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Abstract

Racing camels are a symbol of Emirati heritage and hold modern economic importance. While the benefits of rumen
undegradable protein (RUP) are well-established in cattle, a significant research gap exists for RUP requirements in
dromedary camels. This study examined effects of increased dietary RUP on racing performance and serology in UAE
racing camels. Twelve racing camels (~1.5 years) underwent a 17-week feeding study; controls received a basal diet
while treatment camels received 57% higher dietary RUP via roasted soybean meal (DM). Daily DM intake was sim-
ilar between groups (3.6 vs. 3.7 kg). Speed, heart rate, and rectal temperature showed a statistical trend with RUP and
changed significantly over time with training (P = 0.0807; P < 0.0001). Hemoglobin was nonsignificantly higher in the
treatment group (P = 0.1803). WBC, LDH, and AST showed a greater post-exercise increase in the treatment group,
while CK increased more in controls (P > 0.05). A regional illness outbreak required veterinary treatment in both groups
for ~3 months, limiting attribution of within-group changes to diet alone. In conclusion, RUP supplementation may
benefit racing performance in dromedary camels and warrants future investigation.
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Introduction

Racing camels are a national symbol of heritage and cul-
ture in the United Arab Emirates. In addition to milk and
meat, dromedaries are widely used in the region for rec-
reational racing. Therefore, scientific support would only
further advance the performance and health of these ani-
mals. However, there is a severe shortage of nutritional re-
search for racing camels, especially when compared with
racing horses and dairy/beef cattle. Consequently, health,
welfare and nutrition requirements from cattle (or oth-
er species) are commonly implemented into dromedary

camel management, despite camels exhibiting distinct
maintenance energy and nitrogen requirements and su-
perior urea-recycling capacity relative to cattle (Hamid et
al. 2026). Although camelids are classically considered as
ruminants, past work has shown there are several major
physiological differences in their digestive system. These
include the incomplete separation of the omasum and
abomasum (compartment three or C3), the absence of
ruminal papillae, retention rates & associated digestibil-
ity, microbiota populations, specialized epithelial tissues
and glandular activity in the rumen (known as compart-
ment one or Cl1), as well as enhanced absorption of vol-
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atile fatty acids (Kayouli and Jouany 1990; Al Jassim and
Hogan 2012; Dittmann et al. 2015; Khattab et al. 2021; Al
Jassim 2022; Salan et al. 2023). Some work depicts esti-
mated nutritional requirements for dromedary camelids,
but more is necessary to establish reliable feeding guide-
lines in different management, life stage and activity levels
(Farid 1995; Farid et al. 2010; Nagpal et al. 2011; Nagpal
and Patil 2012; ICAR 2013; Nagpal and Singh 2015; Al Jas-
sim 2019). Protein is particularly important because effi-
cient protein turnover is essential for athletic performance
(Matsui et al. 2006). This is due to the constant state of
muscle adaptation seen after exercise, thus requiring re-
building and recycling of protein-rich tissues. Additional-
ly, protein supports the function of bones, organs, blood,
sweat glands, immune system and more; all of which are
especially essential during exertional stress. Racing cam-
els, like dairy cattle and horses, likely have separate fac-
tors that individually increase their requirements for ami-
no acids: body maintenance, activity, and, often, growth
(NRC 2007; NASEM 2021). The camels utilized in this
study were approximately 1.5-2 years of age, classifying
them as fattamin (<2blas0). Given they are still growing,
their bodies are physiologically attempting to overcome
the challenges of routine physical training and growing to
maturity synchronously. On the same token, a commonly
limiting nutrient in ruminant diets is good-quality pro-
tein that features a higher quantity of amino acids that
pass to the small intestine, known as rumen undegradable
protein (RUP) or, simply, bypass protein. Bypass protein,
rumen degradable protein (RDP), and non-protein ni-
trogen (NPN) are all captured within the crude protein
(CP) value produced by Kjeldahl and Dumas nitrogen
analysis (Methods 984.13 & 968.06; AOAC International
2023). These methods multiply quantified nitrogen by a
conversion factor (typically 6.25), and while widely used,
the resulting CP figure can obscure more nutritional-
ly meaningful distinctions. Of particular importance in
ruminant supplementation is the ratio of rumen-unde-
gradable protein (RUP) to RDP, alongside amino acid pro-
file and bioavailability (Baker et al. 1995). In ruminants,
these fractions serve distinct functions: RDP provides a
nitrogen source for ruminal microbial proliferation, while
RUP passes through Cl1 intact to supply amino acids for
absorption in the small intestine. Microbial protein (MP)
contributes further by yielding digestible protein follow-
ing microbial denaturation in the abomasum. Despite the
relevance of these distinctions, published work on drom-
edary protein requirements has largely relied on classical
breakpoint analysis using total CP, with limited attention
to fractional protein composition (Farid 1995; Nagpal et al.
2011; ICAR 2013; Nagpal and Singh 2015; Al-Jassim 2019;
Al-Jassim 2024).When post-ruminal/bypass protein was
increased in dairy cattle, the results showed higher daily
milk production, increased milk protein synthesis, and
better nitrogen efficiency (Wright et al. 1998; Sinclair et al.
2014; Rehman et al. 2020). Dromedary camels in the Gulf
are unique as the only racing ruminant species. While the
benefits of rumen-protected protein are well-established
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in dairy cattle, both species face energetically expensive
biological challenges that make protein fraction composi-
tion critical. Excessive dietary CP in cattle has been asso-
ciated with elevated blood and urinary urea, more specifi-
cally signaling excess RDP and the need for greater bypass
protein in the feeding regimen — an effect compounded
when an imbalanced amino acid profile drives protein
wastage via deamination (Baker et al. 1995; Sinclair et al.
2014). Despite this, a significant gap in scientific literature
exists regarding RUP requirements in dromedary camels.
To the author’s knowledge, this is the first published work
to address RUP in racing camels. The objective of this
study was to explore the effect of increased dietary RUP
intake on racing performance and serology parameters in
racing camels in the United Arab Emirates.

