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Abstract

HIRTY-two adult dromedary camels, half males and half females, were employed to study the

effects of feed quality and sex on digestion and energy utilization. Animals of each sex were
randomly divided into two feeding treatments, including different concentrate-to-roughage ratios of
65:35% (high concentrate) or 35:65% (low concentrate) of concentrate feed and alfalfa hay,
respectively. Animals were individually housed in two sets of 16 each, with 4 animals per treatment
and sex for each set. Each set consisted of 21 days for adoption, 7 days for collection, and 2 days for
gas exchange. Animals were fitted with a face mask facilitating open-circuit respiration for measuring
O, consumption, while heart rate (HR) monitors were simultaneously measured to determine the
individual energy expenditure (EE)/HR ratio. Although a comparable total intake was found between
feeding treatments, animals fed a high-concentrate diet had higher nutrient digestibility, except for
fiber digestibility, with males digesting nutrients more efficiently than females. However, EE was
greater for a low- vs. high-concentrate level, regardless of animal sex. This resulted in a greater
energy balance for the high- vs. low-concentrate diet. Similar values for EE were observed between
both sexes, with a greater digestible energy intake for males vs. females that was reflected in a greater
energy balance, respectively. The EE/HR ratio was consistent across feeding treatments and sexes,
with no interaction between them, which is considered a solid indicator for validating HR as a
predictor of EE in dromedary camels.
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Introduction most affordable source of feed, to match their
nutrient requirements [6]. Camels' ability to go up to
a week without water and travel up to 24-50 km daily
in search of feed [7, 4] provides them a clear
advantage as one of the most drought-resistant
species. Many pastoralists, notably in Africa, have
shifted their livestock production systems away from
cattle and toward camels as a climate-resilient
alternative that helps ensure the livelihoods of poor

In light of climate change, camels, as drought-
resistant animal species, play a vital role in ensuring
food security, particularly in arid regions [1]. They
are exceptionally adapted to desertification and
limited natural resources, making them a critical
source of income for those who live in dry
environments [2, 3, 4]. They are regarded to be the
most productive animal in such tough environments and marginal farmers. In spite of these advantages,

[2. 51 camels have received comparatively little scientific
Camels are most common in East Africa, where attention relative to sheep, goats, and cattle.

dry environments severely limit the ability to raise

other livestock species. Even though vegetation is

limited and dispersed in arid regions, most camels

depend on grazing natural rangelands, which are the

Although increasing the concentrate level in the
diet may increase feed costs [8], it can influence diet
composition [9] and digestibility [10, 6]. A high
concentrate diet was expected to have a significant
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negative effect on fiber digestibility [10, 4]. This was
likely attributed to the fact that it had a negative
effect on rumen pH [11], which alters rumen
fermentation [12], reducing the activity of
cellulolytic bacteria [13,14] and protozoa [15,16],
and rumen residence time [17]. High-fiber diets, on
the other hand, promote microbial fermentation with
a diverse community of fibrous microorganisms, in
which the rumen plays a vital role in the fermentation
of lignocellulose materials, resulting in improved
fibrous component degradation and efficient
utilization [14, 11].

However, environmental conditions [18, 19, 20],
feed intake level [21, 22, 8], animal activity [23, 24,
4], season, and production level may affect energy
expenditure (EE) of animals [25]. The EE has been
measured under controlled or confined [26]
respiratory chamber conditions, although these
conditions may not accurately represent those of
grazing animals. Heart rate (HR) has been effectively
employed as a potential means of assessing EE in
unrestrained animals, which has been applied with
sheep [27, 28, 6], goats [29, 28, 6], and cattle [30,
31], and this technique relies on the ratio between EE
and HR [32]. In camels, HR was previously used to
assess dynamic response for physical activity [33].
However, the effect of concentrate-roughage-ratio
and sex on digestibility and energy usage was
investigated in this study, considering the feasibility
of using HR as an indicator for EE in camels.

Material and Methods

The study was carried out at the ‘“National
Campaign for the Promotion of Camel Productivity”
farm, Ras-Sudr Research Station, which belongs to
the Desert Research Center (DRC), Egypt. It is about
200 kilometers from Cairo, Egypt, at coordinates 29,
35, 30 N and 32, 42, 20 E, on the western coastline
road to the South Sinai Governorate. It is called a
desert environment with a virtually complete absence
of precipitation throughout the year.

