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Abstract — In order to study the effect of underfeeding and overfeeding on the fat deposition in the
dromedary camel, 14 camels were divided into three groups: an overfed-underfed group (OV-UN),
an underfed-overfed group (UN-OV) and a control group (CTRL). After a 4-wk adaptation, a cross-
over design was applied for 16 weeks including two periods of 8 weeks each. The three energy levels
in the diet corresponded to 17% (UN), 68% (CTRL) and 134% (OV) of the theoretical maintenance
energy requirements. Body weight and barymetric parameters were measured weekly. Hump fat sam-
ples were collected monthly for determination of adipocyte size and lipid content. Overfeeding had
or tended to have a significant effect on body weight, hump size, hump lipid content and adipocyte
volume. Thus, the increase of the hump weight was 71% in the OV-UN group and 19% in the UN-
OV group. Hump fat content increased from 52.9 to 63.6% in the OV-UN group and from 54.2 to
64.7% in the UN-OV group. Similarly, trends were observed for the adipocyte volume with an
increase from 138 to 253 pL and from 275 to 346 pL in the OV-UN and UN-OV groups, respectively.
Underfeeding had reverse effects: the hump weight decreased by 41% in the OV-UN group and 4%
in the UN-OV group. Similarly, the hump lipid content decreased significantly in the OV-UN group
from 63.6 to 53.0% and not significantly from 58.0 to 54.2% in the UN-OV group. Underfeeding
decreased the adipocyte volume from 253 to 167 pL (OV-UN group) and from 292 to 275 pL (UN-
OV group). A high significant positive correlation was observed between the hump lipid content and
adipocyte volume. Low speed changes in the hump size, volume and lipid content could be linked
to the camel adaptation to underfeeding conditions in dry areas.
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Résumé — Effet du niveau d’alimentation sur le poids vif, la taille, la teneur en lipides et le

volume des adipocytes de la bosse chez le dromadaire. Les effets de la suralimentation et de la
sous-alimentation sur les réserves lipidiques chez le dromadaire ont été mesurés chez 14 chamelles
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divisées en trois lots: un lot suralimenté — sous-alimenté (OV-UN), un lot sous-alimenté —
suralimenté (UN-OV) et un lot témoin (CTRL). Aprés 4 semaines d’adaptation un schéma
expérimental croisé a été appliqué pendant 16 semaines comprenant 2 périodes de 8 semaines
chacune. L’apport énergétique des 3 niveaux d’alimentation représentait 17, 68 et 134 % des besoins
énergétiques théoriques d’entretien respectivement pour le régime sous-alimentation, témoin et
suralimentation. Le poids vif et les parametres barymétriques ont été mesurés chaque semaine. Les
biopsies de la bosse pour la détermination de la taille des adipocytes et la teneur en lipides ont été
réalisées mensuellement. La suralimentation a un effet significatif sur le poids vif, la taille de la bosse
et sa teneur en lipides ainsi que sur le volume des adipocytes. Le poids de la bosse augmente de 71 %
pour le lot OV-UN et de 19 % pour le lot UN-OV. La teneur en matiere grasse augmente de 52,9 a
63,6 % pour le lot OV-UN et de 54,2 a 64,7 % pour le lot UN-OV. Des évolutions similaires sont
observées pour le volume des adipocytes qui augmente de 138 a 253 pL et de 275 a 346 pL pour les
lots OV-UN et UN-OV, respectivement. La sous-alimentation a un effet inverse avec une diminution
du poids de la bosse de 41 % pour le lot OV-UN et de 4 % pour le lot UN-OV. La teneur en lipides
de la bosse diminue également significativement de 63,6 a 53,0 % pour le lot OV-UN et de maniere
non significative de 58,0 a 54,2 % pour le lot UN-OV. De méme, la sous-alimentation diminue
significativement le volume des adipocytes de 253 a 167 et de 292 a 275 pL pour les lots OV-UN
et UN-OV, respectivement. Une corrélation hautement significative est observée entre le volume
des adipocytes de la bosse et sa teneur en lipides. La faible vitesse de variation de la taille de la bosse,
de sa teneur en lipides et de la taille de ses adipocytes sont probablement des particularités liées aux
mécanismes d’adaptation du dromadaire a la sous alimentation dans les zones arides.

