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(minimum inhibitory concentration, MIC). &> % & /R & (minimum bactericidal concentration, MBC)
Fork K XAR B ERBYGA T, @3 EREM M I MR BRI m i 7 %
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Abstract: [Background] With the enhancement of drug resistance, the extended spectrum
beta-lactamase-producing Klebsiella pneumoniae (ESBL-KP) seriously threatens food safety and human
health. Blueberry, rich in polyphenols and anthocyanins, is a potential natural antibacterial candidate.
[Objective] To analyze the inhibitory activity and mechanism of blueberry extracts against three
ESBL-KP strains and test the effect of food matrix (cow milk) on the antibacterial activity of the
extracts. [Methods] Fruit extracts of Vaccinium corymbosum L. and V. ashei were prepared with
methanol, and the content of total phenols and anthocyanins in the extracts was determined. The
antibiotic resistance of K. pneumoniae was detected by disk diffusion test. The antibacterial activity of
blueberry extracts was evaluated based on minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC), and growth curves of strains. The effect of blueberry extracts on cell
membrane integrity was detected by confocal laser scanning microscopy, and its antibacterial activity in
milk was detected. [Results] The total phenol content in fruit extracts of V. ashei and V. corymbosum L.
was 2.3 mg/g and 3.5 mg/g, respectively, and the anthocyanin content was 67.5 mg/100 g and
92.5 mg/100 g respectively. The MIC and MBC of two blueberry extracts against K. pneumoniae
KP106, KP305, and KP408 were 25 mg/mL and 50 mg/mL, respectively. The growth curve showed that
the two extracts at 2xMIC could kill K. pneumoniae within 6—8 h. Confocal laser scanning microscopy
demonstrated that blueberry extracts could destroy the integrity of cell membrane. The simulated cow
milk sample test showed that 100 mg/mL fruit extract of V. corymbosum L. could completely inhibit the
growth of ESBL-KP in milk. [Conclusion] Blueberry extract exerts inhibitory effect on K. pneumoniae
by destroying the cell membrane of the bacteria, and has the potential to prevent and control
K. pneumoniae in milk. This study provides a theoretical reference for the application of blueberry in the

prevention and control of drug-resistant K. pneumoniae in milk.

Keywords: blueberry; ESBL-producing Klebsiella pneumoniae; antibacterial activity; cell membrane
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spectrum B-lactamase, ESBL)H iR/ 5, HE/K 3 B AR 1Y e TR A B v 240 ESBL LN
fREAIRE | KRR L HHERRGLY, W TR WA T IR & kkh e, Rt

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KR SE: AE SO = B- PAY Pl i 2K e o A B 10 T B i 2663

ST RE S ESBL 40 & #8 45 N2
201, ML tEBUR Y ESBL-KP 5 30 13215
JurE & i BRIz aY i 250 H
Bt Z BRORIT IR MBI R, TR S A
J5UR P ESBL-KP B 45 0 E 2 H AT 1%
AR i o SO T XU A i s 32 A0 Ay S
MRS  RRARE . A 2E BT TR IR R A B T R
AUV R R Sy A ARV A R AR SR T )
JrRy bR PRI, SR — T A RO T kR
il & dh i ESBL-KP ZE % .

W AE(Vaccinium corymbosum) XFREIH, &
TZMBEY, HEEBWIAMUEAYEE . T}
PRy PR . BERESEIhRE, IEXTEIETEEUR
WREAA RAFRIEIE RN, B, B LB
REPRBU TR AR B v TR
BERLINE A & e o A BRI B RN
YEF . W RFHRIUIREAE 18 h PARKE — S H I I
LI (1 T S BAIE 3.2 Logyo (CFU/mLY!'™,
UEAh, R AL o VRN A e 2 PO RE A
fo e v ) AR B, S LY R ] . Gato 2R
WIS B, WK A 22 B 2 IO e I =5 400 ) i 24 il
RSN T A R I 1, B IR T 7E HT-29
A0HE E RO RERE . SR TR AR SR UM X ESBL-KP
)0 GR35 P B A A4 2L v B A R AL AN B
AN 5T UL SR IR (Vaccinium  corymbosum L.)
SR FEE (Vaccinium ashei)iX 2 Fp B35 RN
JrokE, FRFTE RIS 3 #R” ESBL Jili 4 5e
B A0 T A AR AR T SO DCAIL R, LA Sk B 4
JEAA W . IR a2 A TR T A 0 R A
HEEIIE S

