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Abstract 

Background  The tongue-rolling behaviour of cows is regarded as an outward sign of stressed animals in a low 
welfare status. The primary aim of this observational study was to evaluate the association between the frequency 
of tongue-rolling behaviour and its physiological function. The secondary aim was to explore the relationship 
between general activities and the frequency of tongue-rolling behaviour of cows. A total of 126 scan sampling 
behavioural observations were collected over 7 d on 348 Holstein cows with the same lactation stage in the same 
barn. The tongue-rolling frequency was defined as the number of tongue-rolling observations as a percentage 
to the total observations per individual cow. According to their tongue-rolling frequency, the cows were grouped 
into the CON (no tongue-rolling), LT (frequency 1%), MT (frequency 5%), and HT (frequency 10%) groups. Six cows 
from each group were randomly selected for sampling. Serum samples, rumen fluid, milk yield, and background infor-
mation were collected. The general behaviour data during 72 continuous hours of dairy cows, including eating time, 
rumination time, food time (eating time + rumination time), and lying time, were recorded by the collar sensor.

Results  Cortisol (P = 0.012), γ-hydroxybutyric acid (P = 0.008), epinephrine (P = 0.030), and dopamine (P = 0.047) levels 
were significantly higher in tongue-rolling groups than in the CON group. Cortisol levels and tongue-rolling frequency 
had a moderate positive correlation (linearly r = 0.363). With the increase in tongue-rolling frequency, the rumen pH 
decreased first and then increased (P = 0.013), comparing to the CON group. HT cows had significantly less food time 
than CON cows (P = 0.035). The frequency of tongue-rolling had a moderate negative relationship with rumination 
time (r = −0.384) and food time (r = −0.492).

Conclusions  The tongue-rolling behaviour is considered as a passive coping mechanism, as the stress response 
in cows with high tongue-rolling frequency increased. Food intake and rumination activities were all closely related 
to the occurrence of tongue-rolling behaviour.
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Introduction
Stereotypical behaviour was observed to occur in domes-
ticated species and other animals kept in captivity [1]. 
Stereotypic behaviour, especially non-nutritive oral 
behaviour, was observed in indoor-farmed dairy cows at 
all growth stages, regardless of the local climates [2, 3]. 
Among them, tongue rolling was a typical stereotypical 
behaviour, manifested as non-functional and repetitive. 
The clinical symptoms was: the tongue remains in a fully 
or partially rounded state, quickly moving from side to 
side [4]. The behaviour might occur within the bounda-
ries of the inner lips or stretch to the outer boundaries 
of the lips (Fig.  1). In a previous study, we found that 
tongue-rolling behaviour was a common stereotype that 
18% of the domestic cows showed this behaviour [5]. The 
researchers hypothesized that this behaviour might be 
related to feeding patterns. In the grazing environment, 
cows yank off the naturally growing forage with their 
tongue, which is the so-called tearing behaviour. While 
the feeding mode was changed in the captive environ-
ment, which hindered the cows from tearing behaviour 
[6, 7]. The low roughage ratio and quality TMR feed leads 
to decreased rumination time and poor rumen environ-
ment with subsequent changes in rumen microbes [7]. 
Increasing roughage level in TMR feed reduces the non-
nutritive oral stereotypes, and vice versa [8]. And the 

tongue-rolling behaviour would not occur at the same 
time as other tongue behaviours, such as eating, ruminat-
ing, or licking non-nutritive substances [9]. Downey et al. 
[9] found that feeding hay to calves reduced their abnor-
mal oral behaviours including tongue rolling and foodless 
regurgitation. Therefore, tongue rolling behaviour might 
be an alternative or functional oral behaviour to com-
pensate for the lack of tongue activity or to relieve rumen 
discomfort [10].

The management of farms, production, genetic breed-
ing, and animal welfare could be improved by focusing 
on cow behaviour. When animals were restricted or in 
low-welfare settings, some would have a negative men-
tal state to cope with external environmental stress [11]. 
In the depression state, some of them exhibit stereo-
typed responses, which might be similar to those seen 
in low-stress situations, but with strong cortisol and 
catecholamine reactions when detecting their hypotha-
lamic–pituitary–adrenal (HPA) axis and locus coeruleus-
norepinephrine (LC-NE) system [12, 13]. The frequency 
of individual stereotyped behaviour was associated with 
plasma cortisol and adrenocorticotropic hormone levels 
in calves and young cattle [14]. The intensity of stereo-
typed behaviour (including the frequency and duration) 
might be correlated with the stress level. Cows that 
express oral stereotyped behaviour at high frequencies 

Fig. 1  Tongue rolling behaviour of Holstein cows (photos taken in the experimental study)
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exhibit high levels of stress response and metabolism, 
suggesting that oral stereotyped behaviour might be an 
adaptive behaviour that relieves stress [14]. Our previous 
study found that cows with high tongue-rolling behav-
iour frequency had lower ruminal pH and more lying 
and drinking time, which are important general activ-
ity indicators, as well as higher stress levels than normal 
cows [5]. Although these behaviours were frequently 
stereotyped in form, it was hypothesized that they serve 
an adaptive purpose [15]. According to Freymond’s find-
ings [16], some stereotyped behaviour might be a cop-
ing mechanism that enables stereotypical individuals to 
lower cortisol levels [17]. The stereotyped behaviours 
enable animals in the barn to stabilize the stress response 
and to reduce or eliminate their discomfort, which was to 
some extent an adaption to the low welfare environment. 
But this conclusion has not been verified in the tongue-
rolling behaviour of lactating cows.

Thorough monitoring was crucial for the early detec-
tion, investigation, and management of stress [18]. The 
duration and intensity of unitary behaviours and move-
ments of cattle also help predict their physical states, 
such as calving, estrus, lameness, and disease [19]. Visual 
locomotion scores for different parts were the simplest 
form of on-farm sickness, lameness, and disease detec-
tion [20]. Van Nuffel et al. [21] pointed out that although 
some scoring methods are relatively easy to use, it is time-
consuming to score the entire herd. Besides, the inappro-
priate attitude or behaviour of farmers might frighten the 
herd and reduce productivity [22]. Sensor-based technol-
ogy is gradually replacing the labour- and time-intensive 
traditional visual inspection method [23]. Wearable 
sensors were among the most commonly designed and 
well-accepted due to their real-time monitoring of cattle 
behaviours [24]. Accelerometers or inertial measurement 
units (IMU) sensors can quantify changes in force during 
the postural shift and local movement to identify unitary 
behaviours [25, 26]. The majority of studies used time 
changes in cows’ general behaviour (single or multiple 
general actions) to determine their physiological and wel-
fare status. It has been reported that 3-axis accelerome-
ters or IMU with a gyroscope attached to a cow’s neck or 
ear could identify its unitary activities, including feeding, 
ruminating, standing, lying, and walking [27, 28]. How-
ever, stereotyped behaviours may disrupt their normal 
general activities. Therefore, the correlation between the 
general activities of dairy cows and the occurrence of ste-
reotyped behaviours needs to be studied.

Previous studies compared the indicators of cows with 
and without high-frequency togue-rolling behaviour 
[5], while the function and trend of different frequency 
tongue-rolling behaviours were not yet clear. Moreover, 
information on the association between the frequency of 

tongue rolling, stress, physiological indicators, and gen-
eral activity behaviour in cows was not sufficient. There-
fore, our objective was to assess the differences in stress 
indicators and changes in rumen fermentation function 
in cows with different tongue rolling frequencies. The 
second objective was to investigate the effect of differ-
ent tongue rolling frequencies on the duration of general 
behaviour in cows.

Materials and method
Animals and management
The experiment was performed at the cow farm of the 
Shandong Yinxiang Weiye Group Company (Cao County, 
Shandong Province, China, 34°82′N, 115°54′E) from May 
2021 to June 2021. A ventilated free-stall barn held 348 
cows. The barn includes 2 pens and 400 stalls (about 174 
cows per pen). The cows have free access to the outside, 
which was limited during the hot summer months, but 
they can still see it. With 1.15 stalls per cow, the indoor 
stocking density was 15.40 m2 per cow. Fans and sprin-
klers were installed in the cowshed for cooling. Cows 
were fed a total mixed rations (TMR) at 8:00, 15:30, and 
20:00 ad  libitum after being milked 3 times a day. Each 
round of milking took 20 min. The TMR was formulated 
according to the minimum nutritional requirements for 
high-producing dairy cows (NRC, 2001) [29]. Table  1 
lists the dietary components and their nutritional value. 
An automatic manure scraper system was installed in the 
cow barn and the bedding for dairy cows was made from 
recycled manure solids. The bedding was changed and 
the cow barn was properly cleaned once a week to main-
tain hygienic cleanliness. The health state of the cows was 
evaluated by veterinarians every week.

