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Abstract: Eighty-nine strains of lactic acid bacteria were isolated from plants and fermented pickles in the Bama region
of Guangxi. Five strains with excellent selenium-enrichment properties, Leuconostoc mesenteroides subsp. jonggajibkimchii
GXBO032, Lactobacillus fermentum GXBO083, Leuconostoc lactis GXB059, Weissella cibaria GXB053, and Lactobacillus

brevis GXB065, were screened based on indicators such as cell density, biomass, and selenium-enrichment capacity. At a
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sodium selenite concentration of 10 pg/mL and treatment time of 3 h, the total selenium and organic selenium contents of

all five strains exceeded 375 pg/g dry cell weight, with the conversion of organic selenium exceeding 95%. Comparisons

of the activities of the probiotic strains, such as antioxidant performance, adhesion activity, acid and bile salt resistance,

and gastrointestinal survival, before and after selenium enrichment treatment, revealed that the antioxidant activities of all

five selenium-enriched strains showed a trend of significant increase compared with those of the non-selenium-enriched

control group. Among the assessed strains, GXB083 was characterized by the the highest DPPH, superoxide anion, and

ABTS free radical scavenging activities of 43.64%, 19.24%, and 21.51%, respectively. The five selenium-enriched strains

showed survivals exceeding 79.55%, 96%, and 82% at pH 3.0, in simulated gastric fluid, and in simulated intestinal fluid,

respectively, with bile salt tolerances ranging from 42.76% to 69.77%. In addition, strain GXB053 was found to show the

best self-aggregation ability (45.17%) and surface hydrophobicity (49.66%). The findings of this study indicate that the five

assessed lactic acid bacteria with strong selenium-enriching capacities have excellent probiotic characteristics, providing a

reference and basis for the development of potential food source selenium-enriched lactic acid bacteria.
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Table 1 Phylogenetic analysis of 16S rDNA of strains
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Fig.1 16S rDNA phylogenetic tree of some strains
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Ak P LR T T R 4k S 1A T T R A D R
N T RAS E RS )R AL I, A UK
il R BN P o B A FEE 4 v &2 40 pg/mL. M L3R 89 #k
FLIR B A BRI A 58 5 Y 22 R, £83d 40 pg/mL
1) 37 AP % 4 MRS VAR 55 3% 18 h 5, Wl & HAE W)
& (mg/120 mL) 484k, AT 9 i H I 4 e
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BRI, SHERM A EN &SRR 2 A
N, AR Z BN A S 2= A Z @A RE
MZER (P<0.05). BG5S 25 [ A2 A
& R AR B AR ORI, BRI FR GXB006. GXBO19.
GXB052. GXB079. GXB074. GXB081 ] /£ ¥ &
16 A [F) 2 B R B ARG, 300 B v A 8 I A5 2 4 00 1)
TIXNHREMR A K. 1 E P GXB005. GXBO11.

GXB023. GXB025. GXB032. GXB035. GXBO051.
GXB053. GXB055. GXB057. GXB059. GXB064.
GXB065. GXB077. GXB083. GXB086 ] 4= #) &
WA N, T FLER AT BB 12 MR AT 431 1
BEMN 52 60 pg/mL K FEALARY . 1t B A BF 90 0 ik
1) 16 P& B B A Boomim il ge 77, w7 CAgE— 20 e
M EmE, Mk E MmO,

