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Abstract: In an investigation of the probiotic properties of lactic acid bacteria in honey, a gram-positive bacterium was
isolated from honey and purified. Based on its colony and cell morphology, physiological and biochemical responses, and
16S rDNA sequencing analysis, the bacterium was identified as Lactobacillus apis A9. This strain was found to be negative
for hemolysis, gelatin hydrolysis, nitrate reduction, and amino acid decarboxylation, and susceptible to nine antibiotics,
including penicillin. In probiotic experiments the bacterium displayed a high self-aggregation rate (93.37%) and a relatively
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high hydrophobicity rate (48.71%). It exhibited 43.67% survival after incubation for 3 h at pH 3.0. After 24 h of incubation in

solutions of 1 wt.% sodium deoxycholate, 6 wt.% sodium chloride, and 25 wt.% glucose, the survival rates of the bacterium

were 96.48%, 68.27%, and 88.57%, respectively. These results indicate that strain A9 possesses strong resistance to acid, bile

salts, and hyperosmotic stress. The bacterium displayed a lead (Pb”") absorption rate of 55.53%. Lead accounted for 5.90%

of the bacterium’s surface-displayed elements. Infrared results revealed that hydroxyl and amino groups on the bacterium’s

surface interact with lead ions, leading to an increase in a-helices and f-turns in the bacterium’s proteins and a decrease in

[-sheets. In summary, L. apis A9 isolated from honey exhibits good safety, probiotic function, and lead adsorption capacity.

This study provides new insights into the development and utilization of lactobacilli in honey.
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API 50 CHL V5.2

+ o+ o+

OW 2 3@ o6 7 8 SWOW

A £

Iy 14 "15 T16 17 @& @Y 20 21

27 '28 29 130 ‘31 ‘32 33 34 35 36 37 38 139 40 41 42 43 44 45

- - - B - -Afhfenre

22 @5 @9 @Y 20

e - - - - - - B - -

46 "47 48 49

I BE AL

H¥ 18-1-2024

RE% | API S0 CHL V5.2

2 o +--

A7 8 U4 2 B % 1D \Tﬁ R85k %

I i 55.3 071 | DXYL 100% MLZ25% RAF 75%
YR | 44.6 | 0.75 | GLY 1%

T %D | TH A B

FEFLFFEEL 0.1 [ 0.41 | 'GLY 0% SOR 14% MLZ 14% TUR 14%

& 3 API 50CHL £E 43
Fig.3 API S0CHL identification results

P PR Y APL S0CHL % 5€ 1, %ID B2 ix 1
100%, TEEREET T 1, 0% e 45 B . i
R R A9 ()% 5E 45 AN 3 FToR, %ID B AH XY
AR, 55.3% #5210 T 0K BR B, 44.6% 4238 T

102

WA 1. %A B4 € Lactobacillus apis, 7]
R P 5L 8] A e 0 v i 7 40 L K PR T v 7 45 0 o L
MSEHEA P55, ML, MHZE T
—IPEE.



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.12

2.3 16S rDNAZ F 7 7| 447

B #k 16S rDNA F Br PCR 471474 (1A B i Lk
SR 4, 75010 45 R 5 National Center
for Biotechnology Information 3 [X| % %1 3k 17
BLAST LUxf &t RAnl 5, 25 R BB bk 5 30 R
HAANFHE (Lactobacillus apis) )3 K 751 [F)J5 14 ik
100%. &5 & A PEAE A RR M 25 BB R R A 2R 3R
Wr LA s It 4 N R I FLAF R A9 (Lactobacillus
apis A9) .

D 2000452

bp
2 000

1 000
750
500

250

100

[& 4 Lactobacillus apis A9 #J 16S rDNA K E; PCR
3 HE 7= R L Rk
Fig.4 Gel electrophoresis of 16S rDNA fragment PCR

amplification product of Lactobacillus apis A9

e
81
5, 2 <
2 2 &
% 2 =
% B
% 3 g § »
% % & &
o B3 &
kS 5 5 $ &
%, % S s & &
%, %, 3 S § N ®
%, % 3 3 N & &
%, %, S, “ 3 o &
% <% = < &
o % ‘%( % H § By
ey, £3 N Z 3 o & & ©
2 % T 3 2 N o o\
“ % & & » g & & § o
"2, £ % N o 9 s
e, G % P 3 "
“ctay, "y % g\/ d & A
o % 5
ey, E }a o A
o, % NE N M Pt ) ‘1099550
“m 1y < \ N ot orge™"
9995, . ~ e

Zoms,

b
Kullal
) B mbﬂﬁ‘“"s
Y {/ ji X 099549
- 2 bacillus kimbladii 1X
511 Lactobact
61 _
i i isilvae OM 986478 — | J

Apilactobacillus gpisilvae ,&( " V/ ™ Bﬂmb”mabammy )

A ellis JX 09

ot = "; \7 93 L 9545
¢ < 5

x
—
-
;
/
&
N
§
g
&
S
;
2

b / % 7
o (3 s,
s Nl <2 2,
e o S \ ES 3 ey,
00 o [SE N IR s, 4, e,
o o & & L §F & 2 %, )
’ o & §F YR 3 %, 954
e ) g § B oy 5 " %
A A I A S S %,
Q& I g% 2 2 o,
& & ¢ N I3 & % %,
Yo 9“ & & 8 g X T, %,
9 RS & g & £ % %, %
o § F ] g 2 %, %,
& § 5 5 5 % %, %,
A § g g T =, “, Oy,
W N N 5 ES % 2. 4
N g H ) E %,
S S & Y % %
¥ K 3 ] 2 >
2 H E %
§ = = %
(e}
N 8 o
g 2
b 3
2 E