Experimental design and treatments
This study sampled cows with tongue-rolling behaviour 
and cows without abnormal behaviour and scanned 369 
cows for observation (recording cow activity at pre-
selected time intervals) [5]. Two well-trained observ-
ers recorded the behaviour of Holstein cows with the 
second lactation in the same barn (days of milk produc-
tion = 153 ± 21, mean ± standard deviation). The behav-
iour observation period lasted 7 d. The observers first 
observed and evaluated how the same herd of cows 
behaved on the farm for 3 d (during the daytime). By 
calculating prevalence-adjusted, bias-adjusted kappa 
(PABAK) [30], the interobserver reliability highlights 
an almost perfect agreement of the abnormal behav-
iour assessment (PABAK > 0.8). The 6 h (8:00–11:00 and 
14:00–17:00) with the highest prevalence of tongue-
rolling behaviour in lactating cows were chosen based 
on the findings of the 3-day preliminary observation. 
We used the scanning sampling method for behaviour 
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observation, recording the cow’s activities at a prese-
lected time interval. The dairy cows were observed 126 
times during the 7-d observation period, 6  h per day, 3 
times per hour and 10 min per observation. Two observ-
ers walked slowly through the barn (200  m long) with 
a walking pace of 0.33  m/s to monitor the cows during 
each round. The observers were in the feeding channel 
and kept at least 2  m away from the observed herd to 

minimise interference with the cattle during the obser-
vation. Tongue rolling and other aberrant behaviours 
were noted by the cows’ ear tag numbers. In 126 observa-
tions, the number of cows who rolled their tongues was 
counted and assessed. According to the observation logs 
for 7 d, there were a total of 99 cows with tongue-rolling 
behaviour, and the frequency of tongue-rolling behaviour 
observed was between 1%–10%. Six cows were randomly 
chosen from the low (1%), medium (5%), and high (10%) 
tongue-rolling frequency groups (LT group, MT group, 
HT group, more than 20 tongue-rolling cows per group), 
respectively. Six of the normal cows without togue-roll-
ing behaviour were chosen as the control group. The 
selected cows had no other abnormal behaviour or dis-
ease symptoms. The selected cows were kept in their 
original pen and group-marked by veterinarian crayons 
of distinct colours.

In this study, to monitor daily eating, ruminating, 
and lying time, electronic collars (CowManager, Agis 
Automatisering BV; validated by Pereira et al. [31] in cat-
tle farm) were attached to the cows’ necks while milking. 
The neck-mounted IMU sensors (a 3-axis accelerometer 
and a 3-axis gyroscope) were used to collect motion data 
from cows (HOBO Pendant G Acceleration Data Logger, 
Onset Computer Corp.; validated in dairy cattle) [32, 33]. 
Accelerometers were set to record the g-forces of the x-, 
y- and z-axes at 40  s intervals. Data were automatically 
downloaded to a server from the devices by the installed 
cloud readers. The visualization results of the 3-axis (x, 
y, and z) accelerator signal are shown in Fig. 2. The four 
unitary activities including feeding, lying, ruminating, 
and standing were identified with synchronized record-
ings. Behaviour features were retrieved over four-time 
frames with 50% overlap, and 3 machine-learning meth-
ods were created to characterize unitary behaviours. The 
construction and behaviour recognition algorithm of 
the collar sensor were described by Li et al. [34]. During 
the experiment, the collar data were collected for 3 con-
secutive days. Devices were removed from the cows after 
the experiment. In addition, seven infrared surveillance 

Table 1  Ingredients and nutrient composition of experimental 
diets (%, DM basis)

DM Dry matter, CP Crude protein, EE Ether extract, NDF Neutral detergent fiber, 
ADF Acid detergent fiber, TMR Total Mixed Ration, NEL Net energy for lactation, 
DDGS Distillers dried grains with solubles
1 Mix contained the following per kg of diets: VA 170,000 IU, VD 8,000 IU, VE 
19,000 IU, Ca 160 g, P 50 g, Fe 800 mg, Cu 680 mg, Mn 3,500 mg, Zn 7,500 mg, Se 
80 mg, I 400 mg, Co 38 mg

Item Content, 
%

Ingredients

  Alfalfa 10.39

  Oat hay 2.42

  Dandelion 0.48

  Whole corn silage 48.33

  Cottonseed 2.90

  Beet pulp 2.42

  Ground corn 7.49

  Pressed corn 9.42

  Soybean meal 8.70

  Rapeseed meal 1.69

  DDGS 0.72

  Extruded soybean 1.33

  Mineral and vitamin mix1 3.70

Nutrient composition

  DM, % of wet TMR 62.40

  CP 17.06

  EE 3.32

  NDF 35.75

  ADF 18.20

  NEL, MJ/kg 6.11

Fig. 2  Example of xyz triaxial accelerator signal visualization results
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cameras (Hikvision Digital Technology Co., Ltd., Hang-
zhou, China) were used to capture the action of cows for 
successive days (as a check and backup of collar data).

Sampling and analysis
Tail vein blood was collected into 5-mL vacutainers (BD 
vacutainers, Fisher Scientific, Waltham, MA, USA) at 
06:00 on a penultimate day after the end of the experi-
ment and centrifuged at 3,000 × g for 15 min at 4 °C to 
separate serum. The serum samples were stored at −80 °C 
until assayed. The AU480 auto-analyzer (Olympus Co., 
Shinjuku, Toyko, Japan) was used to measure the serum 
concentration of lactate dehydrogenase (LDH), creatine 
kinase (CK), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total protein (TP), and albumin 
(ALB). To measure cortisol (COR) in serum samples, a 
BFM-96 multi-tube radioimmunoassay counter (Hefei, 
Anhui, China) was utilized. Dopamine (DA), 5-hydroxy-
tryptamine (5-HT), epinephrine (E), norepinephrine 
(NE), γ-hydroxybutyric acid (GABA), heat shock pro-
tein 70 (HSP-70), interleukin 6 (IL-6), interleukin 10 (IL-
10), immunoglobulin A (IgA), immunoglobulin G (IgG), 
and immunoglobulin M (IgM) levels were measured by 
ELISA assays according to the manufacturer’s instruc-
tions and data were read by Thermo Multiskan Ascent 
(Waltham, MA, USA).

On the final sampling day, 2 h after the morning feed-
ing, ruminal fluid samples were collected using an oral 
stomach tube sampler. The first 100 mL liquids were dis-
carded to avoid saliva interference. The following 50 mL 
of ruminal fluid were filtered through four layers of gauze 
with a 250-mesh size. The ruminal fluid pH was imme-
diately detected using a portable pH meter (PB-10, Sar-
torius, Gottingen, Germany). To measure rumen volatile 
fatty acids (VFA) and ammonia-N (NH3-N), 20  mL of 
the ruminal fluid were mixed with 0.4 mL of 50% sulfuric 
acid and stored at −80 °C. Individual VFA and total VFAs 
were isolated and quantified using gas chromatograph 
(GC-2010, Shimadzu, Kyoto, Japan). The concentration of 
NH3-N was determined with a microplate assay. The rest 
of the rumen fluid samples were stored in liquid nitrogen.

16S rRNA gene sequencing in ruminal fluid
The microbial DNA was extracted from ruminal fluid 
samples [5], and 16S rRNA sequencing was conducted 
using the Illumina HiSeq 4000 platform (Illumina Inc., 
San Diego, CA, USA).

The microbiome data were analysed using QIIME2 
(https://​docs.​qiime2.​org/​2019.7/​tutor​ials/​overv​iew/). 
The operational taxonomic units (OTUs, 97% similarity 
cutoff) were grouped using UPARSE. Annotated tax-
onomy data from the ribosomal database project (RDP) 
classification system serves as the foundation for the 

Greengenes database (http://​green​genes.​lbl.​gov). The 
RDP classifier used a 97% confidence criterion to link 
taxonomy with the SILVA (SSU115) 16S rRNA database 
(http://​www.​arb-​silva.​de).

Statistical analysis
The information of body condition score, parities, and 
milk yield before the first day of the sample period was 
included as a covariate in the statistical analysis of each 
serum variable. Statistical data were analysed by 4-way 
ANOVA test for HT, MT, LT, and CON using the SPSS 
21.0 software (SPSS, Chicago, IL, USA). To accomplish 
post-hoc pairwise comparison, multivariate Duncan tests 
were used. The results were presented as the mean values 
and SEM.

Spearman’s rank correlation analysis was applied to 
determine the relationships between tongue rolling fre-
quency characteristics with serum stress indicators, 
rumen environment, and behavioural activity. P-val-
ues < 0.05 were considered statistically significant, and 
0.05 < P < 0.10 were considered tendencies in all analyses.

Alpha diversity indices of the bacterial communities 
were assessed to obtain an overview of their richness and 
diversity through Chao1, Shannon, Simpson, ACE, and 
Good’s coverage indices. Beta diversity analysis was used 
to assess variations in sample phylum complexity. To 
compare the bacterial profiles between the groups, PCoA 
based on unweighted UniFrac distance metrics was car-
ried out.

Results
Serum physiological, biochemical and immune indexes
Results of the serum stress parameters were reported 
in Table  2. The levels of GABA in the LT, MT, and HT 
groups were significantly higher than in the CON group 
(P = 0.008), but not significant between the 3 groups. 
COR concentrations in the HT and LT groups were sig-
nificantly higher than in the CON group (P = 0.012). E 
concentrations in the MT and LT groups were signifi-
cantly higher than those in the CON group (P = 0.012), 
and DA concentrations in MT groups showed a signifi-
cant trend higher than that in CON group (P = 0.067).

