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Chemical changes in resazurin by probiotics and its application for
evaluating living bacterial cell counts and their reduction potentials
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Abstract Resazurin, an oxidized blue dye, is reduced to resorufin, showing a peak absorbance change and emitting
fluorescence due to the metabolic activity of living cells. In this study, the growth of Lactobacillus rhamnosus GG (LGG)
and the redox potential of living probiotic bacteria were evaluated based on changes in the absorbance or fluorescence of
resazurin. Fluorescence analysis is a more accurate and sensitive method for quantifying viable LGG than the colorimetric
absorbance measurement of resazurin change. Fluorescence measurement could detect LGG of 6.5-9.5 log CFU/mL within
30 min with R>=0.99. No significant effect of further reduction of resorufin to dihydroresorufin by LGG was observed.
Various probiotics showed different resazurin-reducing activities, and L. kimchicus had the highest reducing activity among
the six probiotics tested. These findings suggests that fluorescence measurement in a resazurin-based assay is useful for
analyzing bacterial growth and the redox potential of living probiotics.
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#H| A5 (resazurin, 7-hydroxy-3H-phenoxazin-3-onel0-oxide)
54, 784, AN Astd P dEE Mxe] Atsiskd
o) e A3t FE He A9 H4FH (resorufin) O &
Sh =Y, olefst I g ¥stE SAste mEy Thdst
A Alze] AL =S AAT F T (Mariscal T, 2009;
O’brien &, 2000; Vega-Avila 5, 2011). 34, #AFHLE tho]s}
ol =2 &FH(dihydroresorufin) &2 T o] HyPE 4 U&=
tl, PAaFHAAN HGAFAOZ ] Ash= B7HF o} thol o]
E2HATFHANAN HaFHORY Ase Ata EA st 71
Holgtx B EJTHGuerin &, 2001). BAFHLS 52 v)Ay

T 2e Flske AxEA E8E9er H 4 H7HED
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2 H7KSarker 5, 2007) 5ol o8 v} St} SARE Aol <]
g #Age] FE5A, 348 Ws va 9 Sz Hd
sl AER v} glon, #AaFdA o] E2y AT 29
718k o gl ZIupo| QEX o] WE AE UE YR
AL disire A A4 bt gl
2 AFoxE AFHAA dE AREE =Y F9 wihy
A& A SHERC] 7L e o2 HE B
3 A AR Al2Hle] 7HEsE 93 R €8s
2} st} o1& 8l Lactobacillus rhamnosus GG
1A sheh wWstel Fegt w4 g0l
L[RIES Fofat, AT 2N E Shd o
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FAbd HlFol A% WA MRS agar % broth= Difco
(Detroit, MI, USA)A 43ttt A& AR HAFA
(resazurin  sodium salt)¥?} B A&FH-2  Sigma-Aldrich Co. (St.
Louis, MO, USA)IA F+943t12™  3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT)= Amresco (Solon, OH,
USAYPIA F4313dtt. o] 9ol Agol AR8-gt BE A9k Sigma-
Aldricholl Al -9} 8t ARE-3F3A T

A ZF 9 ik =

IZEup| QYA 7|5 7 §AWE Lactobacillus rhamnosus
GG (American Type Culture Collection: ATCC) 53103,
Lactobacillus  plantarum ATCC 8014, Lactobacillus casei ATCC
393, Lactococcus lactis ATCC 11454, Lactobacillus kimchicus
(Korean Collection for Type Cultures: KCTC) 12976, Leuconostoc
mesenteroides KCTC 3530 A3l o] &3ttt #59 iU
9al MRS agar® MRS broth (Difco)S AME3IA L, Leu.
mesenteroides (KCTC 3530y= 30°Col|lA], T2 559 5+ 35°C
oA 24A17F BRE B T, 2-335] Al T SASIAIA ARSI

Mol ofst Xt £ ¥ HESY Hs)

