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Abstract It was the aim of this study to characterize
rumination behaviour, eructation and oesophageal
motility in camels to identify similarities and differences
between camels and domestic ruminants. Recordings
were carried out in five camels fed on a hay-based diet.
On an average, the duration of rumination, feeding and
resting was 8.3, 5.6 and 10.1 h per 24 h, respectively.
Rumination activity peaked in the morning between 9:00
and 11:00 and in the night between 02:00 and 04:00 a.m.
During rumination periods, on an average 67 boluses
were regurgitated per hour. Each bolus was chewed for
an average of 45 s with 68 chews per min. The pause
between two rumination cycles lasted on an average 9 s.
Hay intake took 61 min/kg dry matter (DM), rumina-
tion lasted 71 min/kg DM of hay consumed. The
regurgitation of a bolus started with a contraction of
cranial compartment 1 (C 1) during a B-sequence, fol-
lowed by a deep inspiration with closed glottis. Digesta
enters the oesophagus, and an antiperistaltic wave
transported the bolus orally. Eructation starts with a
contraction of the caudal C1 during a B-sequence when
the cranial C1 is relaxed. After entering the oesophagus,
a rapid antiperistaltic wave transports the gas orally.
Results revealed that the parameter values obtained in
the camels were remarkably similar to those in domestic
ruminants despite profound morphological differences
and different patterns of forestomach motility.
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Introduction

Tylopoda and Ruminantia independently developed
forestomach fermentation during evolution. Species of
both suborders of Artiodactyla ruminate and have in
common large forestomachs with extensive microbial
digestion to achieve a superior digestibility of diets rich
in cell wall constituents. However, gross anatomy and
the microscopic structure of the forestomach mucosa
are very different in camelids compared to ruminants
(Vallenas and Stevens 1971; Cummings et al. 1972;
Heller et al. 1984; Osman and von Engelhardt 1998;
von Engelhardt 1998; Osman et al. 1999). In camelids,
the forestomach consists of a voluminous compartment
1 (C 1) which is subdivided by a strong muscular pillar
into a cranial and a caudal part, a relatively small
compartment 2 (C 2) and a tubiform compartment 3
(C 3). The motility of the forestomach system is char-
acterized in camelids by A and B sequences. An A
sequence starts with a relaxation of the canal between
C 2 and C 3, followed by a contraction of C 2, and is
finally completed by a contraction of the caudal C 1.
Each B sequence starts with a contraction of the cra-
nial C 1, followed by a contraction of the canal and
C2, and finally a contraction of the caudal C 1 and a
second contraction of the canal (Heller et al. 1986;
Osman and von Engelhardt 1998; Osman et al. 1999).
Regurgitation in camels occurs during the peak of the
contraction of the cranial C 1. The eructation of gas
from the forestomach takes place during the peak
contraction of the caudal C1 when the cranial C 1 is
relaxed (von Engelhardt et al. 1992; Osman and von
Engelhardt 1998).

The objectives of this study were to characterize
chewing behaviour, circadian activies and oesophageal
motility in camelids as such information is not available
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so far. Thereby, similarities and differences between
these two distinct suborders of Artiodactylae should be
identified.

Material and methods
Experimental animals

A total of five camels were used (Table 1). Jaw move-
ments, pressure in the oesophagus and forestomach
motility mostly were measured in four of these camels.
Tracheal pressure was measured in one camel (Er) only.
At least 6 months prior to the studies, all animals were
fitted with a fistula in the caudal C 1. Camels were fed,
daily about 3 kg carrots, 2 kg dried beet pulp and
medium-quality meadow hay ad libitum. If not partic-
ularily stated, the feed and the new batch of hay was
offered at 8:00 hours. Water and mineralized salt licks
were freely accessible.