The results of serum immunity and inflammatory indi-
cators were reported in Table  3. The IgA levels in each 
group increased first and then decreased compared with 
the CON group (P = 0.008). The levels of IgA in the MT 
group were significantly higher than in the other groups. 
The IgG levels in the 3 tongue-rolling groups were sig-
nificantly lower than those in the CON group (P = 0.013). 
The levels of ALB in the LT and HT groups were signifi-
cantly lower than those in the CON group (P = 0.049). 
There were no significant differences in other serum 
indicators.

https://docs.qiime2.org/2019.7/tutorials/overview/
http://greengenes.lbl.gov
http://www.arb-silva.de
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Spearman’s correlation revealed the results of the cor-
relation between tongue rolling frequency and serum 
stress indicators (Table 4). The results showed a moder-
ate correlation trend between tongue rolling frequency 
and serum cortisol levels (r = 0.363, P = 0.081).

Ruminal fermentation indicators
We examined the pH and the contents of NH3-N and 
VFAs in rumen fluid (Table 5). Rumen fluid pH was sig-
nificantly lower in MT group than in CON and HT group 
(P = 0.013). Among the rumen VFAs, the contents of total 
volatile fatty acids (P = 0.048), butyric acid (P = 0.007), 

valeric acid (P = 0.013), and isovaleric acid (P = 0.029) 
showed significant differences between the groups. 
With the increase of tongue rolling frequency, the above 
indicators showed a trend of first increasing and then 
decreasing. The LT group had the highest value among 
all groups. The contents of NH3-N were not significantly 
different among the four groups.

Composition and diversity of ruminal microbial community
The total number of sequenced reads of the 24 rumen 
fluid samples ranged from 30,000 to 55,000, with an 
average length of over 420 nt. Finally, we obtained 2,840 

Table 2  Differences on serum stress parameters among four group cows

1 HT High frequency tongue rolling cows, MT Medium frequency tongue rolling cows, LT Low frequency tongue rolling cows, CON Control cows, no abnormal oral 
behaviour
2 SEM Standard error of the mean
a–cDifferent superscript within a row means significant different (P < 0.05)

Items Experimental treatments1 SEM2 P-value

HT MT LT CON

Cortisol, ng/mL 16.116a 13.988ab 15.509a 11.095b 2.074 0.012

HSP 70, pg/mL 42.213 46.124 45.025 46.204 1.634 0.706

γ-hydroxybutyric acid, μmol/L 1.586a 1.679a 1.672a 1.420b 0.052 0.008

Epinephrine, ng/mL 3.704ab 3.919a 3.894a 3.518b 0.094 0.030

Norepinephrine, ng/mL 17.860 18.863 18.637 16.659 0.650 0.502

5-hydroxytryptamine, pg/mL 510.303 522.812 525.122 484.348 11.749 0.538

Dopamine, nmol/L 24.429ab 25.990a 25.206ab 23.178b 0.686 0.067

Table 3  Differences in serum immunity and inflammatory indicators among four group cows

IgA Immunoglobulin A, IgG Immunoglobulin G, and IgM Immunoglobulin M, IL-6 Interleukin 6, IL-10 Interleukin 10, AST Aspartate aminotransferase, ALT Alanine 
aminotransferase, ALB Albumin, LDH Lactate dehydrogenase, CK Creatine kinase
1 HT High frequency tongue rolling cows, MT Medium frequency tongue rolling cows, LT Low frequency tongue rolling cows, CON Control cows, no abnormal oral 
behaviour
2 SEM Standard error of the mean
a,bDifferent superscript within a row means significant different (P < 0.05)

Items Experimental treatments1 SEM2 P-value

HT MT LT CON

IgA, μg/mL 621.296b 676.315a 631.422b 625.498b 10.609 0.008

IgG, mg/mL 19.951b 21.161b 20.552b 23.062a 0.483 0.013

IgM, mg/mL 5.382 5.603 5.422 5.676 0.105 0.278

Total protein, g/L 78.513 75.118 76.263 71.046 2.409 0.202

Albumin, g/L 28.272b 30.323ab 29.780b 33.814a 1.354 0.049

IL–6, ng/L 434.009 461.247 444.857 423.928 14.562 0.273

Il–10, pg/mL 24.276 25.123 25.631 23.053 0.627 0.652

AST, U/L 96.362 83.068 105.550 84.327 9.836 0.344

ALT, U/L 28.763 26.670 28.360 31.383 2.443 0.600

AST/ALT 3.361 3.135 3.759 2.736 0.300 0.141

ALP, U/L 54.990 46.710 52.343 48.392 3.805 0.425

LDH, U/L 1,148.382 1,100.962 1,144.188 990.893 59.743 0.454

CK, U/L 157.000  100.500 114.800 88.333 23.312 0.281
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OTUs,19 bacterial phyla, and more than 323 genera at 
97% similarity. Richness, diversity, evenness, and cover-
age of the community were examined using the Chao1 
and the ACE, Shannon, Simpson, and Good’s coverage 
index, respectively. Table 6 showed all these diversities of 
indices. The Venn diagram depicts the unique or shared 
OTUs in groups CON, LT, MT, and HT (Fig. 3A). Only the 
OTUs of the tongue rolling groups were higher than that 
of the CON group, but not significant. Figure  3B shows 
that PCoA axis 1 and axis 2 at the phylum level accounted 
for 40.63% and 31.9% of the total variation, respectively. 
According to the result, the bacterial communities in 
group CON showed greater separation from HT, MT, and 
LT groups, while the HT, MT and LT groups could not be 

separated in the PCoA map. To ascertain the composi-
tion and relative abundance of the rumen microbiota, the 
OTUs were taxonomically annotated. Of the top 15 abun-
dant bacterial phyla, Firmicutes and Bacteroidota had 
the highest abundance (more than 90%) (Fig. 3C). At the 
genus level, more than 323 genera were detected, in which 
Prevotella (mainly), NK4A214_group, Lachnospiraceae_
NK3A20_group, Succiniclasticum, Ruminococcus, 
Rikenellaceae_RC9_gut_group, norank_f__norank_o__
Clostridia_UCG-014, norank_f__F082, norank_f__Murib-
aculaceae, Christensenellaceae_R-7_group predominated 
in ruminal fluid samples of HT, MT, LT, and CON group 
cows. Of the top 15 abundant genera, there were signifi-
cant differences in the Christensenellaceae_R-7_group 

Table 4  Spearman correlation between tongue-rolling frequency and serum indicators

TRF Tongue rolling frequency, COR Cortisol, DA Dopamine, GABA γ-hydroxybutyric acid, 5-HT 5-hydroxytryptamine, E Epinephrine, NE Norepinephrine

Items TRF COR DA GABA 5-HT E NE

TRF r-value 1.000 0.363 0.243 0.252 0.226 0.095 0.227

P-value 0.081 0.276 0.246 0.287 0.674 0.286

COR r-value 0.363 1.000 0.299 0.424 0.236 0.551 0.312

P-value 0.081 0.176 0.044 0.268 0.008 0.138

DA r-value 0.243 0.299 1.000 0.487 0.607 0.561 0.531

P-value 0.276 0.176 0.025 0.003 0.008 0.011

GABA r-value 0.252 0.424 0.487 1.000 0.532 0.489 0.560

P-value 0.246 0.044 0.025 0.009 0.024 0.005

5-HT r-value 0.226 0.236 0.607 0.532 1.000 0.423 0.718

P-value 0.287 0.268 0.003 0.009 0.050 0.000

E r-value 0.095 0.551 0.561 0.489 0.423 1.000 0.497

P-value 0.674 0.008 0.008 0.024 0.050 0.019

NE r-value 0.227 0.312 0.531 0.560 0.718 0.497 1.000

P-value 0.286 0.138 0.011 0.005 0.000 0.019

Table 5  Rumen fermentation parameters after feeding

1 HT High frequency tongue rolling cows, MT Medium frequency tongue rolling cows, LT Low frequency tongue rolling cows, CON Control cows, no abnormal oral 
behaviour
2 SEM Standard error of the mean
a,bDifferent superscript within a row means significant different (P < 0.05)

Items Experimental treatments1 SEM2 P-value

HT MT LT CON

pH 6.132a 5.857b 6.055ab 6.249a 0.077 0.013

Ammonia-N, mg/dL 23.384 22.042 22.571 21.118 1.968 0.711

Acetate, mmol/L 64.964 69.187 75.917 67.648 3.811 0.246

Propionate, mmol/L 30.086 32.198 34.743 31.936 2.185 0.525

Acetic acid/propionic acid ratio 2.184 2.166 2.216 2.130 0.010 0.432

Butyrate, mmol/L 15.317b 21.437a 21.840a 16.993b 1.386 0.007

Isobutyrate, mmol/L 0.967 1.247 1.328 1.065 0.114 0.134

Valerate, mmol/L 2.035b 2.965ab 3.855a 2.238b 0.384 0.013

Isovalerate, mmol/L 1.573b 2.073ab 3.855a 1.714b 0.199 0.029

Total volatile fatty acids, mmol/L 114.941b 129.107ab 140.108a 121.594b 6.082 0.048
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in the MT group (P = 0.029) and a trend toward signifi-
cant differences between groups in the NK4A214_group 
(P = 0.090), norank_f__norank_o__Clostridia_UCG-014 
(P = 0.078), norank_f__F082 (P = 0.053), and Erysipel-
otrichaceae_UCG-002 (P = 0.051) (Fig. 3D).

