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Screening of lactic acid bacteria with lipolytic activity and
analysis of its biological characteristics

LIU Yiping, YU Peng, YUAN Yuan, YE Guozhi, CHEN Dawei, ZHANG Chenchen, HUANG Yujun,
GU Ruixia, GUAN Chengran’

Key Laboratory of Probiotics and Deep Processing of Dairy Products, School of Food Science and Engineering,

Yangzhou University, Yangzhou, Jiangsu, China

Abstract: [Objective] To isolate lactic acid bacteria (LAB) with the ability to degrade milk fat,
providing a theoretical foundation and technical support for dairy fermentation process
optimization and probiotic development. [Methods] Primary screening employed media with
butter as the main carbon source, followed by secondary screening using media with butter as the
sole carbon source. The target strains were validated via carbon-free media. The selected strains
underwent chromogenic assays for lipase characterization. Fermentation properties were assessed
through viable count, acidity, acid value, and free fatty acid measurements. Probiotic potential was
evaluated via acid/bile salt tolerance and cholesterol reduction assays. [Results] Through primary
screening, secondary screening, and validation, ten strains with the ability to degrade milk fat were
selected. Among them, a strain with faster growth than the others was identified as Lactobacillus
delbrueckii grx601 through morphological and molecular biological characterization. This strain
exhibited high lipase activity during logarithmic and stationary phases, with intracellular and
extracellular enzyme activities of 14.14 U/mL and 11.45 U/mL, respectively. Enzymatic
characterization showed that the optimal substrate for intracellular and extracellular lipases was
p-nitrophenol palmitate, with the optimal reaction conditions of pH 7.0 and 40 °C. The relative
activity remained above 50% at 5% NaCl, which indicated certain salt tolerance. The fermentation
characteristic experiment showed that L. delbrueckii grx601 significantly increased the acidity,
acidity value, and free fatty acid content during the fermentation process. Moreover, the survival
rates of L. delbrueckii grx601 in artificial simulated solutions with pH 3.0 and 0.30% bile salt were
83.87% and 47.70%, respectively, which indicated acid/bile salt tolerance of the strain. In addition,
the cholesterol degradation rate of the strain was 7.95%. [Conclusion] L. delbrueckii grx601 was
successfully isolated and characterized as a potent milk fat-degrading strain. Its high intra/
extracellular lipase activity, favorable enzymatic properties, robust fermentation performance, and
probiotic attributes (acid/bile salt tolerance, cholesterol reduction) indicate significant potential for
dairy fermentation and probiotic applications.

Keywords: degradation of milk fat; Lactobacillus delbrueckii; lipase activity; probiotic
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RN 45 95 °CHIARPE 5 min; 95 °CAE A 30 s,
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W
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400 pL 0.5 mol/L Na,COs Il B8, R/
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Table 1 Drawing of standard curves
Reagent Standard solution of p-nitrophenol
1 2 3 4 5 6 7 8 9 10
P-nitrophenol (uL) 0.0 2.5 5.0 7.5 10.0 15.0 20.0 25.0 30.0 40.0
Substrate buffer (uL) 400.0 397.5 395.0 3925 3900 3850 380.0 375.0 370.0 360.0
Treat in a 40 °C water bath for 15 min

0.5 mol/L trichloroacetic acid (uL) 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0
0.5 mol/L sodium carbonate (uL) ~ 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0

Centrifuge at 12 000 r/min for 1 min
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2 FEEEEAR AR

Table 2  Preparation of cholesterol standard curve

Reagent 1 2 3 4 5 6 7
Cholesterol standard solution (mL) 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Anhydrous ethanol (mL) 2.0 1.9 1.8 1.7 1.6 1.5 1.4

EHIZR, ZZPE IR T RE(4),
y=2.263 5x+0.003 8,R*=0.999 2 4)
Ko JIEL [ I R 0 % 0 - A DU R AR T b
248, LL2% A AR E R R, BT
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B0 15 ming B2 mL b3 548 AR 2k . (2 7
RN, BASERE E IR E, 560 nm NG,

TR AT TR PR A

JIEL [ A R =

YO A ARSI o ik — R ORISR S oo
90 iy %) JEL T e

)

1.9 ¥ESZIt59H

{#i Fi} SPSS 26.0 F1 Excel 2019 % {4 % 52 %
Bl AT B M 43 v, 38 3T Origin 2019 1 PS
2019 A TEK .
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B R FLIR A T MRS [ R R 373 5 R4 B
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66 NFEFLIR B FE Y, KK TS -
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TR E bR, R R LA 1. 3. 9.
21, 22, 23, 25, 32, 33, 39 53X 10 BkEE T4k
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Table 3  Screening results of lactic acid bacteria capable of degrading milk fat