LA
1.1 #7#

1.1.1 HEE
@%E%(Vaccinium corymbosum L.)I

T b T TR U WA A R ORE Bl UK R O AR
(Vaccinium ashei)W - i v A 85 2 AP AT el
PEEAN AR — H R /N—S R AR5, o HoR S 5
it T—80 °C VKA & H .
1.1.2  E#

Jifi % vi T AR KP106. KP305. KP408 77
B AEAFL, TR T AR A AT FE A i I
PRt J5T 2 4 IXURS PP B 5 S 3 (1) K
Y% Wi (Escherichia coli) ATCC 25922 I H 3 %]
P L - Uy (American Type Culture Collection,
ATCC).
1.1.3 EFEFERFFMNE

LB W7k 3 . LB BiJE &5 3% 3& |
Mueller-Hinton BUig(MHA), db 52kl £ AR Be oy
HIRAHF . HEE, 98%H iR . AA LaN . VKES
Mg . thme . Afeen, EZYER G AR
Hl; ARSI, EEIE M AR BR A E L B
HE R 2GR T [ P bR (ampicillin) | Sk 760 e b
(cefazolin) . 3k ff fth B¢ (ceftazidime) . =k it
IE - 58 P ZE iR (ceftazidime-clavulanate) | Sk 71 WE fi5
(cefotaxime) . Sk ffl & i - 5 $37 4 R (cefotaxime-
clavulanate) . &% £% 4 (meropenem), PUIRZH
(tetracycline) . £ P4 2f % (doxycycline) . KK
% % (gentamicin) . K Hf % & (kanamycin), B
R (azithromycin), Z[. &R (erythromycin) .
W N Y B (ciprofloxacin) . & W ¥ B2
(ofloxacin), 4% Z (chloramphenicol) . fif i H
2L (sulfamethoxazole) . Pk Mg % [Hl (furantoin)],
R RIZ Y A EARTF K AW

fEbRiL, BioTek 24 w]; HRAEWCHIH R
e, Cavl Zeiss 23wl BEFE 78 &AL . HIPAE IR
K, LR ARECARA R BESCO A9
LA, BlAE XA AERAA; HiRED
FeA, BHEREAGR A BRA A 5 B K U T 5
F*F6, bil—ER AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2664 (YIS Gk

Microbiol. China

1.2 ESREIHE &

A VR R RS, TN 3 min RS
AT 7510 o BEJGHL 20 g RT3
BT A, AR R 85:14.5:0.5 A H
Bk BRIEIS , LA 200 W Zh R (k) H 75 Jl
BhEE 5 min, WRHE 30 s JG4kZE A 5 min,
BfiJ5 4 500 r/min B0 15 min Y04E FiER . X
B, HARRELILA 1:10, 8 FIE W
b E S, Tes K R BIEE, AXW AR T
KEZZE 10 mL, 152N 2 000 mg/mL [#)
LR MRS R R Y, & T-20 °C
& AU,

1.3 EEMEErNE

% F Folin-Ciocalte 3223 & 2 Fft it A5 42 L
YRR SR, Bl mL BESEARE 10 mL
PEAT 10 A5F5 LA B o AR B 1 mL JA#] 5 mL
10% R ARM H, IR A1 E 4-7 min, A 4 mL
7. 5% RBRENTA I, 7EZIR FIEE 1 h J5F 765 nm
AR SE WG . DA TR bR 24 il b
e 2, IR AKX )T R
o= CXVxXN 1)

M %1000
KX, o HEAH S Rng/e); CHEFRRUk A
(mg/mL); V HEERARI(mL); N A BATEL
M RFE T (g) o
14 #HEZRSEHNE

WA AT R EE AR ] pH B
R 2P BT mL il B W AR B N E 4 mL
pH 1.0 i fL BB 4 mL pH 4.5 A% BR 50 28 s
Wb, e RS A S 4T 520 nm
700 nm AL I IR FE A o AR PE A (2) 1T FRE
YIrh e R
16T B PE (mg/L)=A4/Ex1 000X MwxDF )
R, A=(As20~A700)pn 1.0~ (As20=A700)p11 45, A NI
BRHEE; & NR L -3-H BT (cyanidin-

