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Control of Lactiplantibacillus plantarum contamination in fermented beer
through bacteriophage addition
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First Medical University & Shandong Academy of Medical Sciences, Ji’nan 250117, China)

ABSTRACT: Objective To investigate the effects of adding bacteriophage in controlling the contamination of
Lactiplantibacillus plantarum during fermented beer, and optimize the prevention and control effect. Methods A
bacteriophage targeting Lactiplantibacillus plantarum, named LBP-LH, was isolated from rotten apple and duck feces
samples, and its characteristics were characterized. By simulating bacterial contamination in fermented beer,
Lactiplantibacillus plantarum and Saccharomyces cerevisiae were co-cultured in yeast extract peptone dextrose broth.
Then, bacteriophage LBP-LH was added to the co-culture system, and the effects of bacteriophage on preventing
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Lactiplantibacillus plantarum contamination was evaluated by measuring the ethanol concentration and cell numbers of
Saccharomyces cerevisiae and Lactiplantibacillus plantarum in the co-culture system. Results Compared with the
polluted group, the number of Lactiplantibacillus plantarum in the bacteriophage treatment group decreased
significantly from 9 h (P<0.01), while the number of Saccharomyces cerevisiae and ethanol production returned to the
control group level (P>0.05); the addition of bacteriophages alone had no significant effect on the growth of
Saccharomyces cerevisiae and ethanol fermentation (P>0.05). Conclusion The bacteriophage LBP-LH has been
verified to specifically eliminate Lactiplantibacillus plantarum without affecting the growth of Saccharomyces
cerevisiae and ethanol fermentation. It is safe and can be used as a green biological antibacterial agent for precise
prevention and control of lactic acid bacteria contamination during fermented beer. It has practical application potential
in the food fermentation industry.
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1.1 MR5E

ABE T IR BB R SE 00 % B T8, SME N
CEC B9S-15; Z itk Gen Bank %3754 GU585883.1 (http:
//www.ncbi.nlm.nih.gov/nuccore/GU585883.1) ., {ii FHAGAH I FL
BRI B T E RS BRI s T, I ATCC 4’5 R
8014 (http: //www.atcc.org/Products/ All/8014.aspx)

HEMR. AW BRI R A P ER A R
LA, FrEIRE (AR =98.0%) . iR 80, WA .
HERHECH(fb2EaE) , B A T8 . LK SRBREE . EAbih .
AL N (NaOH) (4347 46 ) (= 25 48 14k 24 3R 570 A FRA wD;
AR (LI =98.0%) . LIREN(ZIE =99.5%) . Bl (2l
FE = 99.99%)( L i Bl FL T A b BB A R A A,
Tris-HCI(TCAZ VBRI, L n A U Rk A R |
1.2 UFE5E%

SPX-150B-Z A fk 5374 . YXQ-LS-50S1I 3730 f1 7%
ROK WA % (B [ B 7 A U A28 e A B A A );
TDL-5-A ik & X B DL R2#UER)); XSP-3C
A AR (VRS BB R A FRA F]); HZQ-QX Kbt
2 S A R 3 25 (L R G SR B 1 3 A BR A |]); 7528
EHNAT AT (R EEARATBR A H]); QP-2010
SO B - TR A A (H A A A ),
METTLER-TOLEDO FE20-FiveEasy™ pH 1% (-1 4% -
LRI A BR AT
1.3 WA

()RR, KEFREERE 5% 0

AW R FAASE IO 3 A 7525 BRI B TR RR, 359 T
P 112 M 2 1 R A A W TR A 1 77 i (yeast extract peptone
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EAMO)T, L 170 vmin $558F 30 ClEEIRG SR, Y
FUFFRER T MRS R %E AR, 1%4RE . 1%EE:
PRI . 2% HEE . 0.5% RN . 0.2% PR A 5k . 0.2%
BEIRE B . 0.058% L /K GHREREE . 0.025%BilR%E . 0.1%
(V:V)FREIR 80, pH oA 6.8 H1, 30 °CHE5.

(QWERARAY 58 . BH Ak A

P L NS (2 ARSI A MRS T, 5
L% AE ) AT R BUERIATE 30 °CT 5. 7k
i, LA 10000xg BS.0r 10 min, ZEBRTEA 1040 14 40 i 20
JOREF, BT, R 2 SUZ SIS ARk P I 4y
B 5aliftk, HEMESIIRE —SERN TRERWEBE, H
FhA— MR T BER AT — A S . RS VRAG TR 30 4~
PANERRE, F/IMARUREEE (standard magnesium, SM)ZE H
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ANMERE AR, 3 1 U2 B 42 T8 I 2 W B AR R
P AR R R IR AE SM i, T 4 °CIRAE.