a 8r A COXER4
1.6
141+
1.2}
g 1.0
g os}
0.6 F A
04+
02+
0.0
S8828258825555535538588883588852223358383333
R PR PP
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Fig.2 Screening of selenium-resistant lactic acid bacteria
Z: B a A GXB001 £ GXB044 # ODgy: B b A H#k GXB044 £ GXB089 49 ODgy.
% 2 M E#RTE40 pg/mLIEEERSNIR B TSR RN EYE
Table 2 Biomass of selenium-tolerant strains cultured at 40 pg/mL sodium selenite concentration
B 4 4% /(mg/120 mL) Ansm N A 4% /(mg/120 mL) s
AnAHL G EOMEM AL = TG A
GXB005 205.70 £0.33 201.00 +0.40 4.70 +0.30 GXBO055 176.90 £0.35  170.00 £ 0.25 6.90 + 0.64*"
GXB006 173.30 £ 0.34 17420024  —0.90 £0.33" GXBO057 14190 £0.34  137.00 = 0.50 4.90 +0.34'
GXBO011 207.70 £ 0.40 199.00 £ 0.28 8.70 +0.40" GXB059 115.00+0.55  89.50+0.41 25.50 £0.33
GXB019 152.00 £ 0.28 15230021  -0.30£0.37" GXB061 64.00 +0.37 69.00 +0.35 -5.00+0.41°
GXB023 128.00 £0.51 117.00 £0.49  11.00 £0.29° GXB064  22230+0.58 219.30£0.38 2.90 +0.28’
GXB025 167.60 £0.27 162.30+0.20 5.20 = 0.64' GXB065 86.20 £ 0.25 75.00 +0.22 11.20 £0.37°
GXB032 111.30£0.25 91.00+0.51 20.30 +0.09° GXB074 13450+ 0.34  137.00+0.57 -2.50+£0.16™
GXB035 148.60 £ 0.20 146.70 + 0.08 1.90 0.25' GXB077 102.30+£0.20  91.30+0.01 11.00 £0.27°
GXBO051 193.80 +0.22 188.00 £ 0.01 5.80 +0.32" GXB081 165.00+0.45  168.70 £0.20 -3.70 £0.13"
GXB052 168.00 + 0.25 170.00 = 0.58  —2.00 +0.12™ GXB083 272.40+£0.21  225.00+0.14 47.40 £0.56
GXB053 103.60 £ 0.08 88.00 +0.34 15.60 + 0.20° GXB086 171.30+£0.18  164.00 £ 0.30 7.30 £0.33¢

E: AR BFEAT AR AR EA L E QWM EBAEREHERF (P<0.05).

178



MR B R

Modern Food Science and Technology

2025, Vol.41, No.4

3 ML RN BERTE10 ng/mLIEEERRIR B TSR ENE S 2

Table 3 Selenium content of the isolates with strong tolerance to selenium after cultivation at 10 pg/mL sodium selenite

A BAE(ugle)  AAEEE/(uglg) FAHEE/(ng/g) HAFBEEACE /%
GXB005 137.95 + 0.47" 135.75 + 0.47 2.20+0.94 98.41 +0.68%
GXBO11 253.85 +0.81° 252.19 +0.46 1.65+0.47 99.35+0.18°
GXB023 320.65+0.17" 317.83+0.17 2.82+0.01 99.12 +0.02°
GXB025 152.68 +0.18’ 151.81 + 1.42 0.87 +1.41 99.43 £0.93°
GXB032 581.17 0.44° 574.50 +2.80 6.67 +2.36 98.85+0.41°
GXBO035 56.09 0.43" 54.57+1.23 1.52+0.94 97.29 +1.70"
GXB051 111.89 £0.04' 110.05 + 0.44 1.83 £0.47 98.36 +0.42%
GXBO053 455.62 +1.55° 448.37 +0.16 7.25+1.63 98.41 0.35"
GXBO055 206.03 + 4.22' 198.90 + 0.04 7.13 £4.20 96.58 +1.95"
GXB057 150.16 +2.24' 141.52 +0.78 8.65 +2.83 94.27 +1.78¢
GXB059 736.45 % 0.56" 733.59 +0.57 2.86 +0.02 99.61 0.01°
GXB064 83.94 £2.96" 81.46 £2.30 2.48 +0.66 97.06 + 0.68"
GXB065 386.53 +2.08° 375.82+4.72 10.71 +5.89 97.23 + 1.51*
GXB077 216.63 + 523" 212.61 +4.75 4.02 +0.47 98.15+0.18"
GXB083 1377.47 £4.72° 1367.34 £ 4.73 10.13 +0.01 99.26 * 0.04°
GXB086 221.16 % 1.47" 210.14+0.38 11.02 +1.41 95.02 +0.60"

E: NENE FE AT RR B ARG ST R AR RS AR FH E T (P<0.05).