Pressure measurements

Pressure events in the oesophagus, the trachea and in the
forestomach were measured with open end catheters and
pressure transducers (Statam P23XL) representing a
modification of the method described by Arndorfer
et al. (1977). Signals were recorded using a four channel
recorder (Watanabe WTR 331) as well as a PC-based
digital recorder (486, ASI). Digitalization was achieved
using a 12 bit 16-channel AD converter with a D 2-
programme.

For the measurements in the oesophagus, a device
was devolped consisting of a 2.8 m long flexible poly-
vinylchloride (PVC) tube (external diameter 8 mm) with
openings in distances of 30 cm shifted by 90° from one
opening to the other. A bundle of six PE tubes (internal
diameter 0.63 mm each) were introduced in the PVC
tube, and each of the PE tubes was fixed in one of the
prepared opening of the large-diameter tube with silicon.
Thereby, the narrow tubes ended outside. For posi-
tioning in the oesophagus, a conventional nasogastric
tube (external diameter 8 mm) was introduced through
the nose into the C 1 and was pulled out through the
forestomach fistula. After that, the prepared PVC tube,
containing the six small PE tubes, was attached to the
end of the oesophagus tube and was positioned in the
oesophagus by pulling back the nasogastric tube. The
PVC tube was fixed with a sponge ring at the entrance of

the nose. Thereby six pressure changes in the oesopha-
gus could be measured simultaneously between a posi-
tion distal to the larynx down to the chest part of the
oesophagus over a length of 180 cm every 30 cm.

In one camel (Er), pressure changes were also re-
corded in the trachea. Therefore, a PE tube (internal
diameter 0.63 mm) was put into the lumen of the trachea
in the middle of the neck through a sterile disposable
cannula (1.2 mm x 40 mm, Teruma Europe, Leuven,
Belgium).

For measurements of pressure changes in the fore-
stomach, open polyethylene (PE) tubes (internal dia-
meter 1.2 mm) were placed through the fistula in the
cranial C 1, caudal C 1 and in the C 2; they were kept in
position by a small piece of lead.

Jaw movements

Chews were either recorded (1) by measuring pressure
changes (1) or (2) by using magnets (2).

1. A piece of bicycle rubber tube (15 cm long, diameter
3 cm) was filled with foam rubber. The bicycle tube
was closed on one side, and in the other opening a
PVC tube (internal diameter 2 mm) was glued with
silicon. The bicycle tube was positioned below the
lower jaw at the halter of the camel and the PVC tube
was connected to the pressure transducer and the
recording system.

2. Similar to the pressure measurements, a bicycle tube
filled with rubber foam was fixed below the lower jaw
and the halter at the head. In the middle of the foam a
magnet (0.5 cm long, diameter 0.5 cm) was glued. A
magnetoresistive sensor (MRS, type KMZ 10A, Sie-
mens, Fuerth) was fixed laterally at the halter.
Changes in the distance between magnet and sensor
alter the magnetic field strengths which were recorded
on average (Lechner-Doll 2005).

Rumination behaviour

Four camels were kept in their familiar barn. Jaw
movements were recorded continuously for 4 days and
nights (96 h). The lengths of chewing periods, rumina-
tion periods and pauses were assessed. The number of
jaw movements per ruminated bolus was calculated. Due
to characteristic differences in chew patterns, feeding and
rumination periods could be differentiated easily.

Table 1 Experimental animals

Name Breed Gender Age (years) Mean body weight (kg)
Ro Cross breed (tulu) Female 5 510
Sei Cross breed (tulu) Female 12 770
. Em Camelus bactrianus Male (castrated) 7 600
A tulu is a cross bTeed between gy, Camelus bactrianus Male (castrated) 18 740
Camelus dromedarius and Er Camelus bactrianus Male (castrated) 20 660

Camelus bactrianus




Statistics

Results were expressed as means and standard devia-
tions. Differences between means were checked by one
factorial variance analysis for significance (P <0.05). N
represents the number of animals and # the number of
measurements.