G)WER AR pH FoE

R T VEAT Wik B A TE S [ R k3 IR 5% o R e 1k, AR
WFFER 1% B8R [ R B 3R 3 UE A T30 560 . 1 2, B 4.5 mL
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JEE R EE . SAarfk pH MR ARG PR 2, 4% pH
Z0F T B TRACT BE 5 pH O 8.0 Hh BRI BE UEA T LR, TR
AHXTI R o X SEIE A AT 3 IR AR PR 25 R mT bk

T O R B AR TE pH O 4.0~6.0 YU N #ET,
PE—HFE T R LBP-LH 7£1% pH Y& Bl A A 5% B2 35 1k
A, AT T AHRSEE . ELARERE D B 0.5 mL WREA A
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TE, FFHEAXTT 0 min BRI AIRHR R, LK
FEVEIT 3 REH .
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FER LG A 43 ) A R B R 4% 10° ML /mL, REH FLAT B
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FiveEasy™ pH S SCAF Wi & e #E v %) pH 284k MR
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()W AT & I (A IV FHPEAR

T W TR A & T o A 0T BB = AR B RIME T, AR 5%
BBV BE R A T OYPD BEFRIL P, R EA R A
LBP-LH (BFP IR 410 . BRI HE: X BRAL ({04 hh
TGP % B T Y PD K555 5 v ) RV 3Py 28 (R I 1 B 5 i
Bk LBP-LH #L5:3%F YPD Rigfdirh), Fif R -7
30 °C. 170 t/min 5504 T #E47 o AR 450 A i ek Eob 48 1R
RN, @ GC ME REER T LB B
R R E 3 IREH .
1.4 BUBRAIE

KA SPSS 13.0 Geil 3R HEF T A ST A AR t A 56 B8 43
Hro P<0.05 FR BT B EMEZES

2 HRESM

2.1 TREES B RESHHE

TR AT S >, METFUAT BRI Y 3 FiFLAR
PR (TR FLAT TR . A LR TR R 2L R LR D) P X PR e B2
K AT AR B BRI RO R o B2 TR, ARBIFT e
P T FAT BRIV E AT Y BEAR, DATEAS VG B A FRAROR

R RIS R i h 2 S R BRI AR 22 35
VAR o B AR R AR W B A 444 LBP-LH., MR {A
LBP-LH JEALAWERETR N, (B4, EAZN | mm(E 1A). %}
Wi B 1A LBP-LH HH 7 HBEIIER, LBP-LH HA3 & A% FRIE,
HA— MM —A K M353((& 1B~D), LBP-LH 3k
W HEAZ R 30~40 nm, FEFREAZZHN 50~70 nm(F 1B). AR 4
AUHA TAE M) — A K 2R T35 8 A I 1 14 LBP-LH 12
H AN 32 PFU,

m/‘\m

LR

AL WRTEBEER; B~D. @GR,
Pl 1 WER{A LBP-LH JB A HHIE
Fig.l Morphological characteristics of bacteriophage LBP-LH

2.2 A[E pH FEEE A LBP-LH BITEEF MR

PETRIG LA T A W) S BER B B b, pH 2B &
T2 ) (R HE RS 1T 2 A AR A . 45 W BT A Ak R B 8 A 0% il i
PIFLAF R AT Y, Al Ak 170 I T AR SR T T LA 1 6 R A
11 I 7 N o S 1 7= W2 B e T W 37 N B
Ttk i A, ATRES s R . ek S iR AL B, st
TR R AR T . BRI, TN I T
RAER TR pH AR T A7 15 RE T .

SIS R BN (B 2A), WERAR LBP-LH X i Koot
R 22 0 M 5 v I T 32 1, T E R M BRBE N IR 1 I R
fie FARTIT, pH 1~4 S04 T W B AT 1 32 31 8 2541 7l
(P<0.01), pH K 5 UL K% pH Jy 12 B W B IS P AR AE B
kIR FH (P<0.05), M1JZ, 7E pH 4 6~11 FYTEREIN, JEHSE
pH 2y 8~9 Z (1], Wit T2 1A AT i DRAp R X A e T o

IEAh, WFIE IR E— A2 T R 1A LBP-LH 7€ pH
4~6 JEFE ARG (E 2B). SRR, HuEE A
1 1% U (pH 6)Hh =3 60 min J&, A5 HE-5 400 136
P, HRIRTEEL R 57% SR, WERAXT pH b 4 F1 5 B
FEBURR, 7E pH 4 Fl 5 544 F 434 60 min W H )5, HFIATH
FEA A2 15%F0 27%(55 0 min 075 2 AH L 22 5 L35,
P<0.01).
2.3 MEEK LBP-LH BUMGRE M