5 Lactobacillus apis A9 5 H M ZEFZLEE 16S rDNA
AR B
Fig.5 Phylogenetic evolutionary tree of Lactobacillus apis A9
and other bee-derived Lactobacillus 16S rDNA

24 WHRAEKFENTFR
241 FRIEBEFRiEpHIEA K4

1.4+

12} \_
1.0} \
08}

0.6 -

OD600

0.4+

0.2+
5 100 15 20 25 30 35 40 45 50
MR/ C

6 REREXT Lactobacillus apis A9 < i 220
Fig.6 Effects of different temperatures on the growth of
Lactobacillus apis A9

12
1.0F _/\

os| o

Q%
o 06r
041}
02} _/./-
0.0 L L L 1 1 1 |
2 3 4 5 6 7 8 9

pH
7 A[E pH {&XF Lactobacillus apis A9 44 H 220
Fig.7 Effects of different pH conditions on the growth of
Lactobacillus apis A9
Iy AFERIASFR B, ARG pHAE, fHiR
B 24 h ZJa D E ODgygr  HRHE T PR AL KNG OLHA E %
PRI PR B T A AR S ol AR R T . 45 R AR,
Lactobacillus apisA9 W &&EEKILE N 37 CCn
Kl 6), id pHAEAN 6.5 (Wi 7).
2.4.2  Lactobacillus apis A9#) A K h & F= 7= BRAE
7 ¥ &,
ZEAEKM &R “s” Mhidk, sIEEE N
7% 2 h R BRI R R, BEAEARKY, 5i9F 16 h
JEAEKEEY RS, AR EEKY (K 8). £
2~16 h HIAE KIS (A N, B SR pH (B 247 2R AR
@3, U Lactobacillus apis A9 1EXTEUE K H N,
H iR SRR 2IEMOC, BFR 16 h 5, W&
T pH {E [ %2 3.36, Bl 5 1 A A R E AR E T,
BRI pH AE AW T 1208, Ui AR FE RS 77
Fl16h J5, 4G EHUE B RmKF

103



MK ESBHL

Modern Food Science and Technology

2024, Vol.40, No.12

Tr 715
A
6k
11.0
m 5| ﬁeﬁpH{E s
%. —=-0Dy, 8
4+ —40.5
3=

1 Il 1 1 Il 1 Il Il 00
0 2 4 6 8 1012 14 16 18 20 22 24 26
i) / h
& 8 Lactobacillus apis A9 4 1< ih 2k F0 7= E& BE 1 # 2%
Fig.8 Growth curve and acid-producing capacity curve of

Lactobacillus apis A9
2.5 ZAMIFH

251 A EHAEN

Lactobacillus apis A9 % H 55 2 MU 55
RTINS AL AR P s X PRI VD B ) U o
iX, WHIMEE B (£ 3D, YIHHEERSZEM
M RO B, HOGRECR VIR R A b, IR
V0 B U 2 T R TC A H

%R 3 Lactobacillus apis AQHIHTAEZHE EHR
Table 3 Antibiotic inhibitory diameter of

Lactobacillus apis A9
MXIGH:  #74)B A2/mm || MXIE4F F74) E A2 /mm
AEE 34.62 WTEE 13.46
agk 34.32 P AR 38.80
ZF B 39.85 KREE 11.60
B 7 #iE A 26.96 WIRE 9.14
HEE 40.38 TRy E 0

252 ik

A B 43 WA VA L 2% A5 20 B AR %) I G B of A
BB, R VA B IR XN - 5 I A,
WFRATE RV, AR TR BURE . B
HHLE B X 80N p- i, WiRse e, B
T s A B R R A AR XU Dy - v R, B
ANBERE M, TBORME. ¥ Lactobacillus apis A9
RIZE T 5He LU i AR TH IR 55 7% 24 h, WELH 7%
FEIE AR & 9, A S 4R 0 FF B X 45t A
PR S ), B B R IS AL - Vi, B
SRV, TEURTE. Nath 25U I A B2 2L 0 07 1%
MR AR AT &, I8 I IV 1 S e A
VRS BT IR . TA 48 PR B i B e
) FLRR R AT I A I, 45 SRR B LR A O

104

MY . ASHFFCH Lactobacillus apis A9 ¥ [ 156 45
5 Sk A HE 4 R — 2

& 9 Lactobacillus apis A9 B3z Il E

Fig.9 Hemolysis of Lactobacillus apis A9
253 FHERELR. BIREMA

i PR 3 D 147 i TR 3 v ) USRS I SRR

SO £, SREEER A RON, AERR A
LR B RS, AR BE AR NI 2R I8 )R
B, K TE AR RN B Bl 3 5 8 B IE IR B 5 24 h,
A 0 B AR e AT DA O B, A R i
A I BB, R g B, B AR A
A& JF MR R ae 11, L R E R (B 10,
LM REA NN, W Lactobacillus
apis A9 AN E 8 [ AH TR £h 1 e

K PR
#H it

10 FHERELIE R SRU 45 2R
Fig.10 Results of nitrate reduction experiment

R R BERENS 0 R SR A IR, A2k
JEE AN S A RRAL B TR IR A . N B TR
Mg IR, A A B Re e A IR IR R, A5 R
RO GERTIVRFER) RO, HEEE
P A YA, T DU T R A = SR R
e, ARG R (B SoRRgs R SR #
1, B Lactobacillus apis A9 A=A 28 L 1R i 32 1y
BRI R e



MK ERBHL

Modern Food Science and Technology

B 11 S EBRHRITHER

Fig. 11 Experimental results of amino acid decarboxylation
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Fig.12 Results of gelatin liquefaction experiment
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