Base behaviour recorded by the collar
Using the collar sensor, we recorded the time the cow 
spent on eating and lying over 24  h. We defined the 
time of the day other than eating and lying down as the 
other time, including idle standing time and milking 
time for cows, etc. Rumination time and food time (food 
time = eating time + rumination time) were recorded by 
the collar simultaneously. The results of the cows’ behav-
ioural times were shown in Fig. 4. The food time was sig-
nificantly higher in the CON group than in the HT group 
(P = 0.035). And the LT group also had a significantly 
higher food time than the HT group (P = 0.049).

The correlations between tongue rolling frequency and 
time recorded were listed in Table 7. Spearman’s correla-
tion analysis showed that tongue rolling frequency had a 
moderate negative correlation with food time (r = −0.492, 
P = 0.015) and a moderate negative correlation trend with 
rumination time (r = −0.384, P = 0.064).

Discussion
The cow herd grouping in this study was based on the 
scan sampling behaviour observation method, and 
although all moments of tongue-rolling behaviour in 
cows could not be completely recorded under this obser-
vation method, it did not affect the actual selection 
results. And, the study was able to identify the maximum 
range of tongue-rolling frequency in cows in the barn 
through 126 scan sampling behaviour observations and 
was able to determine the extent of tongue-rolling behav-
iour expressed in cows. We collected the background 
information, recorded the general behaviour time and 
tested the ruminal fluid samples and serum samples of 

cows with different tongue-rolling frequencies. By cor-
relating the results with tongue-rolling frequency, the 
pattern of their correspondence was found, which would 
provide more insight into the relationship between cows’ 
tongue-rolling behaviour with their general behaviour 
and physiological health. These changes were most likely 
due to long-term chronic environmental stress, as the 
level of stress corresponded to the expression of stereo-
typic behaviour.

The relationship between tongue rolling frequency 
and body stress and immunity
When animals are stressed, the HPA axis and LC-NE 
system are further activated to promote the production 
of glucocorticoids and catecholamine hormones by the 
adrenal cortex [13]. This response helps to mobilize body 
energy and maintain the stability of the internal environ-
ment. Different stressful stimuli (social or physical) acti-
vate the HPA axis and LC-NE system through different 
mechanisms [13, 35]. Monoamine neurotransmitters, 
especially dopamine, 5-hydroxytryptamine, and norepi-
nephrine, played an important role in the activation and 
modulation of the HPA axis and LC-NE system. Previous 
research found that corticosteroids may act differently 
during the early formative and fully developed stages of 
stereotypic behaviour [36, 37]. In this study, the levels of 
the above indicators in dairy cows had similar changes 
with the increasing of tongue rolling frequency, indicat-
ing that there might be an interaction between tongue-
rolling behaviour and HPA axis and LC-NE system 
response, but the causal relationship was still uncertain.

Repeated or long-term exposure to pressure would 
lead to changes in HPA axis and LC-NE axis function 
and pressure responses [13, 37]. High stress level and 
increased corticosteroid secretion enhance the acquisi-
tion and expression of stereotyped behaviours, while 
already-formed stereotypes might reduce corticosteroid 
levels [38]. Therefore, it was meaningful to perform a 

Table 6  α diversity indicators of dairy cows’ rumen bacteria

1 HT High frequency tongue rolling cows, MT Medium frequency tongue rolling cows, LT Low frequency tongue rolling cows, CON Control cows, no abnormal oral 
behaviour
2 SEM Standard error of the mean

Items Experimental treatments1 SEM2 P-value

HT MT LT CON

OTUs 1,549.167 1,452.667 1,492.600 1,363.333 87.511 0.226

Chao1 1,845.363 1,746.976 1,792.381 1,663.072 96.754 0.316

ACE 0.009 0.012 0.010 0.012 0.002 0.477

Shannon 5.765 5.587 5.680 5.591 0.135 0.523

Simpson 0.009 0.011 0.010 0.012 0.002 0.114

Good’s coverage 1,863.024 1,773.607 1,818.990 1,669.978 92.717 0.228
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Fig. 3  a A Venn plot of the shared OTUs among four cow groups with different frequency of tongue-rolling behaviour; b PCoA of phylum-level 
rumen microbiomes from four cow groups with different tongue-rolling frequency; c Top 15 abundant species at the phylum level; d Top 15 
abundant species at the genus level. HT, cows with high tongue rolling frequency behaviour; MT, cows with medium tongue rolling frequency 
behaviour; LT, cows with low tongue rolling frequency behaviour; CON, cows without tongue rolling behaviour. * means P < 0.05
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cross-sectionally study to investigate whether the high-
frequency tongue-rolling behaviour reduces cortisol 
levels and whether brief spikes in stress levels precede 
stereotyped behaviours.

Interestingly, we observed that serum cortisol levels 
had a moderate positive correlation with tongue rolling 
frequency in dairy cows, which did not decline adap-
tively with elevated stereotype frequency levels. In a 
study on stereotypically behaving horses with chronic 
stress, researchers observed increased or maintained 
high HPA axis responses in these animals when facing 
new stress stimuli [5]. The findings were consistent with 

the results in stereotyped horses. The high cortisol levels 
in high-frequency tongue-rolling cows might result from 
the accumulation of chronic stress [39]. This result was 
inconsistent with our original hypothesis, indicating that 
tongue rolling is not an adaptive behaviour, and its high-
frequency expression may not divert self-stress, nor sta-
bilize or reduce the level of stress hormones in the body. 
It was worth noting that passively responding animals 
had higher HPA axis reactivity and cortisol levels than 
actively responding animals under the same environ-
mental stress stimulus [40]. The higher levels of cortisol 
suggested that these cows with high-frequency behaviour 

Fig. 4  Model statistics of the general behaviours of dairy cows during the experiment procedure. The other time = 24 h - eating time - lying 
time, including idle standing time and milking time for cows, etc.; Food time = eating time + rumination time. HT, cows with high tongue rolling 
frequency behaviour; MT, cows with medium tongue rolling frequency behaviour; LT, cows with low tongue rolling frequency behaviour; CON, 
cows without tongue rolling behaviour. * means P < 0.05

Table 7  Spearman correlation between tongue-rolling frequency and general activity time of cows

TRF Tongue rolling frequency, The other time = 24 h − eating time − lying time, including idle standing time and milking time for cows, etc.; Food time = eating 
time + rumination time

Items TRF Rumination time Eating time Food time The other time Lying time

TRF r-value 1 −0.384 −0.277 −0.492 0.176 0.064

P-value 0.064 0.190 0.015 0.410 0.767

Rumination time r-value −0.384 1 −0.079 0.743 0.152 −0.142

P-value 0.064 0.715 0.000 0.479 0.508

Eating time r-value −0.277 −0.079 1 0.609 −0.772 −0.015

P-value 0.190 0.715 0.002 0.000 0.944

Food time r-value −0.492 0.743 0.609 1 −0.397 −0.123

P-value 0.015 0.000 0.002 0.055 0.565

The other time r-value 0.176 0.152 −0.772 −0.397 1 −0.624

P-value 0.410 0.479 0.000 0.055 0.001

Lying time r-value 0.064 −0.142 −0.015 −0.123 −0.624 1

P-value 0.767 0.508 0.944 0.565 0.001
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have a higher level of stress response, suggesting that the 
frequency of tongue-rolling behaviour could be seen as a 
behavioural indicator of stress level.

Furthermore, tongue-rolling behaviour might be asso-
ciated with neurological dysfunction and related mood 
disorders. Anxiety disorders, post-traumatic stress dis-
order, and depression were characterized by excessive 
stress, anxiety, and overreacted HPA axis, which increases 
the levels of cortical stress hormones [41]. This increase 
in hormone levels created a state of readiness in which 
the body performs some “alert responses” [42]. HPA-
axis hyperactivity and inflammation were thought to be 
prominent phenotypes in the aetiology of depression or 
major depressive disorder. Higher levels of cortisol were 
significantly associated with persistent depressive symp-
toms. When cows were repeatedly exposed to a pressure 
environment, the HPA axis changed similar to depression 
symptoms [43]. In this study, as the serum cortisol levels 
increased in cows with stereotyped behaviour, changes 
in serum inflammatory markers IgA and IgG from MT 
to HT groups were consistent with the representation 
of depression. Accordingly, it could be speculated that 
the high frequency of tongue-rolling behaviour may be a 
potential manifestation of depressed cattle. In the range 
recorded in this study, we considered that the higher the 
frequency of tongue rolling, the deeper the degree of 
depression.