Results
Feeding, resting and rumination activities

The camels were eating 5.6+£2.5h, ruminating
8.3+£2.7 h and resting 10.1+1.7 h per 24 h. Data were
calculated from four camels (Ro, Sei, Su, Em) for 4 days
each. The resting periods were more or less uniformly
distributed throughout day and night. However, feeding
peaked clearly between 05:00 and 07:00 and between
12:00 and 17:00 hours and elsewhere (Fig. 1) while a

Fig. 1 Feeding and rumination
activities expressed as chewing
activities in minutes per 24 h
(feeding upper drawing,
rumination lower drawing).
Hay was available ad libidum, a
new batch of haw was added
daily between 07:00-08:00 and
12:00-13:00. Means = SD are
given for four camels (Em, Ro,
Sei, Su) recorded over a period
of four days each

Feeding [ min/h]

Rumination [ min/h ]
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maximal rumination activity was observed between 9:00
and 11:00 and between 2:00 and 04:00 hours. It took
on an average 61.3+10.8 min (Su 53+10, Ro 70+ 13,
Em 61+9 min) to consume 1kg DM hay, and
71.0+£9.7 min (Su 64+10, Ro 78 +8, Em 71+ 11 min)
were spent for rumination of each kilogram DM hay
consumed (50 estimations in each camel; consumption
of hay dry matter had been estimated reliably only in
three of the camels).

Motility and pressure waves in the oesophagus during
rumination

Regurgitation of the bolus

The regurgitation of a bolus started always at the peak
of a contraction of the cranial C 1 during a B sequence.
The regurgitation is accompanied by a deep inspiration
with closed epiglottis. Thereby, the pressure in the
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trachea decreased 1.0£0.1 m H,O (water column) be-
low the baseline, and in the thoracic portion of the
oesophagus the pressure decreased by 0.4+0.1 m H,O
(Table 2). Due to the increased pressure in the cranial C
1 and the decrease of pressure in the oesophagus, digesta
was aspirated into the oesophagus. Thereafter, an anti-
peristaltic wave starts in the most distal part of the
oesophagus and transports the bolus into the mouth
within 4.1+£0.2 s (Fig. 2). Thus, the mean speed of the
antiperistaltic wave was 0.4440.15m s~ (30 estima-
tions in each of the four camels Ro, Sei, Su, Em). The
wave had a mean pressure peak of 1.5+0.3 m H,O.
The B sequence, in which the regurgitation of the
bolus occurred, was followed in 62% by two sequences
(B and A sequences), in 32% by three sequences (mostly
B-A-B-sequences), and in 6% by only one B sequence.
Swallowing of the chewed bolus was followed by a pause
of 0.14+0.03 min before the next regurgitation started.

Swallowing of the chewed bolus

Immediately after regurgitation some of the fluid that
had entered the mouth with the bolus is swallowed
(Fig. 2). Throughout the period of chewing, further fluid
is swallowed one to three times. The final swallowing of
the chewed bolus lasted 3.6+0.2 s (similar to the swal-

lowing of a bolus during feeding with 3.4+0.2 s) and
caused a pressure change in the oesophagus of
1.0£0.07 m H,O (bolus during feeding 1.10+£0.03 m
H,0). Swallowing of drinking water caused a significant
lower pressure change (0.40+0.07 m H,O) in a shorter
time (2.0£0.2 s) (30 estimations in each of the four
camels Em, Er, Ro, Su).

Jaw movements, frequency and duration of chewing
and number of boluses during rumination

On an average, the camels chewed each bolus 61.5 times
within 45.3 s which results in a chewing frequency of 68
chews min~' (Table 3). The mean pause between two
rumination cycles was 8.7 s. On average, 67 boluses were
recorded per hour during the rumination periods. No
differences existed between measurements with catheters
and those carried out with magnets.

