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Abstract: [Objective] To search for the strains with improved tolerance, probiotic properties,
and safety, we isolated Lactobacillus plantarum HY21 from the intestinal contents of
Apostichopus japonicus and evaluated the probiotic potential of the strain. [Methods] The
shake flask fermentation, environmental factor simulation test, and antibiotic susceptibility test
were carried out to study the growth characteristics and acid production of the strain, as well as
the antioxidant capacity and aquatic pathogen-inhibiting effects of the fermentation broth. In
addition, L. plantarum HY21 was characterized in terms of the tolerance to environmental
factors, hydrophobicity, auto-agglutination and co-aggregation, antibiotic susceptibility, and
intestinal adhesion ability. [Results] L. plantarum HY21 in shake flask culture with the initial
pH 8.0 entered the logarithmic growth during the period of 2—10 h. The culture showed a strong
acid-producing ability with the minimum pH 3.6 at the time point of 18 h. The fermentation
broth of the strain showed an inhibition zone diameter of (13.96+0.30) mm against Vibrio
alginolyticus and a 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) free radical scavenging rate
of 95.45%+1.56%. L. plantarum HY21 had a hydrophobicity rate of 60.42%+2.78%, an
auto-agglutination rate of 22.69%=+1.36% and a co-aggregation rate of 27.98%=+1.45% with V.
alginolyticus. Furthermore, the strain showed the adhesion number of (1.66+0.01)x10° CFU/mL
and (1.23+0.15)x10° CFU/mL to fish body surface and intestinal mucus protein, respectively.
L. plantarum HY21 was susceptible to 13 common antibiotics. The survival rate of L.
plantarum HY21 reached 99% and above in simulated gastrointestinal fluid (pH 3.0, pH 6.8)
within 3 h, 68.11%=%7.98% in 10% fish bile fluid within 3 h, and 97.58%+7.14% in 3% sea salt
solutions within 16 h. [Conclusion] L. plantarum HY21 is a probiotic strain with strong
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colonization potential, antimicrobial activity, and antioxidant capacity, demonstrating a high
survival rate and high safety in the applied environment. The findings provide a theoretical
basis for the development of new probiotic strains as probiotic additives for aquaculture.
Keywords: Lactobacillus plantarum; tolerance; adhesion; antimicrobial effect; antioxidant capacity
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Figure 1 Linear curve between Dbacterial
concentration and absorbance of Lactobacillus
plantarum HY21.
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2 FREVHEZFHETHEYINTE HY21 HERKEA-OMEYIATE HY21 8945 K5 pH T D)
Figure 2 Growth of Lactobacillus plantarum HY21 under different initial conditions (A—C), growth and pH
change curve of L. plantarum HY21 (D). A: Growth of L. plantarum HY21 under different pH conditions. B:
Effects of different temperatures on the growth of strain HY21. C: Growth of L. plantarum HY21 in media with
different concentration of NaCl. D: Growth and pH change curve of L. plantarum HY21. The error bar reflects
the average difference between a data point and the mean.

x1 HEHYATE HY21 EREARPOFEERTEHEHRER, n=3)
Table 1 Survival rate of Lactobacillus plantarum HY21 in different liquids (mean+SEM, n=3)

Tolerance time (h) Gastric fluid pH 2.0 Gastric fluid pH 2.5 Gastric fluid pH 3.0 Enteric fluid pH 6.8
survival rate (%) survival rate (%) survival rate (%) survival rate (%)

1 <0.1 44.45+6.77a 99.25+8.11 99.16+6.16b

2 <0.1 0.30+0.00b 106.04+5.74 113.91+4.48ab

3 <0.1 <0.1c 118.83+7.42 103.85+3.42a

Data are means of triplicates. Means in each bar sharing the same superscript letter or absence of superscripts are not significantly
different determined by Tukey’s test (P>0.05). The same below.
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Table 2 The sensitivities of Lactobacillus plantarum HY21 to the nine susceptibility tablets

Antibiotics Drug content (ug/tablet) Diameter of inhibition zone (mm) Sensitivity
Tetracycline 30 40.66x1.15 S
Erythromycin 15 38.33+0.57 S
Norfloxacin 10 34.00+1.00 S
Sulfamethoxazole+Trimethoprim 23.75/1.25 42.00+1.73 S
Furazolidone 300 37.00+1.00 S
Gentamicin 10 30.00+2.00 S
Penicillin G 10 22.33+1.15 R
Chloramphenicol 30 35.00+3.00 S
Ampicillin 100 31.66+3.00 S

R: Insensitivity; S: Sensitivity.