3-glucoside) Y EE /R M R £ (26 900); My FJEE
IR (449.2); DF MBS
1.5 FREBEEMHAILNE
1.5.1 MR ZHEEM ALK

k26 B IR 555 = bR fE Ak B 5
(Clinical and Laboratory Standard Institute, CLSI)
S R 25 TR R A 0 i 48 o B A1 TR % 2R P
ML STk SkAAE | SkpElG . SER EE
M. WUHER. Z0R. RRKER. FIFER.
MIAHR. LB R . MHVPAE ., AR A. &
B 3% | T e F AR Rk e 22 PR A 16 AT AE R Y
RO o K Il v FE R KP106 . KP305 Fi
KP408 51T 5 mL LB Ak 3R, 37 °C,
200 r/min #EIREE IR RS , B 100 pL 559 &
BT SmL ) LB W%, 37 °C. 200 r/min
FERFFREFE 4 h & 10° CFU/mL, 3 000 r/min 5
0 10 min J5 848 T ARRUERER K, IFRR
% 10° CFU/mL, JJC B #3245 B WU Al T
MHA F-# e , B9 2 48R W F MHA - L
37 °C K537 16-18 h J5 Il &I # B HA% . KM
A ATCC 25922 1E R 5 T o AR 40 SCiHk[24]
TP il 98 5 B A1 RN T AR 2R T 2444
1.5.2 7= ESBL fi X T HERE I IE

K CLSI HEFE Y 25 SR 047 i 4% e
A KP106 . KP305 F1 KP403 (] ESBL X% .
W Sk f At BE K AR E - e P AERR . kARG Sk
16115 Ji5 - vl h AR PR BT AE R AR R W T4 A T R
TR A A KP106,. KP305 5 KP408 fi) MHA “F-
M b, 37°C Kig% 16-18 h Ji 2 4 14 Bl A%
DL R AH ATCC 25922 1E Rt . M
SCHR[24], 3k FAth g 55 3k #6188 1l AT fo] —Fh 25 )
AR gERR B AR L, 30 5 mm
S LA BB H5E 7 ESBL.
1.6 EEIRBRMEI MIC 1 MBC U E

SR R TR 0 R 0 5 0 A i B ot
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fifi %8 7B A # KP106 . KP305 il KP408 fJ MIC
M MBC. [ 96 fLA A 100 pL LB A,
B 100 pL WREERIUITE 96 fLk thik 2L 2 f5 i
Fe R e . BU 100 pL X %0 A4 il 4 52 35 1A o
KP106 ,KP305 5 KP408 I # it A £ 96 fLk
WA R B B ZHR 2SR 200, 100, 50, 25, 12.5
1 6.25 mg/mL, DIAEEEHEEIM LB K%
B A IR RE L % 96 FLIRE T 37 °C #53%%
24 h, HFEJ5 0P IR AT L B VA A K 0 A /N i AR
PR S MIC, BUIG A R AT UL 95 A2 K 1Y)
B R WITE LB WAl B4, 37 °C K53% 24 h J5
BRI VR A K 1 B /N R B U Mk B o MBCPY,
1.7 EEEIX ESBL-KP £ K500

MR Lu R0 g B A 2 mL &
H 2 FPIERER B0, 1XMIC il 2xMIC)AY LB
PG TR, B 10 pL X5 00 TR 43 B
F| R R, 37°C. 200 r/min $EERE IR, 16
FEF 0. 2.4, 6. 8, 1224 h i, BURER
PRAE, TS 10 f5 4%t B J5 TR A T LB P4l
F, 37 °C 5537 24 h e xR T8, 4
ERNES
1.8 EEIZEYIX ESBL-KP ‘ApiR &4
A