Eructation of gas
Eructation took place at the time of maximum con-

traction of the caudal C 1 during a B sequence. At
that time, the cranial C 1 is relaxed. In contrast to the

Table 2 Magnitude and duration of pressure changes in oesophagus and trachea at the beginning and during regurgitation of a bolus and
during eructation of gas. 30 estimations in oesophagus in each of four camels (Em, Ro, Sei, Su),and 50 estimations in trachea of camel Er.
Values are means + SD, different letters (a, b and A, B) indicate significant differences (P <0.05)

Regurgitation of bolus

Eructation

During aspiration

During regurgitation During eructation

In trachea In thoracic portion of In cervical and thoracical
oesophagus oesophagus
Pressure [m H,O] —1.0 £ 0.1 a —-04 +£0.1b 1.5 £ 03A 032 £ 02B
Duration [s] 14 £02a 15+01a 41 + 02 A 1.8 £ 0.1 B
Fig. 2 Changes in pressure FL BO FL

along the oesophagus 30, 60,
90, 150, and 180 cm from the
nostril and in the cervical
trachea (middle of the neck)
during rumination (camel Er).
Measurements with open
catheters and pressure

Oesophagus
30cm

60 cm _w

N 90 cm
transducers. RE rejection of a
bolus, ER eructation, FL
swallowing of fluid, BO final 120 cm
swallowing of the chewed bolus
150 cm
J\/L_J\/\/A‘M_J/L_/\_/\\_’j\, | 1m
180 cm H2
Trachea

RE



Table 3 Number, frequency and duration of jaw movements and
number of boluses masticated during rumination. Measurements
with open catheters or with magnets. 60 estimations in each of the
four camels (Ro, Sei, Su, Em). Values are means = SD

Catheter Magnet
Number of chews per bolus 592 £ 2.1 638 £ 3.0
Duration of chewing per bolus (min) 0.73 £ 0.2 0.78 £ 0.1
Frequency of chews (min~") 674 £ 20 68.6 = 1.5
Pause between two boluses (min) 0.14 = 0.03 0.15 £ 0.02
Number of boluses (h™") 689 £ 32 645 £+ 45

regurgitation of a bolus, during eructation no decrease
of pressure was observed in the trachea and in the chest
part of the oesophagus. During the subsequent anti-
peristaltic wave, pressure changes in the oesophagus
(0.3+£0.2 m H,0) are significantly smaller as compared
to changes during bolus regurgitation (Table 2). The
duration of the pressure wave in the oesophagus
(1.8+0.1 s) was found to be shorter, and the speed of
the pressure wave (0.72+0.10 m s~') was considerably
faster than during bolus regurgitation.

Discussion

We wanted to determine the extent to which chewing
activities, regurgitation, eructation and oesophagal
motility might differ between the Tylopoda and
Ruminantia representing two distinct suborders of Art-
iodactyla. Whereas numerous studies focusing on these
issues in ruminants have been published, for camelids
only little information is available.

Rumination, feeding and resting periods in camels
and in cattle

Mean daily duration of rumination was similar in camels
compared to cattle, sheep and goats (Table 4). Lechner-
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Doll (1986) and Kaske et al. (1989) reported longer
periods for rumination in camels (on an average 11 h/
day) from their studies in Sudan. However, both authors
fed the animals with firm roughages with a high fibre
content and low digestibility which were harvested in
this semi-desert region. For breakdown of these rough-
ages to small particles these camels needed obviously
more time.

The time used for feed intake was roughly similar in
camels, cattle, sheep and goats (Table 4). Also the rest-
ing time did not differ markedly among species. A
markedly shorter resting time was observed only in those
camels fed the low-quality Humaraya-hay (Lechner-
Doll 1986). This may indicate that the well-known
relation between cell wall contents of the diet and the
length of the daily rumination activity in ruminants is
also valid for camels (Welch and Smith 1969; Balch
1971; Van Soest 1982).

