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ABSTRACT

The intrinsic fluorescence method is effective for microbial identification and characterization,
but there is a need for such a method for monitoring fermentation—related bacteria in fermented
food. This methodology is based on monitoring live bacteria that contain a variety of intracellular
biomolecules harboring specific emitting photons following excitation by ultraviolet (UV) radiation
that characterize their intrinsic fluorescence; however, UV photons can damage cells. Therefore,
a safety assessment of the developed method is required before it is used in the food industry
to distinguish and enumerate food—associated bacteria. In this study, six lactic acid bacteria
(LAB) strains were exposed to UV for four weeks (total irradiation time: 3,009 min) and their
safety, including hemolytic activity, undesirable biochemical characteristics, and antibiotic
resistance, was evaluated. Moreover, LAB growth inhibition by a UV treatment was also investigated.
The results indicated that the six UV—treated LAB strains did not pose any health risk, as they
were not hemolytic, exhibited no undesirable biochemical activity, and no antibiotic resistance.
Nevertheless, prolonged UV radiation (3,009 min) caused LAB growth inhibition, and that the
effect was different depending on the LAB strain and LAB culture medium. Among the six LAB
strains, the growth of two strains cultivated in MRS at —1.5°C was inhibited by long—term
UV radiation. On the other hand, the same treatment with UV radiation did not affect the
growth of any of the six strains cultivated in kimchi filtrate. Therefore, the intrinsic fluorescence
method can be used safely in the food (kimchi) industry for the identification of LAB strains
and monitoring their growth during fermentation.
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AR B2’ 2kt Lactobacillus plantarum
HD1(Ryu et al. 2014), Lactobacillus sakei SC1(Moon
et al, 2015), Leuconostoc citreum GR1(Moon et al,
2018), Leuconostoc mesenteroides TA(Lee & Chang
HC 2016), Weissella koreensis SK(Kim 2015), Weissella
cibaria EB1(Chae et al, 2018) 65-& ARSIt 4t
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A Diagram of photodiode device used.

B! Picture of photodiode device used.
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Fig. 1. Photodiode used in this experiment.
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Table 1. APl ZYM analysis of the enzyme activities of lactic acid bacteria

LAB strain L. citreun GR1 L. mesenteroides TA Lb. plantarum HD1
Enzyme Control  UV-treated Control ~ UV-treated Control ~ UV-treated
Control - - - - , —
Alkaline phosphate - - - - - _
Esterase(C4) - - - - , _
Esterase lipase(C8) - - - - _ _
Lipase(C14) - - - - - _
Leucine arylamidase - - - - + ¥
Valine arylamidase - - - - i ¥

Crystine arylamidase - - - -
Trypsin - - - - - _
a —Chymotrypsin - - - - - _
Acid phosphatase - - - - . _
Naphthol-AS-BI-phosphohydrolase - - - - - _
a —Galactosidase - - - - _ _
B —Galactosidase - - - - i ¥
B —Glucuronidase - - - - _ _
a —Glucosidase - - - -
B —Glucosidase - - + +
N-Acetyl- 8 —glucosaminidase - - - -
a —Mannosidase - - - - _ _

a —Fucosidase - - - - _ _

LAB strain Lb. sakei SC1 W, koreensis SK W. cibaria EB1

Enzyme Control  UV-treated Control ~ UV-treated Control ~ UV-treated
Control - - — _ _ —

+ +
+ +

Alkaline phosphate - - - - - _
Esterase(C4) - _ _ _ _ _
Esterase lipase(C8) - - - - _ _
Lipase(C14) - - - - , _
Leucine arylamidase
Valine arylamidase
Crystine arylamidase - - - - - _
Trypsin - - - - - _
a —Chymotrypsin - - - - - _
Acid phosphatase - - - - + +
Naphthol-AS-BI-phosphohydrolase - - - - - _
a —Galactosidase - - - - _ _
£ —Galactosidase - - - - _ _
£ —Glucuronidase - - - - _ _
a —Glucosidase - - - - _ _
B —Glucosidase - - - - _ _
N-Acetyl- 8 —glucosaminidase - - - - - _
a—Mannosidase - - - - - _
a —Fucosidase - - - - - _
LAB were cultivated in MRS at 30°C and kimchi filtrate at —1.5°C, respectively.

F|F

A3k

(50~3,009%) A Z=AME okt vl =30, 4. XM ZAPL Q4RO M0 O|X| =
-1.5C)9k BllA] FFAMRS, AR w2} AlgYs) 1) MRS HjA, 30T ®jo¥
S ol Fikte] 884, FelEaagd, A gt 2 622 Z12E MRS BlA|ol] HE(S log CFU/TIL)

T2 faft 579 wishes dEEA 5 & < S 3 3 30C oA 2447 wjokslEA ApeHL & 505
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Table 2. Minimum inhibitory concentrations (MIC) of antibiotics for lactic acid bacteria