Materials and methods
Animals and experimental grouping

Twelve young racing camels of similar genetic back-
ground from Bulaida Farms, Fujairah, were transported to
Al Marmoom racing farm, Dubai, United Arab Emirates.
All animals were given an adaptation period of ~ 90 days
before beginning the trial. Camels were divided into two
groups, each of 6 camels of comparable ages, sex, speeds,
and bodyweight (BW) (Table 1).

Study design & data collection

A 2-week covariance period was used to establish balanced
groups, during which two training sessions approximately
5 days apart were conducted for data collection. Parame-
ters included individual speeds (seconds per kilometer),
heart rates (HR, bpm), and rectal temperatures (RT, °C).
Bodyweights were taken 3 days after each session to allow
for water weight recovery, with camels individually loaded
into a freestanding chute fitted with weigh bars (Tru-Test
XR5000, Datamars, Switzerland). All camels were main-
tained on the same standardized diet throughout and non-
significant statistical differences across BW and speed con-
firmed adequate group balance prior to the feeding trial
(Table 1). A 17-week trial, the control group receiving the
basal diet and a treatment group receiving the experimen-
tal diet (Table 2), running from July 2024 to January 2025.
Performance and serology measures were taken at regu-
lar intervals during track workouts. Track workouts were
scheduled roughly every 5 days, with data collection oc-
curring approximately every 15 days on one of these track
days, depending on the training schedule. Track workouts
occurred in the early morning hours before sunrise, usual-
ly between ~0500-0800. Camels were not fed before track
workouts. At the farm, the initial blood sample (~10 mL)
was collected from each camel via jugular venipuncture
and aliquoted into EDTA and plain vacutainers, followed
by immediate refrigeration at 4 °C. Robot jockey numbers
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Table 1. Mean bodyweight (BW), age, speed, and sex ratio (male:female) by diet group during covariance period (all
variables were nonsignificant; P > 0.05).