The relationship between tongue rolling frequency 
and rumen fermentation
Saliva and rumen feed were mixed during rumination, 
which kept the pH level and fermentation environment 
stable. Cows fed high-fiber feed had higher rumination 
and total chew [44]. Adding high-fiber feed (gluten feed) 
to the diet increased the frequency of feed intake, reduce 
the amount of feed intake, and prolong the feeding time. 
And reduced intake of roughage feed could reduce rumi-
nation time and further reduce the pH [45]. Low rumen 
pH (below 6) would inhibit the growth of rumen pH 
sensitive cellulolytic bacteria, affect the digestion of cel-
lulose [46], and increase the risk of subacute ruminal 
acidosis. According to studies, cow rumination occurred 
more frequently when the animal was lying down. Com-
pared to standing rumination, cows were more inclined 
to ruminate while lying down [47]. Herrbaut found that 
the lying time was negatively correlated with time pH < 6 
in the rumen [48]. In this study, the pH of cows in the 
MT group was less than 6, but the lying time of cows 
in the MT group was not significantly increased. And 
the pH of group HT did not change with the decrease 
of rumination time like that of the MT group. On the 
one hand, this result might be because the pH detec-
tion in this study was instant, and the duration of pH < 6 

is not measured. Since the ruminal pH potentially varies 
throughout the day, one-time pH measurements cannot 
adequately reflect ruminal pH dynamics and persistence 
[49]. On the other hand, changes in gastrointestinal func-
tional status might affect hormone levels through the 
HPA axis [50], while gastrointestinal discomfort could 
manifest as oral stereotypical behaviour [7]. Tongue-
rolling behaviour might act as an alternative activity to 
compensate for decreased rumination activity, by pro-
ducing more saliva to buffer the pH decrease and allevi-
ate the rumen discomfort resulted from high concentrate 
feeding [44]. This study found that HT cows had higher 
rumen pH compared to those in the MT cows, suggest-
ing increased saliva secretion due to tongue rolling. This 
observation indicated that tongue-rolling behaviour 
may stimulate more saliva secretion, and thus serve as a 
beneficial mechanism for maintaining rumen health in 
high-concentrate-fed cows [7]. The change in rumen pH 
is in line with the changes in hormone levels secreted by 
the HPA axis and LC-NE system. Therefore, we inferred 
that there might be a correlation between tongue-rolling 
behaviour, gastrointestinal comfort, and hormone levels 
regulated by the HPA axis and LC-NE system [7, 13].

The pH of the rumen played a critical role in the 
effectiveness of rumen fermentation caused by micro-
organisms [51]. It accurately reflected the internal 
environmental conditions and level of rumen fermenta-
tion [52]. As carbohydrate fermentation in the rumen 
increases, rumen pH decreases, which favors the growth 
of amylolytic microbial growth over cellulolytic microbial 
growth [44]. Previous studies found that cows with high-
frequency tongue-rolling behaviour (similar to the HT 
group in this study) had lower ruminal pH and VFAs, and 
richer OTU abundance of ruminal bacterial flora, includ-
ing increased Bacteroidota and decreased Firmicutes at 
the phylum level, and increased Prevotella at the genus 
level [5]. The difference in Bacteroides favoured the 
rumen to decompose concentrated feed. It was hypoth-
esized that the tongue-rolling behaviour influenced the 
feed intake process of cows, favouring the feeding of 
concentrate feeds. In the present study, the differences in 
rumen pH and rumen bacteria OTU indicators in cattle 
from the LT, MT, and HT groups were in line with pre-
vious studies. The presence of rumen cocci (Prevotella, 
NK4A214_group, and Lachnospiraceae_NK3A20_group) 
at the genus level was significantly increased in the 3 
tongue-rolling groups, implying an increased starch cata-
bolic capacity.

In this study, the changes in ruminal VFA indicators 
were opposite between the LT and MT groups. Rumen 
VFAs were produced during the final breakdown of car-
bohydrates by rumen bacteria. VFA levels in rumen 
fluid and the relative proportion of each VFA species 
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depend on the composition and proportions of the sub-
strate, the presence of specific rumen microbial species, 
the rumen’s pH, and the feeding pattern [53–55]. Under 
excessive tongue rolling, the excessive secretion of saliva 
could actually increase rumen satiety [56], which in turn 
reduced feed intake and rumination. From the behav-
iour duration recorded on the collar, it could be seen that 
there was a negative correlation between tongue roll-
ing behaviour and food time. Excessive tongue rolling 
reduced the feed intake. At this point, the saliva buffering 
effect produced by high-frequency tongue rolling in cows 
could only regulate the discomfort of acidic fermenta-
tion without substantial changes in the structure of fer-
mentation content and feed intake. This resulted in lower 
VFA levels in the HT and MT groups of cows. Therefore, 
excessive tongue rolling did not compensate for rumen 
fermentation, resulting in a decrease in related fermen-
tation indicators. Additionally, the individual differences 
within groups could not be ignored. In order to find a 
more precise model, further study considering a larger 
sample size is ongoing.

Relationship between tongue rolling frequency 
and general activity
Disease state of cows can affect their activity levels, 
behavioural patterns, or both [57–60]. The duration and 
intensity of unitary behaviours and movements of cattle 
help predict their calving, estrus, lameness, and disease 
[19]. Numerous researchers have investigated factors 
influencing cattle behaviour categorization for more 
accurate monitoring of cattle health [61, 62].

Lying time and rumination time were two critical indi-
cators of the productive performance and welfare of dairy 
cows. Their physical health could be negatively affected 
if lying time is compromised. For example, shorter lying 
times may be a risk factor for lameness in grazing cows 
[63], affecting the function of the pituitary-adrenal axis, 
and leading to increased chronic stress [64]. According 
to previous research, cows with high-frequency tongue-
rolling behaviour had longer lying and drinking time, and 
were better at coping with stressful situations [5], which 
was consistent with the HT group in this study. However, 
there was no strong linear correlation between the fre-
quency of tongue-rolling behaviour and lying time in this 
study. Compared with the differences in lying time and 
stress hormone levels among the four groups, we sup-
posed that there was a multitude of factors that contrib-
uted to the lying time, hence further causal relationships 
between indicators need to be uncovered and explored.

The food time recorded by the collar included the pro-
cesses of feeding and rumination, both of which were 
related to the tongue activity of cows. In this study, we 

noticed that the tongue-rolling frequency of cows had 
a moderately negative relationship with their rumina-
tion time and food time. We speculated that the occur-
rence of tongue-rolling behaviour might be associated 
with food behaviour, and the frequency of tongue rolling 
increased as food time decreases. When fed a higher pro-
portion of concentrate, ruminants would spend less time 
ruminating [65]. Branger et al. hypothesised that the oral 
stereotypes might be a vacuum or redirected behaviour 
resulting from insufficient tongue activity due to insuffi-
cient feed intake and ruminate time [7]. Tongue-rolling 
behaviour in this study was also consistent with this 
inference. Oral manipulation of feed with the tongue is 
a natural behavioural need of cows [66], and oral stereo-
typed behaviours such as tongue rolling are redirected 
behaviours when oral manipulation of feed is lacking. In 
addition, whether the tongue-rolling behaviour interferes 
with the cow’s natural foraging activities needs further 
investigation.

Conclusion
The frequency of tongue-rolling behaviour in dairy cows 
might be correlated to their stress level. Tongue-rolling 
behaviour was more likely to occur when the cows lack 
natural oral foraging activities. The degree of tongue-roll-
ing behaviour might be related to feeding components 
and rumen fermentation.

Abbreviations
5-HT	� 5-Hydroxytryptamine
ALB	� Albumin
ALT	� Alanine aminotransferase
AST	� Aspartate aminotransferase
CK	� Creatine kinase
CON	� Control group
COR	� Cortisol
DA	� Dopamine
E	� Epinephrine
GABA	� γ-Hydroxybutyric acid
HPA	� Hypothalamic–pituitary–adrenal
HSP-70	� Heat shock protein 70
HT	� High tongue rolling frequency group
IgA	� Immunoglobulin A
IgG	� Immunoglobulin G
IgM	� Immunoglobulin M
IL-6	� Interleukin 6
IL-10	� Interleukin 10
IMU	� Inertial measurement units
LDH	� Lactate dehydrogenase
LT	� Low tongue rolling frequency group
MT	� Medium tongue rolling frequency group
NE	� Norepinephrine
NH3-N	� Ammonia-N
OTUs	� Operational taxonomic units
PABAK	� Prevalence-adjusted, bias-adjusted kappa
RDP	� Ribosomal database project
TMR	� Total mixed rations
TP	� Total protein
VFA	� Volatile fatty acids



Page 13 of 15Sun et al. Journal of Animal Science and Biotechnology          (2023) 14:104 	

Acknowledgements
We thank the farm staff at Shandong Yinxiang Weiye Group Co., Ltd. (Cao 
County, Heze, Shandong, China) for their assistance during the project. The 
authors wish to thank Dr. Kaiyi Zhang of Gembloux Agro-Bio Tech, University 
of Liège, for her kind help improving the grammar of the manuscript.

Authors’ contributions
FYS: Experimental operation, Data curation, Writing-Original draft prepara-
tion. XYC: Software, Visualization, Investigation. YFL: Supervision, Software, 
Validation. GYZ: Conceptualization, Methodology. XHG: Conceptualization, 
Writing- Reviewing and Editing. All authors have read and approved the final 
manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(32272926) and the Agricultural Science and Technology Innovation Program 
(ASTIP-IAS07; Beijing, China). The funders had no role in the study design, the 
data collection and analysis, the decision to publish, or the preparation of the 
manuscript.

Availability of data and materials
The data analyzed during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
All experiments were approved by the Animal Ethics Committee of the 
Chinese Academy of Agricultural Sciences (Beijing, China, approval number 
IAS2021-119) and performed in accordance with relevant guidelines and regu-
lations. The manuscript reporting adheres to the ARRIVE guidelines (https://​
arriv​eguid​elines.​org) for the reporting of animal experiments.

Consent for publication
Not applicable.

Competing interests
We declare that the authors don’t have any financial and personal relation-
ships with other people or organizations that could inappropriately influence 
(bias) their work.