Frequency and duration of chewing during rumination
in camels and cattle

The number of boluses ruminated per hour is similar in
camels and in domestic ruminants (about 60 h™!' ; Van
Soest 1994). Also the frequency of chews during rumi-
nation is in ruminants comparable to that in camels. A
frequency of 62-75 chews per minute was recorded in
hay-fed sheep (Kaske and Groth 1997; Kaske et al.
2002) and in cattle (Okine et al. 1994; Dado and Allen
1994, Hailu 2003). The rate of breakdown of feed par-
ticles into smaller particles is an important limiting
factor for the passage rate of particles from the reticu-
lum into the omasum (Poppi et al. 1980; Kaske and von
Engelhardt 1990). The maximum size of particles in the
intestine of ruminants (Smith et al. 1967; Reid et al.
1977; Poppi et al. 1980, Ulyatt 1982) as well as in that of
camels (Lechner-Doll 1986) are less than 1-2 mm.
Comminution of feed particles results mainly from
chewing during rumination and only little to microbial
activity (Pearce 1967; Troelsen and Campbell 1968;

Table 4 Comparison of

Feeding (h/day) Resting (h/day) References

rumination, feeding and resting Animals Rumination (h/day)
periods (h/day) in camels,
cattle, sheep and goats. Feed Camel 8.3
was mostly different in the 10.9
various studies (silage, Cattle 6-10
concentrates, grazing, hay of 7-8
different quality) 5.3-7.3
9.1
7.9
6.1-9.2
43-6.6
Sheep 9.5
8.3
9.1
9.6
9.3
Goat 7.2
6.1

5.6 10.7 Present experiments

7.9 5.2 Lechner-Doll (1986)
Castle et al. (1950)
Hardison et al. (1956)
Welch et al. (1970)

6.4 8.5 Deswysen et al. (1987)

6.4 9.7 Luginbuhl et al. (1989)

3.7-42 Grant et al. (1990)

3.7-57 10.1 = 12.3 Okine et al. (1994)

5.5 9.0 Deswysen and Ehrlein (1981)

3.7 12.0 Domingue et al. (1991)

7.7 7.2 Kaske and Midasch (1997)

6.1 8.3 Kaske and Groth (1997)

34 11.3 Kaske et al. (2002)

7.1 9.7 Lechner-Doll (1986)

6.8 11.1 Domingue et al. (1991)
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Welch 1982). In cattle rumination has been suggested to
be responsible for 85% of comminution of feed particles
(Kennedy 1985). Thereby and due to microbial activity,
the density of feed particles increases which is a major
precondition for the passage of particles out of the re-
ticulorumen (Kaske and von Engelhardt 1990). Results
indicate that important features of rumination activity
are amazingly comparable in camels and in ruminants
irrespective of their independent development during
evolution.

Circadian rhythm in rumination and feeding activities
in camels and ruminants

The main rumination activity of camels occurs in the late
night and early morning rather independent of feeding
time and feeding regime (Kaske et al. 1989). When goats
and camels were fed the same hay ad libitum, the pat-
terns of rumination activity did not differ significantly
(Lechner-Doll 1986; Table 5). However, when goats and
camels were fed in the morning exclusively, the second
peak of rumination occurred about 7 h earlier in the
goats than in camels. Also after feeding the animals
exclusively in the early night hours, goats started to
ruminate soon after feeding while in camels the rumi-
nation started with a delay of several hours. This more
strictly circadian rhythm of rumination activity in
camels compared to goats may be considered as a
mechanism to achieve a prolonged retention time of
particles in the forestomach system. Particles have to be
reduced in size before they can pass into the C 3. If
rumination occurs after a rather long lag period, parti-
cles remain for a longer time in the forestomach and
cellulose digestibility may be improved.

In cattle and sheep fed ad libitum main rumination
activities were also observed in the late night and early
morning hours, with a maximum in the early morning
(Welch and Smith 1968; Gordon and McAllister 1970).
In other studies, rumination activity was more uniformly
distributed over day and night (Deswysen et al. 1984;
Hailu 2003).