Animals and treatments

Thirty-two adult dromedary camels, with equal
numbers of males and females, with average body
weights of 471.9 + 9.41 kg for males and 508.4 +
5.77 kg for females, were employed in two phases to
investigate the effects of diet quality and sex on
digestion, HR, EE, and the relation between both of
them when they were fed 150% of their maintenance
requirements [5]. Camels were individually housed
in 3x3 m? pens with sand floors. Animals of each sex
were randomly assigned to one of two feeding
treatments. The feeding treatments included different
concentrate-to-roughage ratios of 65:35% (high
concentrate, HC) and 35:65% (low concentrate, LC)
of concentrate feed and alfalfa hay, respectively. The
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proximate analysis of alfalfa hay and concentrate
feed is presented in Table 1.

Experimental procedures

The study lasted two months, from August to
October 2021, and consisted of two sets. Each set
consisted of 21 days for adoption, 7 days for
collection, and 2 days for gas exchange and heart rate
measurements. Animals were located in the
individual pens in two sets of 16 each, with 4 animals
per treatment and sex for each set. Individual animals
received the diet, as prescribed, in two meals at 08:00
and 16:00 h, with free access to water. Feed intake
was measured daily. Animals in each treatment were
fitted with fecal bags and allowed to adjust to the
new setting before fecal matter collection began for
the following seven-day measurement period. Feed
and orts were sampled to get a proportional
composite sample for each animal for a seven-day
period. Offered feeds, refusals , and feces were
recorded regularly on a daily basis. A subset of each
camel was taken to form a unique composite sample.
All samples were air-dried at 65°C and preserved for
further analysis. The acid-insoluble ash was adjusted
for its fecal recovery and used to determine the
digestibility [6].

Energy expenditure

As stated by [32] for small ruminants and Askar
et al. [5] for camels, animals were outfitted with a
face mask that allowed open-circuit respiration for
monitoring oxygen consumption. The individual
EE/HR ratio was determined by taking simultaneous
readings from the RCX3 HR (Polar Electro Oy,
Kempele, Finland). Furthermore, the HR was thought
to be individually collected at 1-minute intervals for
at least 24 hours, with the individual EE:HR ratio
being used to compute the daily EE. The Polar
software was used to analyze the collected data.

Weather data

Outside ambient temperature (T °C) and relative
humidity (RH) were measured daily (RC-4HA
Temperature and Humidity Data Logger) and
employed to compute the temperature humidity
index (THI) as follows: (0.8 x T) + [(RH/100) x (T -
14.4)] + 46.4 [34].

Analytical procedures

Feeds, orts, and feces samples were proximately
analyzed [35], including fiber fraction analysis. The
gross energy (GE) was measured using a bomb
calorimeter (IKA, model C 200, Germany). The
metabolizable energy (ME) was calculated as 82% of
digestible energy (DE) [25]. The gross energy (GE)
was measured using a bomb calorimeter (IKA, model
C 200, Germany), with benzoic acid as the standard.
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The metabolizable energy (ME) represented 82% of
digestible energy (DE) [25].

Statistical analysis

Data were analyzed using the GLM procedure
[36], considering the effects of feeding treatments,
sex, and their interaction. The least significant
difference with a protected F-test was used to
determine differences between means. Differences
between means are significant when the P-value is
below 0.05 and considered tendency when P-value is
between 0.05 and 0.10.

Results

The mean temperature was 26°C (Figure 1),
while those of RH and THI were 31.0% and 63.0
respectively (Figure 2).

The effects of concentrate-to-roughage ratio and
camel sex on nutrients intake and digestibility are
summarized in Tables 2 and 3. The data showed no
differences in BW between camels fed the HC or LC
diets (Table 2). Similarly, there were no differences
in total dry matter (DM) intake between the two
diets, whether calculated in g/day or g/kg BW®"™.
However, significant differences in concentrate or
forage intake were typically found between camels
fed the HC and LC diets.

However, it was clearly shown that females
weighed more than males, which was reflected in a
consistently higher (P<0.01) feed intake (g/day,
Table 2) for females compared to males regardless of
the concentrate level. This difference between both
sexes disappeared when it was calculated based on
BW (g/kg BW® ™, Table 2). However, no significant
interactions were found for nutrient intakes between
feeding treatment and sex (Table 3).

Camels on HC or LC diets had similar total DM
intake (g/kg BW®™) but significantly different
intakes of organic matter (OM), crude protein (CP),
or fiber fraction (P<0.05) (Table 3). Animals fed an
HC diet had higher DM, OM, and CP digestibility
but lower fiber fraction digestibility, most likely
because of the low fiber content of the concentrate.
However, significant differences in digestibility were
noted between the sexes, with males digesting
nutrients more efficiently than females.