Author details
1 State Key Laboratory of Animal Nutrition, Institute of Animal Science, Chinese 
Academy of Agricultural Sciences, Haidian District, No.2 Yuanmingyuan West 
Road, Beijing, China. 2 College of Animal Science and Technology, China Agri-
cultural University, Haidian District, No.2 Yuanmingyuan West Road, Beijing, 
China. 3 Agricultural Information Institute, Chinese Academy of Agriculture 
Sciences, Haidian District, No.12 Zhongguancun South Street, Beijing, China. 

Received: 4 February 2023   Accepted: 12 June 2023

References
	1.	 Mason G, Clubb R, Latham N, Vickery S. Why and how should we use 

environmental enrichment to tackle stereotypic behaviour? Appl Anim 
Behav Sci. 2007;102(3):163–88. https://​doi.​org/​10.​1016/j.​appla​nim.​2006.​
05.​041.

	2.	 Horvath KC, Miller-Cushon EK. The effect of milk-feeding method and hay 
provision on the development of feeding behavior and non-nutritive oral 
behavior of dairy calves. J Dairy Sci. 2017;100(5):3949–57. https://​doi.​org/​
10.​3168/​jds.​2016-​12223.

	3.	 Ivemeyer S, Preußer J, Haager D, Simantke C, Waldherr P, Kull K, et al. 
Impact of enhanced compared to restricted milk feeding on the 
behaviour and health of organic dairy calves. Appl Anim Behav Sci. 
2022;252:105655. https://​doi.​org/​10.​1016/j.​appla​nim.​2022.​105655.

	4.	 Schneider L, Kemper N, Spindler B. Stereotypic behavior in fattening bulls. 
Animals (Basel). 2019;10(1):40. https://​doi.​org/​10.​3390/​ani10​010040.

	5.	 Sun F, Zhao Q, Chen X, Zhao G, Gu X. Physiological indicators and 
production performance of dairy cows with tongue rolling stereotyped 
behavior. Front Vet Sci. 2022;9:840726. https://​doi.​org/​10.​3389/​fvets.​2022.​
840726.

	6.	 Sambraus HH. Mouth-based anomalous syndromes. In: Fraser AF, editor. 
Ethology of farm animals: A comprehensive study of the behavioral 
features of the common farm animals. Amsterdam: Elsevier; 1985. p. 
391–422.

	7.	 Bergeron R, Badnell-Waters AJ, Lambton SL, Mason GJ. Stereotypic 
oral behaviour in captive ungulates: foraging, diet and gastrointes-
tinal function. In: Mason G, Rushen J, editors. Stereotypic animal 
behaviour: fundamentals and applications to welfare. Wallingford: 
CABI; 2006. p. 19–57.

	8.	 Ridge EE, Foster MJ, Daigle CL. Effect of diet on non-nutritive oral behav-
ior performance in cattle: a systematic review. Livest Sci. 2020;238:104063. 
https://​doi.​org/​10.​1016/j.​livsci.​2020.​104063

	9.	 Downey BC, Jensen MB, Tucker CB. Hay provision affects 24-h perfor-
mance of normal and abnormal oral behaviors in individually housed 
dairy calves. J Dairy Sci. 2022;105(5):4434–48. https://​doi.​org/​10.​3168/​jds.​
2021-​21439.

	10.	 Rushen J, Lawrence A, Terlouw C. The motivational basis of stereotypies. 
In: Lawrence A, Rushen J, editors. Stereotypic behaviour: fundamentals 
and applications to welfare. Wallingford: CAB International; 1993. p. 
41–64.

	11.	 Anisman H, Matheson K. Stress, depression, and anhedonia: caveats 
concerning animal models. Neurosci Biobehav Rev. 2005;29(4–5):525–46. 
https://​doi.​org/​10.​1016/j.​neubi​orev.​2005.​03.​007.

	12.	 Ruis MAW, Te Brake JHA, van de Burgwal JA, de Jong IC, Blokhuis HJ, 
Koolhaas JM. Personalities in female domesticated pigs: behavioural and 
physiological indications. Appl Anim Behav Sci. 2000;66(1):31–47. https://​
doi.​org/​10.​1016/​S0168-​1591(99)​00070-2.

	13.	 Tsigos C, Chrousos GP. Hypothalamic–pituitary–adrenal axis, neuroendo-
crine factors and stress. J Psychosom Res. 2002;53(4):865–71. https://​doi.​
org/​10.​1016/​S0022-​3999(02)​00429-4.

	14.	 Redbo I. Relations between oral stereotypies, open-field behavior, 
and pituitary-adrenal system in growing dairy cattle. Physiol Behav. 
1998;64(3):273–8. https://​doi.​org/​10.​1016/​s0031-​9384(98)​00059-6.

	15.	 Ellenbroek BA, Cools AR. Chapter 20 - stereotyped behaviour. In: van 
Haaren F, editor. Techniques in the behavioral and neural sciences No. 10. 
Amsterdam: Elsevier; 1993. p. 519–38. https://​doi.​org/​10.​1016/​B978-0-​
444-​81444-9.​50025-0.

	16.	 Briefer Freymond S, Bardou D, Briefer EF, Bruckmaier R, Fouché N, Fleury J, 
et al. The physiological consequences of crib-biting in horses in response 
to an acth challenge test. Physiol Behav. 2015;151:121–8. https://​doi.​org/​
10.​1016/j.​physb​eh.​2015.​07.​015.

	17.	 Dybkjaer L, Vraa-Andersen L, Paisley LG, Møller K, Christensen G, Agger JF. 
Associations between behaviour and stomach lesions in slaughter pigs. 
Prev Vet Med. 1994;19(2):101–12. https://​doi.​org/​10.​1016/​0167-​5877(94)​
90042-6.

	18.	 Hut PR, Scheurwater J, Nielen M, van den Broek J, Hostens MM. Heat 
stress in a temperate climate leads to adapted sensor-based behavioral 
patterns of dairy cows. J Dairy Sci. 2022;105(8):6909–22. https://​doi.​org/​
10.​3168/​jds.​2021-​21756.

	19.	 Gusterer E, Kanz P, Krieger S, Schweinzer V, Süss D, Lidauer L, et al. Sensor 
technology to support herd health monitoring: using rumination dura-
tion and activity measures as unspecific variables for the early detection 
of dairy cows with health deviations. Theriogenology. 2020;157:61–9. 
https://​doi.​org/​10.​1016/j.​theri​ogeno​logy.​2020.​07.​028.

	20.	 Dolecheck K, Bewley J. Animal board invited review: dairy cow lameness 
expenditures, losses and total cost. Animal. 2018;12(7):1462–74. https://​
doi.​org/​10.​1017/​S1751​73111​80005​75.

	21.	 Van Nuffel A, Zwertvaegher I, Pluym L, Van Weyenberg S, Thorup VM, Pas-
tell M, et al. Lameness detection in dairy cows: part 1. How to distinguish 
between non-lame and lame cows based on differences in locomotion 
or behavior. Animals (Basel). 2015;5(3):838–60. https://​doi.​org/​10.​3390/​
ani50​30387.

	22.	 Breuer K, Hemsworth PH, Barnett JL, Matthews LR, Coleman GJ. Behav-
ioural response to humans and the productivity of commercial dairy 
cows. Appl Anim Behav Sci. 2000;66(4):273–88. https://​doi.​org/​10.​1016/​
S0168-​1591(99)​00097-0.

https://arriveguidelines.org
https://arriveguidelines.org
https://doi.org/10.1016/j.applanim.2006.05.041
https://doi.org/10.1016/j.applanim.2006.05.041
https://doi.org/10.3168/jds.2016-12223
https://doi.org/10.3168/jds.2016-12223
https://doi.org/10.1016/j.applanim.2022.105655
https://doi.org/10.3390/ani10010040
https://doi.org/10.3389/fvets.2022.840726
https://doi.org/10.3389/fvets.2022.840726
https://doi.org/10.1016/j.livsci.2020.104063
https://doi.org/10.3168/jds.2021-21439
https://doi.org/10.3168/jds.2021-21439
https://doi.org/10.1016/j.neubiorev.2005.03.007
https://doi.org/10.1016/S0168-1591(99)00070-2
https://doi.org/10.1016/S0168-1591(99)00070-2
https://doi.org/10.1016/S0022-3999(02)00429-4
https://doi.org/10.1016/S0022-3999(02)00429-4
https://doi.org/10.1016/s0031-9384(98)00059-6
https://doi.org/10.1016/B978-0-444-81444-9.50025-0
https://doi.org/10.1016/B978-0-444-81444-9.50025-0
https://doi.org/10.1016/j.physbeh.2015.07.015
https://doi.org/10.1016/j.physbeh.2015.07.015
https://doi.org/10.1016/0167-5877(94)90042-6
https://doi.org/10.1016/0167-5877(94)90042-6
https://doi.org/10.3168/jds.2021-21756
https://doi.org/10.3168/jds.2021-21756
https://doi.org/10.1016/j.theriogenology.2020.07.028
https://doi.org/10.1017/S1751731118000575
https://doi.org/10.1017/S1751731118000575
https://doi.org/10.3390/ani5030387
https://doi.org/10.3390/ani5030387
https://doi.org/10.1016/S0168-1591(99)00097-0
https://doi.org/10.1016/S0168-1591(99)00097-0


Page 14 of 15Sun et al. Journal of Animal Science and Biotechnology          (2023) 14:104 

	23.	 Pavlovic D, Czerkawski M, Davison C, Marko O, Michie C, Atkinson R, et al. 
Behavioural classification of cattle using neck-mounted accelerometer-
equipped collars. Sensors (Basel). 2022;22(6):2323. https://​doi.​org/​10.​
3390/​s2206​2323.