Wi PR /& LBP-LH B H X FhIRTEL(ED 30, 40 F1 50 °C)
T 32 (] 3). 7E 30, 40 Al 50 °C R H 60 min J&, M
W& LBP-LH AR F5 5 i 16 M, FLF A 200 43 500 29k
75%. 55%F1 50%. FRTM, WA LBP-LH &5 L(E] 60,
70 F1 80 °C)H iRk, HAE 60 °CHI 70 °CHEHF 60 min Ji5 17
AW (S 0 min WA LBP-LH % ¥ Ho %5,
P<0.05)/) 35%1 20% A 47 . L4, WER 1A LBP-LH ££ 80 °C
BFE IR ST DR ZTE e, IF HLAE 80 CCHF 7 AT 4G 3] g
AR RIUR
2.4 [EEA& LBP-LH OB EREE S L B2 E
PEAFE SR

h T RS TR LA A IS e, KA A LR R
SRR AE YPD KRS LRI IR, O U s g A
LBP-LH APFAS W R A Ab BRI RCR o Bl 4A ATHN, FEi5 5
(TG e B R D LA TR G 2L 95 b, AL SR 6 h I
f, FEYIFURF IR AR CE I T WERE 40 M 9 4 1 (P<0.05) . 2R
T, WEME & LBP-LH M A FE T HE 4 LA B R i
AR IR RIVE T . S5 YR AR L, I BAT A Ak B 201 (R T
B FEYIFLATE FIETE 7R LBP-LH L5558 ) i e R 40 g 5t
MALEESR IS 8 h JF 8RB AN (P<0.05), t4h, S5{H YPD
% 5 PG e R () ) A ZEL A L, vk A R Ak LA ) e 200 4
I A (P>0.05).
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Fig.2 Changes diagram in residual activity of bacteriophage LBP-LH at different pH and time
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Fig.3 Heat resistance of bacteriophage LBP-LH in MRS broth
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(P<0.01). X 2L FANMBECE M O B S A 45 R M, W
1A LBP-LH AT LA S5 00 1 G e B & W 2 o A A 2L
FHTEY

m I 4D w1, SXFIRLAMIE, TSYLARY pH BRI, 75
Yedll pH HOREAR AT BE 3 22 AR AT B B A FLER TR 2B
YR . WEBEM LBP-LH AbBE 575 Y 4 H IR A B B T
15 P AE H T DA AT v RO T B, RGP
WRFEFENAIIR. SILFE, B
W osps = R AT, LR SBURBIAR pH 4
FEERBARAKF

B 120
*
< 100 - I L
i
&
2% 80} #
N T
Z
* 60}
Xif B V5 W A AR Ak P44
ARFAbHEZ

TR #FRRTS Y S X R A FL AT B 1255, P<0.05; #ER R T5 Y2 S50 IRZHAH F A B 5 125 5, P<0.01; *FOR M A FRZH 575 YL LA
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Kl 4

WETE (A LBP-LH Ak U TR0 1 B 1 770 e PR ) LA T 3 G 52 )

Fig.4 Effects of bacteriophage LBP-LH treatment on Lactiplantibacillus plantarum contamination during the culture of Saccharomyces
cerevisiae
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Fig.4 Effects of bacteriophage LBP-LH treatment on Lactiplantibacillus plantarum contamination during the culture of Saccharomyces
cerevisiae

2.5 MEE{R LBP-LH % & B89 E4E BB

TEARERIEIFURF R ATEOUT, PFHIER (A LBP-LH X}
PRI T 3 A TR RV o ST BT 4C LBP-LH 7EA$H 7] 544

Aot

8t <;{>§§i/l

E
3'5—\‘4
2+
—— RIS
Or —— ERTEEE RS T R
0O 2 4 6 8 10 12 14 16 18 20 22

A1) /h

RPRARTRTI B Y A K (K] 5A) . I 2T B AN S I T
A& LBP-LH (& 5B). iXLbgb IR, 1654 Bl ke EE
B & TR P S IS R 1R LBP-LH XA 2 Bk T ToE W .

B 120

——

100 |

HH

80 -

AHXT C B %

60 -

PR P B+ T A
NGV USEE]

[E3EYEass

5 Wi B {4 LBP-LH Xof Fi oy e B 2 1 1 ) £
Fig.5 Side effects of bacteriophage LBP-LH on the fermentation of Saccharomyces cerevisiae
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