R B R Al g 7 ) 16 AR B E 10 pg/mL
WARFRANIRE TR 5, S WP, NG
WLAR J2 5% B JC LA 1) & S a0k 3 flrome 1X 16 R
WEmEAEREEER (P<0.05), AHUGHEL
R T 95%, H, KEFRRILAE GXB083
() S IR 2 1 377.47 pg/g T E AR, A ML & £i5
F) 1 367.34 uglg THE, ¥INmE, EHEMHE
Bk HAh, Tk GXB032. GXB053. GXB059.
GXBO65 [ Sl A1 HUAN & B4 485 375 ng/g T
e, M ER T HAE k. B8 ESEP R
T E TR B A Tk 81.80% . A
FE 5E ) A2 FLIR B R AR N I &, LR B TR
TP T R 3% 2 TE LRI % A Rl B 1 Rl 2 BE SRR
BUAR, B & il LR B o] ) A G ) = R Al 7E AR
AT AR B el ke 5 o O i
HOER A GXBO032. & 328 0 IR B GXBO053,
LB R Bk GXBO059. FE AL AT B GXB065. K
K FUAT B GXBO83 M & Al % W bk, 4TS

2.4 A K &R e A AT A B A E

e I 5 AR = AL 5 Mk GXB032. GXB053.
GXBO059. GXB065. GXB083 [t 4 K i £k i & 3,

T TR R ) BT A eV S S, (HIEARHRAE 3 h B
F% 5 Bk N0 # AR K. GXBO083. GXBO065 1 %t %
ARKIARREE R 12 h, B 5N E ] GXBO032.
GXB059. GXBO053 (% # 4 KIHHFF2: 3] 10 h, [l
JEENFEE M. RN, 6 LR B 1
B, Sy FERARAKZEHG], AR K E R0
T LR B E X SO HE %, AR Kouad,  Ber i
W fE SRR KB % . Suhajda 25 70 & B,
TE B RGN B 255 B0 K 5 I N Al By, mT BA
133 I IR & il B, AR BRI AR I A e R
TRES . WA FCIR AL EE 3 /N B X B4 K A
NTEAREREN, DLIRTS B K Bl .

18
16}
14+
12+

g 10}

8 oslh
06 s GXB032
04l e GXB0S9 v GXBO83
02L —a-GXB053 ¢+ GXB065
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i) / h
B 35 #EMmFLBE A EK ML

Fig.3 Growth curves of five Se-enriched lactic acid bacteria
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2.5 EHITHBNRERELNHE

I8 I B0 W 25 IR AR FION R AR R i A R
K WSS [R] 5T B B 1A A R AN 8% 7% 1) 5 ki A
8 %5 5 ¥k GXB032. GXB053. GXB059. GXB065-.
GXBO083 [JEKAE ML, W3 4. 35773 {0 A% 2
BN R SR FEAE KT 10 pg/mL i, g R BH A BR A
A GXB032. 7L A 5 Bk B GXB059 A1 A IR K 7.
F# GXBO083 ¥H A FFEEE AL, HARL R
I 5 IV P A P o R B i R . B SEBRAR IR
GXBO053. 535 H GXB065 Il 7 3V fifh Bk 44 J7i &
WREN 20 pg/mL FHASLL. Xia P RmE e £ 0, 3
P2 B T LK G R 5 TE LA S A A LA, 24
EEd e, AR L R TN A B AL )
JRAT . 15775 P IR B AR 2T 2 TO AR % A B i
AT R o TR B, RIS B AP R A %)
FUBR B R A =2 T 8, FLIR B H s B4
E, FEILAEME LA VIRELR TR, Kk s
BE 7 BB AR B s B B OE S M A e AR, W
I T AT BRI IS Dy 0 ST VAR, B ERL B
HeAp gD, STEME N S50 TR IR I 5 R
TR GXB032+ LA H ERE GXB0S9 A LR FLAT
GXBO083 [1)3& B VAl R A4 o 94 & 72 4 10 pg/mL,
T FHMIKHE GXB053. % FLAT B GXBO065 [13& B
VAP R 7 ot A B U E Y 20 pg/mL o

* 4 FREIRERELMENIEFR24 NERFEBTH
Table 4 Color changes of bacteria cultured at different

concentrations of sodium selenite for 24 h

T FHBR AN G 2 R /(ng/mL)

Btk S

0 5 10 20 40 80 160
GXB032 - -  + o+t A
GXB053 - - - + + T+ Tt
GXB059 - -+ + ++ ++ +++
GXB065 - - - + ++ =+
GXB083 - -  + 4+ ++ b

-, B b, BREL; 4, 4T b, R4T.