	24.	 Halachmi I, Guarino M, Bewley J, Pastell M. Smart animal agriculture: 
application of real-time sensors to improve animal well-being and pro-
duction. Annu Rev Anim Biosci. 2019;7:403–25. https://​doi.​org/​10.​1146/​
annur​ev-​animal-​020518-​114851.

	25.	 Thorup VM, Munksgaard L, Robert PE, Erhard HW, Thomsen PT, Friggens 
NC. Lameness detection via leg-mounted accelerometers on dairy cows 
on four commercial farms. Animal. 2015;9(10):1704–12. https://​doi.​org/​
10.​1017/​S1751​73111​50008​90.

	26.	 Benaissa S, Tuyttens FAM, Plets D, Trogh J, Martens L, Vandaele L, et al. 
Calving and estrus detection in dairy cattle using a combination of 
indoor localization and accelerometer sensors. Comput Electron Agr. 
2020;168:105153. https://​doi.​org/​10.​1016/j.​compag.​2019.​105153.

	27.	 Rahman A, Smith DV, Little B, Ingham AB, Greenwood PL, Bishop-Hurley 
GJ. Cattle behaviour classification from collar, halter, and ear tag sensors. 
Inform Process Agric. 2018;5(1):124–33. https://​doi.​org/​10.​1016/j.​inpa.​
2017.​10.​001.

	28.	 Riaboff L, Poggi S, Madouasse A, Couvreur S, Aubin S, Bédère N, 
et al. Development of a methodological framework for a robust 
prediction of the main behaviours of dairy cows using a combina-
tion of machine learning algorithms on accelerometer data. Comput 
Electron Agr. 2020;169:105179. https://​doi.​org/​10.​1016/j.​compag.​
2019.​105179.

	29.	 National Research Council (NRC). Nutrient requirements of dairy cattle. 
7th ed. Washington: National Academies Press; 2001.

	30.	 Byrt T, Bishop J, Carlin JB. Bias, prevalence and kappa. J Clin Epidemiol. 
1993;46(5):423–9. https://​doi.​org/​10.​1016/​0895-​4356(93)​90018-V.

	31.	 Pereira GM, Heins BJ, Endres MI. Technical note: validation of an ear-tag 
accelerometer sensor to determine rumination, eating, and activity 
behaviors of grazing dairy cattle. J Dairy Sci. 2018;101(3):2492–5. https://​
doi.​org/​10.​3168/​jds.​2016-​12534.

	32.	 Ledgerwood DN, Winckler C, Tucker CB. Evaluation of data loggers, sam-
pling intervals, and editing techniques for measuring the lying behavior 
of dairy cattle. J Dairy Sci. 2010;93(11):5129–39. https://​doi.​org/​10.​3168/​
jds.​2009-​2945.

	33.	 Borchers MR, Chang YM, Tsai IC, Wadsworth BA, Bewley JM. A validation 
of technologies monitoring dairy cow feeding, ruminating, and lying 
behaviors. J Dairy Sci. 2016;99(9):7458–66. https://​doi.​org/​10.​3168/​jds.​
2015-​10843.

	34.	 Li Y, Shu H, Bindelle J, Xu B, Zhang W, Jin Z, et al. Classification and analysis 
of multiple cattle unitary behaviors and movements based on machine 
learning methods. Animals (Basel). 2022;12(9):1060. https://​doi.​org/​10.​
3390/​ani12​091060.

	35.	 von Dawans B, Trueg A, Kirschbaum C, Fischbacher U, Heinrichs M. Acute 
social and physical stress interact to influence social behavior: the role of 
social anxiety. PLoS One. 2018;13(10):e204665. https://​doi.​org/​10.​1371/​
journ​al.​pone.​02046​65.

	36.	 Koolhaas JM, Korte SM, Boer SFD, Vegt BJVD, Blokhuis HJ. Coping styles 
in animals: current status in behavior and stress- physiology. Neurosci 
Biobehav Rev. 1999;23(7):925–35. https://​doi.​org/​10.​1016/​s0149-​7634(99)​
00026-3.

	37.	 Bhatnagar S, Vining C. Facilitation of hypothalamic–pituitary–adrenal 
responses to novel stress following repeated social stress using the 
resident/intruder paradigm. Horm Behav. 2003;43(1):158–65. https://​doi.​
org/​10.​1016/​S0018-​506X(02)​00011-9.

	38.	 Koolhaas JM, Korte SM, De Boer SF, Van Der Vegt BJ, Van Reenen CG, 
Hopster H, et al. Coping styles in animals: current status in behavior and 
stress-physiology. Neurosci Biobehav R. 1999;23(7):925–35. https://​doi.​
org/​10.​1016/​S0149-​7634(99)​00026-3.

	39.	 Romero LM. Physiological stress in ecology: lessons from biomedical 
research. Trends Ecol Evol. 2004;19(5):249–55. https://​doi.​org/​10.​1016/j.​
tree.​2004.​03.​008.

	40.	 Koolhaas JM, de Boer SF, Coppens CM, Buwalda B. Neuroendocrinology 
of coping styles: towards understanding the biology of individual varia-
tion. Front Neuroendocrinol. 2010;31(3):307–21. https://​doi.​org/​10.​1016/j.​
yfrne.​2010.​04.​001.

	41.	 Monje FJ, Kim EJ, Cabatic M, Lubec G, Herkner KR, Pollak DD. A role for 
glucocorticoid-signaling in depression-like behavior of gastrin-releasing 

peptide receptor knock-out mice. Ann Med. 2011;43(5):389–402. https://​
doi.​org/​10.​3109/​07853​890.​2010.​538716.

	42.	 Iob E, Kirschbaum C, Steptoe A. Persistent depressive symptoms, hpa-
axis hyperactivity, and inflammation: the role of cognitive-affective and 
somatic symptoms. Mol Psychiatry. 2020;25(5):1130–40. https://​doi.​org/​
10.​1038/​s41380-​019-​0501-6.

	43.	 Van Den Eede F, Claes SJ. Mechanisms of depression: role of the hpa axis. 
Drug Discovery Today: Disease Mechanisms. 2004;1(4):413–8. https://​doi.​
org/​10.​1016/j.​ddmec.​2004.​11.​021.

	44.	 Carvalho P, Pinto A, Millen DD, Felix TL. Effect of cattle breed and basal 
diet on digestibility, rumen bacterial communities, and eating and rumi-
nation activity. J Anim Sci. 2020;98(5):skaa114. https://​doi.​org/​10.​1093/​
jas/​skaa1​14.

	45.	 Świerk S, Hasior K, Garus-Piętak A, Przybyło M, Głuch M, Waliczek A, 
et al. Effect of amount of high-fibre pellet in the diet and bedding type 
on feed intake, nutrient digestibility, eating behaviour and rumina-
tion in bongo (tragelaphus eurycerus). J Anim Physiol Anim Nutr (Berl). 
2022;106(5):1162–73. https://​doi.​org/​10.​1111/​jpn.​13747.

	46.	 Hoover WH. Chemical factors involved in ruminal fiber digestion1. J Dairy 
Sci. 1986;69(10):2755–66. https://​doi.​org/​10.​3168/​jds.​S0022-​0302(86)​
80724-X.

	47.	 Fregonesi JA, Tucker CB, Weary DM. Overstocking reduces lying time in 
dairy cows. J Dairy Sci. 2007;90(7):3349–54. https://​doi.​org/​10.​3168/​jds.​
2006-​794.

	48.	 Heirbaut S, Børge Jensen D, Jing XP, Stefańska B, Lutakome P, Vandaele 
L, et al. Different reticuloruminal ph metrics of high-yielding dairy cattle 
during the transition period in relation to metabolic health, activity, and 
feed intake. J Dairy Sci. 2022;105(8):6880–94. https://​doi.​org/​10.​3168/​jds.​
2021-​21751.

	49.	 Li F, Wang Z, Dong C, Li F, Wang W, Yuan Z, et al. Rumen bacteria com-
munities and performances of fattening lambs with a lower or greater 
subacute ruminal acidosis risk. Front Microbiol. 2017;8:2506. https://​doi.​
org/​10.​3389/​fmicb.​2017.​02506.

	50.	 Martin CR, Osadchiy V, Kalani A, Mayer EA. The brain-gut-microbiome 
axis. Cell Mol Gastroenterol Hepatol. 2018;6(2):133–48. https://​doi.​org/​10.​
1016/j.​jcmgh.​2018.​04.​003.

	51.	 Wann C, Wanapat M, Mapato C, Ampapon T, Huang B. Effect of bamboo 
grass (Tiliacora triandra, Diels) pellet supplementation on rumen fermen-
tation characteristics and methane production in thai native beef cattle. 
Asian Austral J Anim. 2019;32(8):1153–60. https://​doi.​org/​10.​5713/​ajas.​18.​
0703.

	52.	 An X, Zhang L, Luo J, Zhao S, Jiao T. Effects of oat hay content in diets on 
nutrient metabolism and the rumen microflora in sheep. Animals (Basel). 
2020;10(12):2341. https://​doi.​org/​10.​3390/​ani10​122341.

