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Effects of lactic acid bacteria additives on citrus fruit and corn stalk fermentation
characteristics and odor characteristics of mixed silage
LI Rong-rong', CAI Rui’, XU Xi', TIAN Rui'

1. College of Environment and Life Science, Weinan Normal University, Weinan 714000, China; 2. School of Environmental Science
and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: Feed odor plays an important role in animal feed preference, feed intake and growth rate. However,
currently, research on the odor characteristics of feed is extremely limited. In this study, headspace-gas
chromatography-mass spectrometry and high-throughput sequencing technologies were used to analyze the effects of
adding Lactobacillus plantarum (LPA group) or not adding LPA (CK group) inoculant on the fermentation quality,
bacterial flora structure and volatile compounds of mixed silage of inferior citrus (Citrus reticulata) fruits and com
(Zea mays) stalks. Tt was found that, compared with the CK group, silages in the LPA group had significantly
reduced pH, acetic acid and ammonia nitrogen content (P<C0.05) , and significantly increased lactic acid content
(P<C0.05). Lactobacillus was the dominant bacterial genus in both silage groups. However, the relative abundance
of Lactobacillus in the LPA group was higher, and the relative abundance of Klebsiella was lower than in the CK

group. Carbohydrate metabolism was the most important metabolic activity in silage. Compared with the LPA-group
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silages, the relative abundance of genes related to fructose and mannose metabolism, and starch and sucrose
metabolism were decreased in CK silage. D-limonene was the most abundant terpene compound in the silages. The
CK-group silages had increased content of acid and alcohol compounds and reduced the content of D-limonene,
compared to the LPA-group silages. The relative abundance of Klebsiella was extremely significantly positively
correlated with the relative content of acetic acid and ethanol (P<C0.01). In conclusion, adding L. plantarum
increased the relative abundance of Lactobacillus, facilitated retention of D-limonene, and improved the fermentation
quality and flavor composition of mixed silage feed incorporating citrus fruit.
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Table 1 Effects of adding lactic acid bacteria on fermentation characteristics of mixed fermented feed of citrus bad fruit (g-kg™)

4k 7 HItpH 7Lz LR Wiz TR BAER T ML
Treatment  Silage pH Lactic acid Acetic acid Propionic acid ~ Butyrate acid ~ Ammonia nitrogen Dry matter Crude protein
CK 4.23a 54.18b 27.54a 3.22a ND 50. 33a 301.73b 68.07
LPA 3.90b 63. 10a 19. 81b 1.09b ND 37.97b 322.28a 66.81
PA{d P value 0.008 0.012 0.030 0. 005 — 0.018 0.005 0.116

CK: 2% (X} B8 Blank control; LPA: ¥ FLAT AL L. plantarum additive group; ND: KAl i No detected ; [7] 51 R [/ /NG F 1 R 22 53 %
(P<<0.05) The different small letters mean the significient differences at P<<0. 05.
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Fig. 1 Effect of L. plantarum on the structure of bacterial

flora in silage

9 AR A 5 R MR AL B B B B RS B TTER R 40 R 68. 09 %6 A 26.92% , ML 40 . CK 41 F1 LPA 4194 5 &4 i
334, Horb ML 2 1 3 AN REAS 43 501 B B CK 4L R0 LPA 4L (R A B0 (18] 22) o M 25L& 7 ML 4 b b H
ROHYOREESS . W28 RSB JE CK A h M LML &Y A T CK4L, LPA 414 3 & i il i 25 %
HEAR AR EE AL A Y & (8 2b) o D-Ar e (86. 43%) & ML 4 i £ | 5 b &, Holk: —
fik(2.93% ), REELEH)G , D-F M LB LS CKALW FEH A A . LT CKA, LPAYAEEN
D-Fr 50 F B- A AR M & i, TE AR A0 R L 2 R — H ik i (8] 20) .

F2 ETKEGG ¥iF B Y 40 B & 2% Th g ol

Table 2 Prediction of bacterial flora function based on KEGG database ( %)

THETE R HRIr2E LR F % Gene abundance
Function annotation Annotation classification ML CK LPA
— PR L Metabolic class 70.85 74.61 75.55
First level Il fs % 1L 25 Cell transforming class 8.28 4.70 4.72
annotation FE PR B Ak B2 Genetic information processing class 3.34 4.41 4.33
TRIERE K Ak & 10 Carbohydrate metabolism 9.06 12.68 13.73
Second %l B 7 Fn 4k 2R 2R (1948 Cofactors and vitamin metabolism 3.30 2.93 2.87
fevel . BH PR Nucleotide metabolism 1.89 2.55 2.51
annotation FHER M Amino acid metabolism 7.23 6.40 6.28
fie ;10 Energetic metabolism 3.28 3.23 3.26
PiAd: Z AU Antibiotics resistance 1.43 1.12 0.74
SRR A% Carbon metabolism 2.30 2.44 2.46
Third R 72 Metabolic pathway 13.14 14.04 13.96
fevel _ WA AR A= W) & B Biosynthesis of secondary metabolites 5.31 6.17 6.17
anmotation SR N H &% M AR 8 Fructose and mannose metabolism 0.53 1.02 1.27
VE By FREBE AR 18 Starch and sucrose metabolism 0.56 2.12 2.24
Jig 7 PR AR 4 Fatty acid metabolism 1.15 0.95 0.97
PN BAR AR Pyruvate metabolism 1.07 1.62 1.63
#:4: % B6 {1 Vitamin B6 metabolism 0.19 0.15 0.08
FHETR 1Y 94 B Biosynthesis of amino acids 2.06 2.85 2.76
20 2 R AR Histidine metabolism 0. 40 0.33 0.33
W2 % B Iif 3 4t Phosphotransferase system 0.46 2.73 2.89
P4 Z B4 95 i Biosynthesis of antibiotics 3.33 2.06 1.64
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Fig.2 Principal component analysis (a), species (b) and composition (¢) of main volatile compounds in fermented feed
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