IR 5 PR A LR B E A5 1 R I R AN A
ER GRS MR LTS E L EYELE 4, &
il 5 2 0 A 0 1 I A v ) R R TR LA B
GXB083, 434~ 1 377.85 ug/g 1 47.04 mg/120 mL.
B ST N GXBO053. fFLAF I GXB065 H 155
FRHE 1 AR R o S P FE = A 20 pg/mL, FLA
TG 549 ) 9 262.91 pg/g F1 486.90 ng/g ;. HAEY)
B 95 22,61 mg/120 mL A1 19.96 mg/120 mL .
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Fig.4 Total selenium content and biomass increase of
Se-enriched strains at the optimal sodium selenite concentration
E: AR FERRRE ARG EBEERENETZAH

B E A E

B A 7L R A 1) T 4 B B ) () L SR AT T & R
W S fis, nR1E W 97 Ja AL R B, ek B3
TNy B %t DPPH. HE4A B &5 11 ABTS' H
EIEBREMEB T AEMARERS (P<0.05. H
HR R TR RG VR LA B 1 Pk GXBO83 & fili 4L f) DPPH i
BRE R, N 43.64%, MR EMIES T 7.86% ;
AR T B EE R R R, N 19.24%, HHEE
KEMIRE T 1.61% ; ABTS' H HEER R,
N 21.51%, AR E WIS T 5.05%. FHAh 4 Bk
A AR LR R3S A PR . I B R R R T
GXBO032 [ Y15 7 H A ABTS™ H HH 25
AR E I & m K, 7 ik 5.04% F1 5.13%.
S 4 B AR B B A 2 S5 R FLIRR TR A B R B A A B A
TGV AT — E R R 3G N . Mo e P it 7o,
S R B ER T WY 12, H EIE W DPPH H H
FIE BRI 65.99%, M TR EM 52.98%, #2
BT 13.01%, EAAE B FERE. Kimn PR 0E
7 8 Fl, 15 BRFLER B ) DPPH LA & ABTS' H Hi 3%
JEBRER, Hb DPPH H 25 B R AL 2.55%~6.88%
Z [A], ABTS™ H H %% B 6 £ 8 19.69%~86.26%
i B LR B B 2 S M BT AL RS 75 3 B B AR
Fto Wang ZPWF AL, K R FLERE 4T DPPH
H 2RI B e 200 T AR s R, I TG 4 M S HL
(CFE) 1] DPPH H HIETERFEA 26.37%. ALK H
RN O 510 A WLAR, 76 20 P PN A= Rl 2 1 0
W2 HE, ACHIEFC 03 10 & WAL 4 PR W R
MU EEAb 2R ey DR LA B I i 48 A R
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Fig.5 Antioxidant activity of cell-free extracts of
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E: R TRE, P<0.05, ** R THEH, P<00l.
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H RGN R BT K M BB R B AR 1
KPR Sy, A8 B B G RS B FE M SR T, T AR
Pt R RN i 3 T B K M 45 SR AN P 6 BT
o GXBO053 HREM&LF, &4 5 RN
77|J N 45.17% A1 45.64%, Vougiouklaki 55" #f 7T f)
FLER B B AR (0 B TE 4.38%~12.23%, AN F
BT B AR B REEH > 30%, 1l A7 5 bk
BEMARENARENRY, HEMz FHEER
W REETHOARZE (P>0.05. K 6bER,

S I B GXBOS3 (193K 1 B K M B i, 18 3
T 49.66% ; FIHELAKVER/NIEMN GXB032, H
18.03%, Vougiouklaki 25" & ) % B #k % I B 7K
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Fig.6 Adhesive activity of Se-enriched lactic acid bacteria
2.8 ' AR FLER T Y T ER W AE 2E 4