dromadaire / niveau d’alimentation / bosse / adipocytes

1. INTRODUCTION

The camel is well known for its adapta-
tion to dehydration and underfeeding [3,31,
32]. The mechanisms of resistance to dehy-
dration, or to mineral deficiency have been
studied [4, 14]. Reports concerning the
mechanisms of adaptation to the extreme
variation of feeding in camels and body fat
changes during underfeeding are rare [10,
13, 17]. During underfeeding periods, rumi-
nants use their fat stores to maintain their
productivity, and/or to survive, by mobiliz-
ing adipose tissue accumulated during over-
feeding periods [8, 11]. Simultaneously to
fat mobilization, the camel as for other
mammals [11] is probably able to mobilize
proteins, particularly visceral and muscular
proteins. However, we are not aware of any
published data on that subject in camels. In
the dromedary camel, the main fat reserves
are located in the hump and secondarily
around the kidney, mesentery and sternum
[18]. Previous studies have demonstrated a
positive relationship between the hump and
kidney fat weight and their respective adi-
pocyte sizes, and also between the volume
of the hump and the body condition score

[15, 16]. Those studies were performed on
camels with an unknown nutritional status.
The aim of the present work was to study
the effect of different levels of energy
intake, especially during overfeeding and
underfeeding periods, on hump lipid con-
tent and size, adipocyte size and some body
measurements in the dromedary camel.

2. MATERIALS AND METHODS

2.1. Animals

The experiment was carried out at the
insemination center of Ain Jemaa (Casa-
blanca, Morocco) from March to August
2000 on fourteen 10 to 15-year old female
camels (Camelus dromedarius).

The animals were treated for external and
internal parasites by ivermectine [VOMEC®)
injection during the first day of the adapta-
tion period at the dosage of 0.2 mg per kg
of body weight. They were fed daily with
the same control diet including 2 kg of
wheat straw and 0.5 kg per 100 kg BW per
day of barley for one month. Water was
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provided ad libitum. After one month, the
animals were divided into three groups: over-
fed-underfed (OV-UN), underfed-overfed
(UN-OV) and control (CTRL) groups con-
taining respectively 5, 5 and 4 animals. The
control group received the basal diet pro-
viding 68% of the maintenance energy
requirements as estimated by Wardeh [30].
This basal diet level has been chosen
according to the usual feeding practices of
the camel herders in Morocco. During the
4-month experimental period, a cross over
design was applied to the two other groups.
The OV-UN group was overfed with the
basal diet and a daily supplement of 0.5 kg
per 100 kg BW of barley providing 134%
of the maintenance energy requirements for
2 months and then for another 2 months they
were fed a restricted diet with 2 kg per day
of wheat straw, providing 17% of the main-
tenance energy requirements. The UN-OV
group was fed a restricted diet with 2 kg per
day of wheat straw for 2 months and then
they were overfed with the basal diet and a
daily supplement of 0.5 kg per 100 kg BW
of barley for 2 months.

At the beginning of the experiment (at d-
7), the mean body weights were 383 + 33,
374 +55 and 340 + 39 kg in the control, UN-
OV and OV-UN groups, respectively.

