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ABSTRACT

High temperature influences rumen and gut health, 
passage rate, and diet digestibility, with effects on fer-
mentative processes. The main aim of the study was 
to investigate the effect of hot season on hindgut fer-
mentation, the occurrence of Clostridium tyrobutyricum 
spores in bovine feces, and on their relationship with 
metabolic conditions in dairy cows producing milk used 
for Grana Padano cheese. The study was carried out on 
7 dairy farms located in the Po Valley (Italy), involving 
1,950 Italian Friesian dairy cows. The study was car-
ried out from November 2013 till the end of July 2014. 
Temperature and relative humidity were recorded daily 
by weather stations. Constant management conditions 
were maintained during the experimental period. Feed 
and diet characteristics, metabolic conditions, and fe-
cal characteristics were recorded in winter (from late 
November 2013 to the end of January 2014), spring 
(from April to May 2014), and summer (July 2014) 
season. In each season, blood samples were collected 
from 14 multiparous lactating dairy cows per herd to 
measure biochemical indices related to energy, protein, 
and mineral metabolism, as well as markers of inflam-
mation and some enzyme activities. Fecal samples were 
also collected and measurements of moisture, pH and 
volatile fatty acids (VFA) were performed. The DNA 
extracted and purified from fecal samples was used to 
detect Clostridium tyrobutyricum spores in a quantita-
tive real-time PCR assay. The daily mean temperature-
humidity index was 40.7 ± 4.6 (range 25 to 55), 61.2 
± 3.7 (range 39 to 77), and 70.8 ± 3.2 (range 54 to 83) 
in winter, spring, and summer, respectively. Total VFA 
concentration in feces progressively decreased from 
winter to summer. The seasonal changes of acetate 
and propionate followed the same trend of total VFA; 

conversely, butyrate did not show any difference be-
tween seasons, and its molar proportion was greater in 
summer compared with winter. A greater occurrence of 
Cl. tyrobutyricum spores in summer compared with the 
other seasons was observed. The plasma concentrations 
of glucose, urea, albumin, Ca, Mg, Cl, Zn, and alkaline 
phosphatase activity were lower in summer compared 
with winter, whereas the opposite occurred for bilirubin 
and Na. Our results show that summer season, through 
direct and indirect effect of heat stress, affected fecal 
fermentative parameters and hindgut buffering capac-
ity, and was responsible for the increasing occurrence of 
Cl. tyrobutyricum spores in feces.
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INTRODUCTION

Climate change is likely to be one of the main chal-
lenges of the current century. In many regions of Italy, 
the summer period is characterized by climatic con-
ditions that can adversely affect the welfare of farm 
animals and in particular of the dairy cows. It is known 
that dairy cow, because it generates a lot of metabolic 
heat, is sensitive to high environmental temperatures to 
which it reacts by implementing various physiological 
responses. These involve reduction of feed intake, re-
duction of growth rate (Nardone et al., 2010; Das et al., 
2016), alteration of gastrointestinal function (Berna-
bucci et al., 1999, 2009; Kadzere et al., 2002), reduction 
of reproductive performances (Hansen, 2009), changes 
in the endocrine-metabolic system (Abeni et al., 2007; 
Bernabucci et al., 2010; Baumgard and Rhoads, 2013), 
impairment of immune system (Lacetera et al., 2005), 
and even animal death in extreme cases (Vitali et al., 
2015). Many studies reported that high air tempera-
tures, coupled with high relative humidity, negatively 
affect milk yield and its composition and cheesemaking 
properties (Bernabucci et al., 2014, 2015; Bertocchi et 
al., 2014).
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