	53.	 Mohammed R, Brink GE, Stevenson DM, Neumann AP, Beauchemin KA, 
Suen G, et al. Bacterial communities in the rumen of holstein heifers differ 
when fed orchardgrass as pasture vs. Hay Front Microbiol. 2014;5:689. 
https://​doi.​org/​10.​3389/​fmicb.​2014.​00689.

	54.	 Kidane A, Øverland M, Mydland LT, Prestløkken E. Interaction between 
feed use efficiency and level of dietary crude protein on enteric methane 
emission and apparent nitrogen use efficiency with norwegian red 
dairy cows1. J Anim Sci. 2018;96(9):3967–82. https://​doi.​org/​10.​1093/​jas/​
sky256.

	55.	 Jonker A, Hickey SM, McEwan JC, Rowe SJ, Janssen PH, MacLean S, 
et al. Genetic parameters of plasma and ruminal volatile fatty acids in 
sheep fed alfalfa pellets and genetic correlations with enteric methane 
emissions1. J Anim Sci. 2019;97(7):2711–24. https://​doi.​org/​10.​1093/​jas/​
skz162.

	56.	 Mason GJ. Stereotypies: a critical review. Anim Behav. 1991;41(6):1015–37. 
https://​doi.​org/​10.​1016/​S0003-​3472(05)​80640-2.

	57.	 Hendriks SJ, Huzzey JM, Kuhn-Sherlock B, Turner SA, Mueller KR, Phyn 
C, et al. Associations between lying behavior and activity and hypoc-
alcemia in grazing dairy cows during the transition period. J Dairy Sci. 
2020;103(11):10530–46. https://​doi.​org/​10.​3168/​jds.​2019-​18111.

	58.	 Lomb J, von Keyserlingk M, Weary DM. Behavioral changes associated 
with fever in transition dairy cows. J Dairy Sci. 2020;103(8):7331–8. https://​
doi.​org/​10.​3168/​jds.​2018-​15969.

	59.	 Steele NM, Dicke A, De Vries A, Lacy-Hulbert SJ, Liebe D, White RR, 
et al. Identifying gram-negative and gram-positive clinical mastitis 
using daily milk component and behavioral sensor data. J Dairy Sci. 
2020;103(3):2602–14. https://​doi.​org/​10.​3168/​jds.​2019-​16742.

https://doi.org/10.3390/s22062323
https://doi.org/10.3390/s22062323
https://doi.org/10.1146/annurev-animal-020518-114851
https://doi.org/10.1146/annurev-animal-020518-114851
https://doi.org/10.1017/S1751731115000890
https://doi.org/10.1017/S1751731115000890
https://doi.org/10.1016/j.compag.2019.105153
https://doi.org/10.1016/j.inpa.2017.10.001
https://doi.org/10.1016/j.inpa.2017.10.001
https://doi.org/10.1016/j.compag.2019.105179
https://doi.org/10.1016/j.compag.2019.105179
https://doi.org/10.1016/0895-4356(93)90018-V
https://doi.org/10.3168/jds.2016-12534
https://doi.org/10.3168/jds.2016-12534
https://doi.org/10.3168/jds.2009-2945
https://doi.org/10.3168/jds.2009-2945
https://doi.org/10.3168/jds.2015-10843
https://doi.org/10.3168/jds.2015-10843
https://doi.org/10.3390/ani12091060
https://doi.org/10.3390/ani12091060
https://doi.org/10.1371/journal.pone.0204665
https://doi.org/10.1371/journal.pone.0204665
https://doi.org/10.1016/s0149-7634(99)00026-3
https://doi.org/10.1016/s0149-7634(99)00026-3
https://doi.org/10.1016/S0018-506X(02)00011-9
https://doi.org/10.1016/S0018-506X(02)00011-9
https://doi.org/10.1016/S0149-7634(99)00026-3
https://doi.org/10.1016/S0149-7634(99)00026-3
https://doi.org/10.1016/j.tree.2004.03.008
https://doi.org/10.1016/j.tree.2004.03.008
https://doi.org/10.1016/j.yfrne.2010.04.001
https://doi.org/10.1016/j.yfrne.2010.04.001
https://doi.org/10.3109/07853890.2010.538716
https://doi.org/10.3109/07853890.2010.538716
https://doi.org/10.1038/s41380-019-0501-6
https://doi.org/10.1038/s41380-019-0501-6
https://doi.org/10.1016/j.ddmec.2004.11.021
https://doi.org/10.1016/j.ddmec.2004.11.021
https://doi.org/10.1093/jas/skaa114
https://doi.org/10.1093/jas/skaa114
https://doi.org/10.1111/jpn.13747
https://doi.org/10.3168/jds.S0022-0302(86)80724-X
https://doi.org/10.3168/jds.S0022-0302(86)80724-X
https://doi.org/10.3168/jds.2006-794
https://doi.org/10.3168/jds.2006-794
https://doi.org/10.3168/jds.2021-21751
https://doi.org/10.3168/jds.2021-21751
https://doi.org/10.3389/fmicb.2017.02506
https://doi.org/10.3389/fmicb.2017.02506
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.5713/ajas.18.0703
https://doi.org/10.5713/ajas.18.0703
https://doi.org/10.3390/ani10122341
https://doi.org/10.3389/fmicb.2014.00689
https://doi.org/10.1093/jas/sky256
https://doi.org/10.1093/jas/sky256
https://doi.org/10.1093/jas/skz162
https://doi.org/10.1093/jas/skz162
https://doi.org/10.1016/S0003-3472(05)80640-2
https://doi.org/10.3168/jds.2019-18111
https://doi.org/10.3168/jds.2018-15969
https://doi.org/10.3168/jds.2018-15969
https://doi.org/10.3168/jds.2019-16742


Page 15 of 15Sun et al. Journal of Animal Science and Biotechnology          (2023) 14:104 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	60.	 Stevenson JS, Banuelos S, Mendonça L. Transition dairy cow health 
is associated with first postpartum ovulation risk, metabolic sta-
tus, milk production, rumination, and physical activity. J Dairy Sci. 
2020;103(10):9573–86. https://​doi.​org/​10.​3168/​jds.​2020-​18636.

	61.	 Smith D, Rahman A, Bishop-Hurley GJ, Hills J, Shahriar S, Henry D, et al. 
Behavior classification of cows fitted with motion collars: decomposing 
multi-class classification into a set of binary problems. Comput Electron 
Agr. 2016;131:40–50. https://​doi.​org/​10.​1016/j.​compag.​2016.​10.​006.

	62.	 Zambelis A, Wolfe T, Vasseur E. Technical note: validation of an ear-tag 
accelerometer to identify feeding and activity behaviors of tiestall-
housed dairy cattle. J Dairy Sci. 2019;102(5):4536–40. https://​doi.​org/​10.​
3168/​jds.​2018-​15766.

	63.	 Sepúlveda-Varas P, Lomb J, von Keyserlingk MAG, Held R, Bustamante 
H, Tadich N. Claw horn lesions in mid-lactation primiparous dairy cows 
under pasture-based systems: association with behavioral and metabolic 
changes around calving. J Dairy Sci. 2018;101(10):9439–50. https://​doi.​
org/​10.​3168/​jds.​2018-​14674.

	64.	 Fisher AD, Verkerk GA, Morrow CJ, Matthews LR. The effects of feed 
restriction and lying deprivation on pituitary–adrenal axis regulation in 
lactating cows. Livest Prod Sci. 2002;73(2):255–63. https://​doi.​org/​10.​
1016/​S0301-​6226(01)​00246-9.

	65.	 Baxter E, Plowman AB. The effect of increasing dietary fibre on feeding, 
rumination and oral stereotypies in captive giraffes (giraffa camelopar-
dalis). Anim Welfare. 2001;10(3):281–90. https://​doi.​org/​10.​1017/​S0962​
72860​00240​52.

	66.	 Lindström T, Redbo I. Effect of feeding duration and rumen fill on behav-
iour in dairy cows. Appl Anim Behav Sci. 2000;70(2):83–97. https://​doi.​
org/​10.​1016/​S0168-​1591(00)​00148-9.

https://doi.org/10.3168/jds.2020-18636
https://doi.org/10.1016/j.compag.2016.10.006
https://doi.org/10.3168/jds.2018-15766
https://doi.org/10.3168/jds.2018-15766
https://doi.org/10.3168/jds.2018-14674
https://doi.org/10.3168/jds.2018-14674
https://doi.org/10.1016/S0301-6226(01)00246-9
https://doi.org/10.1016/S0301-6226(01)00246-9
https://doi.org/10.1017/S0962728600024052
https://doi.org/10.1017/S0962728600024052
https://doi.org/10.1016/S0168-1591(00)00148-9
https://doi.org/10.1016/S0168-1591(00)00148-9

	Evaluation of Holstein cows with different tongue-rolling frequencies: stress immunity, rumen environment and general behavioural activity
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Materials and method
	Animals and management
	Experimental design and treatments
	Sampling and analysis
	16S rRNA gene sequencing in ruminal fluid
	Statistical analysis

	Results
	Serum physiological, biochemical and immune indexes
	Ruminal fermentation indicators
	Composition and diversity of ruminal microbial community
	Base behaviour recorded by the collar

	Discussion
	The relationship between tongue rolling frequency and body stress and immunity
	The relationship between tongue rolling frequency and rumen fermentation
	Relationship between tongue rolling frequency and general activity

	Conclusion
	Acknowledgements
	References