A significant interaction between concentrate
level and sex regarding the digestibility of DM, OM
(P<0.05), and CP (P<0.10) was observed, indicating
a similar digestibility between males and females
when fed an LC diet, while a greater digestibility was
observed for males vs. females when fed an HC diet,
indicating that males digested more efficiently than
females when they fed an HC diet. However, no
significant interactions were observed between

feeding treatment and animal sex regarding CP,
NDF, and ADF digestibility.

The effects of concentrate-to-roughage ratio and
camel sex on energy utilization are presented in
Table 4. In line with the DM intake (g/kg BW*™), a
similar GE (kJ/kg BW®™) was observed across
feeding treatments or camel sexes. However, a higher
DE was observed for an HC vs. LC level and for
males vs. females (kJ/kg BW®"™ or %, P < 0.01). A
similar pattern was demonstrated for ME intake
(kJ/kg BW®™, P<0.01).

The EE/HR ratio was consistent across feeding
treatments and camel sex, with no significant
interaction between them. Heart rate and EE were
affected (P<0.01) by feed quality regardless of
animal sex, which was greater for LC vs. HC levels,
reflecting in a greater energy balance (EB) for the
HC vs. LC diet. However, similar values for HR or
EE were observed between camel sexes, with a
greater DE intake for males vs. females reflected in a
higher EB, respectively.

Discussion

Camels exhibit remarkable adaptability to
different feeding schedules and to both HC and LC
diets due to the unique composition of their digestive
system. They are very efficient at breaking down the
fiber in low-quality feed items such as dry grasses
and leaves because of the specific microbes present
in their segmented stomach [14, 11]. Camels also can
adapt to HC diets with high levels of grains and
energy because they are better than other ruminants
at absorbing carbohydrates and avoiding digestive
disorders such as acidosis [16, 20]. Camels with this
nutritional flexibility are more productive in various
contexts because they can make use of available feed
in challenging circumstances [20, 4].

Although total DM intake was nearly similar for
both feeding treatments (Table 3), camels fed an HC
diet had higher DM, OM, and CP digestibility but
lower fiber digestibility, most likely attributable to
the low fiber content of the concentrate. This is
mostly due to the inclusion of non-structural
carbohydrates in concentrates that promotes rapid
fermentation and elevates nutrient digestibility [37,
4]. The current findings are in line with the findings
of Thiakunu et al.[38], who reported that HC diets
contain higher levels of DE and protein that enhance
nutrient digestibility and feed utilization. However,
an HC level was projected to have a significant
negative effect on fiber digestibility [10], regardless
of animal sex (Table 3). This was probably due to the
alteration in rumen fermentation [12], which
influenced the rumination and rumen residence time
[17]. The detrimental impact of concentrate on fiber
digestibility in camels was clearly reported [20], and
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it may be related to its negative effect on rumen pH
[11], which reduced the activity of cellulolytic
bacteria [13,14] and protozoa in camel calves [15,16]
In this context, increasing the concentrate level could
also increase the gastrointestinal tract passage rate.
This could be connected to a reduction in ruminal
digestibility, particularly fiber digestibility [39], as
presented in Table 3. In contrast, high-fiber (LC)
diets promote microbial fermentation in the rumen,
with a diverse community of fibrous microorganisms
in which the rumen plays a critical role in the
fermentation of lignocellulose materials, leading to
improved degradation of fibrous components and
their efficient utilization [14, 11].

However, results in Table 3 showed that male
camels exhibit higher digestibility than females,
implying that males digest nutrients better than
females. This difference can be attributed to
variations in digestive system anatomy and metabolic
rates. Male camels have been found to possess
anatomical advantages in their digestive systems,
such as larger rumen capacity and more efficient
gastrointestinal tract structures, which enhance
nutrient absorption [40]. In general, males' metabolic
rates are higher, leading to increased nutrient
utilization efficiency [41]. Studies indicate that male
camels may select higher-quality forage, which
contributes to better digestibility metrics [42]. For
instance, when fed barley grains, male camels
demonstrated superior digestibility across various
nutrients compared to other feed types [41],
indicating that the nutritional composition of feed
significantly impacts digestibility. Conversely, while
male camels show higher digestibility, female camels
may have adaptations that allow them to maintain
energy balance (EB) during reproduction and
lactation, which could influence their overall nutrient
absorption efficiency. This highlights the complexity
of camel nutrition and the need for tailored feeding
strategies based on sex and physiological status.