7} Zznlo] QElA FFEE MRS broth MR 1% HEsle] 30
e 35°CelA 24A17F BRE vikel = ulS 4] (2,500xg,
58, RT) (C12000, HWLAB, Zhe Jiang, China)sl] ¢S 3|4
stith 343 #A12 PBSE 23] AlE % pBSol A@esly
I, 79 dFE da AEdsE A 3453 MRS agar
(Difco) HF viR|o]l =T3le] 30 T 35°ColA] 24487417 F<F
Hj ksl AlgstATt. o+ 34 &9(6.59.5 log CFU/ML)S
100 pM BIAFA(1:1, vy EF8E] 35°ColA 0-180% F<t wt
LA 7| DA ED)(2,500xg, 5%, RT) (Force 1418, Labnet
International, Inc., NJ, USA)3te] 45 353ttt 459
200 ulLE 96 well plateol] EF3}3L vlo]aZZFolE HE7]
(Spectra Max M3; Molecular device, Sunnylvale, CA, USA)E
o] g3k 570, 600 nmolA 4=} excitation 560 nm, emission
585 nmoll A F2S 24slnt Aol 93 AAFde] S9E
2 o] 2 o3| AXtet T

391 & (Reduction percentage)

_ SOXJ‘)OO nm % A570 nm_t, gOX7570 nm % A()OO nm_t,

ERED 600 nm < A600 nm_t, ~ ®RED_600 nm * Aszo nm_t,

€ox or repy AFSHOX) e FA(RED) #HAFAS] E53715
Asio i or 600 ot 370 FE= 600 mol|A %7] 4%
t, SFSAIZE X% 570 T=E 600 nmollA Q] FEE

> A570 nm or 600 nm

7t 2 4% &3

LGG 1% HFNg 35°C wg71oA 0-12417F F<F st
A g B AR RS AT B4 BYste], B &
d(600nm) B = H3 v os EAElt e A4S 9

3 Bl AZFE LGG Aol S35 600nmellA ST
T B v LGG S 0.85%2] Hdt A AFE
oA 34813 MRS agar (Difco) B3 #jx]ol] E@aled 35°C
ol Al 24-48A17F F1t Hi<Fste] AlGSATEH

Mol ot HAFE e 24

Aol ogk AT I e JFE LGGE o]&-3}e
2 Y. LGGE MRS broth HiX]o] &3l 35°CllA] 244]
7 ot ksl AAEE](2,500xg, 5%, RT) (HWLAB)&IY 3
43 #AZ PBSE 23] AlH&IT LGGY 34 896,595
log CFU/mML)S 400 uM Bl &F2(1:1, viv)z E8sted 35°CelA
0-240% 5t BESAIZ1AL A41E-2](6,000xg, 3%, RT) (1730MR,
Gyrozen Co., Ltd. Gyeonggi, Korea)s}®d ‘358 3|43 Tt. A+
S 200 uLE 96 well plateo]] #5313 wlo|TAZ2ZH0|E HE
7](Spectra Max M3)E ©]8-3t 570, 600 nmellA 3 ex.
560 nm, em. 585 nmel|A ¥F WH3}E =431

LStX|EA "It

7} Z2ulo| QA FF5 2447 St ket £, 2,500x g0l
A SR 7 iR st #AE 34 & PBSE 23] A S

olE A YAEE s 37} SRl AlEdEst

3L 70W, 50% amplitude, 30-40 tune®] ZZIA 50% on, 10%
off 7H40 = 103] wHesle] 233} TR 71(VCS0AT, Sonics Vibra
cell, CT, USAYE °ol&std #AIE sttt ol& 15,000xgl
Al 3R B AAlEEsE] e el TS A,
g geFe A8y dHETS FFEFZ 3t Coomassie
brilliant blue G250 ARg-3t] A3 TH(Bradford, 1976). 7+ +F
A o] A3}EER] AL 22 azinobis-(3-ethyl-benz-thiazoline-6-
sulfonic acid) (ABTS) (Re 5, 1999)¢} 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) (Blois, 1958) 2}t &A= =731
A ZRile] ABTS®} DPPH 2Ho|Z &AE4S 7t 400, 2500
pg/mLel dFehs AlET Ao = sAste] ZH AT

