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Probiotic Properties of Three Strains of Lactobacillus and Their Application in Corn

Husk Fermentation

ZHAI Bo' SHU Quanxian® YANG Xiaoyan® MAQO Yin' DENG Yu' ZHAO Yunying"

(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Shandong Bohai Industrial Group Co., Ltd.,
Binzhou 256500, China)

Abstract: [Objective] This study aims to improve the utilization of maize resources and address the shortage of
feed resources. [Method] The intestinal colonization capacity, tolerance, and antibacterial properties of three
Lactobacillus strains, Lactobacillus paracasei ZB-1 (ZB-1), L. paracasei DY-2 (DY-2), and L. rhamnosus DY-4
(DY-4) were evaluated. The most suitable strain for fermenting cornhusks was identified, and its fermentation
process was optimized. [Result] ZB-1 exhibited higher intestinal colonization ability and antibacterial properties
than DY-2 and DY-4. The antibacterial mechanism of ZB-1 was likely driven by the action of organic acids in an
acidic environment and certain protein-based antimicrobial substances. The fermentation conditions for ZB-1
were optimized as follows: hydrolysis of corn husks with cellulase at a volume fraction of 6% (solid-liquid ratio
of 4 g ¢ 1 mL during enzymatic hydrolysis) for 24 h, followed by an alkaline treatment with NaHCO, at a mass
fraction of 2%, ZB-1 inoculation volume fraction of 5%, molasses addition at a volume fraction of 3%, alkaline
protease of 1 350 U/g, moisture content of the fermentation material controlled at a mass fraction of 50%, and

fermentation at 37 °C for 48 h. Under these conditions, the mass fraction of organic acids in the fermented corn
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husks reached 3.23%, and the mass fraction of small peptides increased to 50.2 mg/g. Additionally, the mass
fractions of neutral detergent fiber (NDF) and acidic detergent fiber (ADF) decreased to 63.72% and 15.82%,
respectively. [Conclusion] This novel fermentation process for corn husks not only enhances the mass fractions
of small peptides and organic acids but also decreases the mass fractions of NDF and ADF. The findings of this
study offer significant reference value for the efficient biotransformation of corn husks and the fermentation of
other cake and meal feed materials with Lactobacillus.

Keywords: Lactobacillus; colonization ability; tolerance; antibacterial ability; corn husk; fermentation process
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Table 2 Fermentation conditions
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Table 5 Antibacterial ability of metabolites of ZB-1, DY-2,
and DY-4 after fermentation for 48 h

_— ROTFEWTTIRE R A IR &0 (5 & 3R
FE B H A /mm 5B AR /mm 0B Bl B A%/ mm
ZB-1 15.75+0.01 16.01+0.52 14.82+0.13
DY-2 11.37+0.32 11.25+0.29 13.01+£0.23
DY-4 14.23+0.41 13.5240.38 14.20+0.14

Tolerance of strains to the digestive tract environment
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6 pHXIZB-1%E24 h EBRIMEEMHS M
Table 6 Effects of pH on the antibacterial activity of ZB-1

supernatant after fermentation for 24 h

pH 0 18l B 4% /mm
2 15.69+0.21

3 14.35+0.23

4 12.27+0.13

5 8.63+0.27

6 _

7 _

T =7 RN TC AN

=7
Table 7

BB ZB-1 KB 24 h £ B RIMNE E M RS20
Effects of organic acids on the antibacterial activity of

ZB-1 supernatant after fermentation for 24 h

B LR Fh S SR K /(g/L) 411 5 [l 4% /mm
FLIR 17.83 11.63+0.84
% 4.01 11.05£0.31
Fr R 2.01 -

RER 23.85 12.25+0.16
Xf i / 14.10+0.53

T =7 R TG B T 0 RO R B R < R R R R
VR A LI A BE R

*8 EHABX ZB-1 4B 24 h LIFRMNEF MW
Table 8 Effects of proteases on the antibacterial activity of ZB-1

supernatant after fermentation for 24 h

ity Fry P 2 1B Bl B A% /mm
EEA=NE 11.54£0.17
i 2R 11.1240.35
U R A0 12.19+0.31
HAMK 11.69+0.20
i 1 2 11.27+0.11
X B CRBE 138 8D 14.07+0.41

i 2, I ) T e R R 1 B 5 R I R AR
SV Tt T Y 5 o4 ARG ST 5 1 S5 7L T A 0 490 o) A D TR B
I B FE I 0B R Bt T DA LR B K,
PNIE YA 2 &

AT 2 BT, o R AL E B AT BRI R BT
B HUIR BT & 7 BTG IR T, S ZB-1 FE UL 51 T
T IEFE ALK, 5HAM BT R4 R —%. Y24
KR AL BE S, R B R OK RN R B Ay B iR R
28.0 mg/g, A MR T & 73 HOE 1.12% , H R B R
I T 2 Folr sl Ak 2 9%, I iR DR O K T BLARAE —
EFEFE O T K R R (R TR A ARk

BE307H2025F 10 A | BE@R5EMEHEARER

iR R R . SR Ah, BT K P A B 2 i R
KT R IR B DA R JE A T K AL B AR 1 3, A
FF Tk Al A2 72, BRI AS R B 1% 05 72

B AL B 5, Y4 R B R OK R 8CR FE n &
Z /N R B Bl 17.2 mg/g 3T & 38.6 mg/g,
HHLER T2 7 20 0.60% 3 T2 1.99%. Y6 /MK
B BURTEE 34.2 mg/g, A LR R B 0 R T
£ 1.41%, 1 Itk 77 W NaHCO, 1F Ny pH i 15 71 & 1%
T oK B AR AR, HE I 5 R AE T NaHCOs 1 55 B
PE B 2 RE T, B K IR L T AR e M PR BT, B
AHTRMAEDEKMARGH =W R I,
NaHCOs G 38 J& 1 1%, BEAR 7 8 4F R, A 3R T
NaOH 5 F At #, [ 1k L NaHCO, /E A pH i 75 57
X PR TR K T oK B AT T — BRI

50 r e ik NS H LR 13
40 b f
B} 22 d f L
£ b %"W 7 125
SE I B N =
& o 7 N e | =
B0t é é a %% 2 é\\ s
i . 7 N /\ . NI
2 R \I'R ik
A

2053
ARG G BRI AL A B A 23 1 22 57 (P<0.05).

B2 pHAT M &5k
Fig.2 Screening of pH regulators
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F U ZB-1 1E B Ab BB Ak BR S ) R OK B B A
AR H . HEMERG N :1DZB-1 il e B A H &
R AR Y B R 5 BE S A R 0 R R OK R i R A
BA3, TR 1A HLER R B 20 ZB-1 B4 B R ) 58
5, AT 38 3 7 A A LR AN A BT B ) 5 TR R T B
e, 10 1) A A 2B A A K, T R B R R A
HeF4 53)ZB-1 AT E T Bl A A AL 3 5 1 R OK B R
PR S5 1 B i, Re % S 4 b R A O A S IR R
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B 1 R AR #A, TR v e 4k 2 DL ZB-1 A R
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Fig.3 Screening of strains for corn husk fermentation
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Fig.4 Optimization of total moisture conditions
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Fig. 5 Optimization of enzyme-alkali treatment for corn husk fermentation
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