Energy utilization
Animal and diet

There are many factors affecting the energy
requirement for maintenance, as part of the total EE,
such as acclimatization [18,19], intake level
[21,43,44,22,8], feed quality [45], and animal
activity [23,24,46,4]. In this study, the type of diet
has a clear effect on EE, regardless of animal sex,
with several options existing. Forage diets demand
more energy for mastication than concentrate diets,
which presumably contributes to the difference in EE
at high vs. low forage meals [47, 29]. Hence, the
majority of high-forage diet digestion probably
occurred in the rumen, with small intestine digestion
focusing on microbial protein. In contrast, small
intestine digestion may have been significantly larger
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with the HC diets, given a significant ruminal escape
of grain protein and energy. Furthermore, EE by
splanchnic tissues relative to ME is greater for forage
than for concentrate-based diets [48], which could be
partly explained by the effects of the physical nature
of the diet on gut mass and energy use. Findings are
confirmed in which the relationship between EE and
ME intake showed a better state for an HC vs. LC
diet (72.3 vs. 81.5% of ME intake, Table 4) and are
in line with the increased forage consumption for
those fed an LC vs. HC diet (Table 2). In this
context, a favorable correlation between the forage
consumption level and EE was reported in camels [4]
and small ruminants [29]. The sites of digestion and
the pattern of nutrient release could also have played
a significant role. Alfalfa is known to be abundant in
protein that is rapidly degraded or digested in the
rumen, and potentially digestible cell walls of
legumes have high ruminal digestion rates [49].
Askar et al. [4] reported that replacing forage with
concentrate in dromedary camels increased ME
intake and retained energy, which was consistent
with current energy usage data findings (Table 4),
which indicated that an HC diet increased ME intake
and improved EB when compared to an LC diet.
Replacing forage with concentrate may increase
feeding costs [8, 5], but it may improve digestibility
[6, 10] and feed efficiency [50, 4]. However, greater
DE and ME for males vs. females (Table 4) led to a
better relationship between EE and ME intake (74.4
vs. 79.3% of ME intake) and a greater EB (120.1 vs.
91.8 kikg BW®™) for males vs. females,
respectively.

Heart rate and EE:HR

Camel HR has been effectively employed as a
dynamic response indicator for physical activity [33],
which is reflected in EE [46]. Additionally, HR has
been widely utilized as an indication for the EE in
sheep and goats [24, 28, 6], cattle [31], and recently
camels [5, 4], by monitoring O, consumption and
HR simultaneously. However, a similar EE/ HR ratio
was reported in this study across two feeding
treatments and animal sex, with an overall mean of
6.61 kJ/ kg BW®"/ heart beat/ min (Table 4), which
is similar to that observed in goats and sheep fed
alfalfa (6.73 kJ/ (kg BW®™/ day)/ heart beat/ min,
[28] and in goats fed different concentrate-roughage
ratios [29], but higher than in goats and sheep fed
Atriplex (6.27 kJ/ (kg BW®™/ day)/ heart beat/ min,
[28] or sheep fed an HC or LC diet (5.12 kJ/ (kg
BW®'%/ day)/ heart beat/ min, [51]) and lower than
that observed in cattle (7.13 kJ/ (kg BW®™/ day)/
heart beat/ min, [30]). Reasons for differences in
EE:HR among animal species are not clear, but it is
possible that delivery of oxygen by the heart varies
among ruminant species [29]. However, a similar
EE/HR ratio was reported between goats and sheep
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when determined in the same experiment [52, 28].
However, a consistent EE/HR ratio over the course
of the day (Table 4) is a solid indicator for validating
HR as a predictor of EE in dromedary camels.
Puchala et al. [29] found that it would seem desirable
to monitor EE:HR over an extended period of time,
such as a full day, in order to make the most accurate
prediction of EE from HR.

Conclusion

Camels fed an HC level had greater DM, OM, CP
and energy digestibility, but lower fiber digestibility,
with males digesting nutrients more efficiently than
females. Energy expenditure was affected by feeding
quality, but not by animal sex. The EE/HR ratio was
similar across feeding quality and animal sex, with
no interaction found between them, which is
regarded as a solid indicator for validating HR as a
predictor of EE in dromedary camels.
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TABLE 1. The chemical composition of concentrate feed and alfalfa hay, based on a dry matter (DM) basis.

Ingredients *Concentrate Alfalfa

feed hay

Dry matter, g/ kg fresh matter 946 938

Gross energy, MJ/ kg DM 17.7 14.3
Chemical composition, g/ kg DM

Organic matter 874 809

Crude protein 156 141

Neutral detergent fiber 342 464

Acid detergent fiber 125 252

Acid detergent lignin 37.1 59.1

*The concentrate consisted of 55% corn, 15% soybean meal, 10% cottonseed meal, 15% wheat bran, 2.5% limestone, 1.5%
salt, 0.5% sodium bicarbonate, 0.1% yeast, 0.1% antitoxins, and 0.3% premix.
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