K DG YL a7k 45 4 LR RO i
o AL T 5 A B K 40 U 5 4 v 4 R i 1
PR BRI R s B A EIRAE LB Rz ks
FEHFFBESE ODgoo R 0.5, #RJ5H 25 mg/mL Fl
50 mg/mL B BB ERERFIRIYIAIE 6 h, LIA
TRV LB AR FR IR X B
FEFWIAE 4 °C. 8 000 r/min &[> 5 min 5,
P EH R T 0.85% L k., MR
LIVE/DEAD il &t 45, 1 SYTO 9 Fif
N E (propidium iodide, PI)XF40MI#EF T4 4 )5 ,
3 o e SR A O Rl R A TR

1.9 ESHRRYIXMFZ H ESBL-KP B9 &
ATE

%7% Zhang %P 7 ka1 RAF FinA 2 mL
ELICRK T A2, K il 25 1 R S Tk s A $R iy ik
11 2 fSA e e, A 2L i BE R B 1 20k
o} 25-200 mg/mL. B 10 uL 5535 23800 1Y
il 4 B A PRI 1) 5 A A [l 3 R AR U 1Y)
R, DU AR B 0 B R K R 4= 20N
SR, B BT 25 °C K557 24 h, FEIBE 6 h
KRB, 5 10 SRS ST T
LB FAR_E, 37 °C K55 24 h 5 XA b A V%
i aRaR
1.10 HEFRITS S

A S5 E A 3 K, KA GraphPad Prism 9
A S 2 R AT e o W T L

) ZREp
21 HAMHESRIMMDPESMAMESEN

.
2
(=1

il

2 M A1 AL 5 20 s I TR 2 R 4 % 4 ol
YERT, ASBESEAI T 2 Bk A 42 By b /9 5 B
MAEHF RS, WE 1N, BRI A
P B S AR T R S a3 2.3 mg/g
67.5 mg/100 g, HE/RFEIRERANL, BB
WA S AN AT RES, 2598
3.5 mg/g il 92.5 mg/100 g.

x1 ESRBEMHPHLSEBMEETSRSE

Table 1 Total phenol and anthocyanin content in
blueberry extract
ik Type BEN) HHE R
Total phenol Anthocyanin
(mg/g) (mg/100 g)
ELRTEIR V. ashei 2.3 67.5
MR V. corymbosum L. 3.5 92.5
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22 MREEREMMZAMLE #2 MRREREMMERMMEMNE

221 FREFEBEEATHMHEA N LS R Table 2  Antibiotic resistance of K. pneumoniae
i 9 7o A1 KP106, KP305 il KP40g X~ FLE Antibiotic Bifk Strains

/\j(;ls 16 ﬁﬁﬁﬁ?ﬁi?ﬁ‘]ﬁﬁ%'@%%ﬁﬂi@ 2 KP106 KP305 KP408

R, KP305 BOTHZGPERLER, f 12 Fipde 2y PPIBbECR Blactams

RO S, i Sk, IR R
3 A Cefazoli R R R
WE. ZHHE., FIRER. aHEE, 4% ;ﬁmw;fﬁl 1 o
> t
= OIRUb IR G % R A KT 25 e
- SkfimElT Cefotaxime R R R
KP106 XTZ NPUbk, Sksmenk, SLiimehs . N
) W K5 B Meropenem S S I
WE., FIBER. 4HFER ., H5 = M IE , .
PUERE S Tetracyclines
5. S e 3
ﬂélé;j\i 8 ﬁ*ﬂﬁi?ﬁﬁ%o KP408 Xﬂ‘ﬂ?ﬁﬁi\ —AL VU3 2 Tetracycline R R R

?@Auﬂéﬂﬁ‘\ %?@A%B%\ IE[}%:g N g@‘}%:? N él%? g@ﬂ:%‘? Doxycycline S R R
ORI e R AL 7 FhbT A RN 2, W 2 PEAS G2 Aminoglycosides

MZE LR, MR 7R A E KP106, KP305 Fl PEREEZR Gentamicin 1 1 S
KP408 ffjj‘:’gﬁﬁﬁﬁ%ﬁ%o AR B Z Kanamycin R R S
2.2.2  ESBL-KP B #kBI%iE KI5 Macrolides

ESBL-KP HJYEE LRI 3 R, kA W75 25 % Azithromycin S R S
WE A1 g For 4 FRIE S T XS BB KP106, KP305 415 % Erythromycin R R R

