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Effect of enzyme preparations on fiber 
utilization efficiency of pig diet

Effect of crushed particle size 
on fiber digestibility of pig diet
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Background

In pigs, it is difficult to improve the dietary 
fiber utilization rate by exogenous 
methods (enzyme preparations, crushed 
particle size).



Systematic microbiota determined the fiber utilization of pigs

Synergistic degradation of complex non-starch 
polysaccharides by hindgut microbes in pigs

Michalak, et al, 2020. Nature Communications

Microbiota anaerobically degrade 
complex carbohydrates and produce SCFAs

l 130    
glycoside 
hydrolases

l 22 
polysaccharide 
lyases

l 16 
carbohydrate 
lipase families



Enterotype provided a systematics concepts for phenotype variation and microbiome

Arumugam et al., 2011. nature

Three enterotypes are identified in human gut 
microbiome (vary in species and functional composition) Phylogenetic differences between enterotypes



Zhong et al., 2019. Microbiome

Carbohydrates

ferment

The enterotype may be involved in fiber utilization

Xiao et al., 2021. Genome Biology;

Divergence and transition of the metabolic 
capacity associated with the development 

of the infant gut microbiota
Enterotype-specific links between the host 
metabolic phenotypes and dietary patterns



 Evaluate the characteristics of enterotype transformation in pigs under the 

fiber treatment, and preliminarily investigate the interaction between host 

intestinal metabolic phenotype and microbial enterotype.

Research purpose



Study1: A study on enterotype stratification in pigs

PAM-JSD
clustering 

annotating

Taxonomy based on ASV Enterotype analysis for pigs

RawData 
download

Sampling &
sequencing

9300 qualified 
rawdata 



u The pigs were stratified into three 

enterotype worldwide based on 

the JSD-PAM model (n=9380)
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A study on enterotype stratification in pigs.



A study on enterotype stratification in pigs.

ET1 ET2 ET3

u ET1 enriched in Bacteroides before weaning or Chris.R7.group after weaning；
ET2 and ET3 enriched in Prevotellacae and Lactobacillus, respectively.



Study2: To evaluate the effect of enterotype on the 
phenotypes under fiber-rich diets

FCR: Feed conversion rate = Growth : 
Feed intake
ATTD: Apparent total tract digestibility 
TDF: Total dietary fiber

Sampling &
sequencing

Enterotype
 (d0) Comparison of 

phenotypes 
among 

enterotypes

Rice bran pulp 
(RBP)

Soybean hulls 
(SBH)

Sugar beet 
pulp (SBP)

Phenotypes :
 FCR during 4wks
 ATTD of TDF



Enterotype did not affect the phenotypes under fiber-rich diets.

u Apart from the total dietary 
fiber digestibility of rice 
bran pulp diets, enterotype 
did not affect the phenotype 
(ADG, ADFI, FCR) of pigs 
under fiber-rich diets.



  Did the enterotype of pigs change during the trial?



Study3: Dynamic assessment of the interaction between 
enterotypic transformation and dietary fiber treatments

Initial body weight
10~12 kg

n = 21~23/ Diet

LF

RBP

SBH

SBP

13% TDF

3% TDF

SDF
IDF

Multi-temporal 
intestinal 

microbiota

Tracing the 
Enterotypes

The link between the 
DF treatments and 

enterotype 
transformation

Sampling  &  sequencing



LF

RBP

SBH

SBP

d0-d7 d7-d28

u Transformation with greater frequency under fiber-rich diets.
u High IDF diets promoted enterotype transformation

Enterotype transformation accompanied the adaptation process of DF

Tracing the enterotype changes of each individual from d0-28 



Enterotype transformation linked with the metabolic phenotype of DF.

uEnterotype-fixed individuals have increased FCR compared to 
enterotype-shifted individuals.

• enterotype-fixed individuals 
(Fixed) 

•  enterotype-shifted 
individuals (Shifted). 



LF RBP SBH SBP

Fixed

Shifted
5×

5×

15×

15×

Colonic VFAs↑

Fixed have higher TDF digestibility

Enterotypic transformation linked with the metabolic phenotype of DF.

u Enterotype-fixed individuals have higher total 
dietary fiber digestibility, SCFAs production and 
fat deposits in the colon compared to 
enterotype-shifted individuals.

Histomorphological observation of the colon



Which enterotype was more stable?
 What key bacteria were involved?



0.772

0.588

0.228

0.733

0.033
0.176

0.235

0.233

Frequency of transformation 
tracked in the trial

u Cohesion of enterotypes：ET1>ET2>ET3
u ET1 was the most stable enterotype from 

results tracked both in trials and in 
practical production.

RBP SBH SBPLF

Multi-temporal 
intestinal microbiota

Tracing the 
Enterotypes

Maximum likelihood 
estimation in 

Enterotypic transformation

Sampling  &  sequencing

Frequency of transformation tracked in 
different day-ages form commercial farms

The stability of different enterotypes was predicted and verified.

Cohesion
Cohesion coefficient of enterotypes 
based on the co-occurrence network 
from Spearman correlation analysis
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RBP

Bacteroides

Rikenellaceae

Christensenellaceae member was related to the enterotypic stability of pigs.

u Enterotype-shifted individuals have increased 
variability value on Christ.R7.group compared to 
enterotype-fixed individuals.

u Christ.R7.group occupied key positions in 
microbial community changes caused by fiber-
rich diets.

Variability value of Christ.R7.group

A modular network analysis for 
exploring which bacteria play a key role 

in community dynamics 

Connectors

Network hub



Changes in relative abundance of Christ.R7.group in four dietary groups

Christensenellaceae member was related to the enterotype stability of pigs.

uSignificant changes of Christ.R7 abundance in the pigs fed with 
fiber-rich diets and relatively stable in LF-fed piglets (consistent with 
the dynamic transformation of enterotype).

uChrist.R7_group may be an important genus related to the dynamic 
change of microbiota.



Spearman correlation analysis between major bacteria 
and fermentation products in vivo (fdr < 0.05)

Christensenellaceae was a positive factor for fiber-fermentation of microbiota.

u Chris.R7 was positively 
correlated with the major 
fiber-degrading bacteria, 
and positively correlated 
with the concentrations of 
fiber-degradation-products 
SCFAs (mainly acetate and 
propionate) in vivo.