o

MTT 2hels E4

LGGS} L. kimchicus a2 3 538L vlwslr] 98l MTT
= AMgste] BASINT. LGGS Lo kimchicusE 1% HZE 38k
35°C wjF71oNA] 24A17F St Ble & fle} TS WHoe=w
A, daEelste] 0~808) AT SaNS A=A 2 34
g 5mLol 5mg/mLe MTT 500 uLE H7Fske] 158 &< vk
SA T, AAE(2,500xg, 3E)3te] #AE F]FATE o]
IN NaOHZ 1 mL £F3lo] A4S wfstr 24 Hell A=
MTT formazans £3[A1Z1 F 200 uLE 96 well plateol] #5-3}
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oy 550 nmoA] FFE=E =43 tH(Spectra Max M3). MTT #
Ao AME-E LGGS L. kimchicus= PBSZ A2 & d A2
Q42 A 34895 MRS agar (Difco)E ¥ wjx]o] =da}
o 35°ColA 24A17F FF viFate] Attt

SAHIXE|

ARAIR= 33] ol wA st WA+ EFAAE e 7—](
19 W gZ22He] fFolXl= Student’s estZ 95%9] ol
X AR eH oo wet Al & o] e thEHlae] A

A Aul X EAHEA (one-way ANOVA)Z Tukey’s HSD testS A
3t 95%9] FrolaEolA HASTh = W v 2wt

m>~

o

Baje] Wagros et
Z3 3 nE

LGGo| 2lgt B|XIF=2le| st S4 Hs)

AAFAL] B oMY FF SHERS BAY
Z, 600 nmellA Hdl FFYPGe BAoH o]F LGGe WA
Z< W 600 nmoIXM 9] =7t 4SS 570 nm=E Ho| §89
o] olFstTE ES WAt SR 600 nm T A9
749} 570 nm ¥ =9 %—7} ol H& dAEAL 570nm F
¥ FH=VE ANH oz FUEIHCHFig 1A). T3 B
AL LGGY A wHeAIZ S u] S AE| Fsddo] o

N rlJn

140

(A) @95 €92 A9 M86 083 ¢80
120 | A77 @74 O71 68 A6.5log CFU/mL

Reduction percentage (%)
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§ . O 15 (0.9984)
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A=HA 585 mmellA A ¥ F9S Uepilon, wkgA|7te]
S/HSE vas xge ’H%oﬂo_qa] 47w 7}
7FE S thFig. 1B). ©]# 3t 442 600 nmol|» z]r,ﬂ R O
7ML BgAgol fle "AFHe] LGGo ¢ A
A FF=9 FAAE 7K E gaFuoE FARHA] ek
= Aoz otEn, wgAIZte] St wet #AFEHCZ)
o] HE A=) oz AcdtEn
Aol Aol o3 HiFHo IPLUN T3
ol Wst FRiEThe AME o] &3t HATES
EH}'O]—?—Q-/—\— ‘@ﬂ- T ——Txo E&]——‘g— Jﬂ7]—o]—AA_L O]E
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A7 tha sl ont, BE S48l 29 LGGe] .
PARE F7Nel wet AR A&HoZ FHE ghol Bk
ek 10). 019 102, AATRe] BT D)2 3
Y(Fig. 1) WEH= 24417 olF A& o= ool =2 Hut
Wepaole] kst AR, 7 e e A5, the
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Fig. 2. Chemical changes of resazurin by LGG for different incubation periods and linear regression between resazurin reduction vs.
viable cell numbers. Resazurin was incubated with different numbers of living LGG (6.5-9.5 log CFU/mL) during different periods (15-180
min). At each incubation time, reduction rate from colorimetric changes (A) and fluorescence intensity (B) were analyzed. Linear regressions
between viable cell numbers vs. reduction percentage (C), or vs. fluorescence intensity (D) within linear region were shown with each
incubation period (correlation coefficient, R?). Each value represents the mean+SD (n=3).
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AYA A7t AT 7ol =i (Brugger 5, 2012), Z=21}

SEER2ES %;cz #T FAoz A 10°%-10°9 FHag Hele A
galA SAstrlol dAZF At wEA g
01%5 t”ol ZFEulo] Q¥ AE HIRZ T 4759 7