Antibiotics” MIC (gg/mL)
LAB strain AMP VAN GEN KAN STR ERY TET CHL
Break points for Zeuconostoc sp. 2 nr. 16 16 64 1 8 4
L. citreum Control” 0.5 >512 2 16 32 0.06 1 4
GR1 UV-treated”” 0.5 512 2 16 32 0.06 1 4
L. mesenteroides Control 2 >512 0.125 1 2 0.06 4 4
TA UV-treated 2 >512 0.125 1 2 0.06 4 4
Break points for Zactobacillus plantarun? 2 n.r.? 16 64 n.r. 1 32 8
Lb. plantarum Control 2 >512 0.5 16 4 0.125 16 4
HD1 UV-treated 2 >512 0.5 16 4 0.125 16 4
Break Points for Lzzctobac{//us 4 or 16 64 64 ] 8 4
facultative heterofermentative
Lb. sakel Control 4 >512 0.25 4 2 1 8 4
SC1 UV-treated 4 >512 0.25 4 2 1 8 4
Break points for Weissella sp. na.?
Reference data for Weissella cibaria®®  0.5~2 256~1024 0.25~1024 4~1024 4~4096 0.25~8 2~16 2~8
W, cibaria Control 1 >512 1 8 4 0.12 2 4
EB1 UV-treated 1 >512 1 8 4 0.12 2 4
Reference data for Weissella koreensit® — >10 1024 32 512 128 >15 1 >30
W, koreensis Control 0.5 128 2 8 4 0.25 0.5 1
SK UV-treated 0.5 128 2 8 4 0.25 0.5 1

D AMP : ampicillin, VAN : vancomycin, GEN : gentamycin, KAN : kanamycin, STR : streptomycin, ERY :
erythromycin, TET : tetracycline, CHL : chloramphenicol
2 Breakpoints were according to the guidelines of the EFSA(EFSA, 2012)

¥ nr. @ not required

9 na. : not available

“Control: non-UV (355 nm) treated lactic acid bacteria in MRS or kimchi filtrate
“UV-treated: UV (355 nm) treated lactic acid bacteria in MRS or kimchi filtrate
RD Munioz—Atienza et al. 2013; Jeong & Lee 2015; Choi et al. 2018

%2 Anandharaj et al. 2015; Choi et al. 2018

Table 3. Viable cell counts of lactic acid bacteria
Unit: log CFU/mL

. UV (355 nm) Non—-UV treated UV treated t—value

LAB strain

L. atreum GR1 9.52 + 0.02 9.57 + 0.11 -0.668™Y
L. mesenteroides TA 9.50 + 0.01 9.50 + 0.10 0.215™
Lb. plantarum HD1 9.66 + 0.01 9.65 + 0.12 0.245™
Lb. sakei SC1 9.10 + 0.03 9.14 + 0.09 -0.938™
W, koreensis SK 8.97 + 0.04 8.94 + 0.18 0.454™
W, cibaria EB1 9.20 + 0.10 9.22 + 0.05 -0.676™

Each LAB strain was incubated at 30°C in MRS for 24 hours with/without UV-radiation (355 nm) and the number
of viable cells were counted.

UV was irradiated into LAB for a total time of 50 min (5 min on and 155 min off UV-switch).

Data represents mean + SD (n=3).

UNS: not significantly different between the groups.
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CFU/mLE Z¥7} F &, AL Byt meQ] -1,
5TolM 45 F<t vidshar Aelds ARG
e AL Rt Aol viAE d3 BlEel

Time (hours)

LAB strain A B
10 10
9 ]
8 8
i 30
- 5] =}
L. citreum 55 55
g ! B 4
GR1 < s <3
2 2 -
. <0 Control —@— UV—treated i @~ Control —e—UV-treated
0 0
0 6 12 18 30 0 6 12 18 24 30
Time (hours) Time (hours)
10 10
9 9
8 8
7 7
L. mesenteroides & 5 55
w 4 w 4
TA <3 < 3
2 2
1 <@ Control —@—UV-treated 1 ++0-+ Control —@—UV—treated
0 0
0 6 12 18 30 0 6 12 18 24 30
Time (hours) ‘Time (hours)
10 10
9 9
8 8
i 36
=} (=T
Lb. plantarum 55 5 5
w 4 w 4
HD1 < s <3
2 2
1 @ Control ——@=—UV-—treated 1 -0 Control —@—UV-treated
0 0
0 6 12 18 30 0 6 12 18 24 30
Time (hours) Time (hours)
10 10
9 9
8 8
ie 30
- 5. 50
Lb. sakei g5 55
® 4 ¥ 4
SC1 23 < s
2 2
i <@ Control —@—UV—treated N @ Control —@— UV—treated
0 0
0 6 12 18 30 0 6 12 18 24 30
Time (hours) Time (hours)
10 10
) 9
8 8
2o Eo
7 = =T
W. koreensis B 5 E s
o o
» 4 » 4
SK <3 <3
2 2
1 @ Control —@— UV—treated 1 -+@-- Control —@—UV—treated
[ 0
0 6 12 18 30 0 6 12 18 24 30
Time (hours) ‘Time (hours)
10 10
9 8
8 8
7 7
. . g 6 g 6
W. cibaria 5 5 B 5
o o
w 4 w 4
EB1 23 < s
2 2
1 @+ conotrol —@—UV-—treated 1 =@ Control —@=—UV—treated
0 0
0 6 12 18 30 0 6 12 18 24 30

Time (hours)

A: Treatment of UV (355 nm) in MRS broth at —1.5°C for 3 days (total irradiation time: 322 min).
B: Treatment of UV (355 nm) in kimchi filtrate at —1.5°C for 3 days (total irradiation time: 322 min).
A and B culture was inoculated (1%) in MRS broth and incubated at 30°C for 30 hours.

Fig. 2. Growth of lactic acid bacteria treated UV for 322 min.
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A: Treatment of UV (355 nm) in MRS broth at —1.5C for 28 days (total irradiation time: 3,009 min).
B: Treatment of UV (355 nm) in kimchi filtrate at —1.5C for 28 days (total irradiation time: 3,009 min).
A and B culture was inoculated (1%) in MRS broth and incubated at 30°C for 30 hours.

Fig. 3. Growth of lactic acid bacteria treated UV for 3,009 min.
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