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Calcium Propionate Supplementation Mitigated Adverse Effects of Incubation 
Temperature Shift on In Vitro Fermentation by Modulating Microbial Composition
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IntroductionIntroduction

(Petersen et al., 2016; Linville et al., 2017; Grossi et al., 2021; He et al., 2023)
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ØTemperature is a key factor affecting rumen function

Rumen and microbial fermentation

Cold water (8.2℃) Heated water (31.1℃) 

ØWater temperature can affect rumen temperature during 
colder seasons, and might affect rumen fermentation, 
nutrient digestibility and health status of ruminants
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Ø The heated drinking water is commonly provided in 

northwest region of China during cold seasons

Ø The effects of heated drinking water on ruminants are limited 

and have been reported inconsistently

Heating drinking water system  

Introduction

(Gross et al., 2021; He et al., 2023)



§ Heating equipment and electricity consumption 

lead to increased costs

§ Heated water might result in eutrophication, 

which adversely affects animal health

Introduction
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Objective: 
Simulate the effect of water intake on rumen temperature by periodically altering the in 
vitro incubation temperature, and investigate the impact of adding calcium 
propionate in substrate on in vitro rumen fermentation

~38.8°C

Energy

§ Propionate was the primary energy source for 

ruminants  and reduced under cold condition

(Zin et al., 1979; Willms et al., 2002; Nakamura et al., 2018)

Cost Eutrophication



 Experimental Design
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In vitro fermentation

Menke et al. (1979)

39℃ 39℃ 30℃ 

(Menke et al., 1979)
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In vitro fermentation
Menke et al. (1979)

Investigating the effects of CaP addition and in vitro incubation temperature shift on gas 
production, rumen fermentation parameters and microbial communities 

39℃

Constant temperature 
(CT)

39℃ for 4 h

30℃30℃ forfor  22  hh
Temperature shift 

(TS) 

Fermentation ParametersFermentation Parameters

Gas ProductionGas Production

Fermentation broth pH, VFA, ammoniacal 
nitrogen at 72 h

2, 4, 8, 12, 24, 36, 48 and 72 h gas production
Theoretical maximum gas production

Microbial Communities Microbial Communities 

Bacteria and Methanogens composition at 72 h

Gas CompositionGas Composition

Methane, carbon dioxide, oxygen and nitrogen 
at 12 and 72 h

Treatment 1, n = 12
Without CaP (CT)

Treatment 2, n = 12
2.5% CaP in substrate (CTP)

Treatment 3, n = 12 
Without CaP (TS)

Treatment 4, n = 12
2.5% CaP in substrate (TSP)



Ø TS inhibited the gas production at 12, 24, 48, and 72 hours as well as the theoretical maximum gas production

 Results and Discussion

Fig. 1: Effects of incubation temperature and CaP supplementation on gas production at different timestamps (A), asymptotic 
gas production (B) and the rate of gas production per hour (C) in vitro fermentation

7Ø No interaction between TS and CaP on the gas production
Ø 2.50% CaP can alleviate the inhibitory effect of TS on gas production

A B C

CT = Constant temperature; CTP = CT and 2.5% CaP; TS = Temperature shift; TSP = TS and 2.5% CaP; T = Temperature; P = CaP 



 Results and Discussion

8

Fig. 2: Effects of incubation temperature and CaP supplementation on CH4 concentration (A), yield (B) and 
CO2 concentration (C) and yield (D) in vitro fermentation. 

Ø TS reduced the CH4 concentration 
and production at 12 and 72 h

Ø TS reduced the CO2 concentration at 
12 h 

Ø The concentration and yield of 
CH4 and  CO2 were  not affected by 
the addition of CaP

Ø No interactions between TS and CaP 
were observed

CT = Constant temperature; CTP = CT and 2.5% CaP; TS = Temperature shift; TSP = TS and 2.5% CaP; T = Temperature; P = CaP 