2.2. Body weight and hump
measurements

The animals were weighed weekly in the
morning before diet distribution during the
experimental period using a dump scale.
The measurement of the hump size (length,
height, and circumference) was performed
weekly according to the method described
by Faye et al. [16]. The hump volume (HV)
and hump weight (HW) were estimated
using the equations:

(I)HV=0.07LxBxH

(2) HW (kg) =0.45 H (cm) — 13.8
where L is the length of the hump (half-cir-
cumference from the forehead to the back

through the top), B is the basal half-circum-
ference of the hump (from the forehead to

the back through the base of the hump) and
H is the height of the hump (half-circum-
ference from one side to the other through
the top). Formula (1) was calculated con-
sidering the hump as a hemi ellipsoid. For-
mula (2) was calculated (¢ = 0.571, n = 64,
P <0.001) from data at slaughter collected
in southern Morocco [22].

2.3. Biopsies

Hump biopsies were performed monthly
by collecting one cm? of adipose tissue. The
animal was stood and did not receive a gen-
eral sedative. The skin of the puncture was
shaved and disinfected with iodine dye.
After a local anaesthesia by subcutaneous
injection of 2 mL of xylocaine, two small
incisions (2 cm) were carried out. The skin
was rolled off and the adipose tissue was
collected using slender bistouries. After the
biopsy, the wound was disinfected and
sutured. The preparation of the adipose tis-
sue for adipocyte size measurements was
described in previous studies [23,24]. Briefly,
adipose tissue cellularity was measured on tis-
sue fixed with osmium tetroxide and digested
inurea solution. Cell diameters > 25 ym were
measured with Optimas software (Optimas
Corporation, Bothell, WA) and the mean
volume was calculated from the individual
cell volumes. The lipid content of biopsy
samples was determined using petroleum
ether extraction in a Soxhlet apparatus [1].

2.4. Statistical analysis

The results were analyzed using ANOVA
on repeated measures for the comparison
between and within groups. The Student
pairwise t test was used to compare the
mean values between phases within groups.
Only within-group variations were tested
because the analyzed parameters were
strongly heterogeneous between the groups
at the beginning of the trial. Correlations
between parameters were studied using the
Pearson method. The software R was used
for all the statistical analyses [20].
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Figure 1. The effect of underfeeding-overfeeding (UN-OV) and overfeeding-underfeeding (OV-

UN) on the body weight in camels.

3. RESULTS

3.1. Body weight and hump size

The body weight of some animals
increased and decreased weekly according
to the “sawtooth waveform”. However, the
mean trends of the body weight in the OV-
UN and UN-OV groups, respectively, were

opposite (Fig. 1 and Tab. I). In the control
group, the body weight did not vary signif-
icantly, despite unexpected variations at the
beginning and end of the experiment.

Mean hump dimensions are shown in
Figures 2, 3 and 4. In the control group,
there was no significant change in the hump
dimensions.

Table I. Changes in body weight, hump volume, hump weight, abdomen and chest circumferences

in the different groups of camels.

Measurements Groups Days
D56 D112
Body weight (kg) OV-UN 345 £ 42 374 £ 39 292 +£53
UN-OV 354 +42 329+ 17 387 £ 13
Control 384 £ 27 384 £ 15 401 =39
Hump volume (L) OV-UN 4.81 +1.00 6.66 +0.81 449 +1.12
UN-OV 549 +0.72 4.08 £ 0.65 4.76 +0.85
Control 5.96 = 1.08 6.21 +1.28 6.28 +1.23
Hump weight (kg) OV-UN 3.12+1.70 5.32+1.96 3.12+1.37
UN-OV 4.83 £2.39 4.65 £2.57 5.55+2.55
Control 3.86+1.62 4.87 + 1.63 4.88 + 1.63
Abdomen circumference OV-UN 220+ 11 238 £ 12 229 + 12
(cm) UN-OV 2157 212+6 210+ 6
Control 224 £ 5 225+5 225+5
Chest circumference (cm) OV-UN 1774 1804 176 £ 4
UN-OV 186 £ 16 182 +13 179 4
Control 1795 1795 1825
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In the OV-UN group, a significant (P <
0.05) increase was found from d35 for
length and from d42 for circumference and
height. Changes from d0 were + 13% for
height, + 12% for length and + 10% for cir-
cumference. The inversion of the feeding
level at d56 induced a significant decrease

from d91 for height and circumference and
from d98 for length.