Az Jee Ads SAUNoE 889 4 o) o,

LGGO| 2[gt 2iXIFRle| walet MEM LI}

Fig. 19] A BA%d0] Belso] A4HE dAavn §

FEA Wstel PR dulgtel Ao ®iskE vwA A4
gt AT F IS HAFUeH, 53] 89 log CFU/ML
Hee] LGG Aol tigh 2 WIS UERlth(Fig. 1D, E).

oo Aol oJgk HAFU T4 B FFe| sk Wit A
Al Adpete] S 2R, T vESAIZR] e YA
s Wrlelnh. AAFES 6.5-9.5 log CFU/MLS LGGS} 0-
1803 Abolox AlZHS gEste] WHAIZl = £33 2 ¥4 W
3= B3 A3 AwrFo g i =of "kgA| 7] Hlg el &
% B o] Hsht = ATHFig. 2). ] ol o)gk g
7o) Whg-2 A 31EHA ®iskE o ot ZgATIA] &
e, 9.5 log CFUML LGGE HHSAIZE 302 o4, 9.2 log
CFU/mL LGGE WHg-AIZE 60% o] dollA] plateau E/do] el
ThFig. 2A, B). A Hstol] thdt HAde] SdE 9 %
W32 wkeA 7 Ao BAE A 9k 7E 1550
Al 6.5-9.5 log CFU/mL, 30314 6.5-9.2 log CFU/mL, 60l
A 65-89 log CFU/ML, 283 ¥HAI7F 90-18024 6.5-8.6
log CFU/ML & Atolell R=0.99 o]4ke] A#A#AAS B ATHFig.
2C, D).

B Ao AL3 15-180F Alo] thREE wRSA kA A
5 H3lol g eﬂXFrEM SHlERT 3 Wsle] 71877 o
A YERg S (data not shown), “J8AI R¥| #e =UTH(Fig.

o

S

=

2C, D). HEHOZ 308 WA 7t o] Aol tigh dixls
g FQEF FF W3S vsgSs v, 71e7E EE RE
O Zo} FHTHTRE JFEe 4o ¢ s 4345 &=

%f& # °l°iu}(Fig 3A) f‘&ﬁd E‘i *@&Toﬂ \‘41?1 lx}—rﬂ

i’%}%i% o, ?fé%%MW TS fojFoz e 3E E&l d*a‘
Ao A 77 S8 Agwe AEwrt ¢ E2 Zo
HtEthFig. 3B). 3, =% HI wjdye] AL 74]% 314
o] JFoz =24k 7+e] AL AX CVirel w$- =A Y
Wtk wEhA, ool 23t dixlsdle] ke 54 tﬂil: A&
wHr} P33 ZJ=E vwsks slo] Aoz o wizsia A3
g AFE AN F JS AR FoEH, TG =
b

HFE S BAS £ AFS AARET #A5dS pH 6.8

3 olstollA AL Hm, H4F¥S pH
6.8 °o]FellA HA pH 53 o]atellA] FEAE WEEMin and
Kang, 2011), 2toll 46& pH 72z Q8] kel Ad 84 =
Aol AgtslA] oM (Jung 5, 2017), ¥Rl 2|3t o] EA)
Aty BuE v JohO’brien %, 2000). £33 B AT =
MRS broth ZH|ol| ¢]&+ gx5=2le] T4 wWsle 2w rh(data
not shown). &3k Akt wix] HEE0] <3 1M eSS viAl
7] M E F& PBSE AHdE Y FrPF BasH,
AH & #3 G vHe-S B3l B A A &
Aol 7k ZoR Aztent

LGGO ol 34
AAFae A B

=mo| slax HIS Bi5}
EEREIEEIE P EEE )

S ! 100
= =
S 6| (A) RI=05986 @ =
% 180 &
SO s} G
> - <4
Z r -7 R*=09978 1 60 Q
n 4 ) s
g o - E
g0 o--" la 8
R= I :
g 27 P ]
% 1 o @ Fluorescence  { 20 43
L . :
g ﬁ N O Absorbance ~
z .
0 5 10 15 20