FIKP408 BN B E A2 20 & 21 .22 F127 mm,  MEMAHZE Quinolones

Fb B Al S At BE 43 5350 T 3. 6 Fi1 8 mm. HN TP Ciprofloxacin S R S
Sk 760058 75 1 5 1 4k BRI 4 £ L X Bk KPP 106 FURIY A Offoxacin s I s
KP305 il KP408 HOIMER B 240510 26, 31 ## %K Chloramphenicols

FI3Emm, A R g M ehlommehenol R
. T# 28 Sulf id

SYRIBEANT 14, 18 A1 17 mm. I, 53k Wik Sulfonamides

~ . - NPT, - Tigf iz B Wi Sulfamethoxazole R R R

fE A, SkAmE g - T hr 4Eme % 3 BRI K 78 5 A . .

T R S DL B S RE 24 Nitrofurans

PRS0 TR BBl AR S 5 mm , % B2 B Furantoin < | S

AT KP106 , KP305 il KP408 Y9 ESBL-KP 15 R Wiz5, L. /s S, WU

*ﬂio Note: R: Resistant; I: Intermediate; S: Susceptible.

%3 ESBL-KP H#HHIETEHERHNFREER, mm)
Table 3 Identification of ESBL-KP strains (inhibition zone, mm)

7S Sk f60 Al g S 760 Al BE - e hL 4ETR 3 5 i S FLGE i - e P 4E TR
Strains Ceftazidime Ceftazidime-clavulanate Cefotaxime Cefotaxime-clavulanate
KP106 18 21 12 26

KP305 16 22 13 31

KP408 19 27 14 31
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2.3 EERBWIA MIC f1 MBC

L IR T A0 2R B 2k R AR SR O X 3 Bk
ESBL-KP 14 e/ N BR VR B F e/ INAS TR R B N 3% 4
Fiiw, 2 FREREIXT 3 #k ESBL-KP Y H A B 3%
A 0B RN S TR o B R L A e R A o it
RyEIHE KP106, KP305 #1 KP408 #J MIC
Y% 25 mg/mL, MBC ¥} 50 mg/mL. 22
PR RE SR B XS 3 KRl R v AR A ) MIC A
MBC 5B /R IR @A 52 B AR, MIC 2124
25 mg/mL, MBC ¥J°} 50 mg/mL,
24 EHERMI ESBL-KP £ KN
&R

J i oR iSRS ECI X ESBL-KP A K (152
My, P T HE AR PR B AR B 3 A% ESBL fifi &
SOE AT 24 h WA IZ . wE 1 R, K
F% 24 h T, ARG TERE P AE A T 5 5 TR AR
KP106. KP305 Fl KP408 % i %kik 3|
9.0-9.4 Log,o (CFU/mL), HHIUGHEEF N T
2.7-3.6 Log;o (CFU/mL). £id 25 mg/mL
IR WA B R BRI AR R Y Ab P 24 h )5,
3 BRI 9 v B A T Y TR TR R B R R AR TR
[T 2.9-3.6 Logyo (CFU/mL), S¥) AR &4
e FIET 0.1-1.1 Log,o (CFU/mL), FHfiti4 vr
TR MK Z BB 6. 2 2 FHEE 0
eI E] 50 mg/mL B, BETE 6-8 h PN H kR
KP106. KP305 Fl KP408 £#BA5E, EL/RF
AR B IR I AR U X 7 ESBL Jifi % v iR

x4 EFIERYN ESBL-KP &) MIC 1 MBC
Table 4 MIC and MBC of blueberry extract
against ESBL-KP

Wk ERER V. ashei

BBIR V. corymbosum L.