Rumination and ructus in the relation to the pattern of
forestomach motility in camels and in domestic rumi-
nants

In agreement with observations by Heller et al. (1986),
von Engelhardt et al. (1992) and Osman and von
Engelhardt (1998), the regurgitation of a bolus for
rumination started subsequent to a contraction of the
cranial C 1 within a B-sequence. This contraction lifts up
forestomach contents in front of the cardia. In domestic
ruminants the regurgitation of a bolus starts with an
additional contraction of the reticulum. In camelids a
comparable extra contraction of the cranial C 1 has not
been observed.

Similar to ruminants, the regurgitation of boluses by
camels started with a deep inspiration and a closed
epiglottis (von Engelhardt et al. 1992; Lechner-Doll and
Hoffrogge 1994). Thereby, the pressure in the thoracic
portion of the oesophagus is decreased, and forestomach
contents are aspirated into the oesophagus. A rapid
antiperistaltic wave transports the bolus up into the
mouth. Also similar to ruminants, some fluid is swal-
lowed by camels back into the forestomach immediately
after the bolus had reached the mouth.

The courses of events during eructation are also
comparable in camels and in ruminants. In camels due
to the contraction of the caudal C 1 during a B sequence
the gas layer is moved cranially in front of the cardia. In
domestic ruminants, this movement of the gas is caused
by a contraction of the dorsal rumen sac during the B
cycle (only occasionally during an A cycle), and rumen
contents in the rumen are held back by the cranial ru-
minal pillar. In camels as well as in ruminants, anti-
peristaltic waves transport the gas along the oesophagus
cranially. In ruminants the soft palate elevates and closes
the nasopharyngeal orifice when the gas reaches the
cranial oesophageal sphincter, and all the gas enters
from the pharynx into the trachea and the respiratory
system. It is not known so far whether camels also ins-
pirate the eructated gas into the lungs with the following
inspiration, but observations suggest that this phenom-
enon occurs also in camels.

Table S Effects of feeding time

on timing of the main feeding Species  Feeding Main feeding activity ~ Main rumination activity Reference
activity and on the main (time of day) (time of day) (time of day)
rumination activity in camels 3
and goats fed medium or low First peak  Second peak
quality roughage
Camels  Ad libitum 05-07 and 12-17 02-04 09-11 Present data
Camels  Ad libitum 02-06 11-12 Osman et al. (1999)
20:00-02:00 00- 07 19-20
Camels  Ad libitum 09-17 03-08 20-23 Lechner-Doll (1986)
07:30-11:30 07:30-11:30 02-07 21-07
19:30-23:30 19:30-23:30 04-09 13-17
Goats Ad libitum 09-18 03-07 21-24 Lechner-Doll (1986)
07:30-11:30 07:30-11:30 01-06 13-01
19:30-23:30 19:30-23:30 00-10




Motility of the oesophagus during regurgitation and
eructation

The calculated speed and pressure of the antiperistaltic
waves in the oesophagus of camels and domestic rumi-
nants (Sellers and Stevens 1966) were similar. During the
eructation of gas the speed of the antiperistaltic waves in
the oesophagus of camels (0.72 m s~ ') was twice that
during regurgitation of a bolus (0.44 m s~ !). Amplitudes
of the antiperistaltic waves were about twice as high
during rejection of a bolus compared to the eructation of
gas.

Conclusions

In camelids and domestic ruminants, the patterns of
rumination were comparable in respect to daily duration
and also in respect to the number of boli per hour, chews
per min and pauses between consecutive rumination
cycles. This may indicate that these patterns facilitate
more or less an optimal utilization of diets with a high
proportion of cell wall constituents, and this has devel-
oped accordingly in the distinct two suborders of Art-
iodactyla. The lag period between feeding and
rumination in camels may promote even a superior
utilization of low-quality roughage compared to rumi-
nants.
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