Strain Colony morphology and count Gram staining and
number Primary screening Secondary screening Verification microscopic examination
1 Many, milky white, large Few, milky white, larger - Purple rod

3 More, milky white, small Few, milky white, smaller - Purple globular
9 More, milky white, smaller Few, milky white, small - Purple globular
13 Few, milky white, small - - Purple globular
15 More, milky white, small - - Purple globular
18 Few, milky white, smaller - - Purple globular
21 Many, milky white, small More, milky white, smaller - Purple globular
22 Few, milky white, smaller Few, milky white, small - Purple globular
23 Many, milky white, small Many, milky white, small - Purple globular
25 Many, milky white, small Many, milky white, small - Purple globular
32 More, milky white, small Few, milky white, small - Purple globular
33 Many, milky white, small Few, milky white, small - Purple globular
39 More, milky white, small More, milky white, smaller - Purple globular
42 Few, milky white, smaller - - Purple globular
45 Few, milky white, small - - Purple globular
46 Fewer, milky white, smaller - - Purple globular
47 More, milky white, small - - Purple globular
51 Many, milky white, smaller - - Purple globular
52 Fewer, milky white, smaller - - Purple globular
54 More, milky white, small - - Purple globular
55 Fewer, milky white, small - - Purple globular
61 Fewer, milky white, small - - Purple globular
65 Fewer, milky white, smaller - - Purple globular

®4 EMREESER

1117 240 B A1 0 1) 35 A PR AR X AR E L

Table 4 Strain identification

Strain number

Lactic acid bacteria

1

3

9

21
22
23
25
32
33
39

Lactobacillus delbrueckii

Lactococcus lactis
Lactococcus lactis
Enterococcus faecalis
Enterococcus faecalis
Lactococcus lactis
Enterococcus faecalis
Enterococcus faecalis
Lactococcus lactis

Enterococcus faecalis

KEA,
24 ERIAIE grx601 BEfhEE B EE S
i
241 RYEFRM

FF ST E R FLAT T grx601 i 1y i AE A [ B
R BN BEG ), SCI0 B IO K R
C2. C4, C8, Cl12 K C16 X} il KL 25 By £ PR
P o XA SR M T MR IR . X A LR W o R R
XoF i Py ) ek R TG R X i 3 A A T T 1 A
MRy, Ayl ey . AhERTE 7. gl 2
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—o— Extracellular enzyme activity
9 - —s— Intracellular enzyme activity -16
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Viable count (Ig CFU/mL)
1
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Enzyme activity (U/mL)

El1l ZRIATFEerx6014E Kz~ s ihEsthsk

Figure 1 Growth and lipase production curves of

Lactobacillus delbrueckii grx601.
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Figure 2 Lipase activity towards different substrates.
Different lowercase
differences (P<0.05).

letters indicate significant
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Figure 3  Optimal reaction temperature (A) and pH (B) of lipase. Different lowercase letters indicate significant

differences (P<0.05).
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i BRI R 3, IFAE pH 7.0 sk ik 21 B i o
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Figure 4  Lipase activity at
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Figure 5 Viable bacteria counts and acidity.
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Figure 6 Acid value of fermentation broth of

Lactobacillus delbrueckii grx601.
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FIAHER 2R, TR grx601 19176 2 A)h 5 ik
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Table 5 Composition and content of free fatty acids in samples

Free fatty acid Content (%)
Control Lactobacillus delbrueckii grx601

Medium-chain fatty acid Capric acid C10:0 0.21+0.01b 0.26+0.01a
Lauric acid C12:0 1.31+0.01b 1.58+0.06a
Myristic acid C14:0 6.89+0.15b 8.32+0.20a
Myristoleic acid C14:1 - -
Pentadecanoic acid C15:0 0.66+£015b 0.80+0.03a

Long-chain fatty acid Palmitic acid C16:0 24.07+0.52b 29.92+0.88a
Palmitoleic acid C16:1 0.95+0.02b 1.16+0.03a
Heptadecanoic acid C17:0 0.35+£0.01b 0.42+0.01a
Stearic acid C18:0 8.53+0.11b 10.67+0.33a
Oleic acid C18:1n9¢ 14.87+0.32b 17.89+0.51a
Linoleic acid C18:2n6¢ 0.96+0.01b 1.13+£0.042a

Linolenic acid C18:3

RIRDNE S 5 2522 5(P<0.05)..

Different lowercase letters indicate significant differences (P<0.05).
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<6 BEIRAUEE A B
Table 6 Probiotic characteristics of Lactobacillus
delbrueckii grx601

Item Survival rate (%)
pH 3.0 83.87+0.03
0.05% bile salt 97.63+0.01
0.10% bile salt 69.39+0.06
0.30% bile salt 47.70+0.02
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