrococcus caseolyticus 3 (6) 3 (6)
Enterococcus gallinarum 2 4) 2 (4)
Unidentified 3 (6) 3 (6)
Total 50 (100) 50 (100)

Staphylococcus equorum 2 (20)
Staphylococcus saprophyticus 2 (20) 6 (60)

Staphylococcus lentus 1 (10)

MSEY" Staphylococcus warneri 1 (10)
Planococcus maritimus 2 (20) 2 (20)
Macrococcus caseolyticus 1 (10) 1 (10)
Kushneria indalinina 1 (10 1 (10)
Total 10 (100) 10 (100)

“standard agar ; * mannitol salt agar with egg yolk
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ORBIIME I Nk d ol — #k MBS0k P19tk

(38%) L& % MM & Psychrobacter plumonis,

B X U Psychrobacter faecalis & ¥ #% 7 Bk 1, 16S
rDNA BLHEEAT Tk, BIZF—0EERV2ELTBH

DHBITE 2D o779, Psychrobacter sp. & L7211,

Psychrobacter BiZ, Hr=705 43751 7THRIZE
§ % Moraxella kD 7 7 LABEHOKBRE T, iHEMHOK
HETHY, WALHEK AOEBERTT, KRREL
TIMTRES, BA, b oMBL EOSRLREREND
SEIhE Y, BRTLLT MR EEER P.
pulmonis CCUG 46240" #kid, T30 9 > MtkDMiA &
Mo CHEESR'Y, WU LB P. faecalis DSM
14664 #kiz, /N P OEFETHERINBEOFRICL -
THRENLNAFAZT OV LEBESRTHS Y,
WIZH L SN & L% % Kocuria rhizophila
(30%) 2BY % Kocuria 8%, 75 LABHEOKETD
D, WIBOKEAL G 8, HE, BIEY HKPHEE
Bhrhonisng'®, 3FRICETHEINHRE
F#k % Staphylococcus sciuri (10%) &, + ¥ —+¥
WO 7 FYRET, FICBHYHROMERETHY, L
B0 K BEREORE,ISLSESND'T, S
sciuri & AU 5 EERRP10% OEIE TRD L bk

¥ 7% Macrococcus caseolyticus %, 75 LAEHEDOIKRE T,

47, o ERMIELErLSENE Y,

BN TARBRRELEE T RYEREREN
EINTHEIEBLZ24H% 2 H0BERETHL L
MR EN7-AH (Table 1), 16S rDNA (2 X % %%
MofRTIE, BEEEREMTHEEINTHRDLI6%HE
BThoTe T72, Staphviococcus JBDRINGHERHC
HHIEM~ > = v bREF M2 5 58 L 72108k,
Staphylococcus J& & ABE LRI 6K TH D, ZoOfic
Planococcus maritimus &R ED 28K, M. caseolyticus
LR RRA LR, Kushneria indalinina & 55 e ¥RDS
1S EE SN, BEN~ Y=y PREEREEIT,
75% O IR % R U T Staphylococcus J& LA Ol
RORBELWHTH2ENERTH Y, P. maritimus 13
0-17%D NaClEETTHEE L', M caseolyticus
1310% O NaCl T CEE ", K. indalinina 135 -
175%NaCl TEFWRETH >, 2 THHERTH L Z
Ehh, INOPEFLLEEZ LN,

3. DEEFKICXT B UV LED (280 nm) DFREHEHE

BEIC OB S Wiz 4 DO ERICT T O,
hZhoREARBKRISHT S UV (280 nm) OB %
ML 72, WHEMHE SN BHBEOT T, BRIEH
HiT& o 72 Psychrobacter sp. & L&k ki, 10808 @
B CREBEALUTICE TRE S (Fig. 2A). 2w
THREBHA L D - 72 K. rhizophila & TR, 2080
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Fig. 2. Time-course changes in the survival rates of the four
dominant strains after UV-LED irradiation. A. Strain related to
Psychrobacter sp. B. Strain related to Kocuria rhizophila. C.
Strain related to Staphylococcus sciuri. D. Strain related to
Macrococcus caseolyticus. The cells were inoculated at 10°
CFU/ml. Survival at <10 CFU/ml (lower limit of detection) is
noted in the dotted line as 7-log unit reductions.

B ORI L ) BIHBRAEC £ TRE S (Fig 2B),
S3HEBIKRHBBDE o7 S, sciuri &I RIZRD
BZUDE L, SHHOBH TREBBRALTIZE TRE
shiz (Fig. 20 4FHICRBBDOS o 72 M.
caseolyticus & IR MRIE, K. rhizophila & ¥ kkE
UL, 200 MBECTRIBRALLT L 2 -7 (Fig. 2D).
B, REBRO UV BEUAO TR, SGITRET
TITo 72720, MBEOKEIEIC L 2 EBFRE I
SNTVALTEEIEZ OGNS, L2LAVS, EED
ZRITLOTHETHRICBVTIREEOATHET S
LIIREETH B A, ERALEER UAERIZHOLLT B
TTiTo70 BREMIZOVWTIE, BTICTEREZIT-
72

VLRI S, 4A5EHEhThoRERT, 3
BORELIRIZ L V9B LORREIMETH S 2 &
VHLPE o7, ING4A5ERE, EHTLLTR
5o S s — RS0 458 (90%) 2 HEDHTH
D (Table 2), L5FICEH UV LED (280 nm) %M
W52 ET, ZOREMBEEEKIEERTE 5 hE
EXAN 23 (WA