Strains  MIC MBC MIC MBC
(mg/mL) (mg/mL) (mg/mL) (mg/mL)
KP106 25 50 25 50
KP305 25 50 25 50
KP408 25 50 25 50

A 10
8
]
‘E 6
S) -& Control
= 4 F = V. ashei 25 mg/mL
éo - V. corymbosum L. 25 mg/mL
2L ¥ V. ashei 50 mg/mL
-~ V. corymbosum L. 50 mg/mL
0

02 4 6 8 1012 14 16 18 20 22 24
t(h)

B 1o
]
8
a
£ 6
73 —a
3 4 -& Control
5 -© V. ashei 25 mg/mL
5 & V. corymbosum L. 25 mg/mL
: ¥ V. ashei 50 mg/mL
-~ V. corymbosum L. 50 mg/mL

L ¥ L L 1 ! 1

¥
0 2 4 6 8 101214 16 18 20 22 24
t(h)

>
=]
1

-@ Control

Log,, (CFU/mL)

4r & V. ashei 25 mg/mL

-« V. corymbosum L. 25 mg/mL
2+ ¥ V. ashei 50 mg/mL

- V. corymbosum L. 50 mg/mL
0

L L 1'! L L L \'
0 2 4 6 8 1012 14 16 18 20 22 24
£ (h)

B 1 Z=#k ESBL-KP HyE <%k
Figure 1 Growth curves of three strains of ESBL-KP.
A: KP106; B: KP305; C: KP408.

TATARR B S /N TR R BE L /N R TR VR B8 AN AT TR
W E M E s, IR RE B A
AT SR
2.5 HEEIEIUWIN ESBL-KP RS &84
SEAEEES

PEEYLRE SYTO9 RE M 1k 45 #4) 58 & 1) 21 fifd
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FREE T A7 A e 5, PL BEE A 20 i
iR B AR I R AL 5O, RZOER 0
gh A I B AR WO i B BUBE (confocal  laser
scanning microscopy, CLSM)XL & 5 A $2 By X
A MR S . N 2 s, K& S
PRI Ab PR B Bk KP106., KP305 1 KP408
A0 2 B Y 2R 09 , RN A 1 52 8
23 25 mg/mL 5 B P HUIAL BT R SR 0d ot

Wb LU 2 2] 50 mg/mL 1Y AR
BAb PR 6 h 5, HAk KP106, KP305 fil KP408
PILT P BN EdOt R 2
SRR, RUEA B RERIA ™ ESBL Jii
A B 1 TR A LB P s R
26 HEEERYAELIPINEFEME

R T ARG AR L O A 4R O 0 TR
IS, i T AN [ B 1) B S 2k AR SR U

E2 ZERHESIZEEYIX ESBL-KP 405 52 #0489 220
FEZ; G-1. 50 mg/mL 4b¥4H; A, D. G: KP106; B. E. H: KP305; C. F. I:

A-C: ZSHXIE4; D-F: 25 mg/mL 4t
KP408

Figure 2 The effects of V. corymbosum L. fruit extract on the membrane integrity of ESBL-KP. A—C:
Control; D—F: 25 mg/mL treatment group; G—I: 50 mg/mL treatment group; A, D, G: KP106; B, E, H: KP305;

C, F, I. KP408.
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XA FLHr ™ ESBL i 4 v B 1 TR A0 TR TG 1k -

W 3 Fron, 5 AU WA AR B U i ) B 41 A
Fo, 25 mg/mL 1 50 mg/mL # % $2 B B 40
il T Etk KP106, KP305 Fll KP408 Atk K, 4k
KRG 24 H 100 mg/mL 1Y & HE B Ab

A 10
—~ 8 I
E
5 6
43
% n - Control
%f - 25 mg/mL
= =& 50 mg/mL
2r ¥ 100 mg/mL
-+ 200 mg/mL
0 % + + *
0 6 12 18 24
t (h)
B 10-
8
o)
g
= 6
&9
< -©- Control
o 4r - 25 mg/mL
3 - 50 mg/mL
2r ¥ 100 mg/mL
-+~ 200 mg/mL
0 » » * °
0 6 12 18 24
1 (h)
C 10 .
8
=
E
5 6
=
o -6 Control
2 4T - 25 mg/mL
2 - 50 mg/mL
2r ¥ 100 mg/mL
- 200 mg/mL
0 > » ¢ .
0 6 12 18 24
1 (h)
B3 FRRERBHES RN 4G AP
ESBL-KP & < £
Figure 3 Effects of different concentrations of

V. corymbosum L. fruit extract on the growth of
ESBL-KP in milk. A: KP106; B: KP305; C: KP408.
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