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Abstract

This study aimed to isolate a safe, plant-based, culture-compatible probiotic strain from
kimchi and optimize its cultivation conditions. A total of 100 lactic acid bacteria (LAB) were
isolated and safety assessments (hemolytic activity, gelatinase, biogenic amine production,
and antibiotic susceptibility) were conducted. Strain CB5-30-3, identified as Zactiplanti-
bacillus plantarum using 16S rRNA sequencing and API 50 CHL analysis, showed no safety
concerns. Among the eight plant-derived nitrogen sources and four sugars tested, the
combination of soy peptone (A2SC), yeast extract (545 MG), and glucose resulted in the
highest cell growth. The optimal carbon-to-nitrogen ratio was 1:1.5. Fermentation
conditions were further optimized in a 5-L jar fermenter, revealing that 30C, pH 6.0, and
100 rpm agitation provided the best growth performance, with efficient carbon utilization
and reduced lactic acid accumulation. These findings suggest that L. plantarum CB5-30-3
can be effectively cultivated in animal-free media, highlighting its potential for sustainable
probiotic production.
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Fig. 1. Phylogenetic tree constructed based on 16S rRNA gene sequence analysis.

Table 1. Biochemical characteristics of the isolated strain using the APl 50 CHL kit

No. Characteristics C§;r-za3l(r)]-3 No. Characteristics C;;rglg_3

1 Glycerol - 26 Salicin +

2 Erythritol - 27 D-cellobiose +

3 D-arabinose - 28 D-maltose +

4 L-arabinose - 29 D-lactose +

5 D-ribose + 30 D-melibiose +

6 D-xylose - 31 D-saccharose +

7 L-xylose - 32 D-trehalose +

8 D-adonitol - 33 Inulin -

9 Methyl-5 . - 34 D-melezitose +
D-xylopyranoside

10 D-galactose + 35 D-raffinose +

1" D-glucose + 36 Amidon -

12 D-fructose + 37 Glycogen -

13 D-mannose + 38 Xylitol -

14 L-sorbose - 39 Gentiobiose +

15 L-rhamnose + 40 D-turanose +

16 Dulcitol - 41 D-xylose -

17 Inositol - 42 D-tagatose -

18 D-mannitol 43 D-fucose -

19 D-sorbitol 44 L-fucose -

Methyl-@ .

20 . + 45 D-arabitol -
D-mannopyranoside

21 Methyl-a - 46 L-arabitol -
D-glucopyranoside

22 N-acetylglucosamine + 47 Potassium gluconate +

. Potassium
23 Amygdalin ¥ 48 2-ketogluconate
24 Arbutin + 49 Potassium -
5-ketogluconate
25 Esculin +
280 | J Dairy Sci Biotechnol Vol. 43, No. 4 https://www.ejmsb.org



Fig. 2. Hemolytic activity of the positive control and the isolated strain “ blood agar plates. (A)
Positive control (Bacillus cereus KCTC1012), (B) Lactiplantibacillus plantarum CB5-30-3.

Tyrosine Histidine Ornithine Lysine

Fig. 3. Results of biogenic amine production test for the positive control and the isolated strain.
(A) Positive control (Bacillus cereus KCTC1012), (B) Lactiplantibacillus plantarum CB5-30-3.

cut-off ol3t9] MIC Zh& eRigich EFSA 7120] Wam @i fabgols washs A
(intrinsic) A& $:04 o] 71s4o] glo] Qb BAIR 1A ghom, cur-off olsle] MIC
32 F5(acquired) WS $A1S ol webd] 2 251 PR Y S84 B R
o] ot ekist F2 W7hE % oK) (Table 2). of A7 259 444 288 gt B
224 B2 Aol

Table 2. Antibiotic susceptibility test results of the isolated strain

Minimum inhibitory concentration (MIC) zg mL™" of antibiotics to Lactiplantibacillus plantarum strains

