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Abstract: The gut microbiota plays a pivotal role in regulating animal health, and its structure and
function can be significantly modulated by fermented feed. However, the lack of cross-species
comparative studies has hindered a comprehensive understanding of the universal mechanisms
underlying fermented feed-mediated microbial regulation. [Objective] To integrate multi-species
data for deciphering cross-species regulatory patterns of fermented feed on gut microbiota and
elucidating universal functional optimization and host-specific mechanisms. [Methods] We
aggregated 464 gut microbiome datasets from pigs, cattle, chickens, and geese. The alpha/beta
diversity analyses, linear discriminant analysis effect size (LEfSe), BugBase, and network analyses
were employed to assess the diversity, differentially enriched genera, pathogenicity, and
interactions of the gut microbiota. [Results] Fermented feed markedly reduced the alpha diversity
of gut microbiota in monogastric animals (pigs, chickens, and geese) but not in ruminants (cattle).
Although the beta diversity of gut microbiota remained statistically stable in different animals,
fermented feed enriched probiotics (e.g., Lactobacillus and Faecalibacterium) while suppressing
pathogens (e.g., Campylobacter and Brachyspira) to significantly diminish the pathogenic potential.
Network analysis revealed enhanced connectivity, increased network density, reduced modularity,
and improved community synergy in fermented feed groups. Host-specific responses were
identified: Lactobacillus dominated in pigs, Akkermansia in cattle, and Flavonifractor in chickens.
[Conclusion] Fermented feed modulates gut microbiota through a pattern coupling consistent
response optimization with host-specific responses, selectively enriching keystone taxa to improve
the specific function and reduce the pathogenicity. This study provides theoretical foundations for
developing host-tailored fermented feed strategies.

Keywords: fermented feed; farmed animals; gut microbiota; microbial communities; potential
pathogenicity; co-occurrence network
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®1 AMRDOTHBIEERER

Table 1 The information of the data sets analyzed in this study
Project number Primer Animals Animals Sampling site FF raw material Sample size References
region information FF Control
PRINA384694 V4 Pig Finishing pigs ~ Feces Feedstuffs 14 7 [10]
PRINA1069293V3-V4 Pig Growing pigs Feces Flaxseed meal 24 8 [11]
PRINA725094 V3-V4 Pig Unknown Gut content Complete feed. 6 6 [8]
PRINAS91080 V3-V4 Pig Piglets Gut content Unknown 10 10 [12]
PRINAS24989 V4-V5 Pig Growing pigs Gut content Corn-soybean meal 15 12 [13]
PRINA787021 V3-V4 Pig Unknown Feces Complete feed 3 3 [14]
PRINA648691 V3 - V4Pig Male piglets Gut content Soybean meal 57 12 [15]
PRINA714150 V3 - V4Pig Weaned boars Feces Herbal mixture 36 18 [16]
PRINA1091436V3-V4 Pig Weaned piglets  Feces Purslane 8§ 8 [17]
PRINA607631 V4-V5 Pig Growing pigs Gut content Corn-soybean meal 12 10 [18]
PRINA743130 V4-V5 Pig Weaned piglet ~ Gut content Cottonseed meal 12 12 [19]
PRJEB27667 V3-V4 Pig Unknown Gut content Mao-tai lees 18 6 [20]
PRINA1047959V3-V4 Goose Xianghai geese Gut content Maize stover 6 [21]
PRINA492962 V3-V4 Goose Yangzhou geese Gut content Unknown 18 [22]
PRINAS858635 V3-V4 ChickenBroilers Gut content Grape seed meal 36 12 [23]
PRINA1028111V3-V4 ChickenChahua chickens Gut content Soybean hulls:rapeseed cake 15 5 [24]
PRINAS33918 V4 Chicken Gray hens Gut content Unknown 36 12 [25]
PRINA669464 V3-V4 Cattle Holstein cows Rumen content and fecesCorn gluten-wheat bran mixture 36 18 [26]
PRINA472376 V4 Cattle Unknown Feces Unknown 14 14 [27]
PRINA450498 V4-V5 Cattle Simmental cattle Rumen content Rice straw 60 60 [28]

1.4 WMEMEERE S

WA R K BAE R 0 3 T AR S
I 2% 43 HIT (molecular ecological network analysis,
MENA)F- G 58 P, AR 1EZ A 50% FEdh
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ATAALAE A Gephi #014(v0.9.2)5E AP,
1.5 Sitoth

o ZHEE2H (] 22 538 1 Wilcoxon Bk A K 56
TG AT, TR ST ITE R IEF R
e, EMEKFRN P<0.05,
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Distribution of alpha diversity indices of gut microbiota in different animals. A: Chaol index; B: ACE

index; C: Shannon index; D: Simpson index. ****: P<0.000 1; ***: P<0.001; **: P<0.01; *: P<0.05.
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Figure 4 Dominant genera in the gut microbiota of different animals that show significant differences (LDA>2).
A: All animals; B: Pigs; C: Cattles; D: Chickens; E: Geese.
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Figure 5 Potential pathogenicity of animal gut microbiota and its association with alpha diversity indices. A:
Potential pathogenicity indices across different animals; B: Linear regression model between Chaol index and
potential pathogenicity in all animals; C: Linear regression model between Shannon index and potential
pathogenicity in all animals. ***: P<0.001; **: P<0.01; *: P<0.05; ns: Not significant.
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Table 2  Global properties of molecular ecological

network of the gut microbiota

Network indexes Control FF

Total nodes 78 68
Total links 206 278
Modules 4 3
Modularity 0.36 0.24
R’ of power-law 0.83 0.57
Average degree 5.28 8.17
Density 0.07 0.12
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