T/, UVRZHOED - -k E k7 Psychrobacter
sp. (Fig. 2A) 375 2BHRETH Y, PREV MY
R L7oBk &R K. rhizophila & M. caseolyticus
(Figs. 2B and D) &, 75 2BHHETH S, UVCITH
THMBEORKZMIE, L LTDNABEICRERL, 7
I ABEHEY S I ABHRE L ) BV EEEShTRE ',
BT, BABFEIZBIT L IS 5BERICH T 5280 nm
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O UV B2, ZoBRHBoREEEn s —FLTw
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4. EBFLSTICHITS UV LED (280 nm) BBEI%H

Roest

1. T, EHTLOTHRET 5 BB KL e
L (Table 1), 2. THBERATHRIE, 58 6 MK
L&z (Table 2)o 3. TRABLAZBHITLLTHS
BEHYICOBE SN2 4 DO EBE, O BALE LT D
WX % UV (280 nm) OB M T, 4 BKET
T, 3WHEOBELEIZ X V9% U EOBRE A EET
HLZEPHONE -T2 (Fig 2)o FZTRIZ, &
BIFLSTICHEBE UV (280 nm) ZEEE L, 204y
HROEBER R &G L7z
FEERICHEALE2HTLSTomMIIAETIE, £LS

T LTKBIFREDICES T S W, GHERfF SR,

WEZEHLETRALRER Ty r—V &b, £2
T, EHTLSTOREBIC X 2MEHEROE(LEH
N5, BHEEHREY 3T T2REME, 48[, 728
B L0 —BME B2 RE Lz ZORE, ok
H£135990 CFU/g Th o 7255, R4 E T
11,900 CFU/g (1.98f%) (2HEm L, 48K¢R % Ti1x50,800
CFU/g (848f%) LBHZEIIHIML, 72WEMI1%1213245,000
CFU/g (409%%) \ZFCTHIMTAZ LA Hh -7 (data
not shown), ZOFEEAS, UV (280 nm) MBEIZL 2
EHTL ST OMEWAELIROFHETIX, WEkiRAF
48R TR O — IR B O E BB A FRIE & L7z
ZHIFLST1g% ¢53 mm DY v—VIZJEF, UV
(280 nm) % 5 —1208bMIHRET L, 2BAF3 5 — MM %
PRETHILIZEDZORADHREZHREI LA (Fig.
3o ZOMER, 0B L1200 OmEHC LY,
IEEAFHI BT 2B L RBR LA BICARRERL T
EHLTENHONE RS (P < 005 vs. HEHRSE A
W), F7-, EREREE 3T C4SKEMRIF RO —#R
MEEE, SRR O MRS R & B L C7.3/51C
WimL7:-A%, —7%, UV (280 nm) #60F0MLLLERE L
AR OASKE B RTE RIS BT 5 — MR L, BEIE

Ghole LEOERELS, EHTFLLTADOUV
LED (280 nm) DR X 2RERR B & UG IPH]
FEAFEH SN, EMORBLE~OISHEI RE SR
120

B#C BT, 294 AF—XOKREEA LIzRH
#WReHW (Escherichia coli, Salmonella typhimurium,
Listeria monocytogenes) %x%12266 nm—279 nm D
RO LED I X 2BRERHRIBEF SN TBY Y, 279 nm
ZFWEEL TS LED 2B LR TR, 300 [/m?®
BE T ANVF—8IZE Y 3-4 logs (CFU/g) ORBIH

H A BB eFE K58

5.5
E‘, 5 * %
2 .
3] 45
A * o
z
3 35t
-1
§ %

0

0 5 10 30 60 120 5 10 30 60 120
A B

Irradiation time (s)

Fig. 3. A. Viable bacterial cell counts of the boiled sardine irra-
diated with 280-nm UV light for 5 to 120 s. B. Viable bacterial
cell counts of the irradiated and non-irradiated samples after
storage at 3°C in the dark for 48 hours. Bars indicate the
standard deviation from three independent experiments. Sig-
nificant differences (*P < 0.05 and **P < 001) are indicated
relative to the viable bacterial cell counts of the non-irradiated
samples.

MEINTVDE, ZhIHL, EHBITFLSTORL XV
OFHEIZIE, 130000 J/m° (60 RS ML EoREE
REL7, 2, 280 nm DNAWEDOEKEIZ LA
PENLZVWILIRRTLIODEEZEZLN, 254 A
F— A TS e RE L IZRA S AR I3 2 RS
Tholz7z0l2, PHEVIANVF—ETEHRIIIHE S
hi=ZehEzZzbhb, ZRIIHLT, EHFLLTT
ERSREZT TR R, ZORAB L URE I TH A
WEHIZOHEITFIEL TWAHDIZ, BLRXVOFRE
MEEHLDI0E, BEBIBNTERITLLTES
KR 2 TAI LY, &ETORMFEE EOME
2T 7 { SRAVEATIL S N B B A D B &R L 72
F72, 280 nm UV OEGMTADBRAIZBWTIE, %
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O3 REME ST 2 MO RERRIHR I N, F72,
UV (280 nm) #&H{IFLOTICEERITLZLICE
BEWAAE B L UHERHEIIHIR) R % 57l L 720 60FV DR
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