In the UN-OV group, a significant
decrease of the size occurred 28 days after
the beginning of the trial for the circumfer-
ence (—12%) and 42 days after for the length
(- 14%). The increase of the size after the
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overfeeding period was delayed: d112 for
circumference and height and d91 for length.

The hump weight calculated with equa-
tion (2) could allow the estimation of the
quantity of hump fat that was stored or
mobilized during the different periods. The
mean hump weight at dO was 3.12 kg in the
OV-UN group, 4.83 kg inthe UN-OV group
and 3.86 kg in the control group (Tab. I).

The hump weight gain during the first
period (d0 to d56) was 2.2 kg (+ 71%) in the
OV-UN group while the loss during the sec-
ond period (d56tod112) was 2.1 kg (-40%).
For the UN-OV group, the loss during the
first period was 0.2 kg (— 4%) and the gain
during the second period was 0.6 kg
(+ 14%). A 1.0 kg gain was observed in the
control group during the first period.

The variations in the hump volume cal-
culated with the equation (1) could allow
the estimation of the hump volume that was
stored or mobilized during the different
periods. The mean value of Table I was
5.42 L, compared with 4.45 kg for hump
weight (n = 70), suggesting an apparent
density of 0.82 that could result from the
fact that air is comprised within the esti-

mated hemi ellipsoid, at least due to the
presence of the coat. The mean hump vol-
ume at dO was 4.81 L in the OV-UN group,
5.49 L in the UN-OV group and 5.96 L in
the control group (Tab. I).

Hump volume gain during the first period
was + 39% in the OV-UN group while the
loss during the second period was — 33%.
For the UN-OV group, the loss during the
first period was — 26% and the gain during
the second step was + 15%. A gainof 0.33 L
was observed in the control group during
the whole 112-d experimental period.

The abdomen and chest circumferences
(cm) did not change significantly (Tab. I).

3.2. Hump lipid content

The mean hump lipid content varied
from 52.9 to 68.0 g per 100 g wet tissue. As
observed for the hump weight and volume,
the hump lipid content increased (+ 20%,
P < 0.05) in the OV-UN group during the
overfeeding period and then decreased (— 17%,
P <0.05) during the underfed period. In the
UN-OV group, the underfeeding did not
significantly influence the hump lipid
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Table I1. Changes in hump lipid content and adipocyte mean volume in the different groups of camels
(* value differs at P < 0.05 from other values within the same group).

Measurements Groups Days
DO D28 D56 D84 D112
Hump lipid content OV-UN 529+6.7 539+49 63.6+88*% 550+x49 53.0x47
(gper 100 g wet tissue) UN-OV  58.0+83 562+79 542+83 61.6+x10.1 64.7+9.7
Control 64.0+5.1 644+£33 63749 647+x40 68.0+3.0
Adipocyte volume (pL) OV-UN 138 £92 159+96 253 +140*% 160 =48 167 = 86
UN-OV  292+164 275+185 275+196 344+223 346226
Control 314+ 111 326+72 298+104 339+111 35154

content while the overfeeding induced a non-
significant increase (+ 19%) of this content.
No change was observed in the control
group (Tab. II).

According to changes in the hump weight
(or volume with a theoretical density of
0.82) and lipid content, the estimated fat
mobilization from the hump during the
underfeeding period was 1.68 (or 1.55) kg
in the OV-UN group and 0.28 (or 0.80) kg
inthe UN-OV group. The estimated fat stor-
age during the overfeeding period was 1.73
(or 1.41)kgand 0.90 (or 0.68) kg in the OV-
UN and the UN-OV groups, respectively.

3.3. Adipocyte volume

The initial mean (DO) volume for the
OV-UN group was 138 pL which was quite
lower than for the UN-OV group (292 pL)
and for the control group (314 pL) (Tab. I).