Bacterial cell number (108 CFU/ mL)

20
2 _(B) *%
1.6 15
~~
;N i @
S 12 10 <
2 S
O o8} S
5
0.4
0 0
Reduction Fluorescence  Plate count
percentage intensity method

Fig. 3. Comparison of correlation and accuracy between
colorimetric and fluorescence analysis for resazurin reduction
by living bacteria. Correlation of reduction rate based on
colorimetric analysis and fluorescence intensity from resazurin
reduction by different cell numbers of living LGG were compared at
30 min incubation (A). CVs of measured values from reduction
percentage, fluorescence intensity and plate counts were also
compared (B) Each value represents the mean+SD (n=3).

AT FHEA ] WskEL FFA ol gle tholdtol =2
aFyoR Azt ghlo] 7FssIthGuerin &, 2001). wEbA gk
] EFO]L} 7o) GAZRe] Wg HAFES ol =R
o= t SAANA #F 49 2‘%2 %‘:‘a‘@ T dE A
o2 A=t weEpA] AT

3 AEHOR Hoslo|=RYaRFHOT 5110] Y =A] o
& Hrkslr] flsted LGGEE dlAFAS A WeAIA 53
% g Hsts EAsIth(Fig 4). dAFH % % F7
HAEH S Ao g osf Wt Fig 19 ¥
A sA o, 570nm°ﬂ/‘1°] Al F494 590nm°1W Zoh
emission BFYA-E EATHFig. 4A, B). Eﬂ L 95 log
CFU/mL LGGS} BH 0- 4/\]7]- B A1) Q»} 570 nmOf|A]
ﬁ\:ﬂ t?:ﬂ- _74394 71—/\‘— 0,47(40 f(]— ]E ] ] o}olou:](plg.
40). 590 nmellA 9] FFA=E 417 Al YR 7hiasl=
472 tepdrhFig. 4D). ¥ Avhs @ o o3 glaTael 8
1 s} o dopin 54 taﬁr wr} 9zke @ageliel W
b AAE F gonk, QukEel @5 2k 2 ALk
o 2:%70] B}°1o}°lcial’\e o #5e) Yehks oF

oz g8 Folw Ao o

e l> X

I

rJI.
010 il

:Lr
FE‘
U\l

ok

ZEHO|2E|AS| M a’é}' &5
Y A= 9 % diaphorase, carnitine 3-dehydrogenase
(Mastsumoto 5, 1990), NADH dehydrogenase (EC 1.6.99.3)
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Fig. 4. Effects of living LGG on resorufin reduction to dihydroresorufin. Changes in absorbance (A) and fluorescence (B) spectrums of
resorufin by incubation with living LGG (9.5 log CFU/mL) were shown at different time (0-240 min). Changes in absorbance at 570 nm (C) and
fluorescence intensity (D) of resorufin were also analyzed at each incubation time. Each value represents the mean+SD (n=3). Different letters
indicate a significant difference (»<0.05) based on one way ANOVA and the Tukey’s HSD test (C and D).
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Fig. 5. Comparison of resazurin reduction abilities by different probiotics bacteria. Resazurin was incubated with different numbers of 6
different probiotics for 30 min and changes in reduction rate (A) and fluorescence intensity (B) were analyzed. Slopes from cell numbers vs.
reduction rate (C) or vs. fluorescence intensity (D) by each bacterium were also calculated. Each value represents the mean+SD (n=3). Different
letters indicate a significant difference (»<0.05) based on one way ANOVA and the Tukey’s HSD test (C and D).
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Fig. 6. Antioxidant activities of probiotic bacteria and abilities of MTT reduction by LGG and L. kimchicus. Scavenging activities of
ABTS (A) and DPPH (B) radicals of 6 probiotic bacterial cell lysates were analyzed. Abilities of MTT reduction by living LGG and L.
kimchicus were also compared (C). Each value represents the mean+SD (n=3). Different letters indicate a significant difference (»<0.05) based
on one way ANOVA and the Tukey’s HSD test (A and B).
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