Strains Am Ch Cm Em Gm Km Te
CB5-30-3 0.19 3 2 0.5 6 64 6
EFSA 2 8 4 1 16 64 32

https://www.ejmsb.org

Am, ampicillin; Ch, chloramphenicol; Cm, clindamycin; Em, erythromycin; Gm, gentamicin; Km, kanamycin; Te, tetracycline.
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Fig. 4. Results of basic growth curve analysis. Bacterial growth was monitored by measuring optical
density at 600 nm (ODsggo, dashed line) and viable cell counts (CFU/mL, solid line) over time. Data
are presented as meantSD from three independent experiments (n=3).
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Fig. 5. Effects of different plant-based nitrogen sources on optical density and viable cell counts of Lactiplantibacillus plantarum CB5-30-3. (A)
Optical density at 600 nm (ODsy) changes with different plant-based peptone sources. (B) Colony-forming units per milliliter (CFU/mL) under different
plant-based peptone sources. (C) Optical density (ODg) changes with different plant-based yeast extract sources. (D) Colony-forming units per
milliliter (CFU/mL) under different plant-based yeast extract sources. Data are presented as mean+SD from three independent experiments (n=3).
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Fig. 6. Effects of carbon sources and carbon-to-nitrogen (C:N) ratio on the growth of Lactiplantibacillus plantarum CB5-30-3. (A) Optical
density (ODgyo) profiles with different carbon sources. (B) Colony-forming units per milliliter (CFU/mL) under different carbon sources. (C)
Optical density (ODgy) profiles under varying carbon-to-nitrogen ratios. (D) Colony-forming units per milliliter (CFU/mL) under varying
carbon-to-nitrogen ratios. Data are presented as meantSD from three independent experiments (n=3).
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Table 3. Summary of carbon source consumption, alkali consumption, and lactate accumulation during fermentation at different temperatures

Temperature Co Cend Total carbon Alky  Alkeng Total alkali Lacy  Lacen Total lactate
(€) (g/L) (g/L)  consumption (gl) (mL) (mL) consumption (mL) (g/L) (glL) accumulation (g/L)
37 (control) 0.00 60.00 20 1,180 18.08 60.00
30 60.00  10.60 49.40 1,200 440 760 0.00 10.36 60.00
40 14.60 45.40 470 730 13.70 57.14

Co, carbon initial; Ceng, carbon final; Alko, alkali initial; Alkens, alkali final; Laco, lactate initial; Lacenq, lactate final.

Table 4. Summary of carbon source consumption, alkali consumption, and lactate accumulation during fermentation at different pH

pH Co Cend Total carbon Alkp  Alkeng Total alkali Lac,  LaCen Total lactate
(condition) (g/L) (glL) consumption (g/L)  (mL) (mL)  consumption (mL)  (g/L) (g/L) accumulation (g/L)
6.0 (control) 4.28 55.72 200 1,000 14.36 14.36

5.5 60.00 11.92 48.08 1,200 500 700 000  10.24 10.24

6.5 0.56 59.44 100 1,100 13.56 13.56

Cy, carbon initial; Ceng, carbon final; Alko, alkali initial; Alkeng, alkali final; Lac,, lactate initial; Lacenq, lactate final.

Table 5. Summary of carbon source consumption, alkali consumption, and lactate accumulation during fermentation at different agitation speed

Agitation speed Co Cend Total carbon Alkg  Alkeng Total alkali Lacy Lacend Total lactate
(rpm) (glL) (g/L)  consumption (g/L) (mL)  (mL)  consumption (mL) (g/L) (glL) accumulation (g/L)
100 (control) 10.20 49.80 200 1,000 10.72 10.72
150 60.00 9.40 50.60 1,200 500 700 0.00 10.08 10.08
200 12.68 47.32 100 1,100 9.88 9.88
Co, carbon initial; Ceng, carbon final; Alko, alkali initial; Alkeng, alkali final; Laco, lactate initial; Lacenq, lactate final.
(A (B)
Effect of Fermentation Temperature 1e10 Effect of Fermentation Temperature
20:04 —— 37:5 {Control) - - 37:C(Comm\)
§12.5 E'OG
8 10.0 g

0 2 1 6
Time (h)

8 10 12 0 2 a 8 10 12

6
Time (h)

Fig. 7. Effect of incubation temperature on the growth of Lactiplantibacillus plantarum CB5-30-3 in a 5 L jar fermenter. (A) Effect of optimal
incubation temperature selection on optical density (ODeoo) measurements. (B) Effect of optimal incubation temperature selection on viable cell
count (CFU/mL) measurements. Data are presented as meantSD from three independent experiments (n=3).
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Effect of Fermentation pH 1e10 Effect of Fermentation pH
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Q 2 4 8 10 12 0 2 4 8 10 12
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Fig. 8. Effect of pH on the growth of Lactiplantibacillus plantarum CB5-30-3 in a 5 L jar fermenter. (A) Effect of optimal pH selection on
optical density (ODgoo) measurements. (B) Effect of optimal pH selection on viable cell count (CFU/mL) measurements. Data are presented

as meantSD from three independent experiments (n=3).
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Fig. 9. Effect of agitation speed on the growth of Lactiplantibacillus plantarum CB5-30-3 in a 5 L jar fermenter. (A) Effect of optimal agitation
speed selection on optical density (ODeg) measurements. (B) Effect of optimal agitation speed selection on viable cell count (CFU/mL)
measurements. Data are presented as mean+SD from three independent experiments (n=3).
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phase Moz AHst A= L. plantarum 200655 LEOIA GAZE o]F FZA3E S4lo] HE
G At Fitotn, & Aqte] ik Heko] A4 FRE opet tie SN E A8 7hsTt
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