The changes in adipocyte volume showed
a significant increase (+ 83%, P < 0.05) in
the OV-UN group during the overfeeding
period and then adecrease (—34%, P <0.05)
during the underfeeding period.

In the UN-OV group, changes in mean
adipocyte volume were in the same way as
expected: a decrease (— 6%) in the under-
feeding period and an increase (+ 26%) in
the overfeeding period, but these changes
were not significant.

In the control group, there was no signif-

icant variation in the mean adipocyte vol-
ume.

Table III. Pearson correlation matrix between
adipocyte volume, hump volume, hump weight
and hump lipid rate calculated on 14 animals for
5 samplings (n = 70; * P < 0.05, ** P < 0.001).

Adipocyte Hump  Hump
volume volume weight
Adipocyte volume - - -
Hump volume —-0.026 - -
Hump weight 0.635%*  0.262%* -
Lipid content 0.755**  0.129  0.438%**

3.4. Relationship between adipocyte
volume, hump size and lipid
content

No significant correlation between hump
volume and adipocyte volume or hump
lipid content was observed (Tab. I1I). How-
ever, significant relationships were observed
between hump weight and adipocyte vol-
ume (r = 0.635), lipid content (r = 0.438) or
hump volume (r = 0.262).

The correlation between hump adi-
pocyte volume and lipid content (independ-
ently measured in 2 different laboratories)
was highly significant when calculated on
70 biopsied samples (Fig. 5), and also
within groups: 0.929 in the OV-UN group,
0.932 in the UN-OV group and 0.864 in the
control group (P < 0.001).
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4. DISCUSSION

4.1. Body weight, hump size and lipid
content

Most of the camels in our trial had low
body weight and hump dimensions in all
groups at the beginning of the trial. The
mean weight of the animals (359 + 39 kg)
at DO was indeed in the lower part of the
range of body weight of the adult Moroccan
breeds, which ranged from 280 to 600 kg
according to the breed and body score [2].
In this trial, the estimated hump weight var-
ied from 0.15 to 8.25 kg while it was 0O to
90 kg with an average of 18 kg in the liter-
ature. This difference could be related either
to the breed [ 13] or to a poor nutritional sta-
tus of the animals in the present study.

The proposed diet for the control group
covered in theory only 68% of the require-
ments in energy. In spite of that hypo-ener-
getic diet, the control group did not show
any notable variation of the studied param-
eters (except for one animal, which pre-
sented a significant increase of hump height
between dO and d56).

Overfeeding induced a significant increase
in the body weight. However, the effect of
underfeeding seemed to be more significant
after an overfeeding period. The apparent
random variation of the body weight could

ment, y = 12.1x — 453 and r = 0.82 for
the non-linear adjustment, y = 0.0003
x3-349; n = 70; P < 0.001).

90

be attributed to the irregular water intake.
Indeed, the quantity of drinking water could
vary extremely in the camel even if the
water was available daily ad libitum. Since
the camel is adapted to drink great quanti-
ties of water, body weight can change sud-
denly. In spite of the high individual
variation, body weight loss during under-
feeding was more important in the OV-UN
group than in the UN-OV group, suggesting
that the effects of previous recent overfeed-
ing could be more rapidly reversed than
when the animals were already adapted for
along period to alower “maintenance” diet.

The decrease of the hump size due to the
underfeeding attests to the fat mobilization
according to the nature of the hump essen-
tially constituted of adipose tissue. In the
camel, the hump represents 44% of total lip-
ids [18]. The lipid content (wet weight basis)
in the hump is over 60% in adult camels,
64.2% in less than one-year-olds, 84.8% in
1- to 3-year-olds and 83.1% in more than
3-year-olds [21]. These values are higher
than the figures attained in this study, which
could be attributed to the low body condi-
tion of the camels. The lipids in the camel
hump, as for the cattle zebu hump or for
sheep fat tail, are mobilizable forms of
energy to ensure the needs for maintenance,
production and adaptation to a harsh envi-
ronment [10]. This mobilization already
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seemed important after 4 weeks of under-
feeding in this study and, conversely, the
overfeeding induced an increase of the hump
size that was significant after one month.
However, the small extent of quantitative
changes could indicate that other types of
fat depots are implicated, probably the fat
around the kidney as suggested in a previ-
ous study [16]. Furthermore, this suggests
that the mobilization of body reserves dur-
ing underfeeding occurred at a low rate,
reflecting a global adaptation form of the
camel to long term energy deficiency.