®3 LHKFEERLGYMNEYIE HY21 &
RIS K

Table 3 Minimum inhibitory concentrations of
seven commonly used aquatic drugs against
Lactobacillus plantarum HY21

Drugs MIC (ug/mL) Conventional dosage (time)
Enrofloxacin 8 6—12

Neomycin sulphate 0.25 3

Thiamphenicol 4 3-6

Florfenicol 8 12-18

Doxycycline 8 12

Flumequine 16 15-30

Sodium 64 48-96
sulfamonomethoxine

<l actamicro@im.ac.cn, & 010-64807516
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x4 EYFAE HY21 BREHKE. BRM. ELRUEFIRMEE N RYMIKE R

Table 4  Test results of surface hydrophobicity, self-coagulation, copolymerization and adhesion of
Lactobacillus plantarum HY21

Item Result (%)
Self-coagulation 22.69+1.36
Hydrophobicity 60.42+2.78
Copolymerization with Vibrio alginolytica 27.98+1.45b
Copolymerization with Edwardsiella tarda 33.62+0.62a
Copolymerization with Sreptococcus agalactiae 25.89+2.95b
Copolymerization with Aeromonas hydrophila 25.33+0.81b
Surface mucous adhesion amount (x10° CFU/mL) 1.66+0.01A
Intestinal mucous adhesion amount (x10° CFU/mL) 1.23+0.15B

The significant differences between the four groups of copolymerization were analyzed (lowercase letters);

Significance analysis between two groups of mucus (capital letters).

VIR IR IR I ARAR, B AR 1 38 i 0 AH Y T
1.06 % 0.25 mg/mLV IR 5 17

3 dtik
3.1 ARRIFEEIZIATEOEARSEY

XiF HEAS [ SR WEAE P FUAF R 1 A K 4R 5 7 TR
MHZ R B, SRR LR T 14 A K B T I 5
fi, KEALE2h el AN, Hi-misz,
REHEAFaE IR pH /T 4,01 ARG A Pk
HY21 WA BZR = FR i 2k S TR Y 2 LIRAT B
GF103" g ge 2 AR, 2 h JEHEASTE, 9 h
PEAREW, BElG pH7E 3.6 A4, E20h HEA

TEMIAM, BEA BN, 8RR, Rtk
HY21 A RS RIRSETER=IRAE ST . HFRE AT LA
PR pH AESIE TR )y, FERE I Al A ARTT
KA

Fz5 HEYIFE HY21 X 4 #59% JR & B9 HI14E R
Table 5  Antibacterial effect of Lactobacillus
plantarum HY 21 against four pathogenic bacteria

Strain Diameter of inhibition zone (mm)
Vibrio alginolytica 13.96+0.30c
Edwardsiella 16.93+0.55b

Sreptococcus agalactiae 17.83+0.50a

Aeromonas hydrophila  9.10+0.26d

3 EWMIAAE HY21 X 4 FRm R E 89 H ] F R

Figure 3 Antibacterial plate of Lactobacillus plantarum HY21 against four pathogenic bacteria.
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Figure 4 Comparative analysis of the ability of Lactobacillus plantarum HY21 to scavenge three kinds of free
radicals and reductive property. A: DPPH free radical scavenging ability. B: Hydroxyl radical scavenging
ability. C: Superoxide radical scavenging ability. D: Reducing capacity. The error bar reflects the average
difference between a data point and the mean. Different lowercase letters represent significant differences.
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