5 R AL TR AT D PR A R JIE i 52 e 2 SR
Bl 7 Bz, 5 R E A LR TR A R 14 2 30l 9 77.95%
80.63%- 81.55%- 81.02% £ 83.88%. # % & fH 1
HEi 4 h 5, GXB053 3 8L H & i 19 IE v it A2 1
N 69.77%, ¥ & GXB032 (65.81%). GXB059
(55.25%).GXB083 (47.57%) 1 GXB065 (42.1%),
Zhang %5 (B 72 & IR 2L A 1 AN B 52 A0 B IR
YR BT BR M (69.96%) LA K JH i 57 P4
(45.24%), ZAWFFLHT S Fh B A A 2 i A R 12 A T
Zhang Jr 4 B AR, B0 IT B R 2 B B
(T BRI I 2, ELATE & W45 R & il 4 3 T i
EER (P>0.05), UFBHHTE ST G E
PR AT (RO R AL 26 2 A 1 AN 2 A AR AR A
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Fig.7 Tolerance of Se-enriched lactic acid bacteria to
acid and bile salts
E: B a kg mILEE B, B b g BILELE 1
R,

29 EWMIABREWNE HEm Y

B pHE E 1.5 845 2 8], JHib K4
B3 ho N TR AR WA R UL, iR R T2 —
MECHELERNRE. MRS R 6 i, 5
T B AR A UL 1 VAR ADL i YR 25 2R I LR A e 1Y
PrrE, By GXB053 7EALHIL B W & Al 4 5 oK & il
HEP I REAAEREESR (P<0.05), HAh4k
W PRTERAL B I, =S R = 0 B R
(P>0.05): 4h G T A M H & 71, W%
GXB032 1 GXB065 £ 1% fl 5 ¥ ' % 41 1 17 7%
RIBIKT 100%, i W1 B PR AE R 400 B W A7 TS O
ks 4 K, Tk GXB053. GXB059 1 GXB083
()= il 20 7E B 40N B O A 1 I8 B 98% LA
b AR VR A7 R 230K B 80% LA E .
Vougiouklaki 25" 72 R B, PR AR . W
AN R FL R AT TR RN R ) TR AT T A A4, B
JV 1 IR S5 38 R I R A BN 2 1 (A7 3 630 A
60.40%~88.81%), AU 1) 45 FAL T H A #kiE,
Ut B A SIS 1 5 MR FLIR B A B B W i 2
HEMBEHRIASEHEEW 2, GFEN
A SR FLRR T I T

® 5 EWMIBREEEMBRPHTFEE

Table 5 Survival rate of Se-enriched Lactobacillus in simulated gastric juice

ERASGES

7% W 4%/(Ig CFU/mL) BB %
0h g 4h'E#  OhKREH 4hREH i A
GXB032  870+024 9.14+0.18 889+0.17  9.34%0.19 105.09 + 1.19° 105.13 + 1.01°
GXB053  8.06*0.10 7.92+0.15 839+0.16  8.17+0.11 98.17  0.64° 97.45+0.75°
GXB059  838%0.11 826+0.04 865+0.19  8.38+0.09 98.55 + 1.63™ 96.85+2.37°
GXB065  848+0.13 8.62+0.17 8.67+022  881+025 101.64 +0.65° 101.72 +3.02°
GXB083  821+0.07 8.15+0.10 836+0.13  836+0.14 99.23 £0.76™ 99.99 +0.88"

E: AR B FERTEAEIAG AR AR AERAELELIFREF (P<0.05), TR.
* 6 EWMIREEEMERTHFEE

Table 6 Survival rate of Se-enriched Lactobacillus in simulated intestinal fluid

ko ‘ ;%‘ffj /(g CFU/m‘L) ‘ ‘ i 2% ‘
Ohg#  4hEHM OhREMH 4hKREMH % A5 A
GXB032  888+0.11 835+02  9.13+0.06 872%0.18 94.06 +1.22° 95.40 1.55°
GXB053  8.17+0.04 6.72+0.10 838+0.05  7.02%0.09 82.28 +1.10° 83.78 +1.07°
GXB059  7.88+0.09 6.68+0.18 817+0.07  7.08+0.26 84.83+2.67° 86.65 +3.38"
GXB065  821+0.03 7.95+0.05 832+0.03  8.29%0.09 96.79 +0.26" 99.65 + 1.43"
GXB083  831+0.10 7.71+0.17 865+0.16  8.08%0.11 92.82 +1.96' 93.50 +1.20°
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