4.2. Adipocyte size

The mean hump adipocyte volume in the
three groups at the beginning of the exper-
iment was lower (248 pL) than that reported
previously (341 pL) [16]. This difference
could be attributed to the high body condi-
tion of the animals in that study that were
fattened for slaughter. The average of hump
adipocytes was lower than that observed in
subcutaneous adipose tissue in well-fed cat-
tle and sheep, but similar or higher to that
observed in sharply underfed adult cattle [7]
and sheep [27].

Overfeeding had a positive effect, espe-
cially in the OV-UN group, on the adipocyte
size as reported in cattle [7] and sheep [28].
However, a high individual within-group
difference was observed, especially in the
UN-OV group. This effect was not statisti-
cally significant in that group. As discussed
in the previous section, the negative effect
of underfeeding on the adipocyte volume
could be more important after an overfeed-
ing period (OV-UN group), even if this
effect was not significant. The small size of
the adipocytes at the beginning of the trial
could explain the non-significant effect of
underfeeding, because lipolysis is more
common in fat animals [12].

It generally takes a long time after a
change in feeding levels of ruminants to
observe any significant change in adipocyte
size. For example, it was observed [29] that
after 4 months of an experiment in growing

cattle a difference occurred between 1.74
and 0.76 x maintenance levels, but not with
1.43 x maintenance. In adult sheep, no dif-
ference was observed after 2 weeks at either
0.22 or 1.90 x maintenance [5]. Thus, the
2-month duration of the periods in the
present trial could be too short to allow
observing fully potential changes in adi-
pocyte volume.

4.3. Correlations between parameters

The absence of correlation between cal-
culated hump volume and either lipid con-
tent or adipocyte volume could be partly
attributed to the uncertainty in the hump
volume calculation, especially when the
hump was small. Indeed, the volume of the
hump was estimated in considering its
shape as a hemi-ellipsoid [16]. With small
humps, this hypothesis could be debatable.
On the contrary, the hump weight of live
animals was estimated simply from the
height (easier to measure) and using an
equation calibrated in the slaughterhouse
with a good precision [22]. However, the
hump volume gave quantitative estimations
of hump changes (Tab. I) that were more
stable when comparing a given feeding
level for the three groups, probably because
the use of 3 independent dimensions was
more robust than only one dimension.

The mean adipocyte volume was closely
associated to the hump weight (or height)
and, more markedly, to the hump lipid con-
tent (r = 0.82 for the non-linear adjustment
of the sigmoid curve, Fig. 5). In other rumi-
nants, adipocyte size was related to the total
body lipids of the animals, in cattle [9, 25]
and sheep [6]. Indeed, the growth of adipose
tissue in the adult ruminant was essentially
due to the accumulation of lipids in adi-
pocyte vacuoles. Thus, the volume of adi-
posetissueis related to the change in the size
of adipocytes [19, 26].

In conclusion, fat mobilization during
underfeeding of low body condition camels
was of limited extent, suggesting an adap-
tation of this species to energy deprivation
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by decreasing the energy expenses. In other
respects, the results confirm that in the camel
changes in the fat storage level are insured,
at least in part, by changes in the volume of
hump adipocytes, which result in simulta-
neous changes in the hump lipid content.
Since the hump is the main fat storage in the
camel, estimations of its weight and lipid
content could be used as good indicators of
adiposity in this animal species.
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