Group Mean BW (kg) Mean Age (mos) Speed (sec/km) Sex (M:F)
CON 213.54+13.72 15.07 £ 1.65 103.72 £ 6.71 2:4
TRT 208.88 +17.86 16.22 £ 1.75 105.67 +4.22 2:4

Table 2. Control and treatment diet components for racing camels. Dry matter (DM) was measured in Fujairah Re-
search Centre Laboratory, soybean meal RUP was measured by Southern lllinois University Carbondale, and crude
protein (CP) and rumen bypass protein (RUP) values were applied from NRC 2001 & NASEM 2021. Values for RUP

are represented as a percent of CP content (% CP).

Ingredient Inclusion Rate (%) Amount fed (kg/d, DM) DM (%) CP (% DM) RUP (% CP)
Control Treatment Control Treatment
Alfalfa’ 39.26 34.95 1.42 1.31 21.80 11.80 22.80
Barley” 56.50 54.49 2.04 2.04 74.15 18.00 22.00
Mineral premix® 2.17 2.10 0.08 0.08 98.11 - -
Sodium bicarbonate 2.06 1.98 0.07 0.07 99.01 - -
Roasted soybean meal - 5.33 - 0.20 94.97 58.70 60.00
Sugarcane molasses - 1.15 - 0.04 57.29 9.30 21.00
Totals 100.00 100.00 3.61 3.74
CP (% DM) RUP (% CP) RUP (g/d/hd)*
Diet summary Control Treatment Control Treatment Control Treatment
14.8 17.2 22.3 29.1 119.1 187.2

'RUP value cited from Elizalde et al. 1999.
*Soaked in water overnight; 40:60 rolled, whole.
*Neomix Super Mineral Premix, NeoFarma, Italy.

‘Rumen degradable protein (RDP) for control and treatment groups are 415.1 and 456.1 g/d/hd, respectively.

were recorded for individual camel identification before
leaving the farm. Camels took ~ 25 minutes to walk to
the racetrack, after which any last-minute jockey num-
ber changes were recorded again by the researcher. Track
workouts varied as they trained, beginning at 1.5 km in
the summer and working at 3 km distances by the winter.
Weather temperatures were recorded from Al Maktoum
International Airport weather station (Weather Channel,
Georgia, USA). Speed analysis for each camel was collect-
ed via video, in which a car utilized a camera (Insta360 X5,
Shenzhen, China) to record the start to finish. Footage was
later evaluated for time data based on jockey number iden-
tification. A second blood sample (~10 mL) was collected
immediately upon the camels’ return to the farm, approx-
imately 30 min after completion of heavy-duty exercise.
Concurrently, heart rate (HR) and rectal temperature (RT)
were measured in a randomized order by two trained re-
searchers to minimize measurement bias. Heart rate was
determined by auscultation using a stethoscope for 15 s
and converted to bpm by multiplying by 4, a coarse meas-
ure (+4 bpm) taken ~30 min post-exercise. This method,
timing, and interval were applied identically across all ten
recording events over the five-month trial, supporting
valid relative comparisons across time and groups despite
limited absolute precision. Rectal temperature was meas-
ured using a digital veterinary thermometer with a record-
ing time of approximately 10 s. BW & pictures (to estimate
body condition) were captured 3 days after track workouts
before the lunch feeding. The weighing time remained the
same over the course of the study to control error relat-

ed to gut fill/shrinkage. Camels were required to halt race
training for approximately 3 months (August through No-
vember) due to an unrelated pathogenic illness that swept
through all farms in the entire region, consisting of fever,
anorexia, fatigue, melena (tarry feces), and, in severe cas-
es, mortality. Animals were treated with vitamin, antibiot-
ic and anti-inflammatory drugs supervised by the residing
veterinarian. During this time, the two separate diets were
maintained as well as possible, with all camels presenting
some or all symptoms at various instances throughout this
3-month period. No performance data was collected at
this time. Of the ten total performance recording events
across the covariance and feeding periods, three occurred
prior to the onset of illness and seven occurred after train-
ing resumed, with data collection continuing at the same
approximately 15-day intervals described above during
both normal-training windows.

Diet composition & feeding practices

Three daily feedings occurred, with percentages show-
ing proportion of daily allotment fed: morning (~0350-
0450 h) receiving ~60% alfalfa and ~50% grain mix, after-
noon (~1300-1400) receiving the remaining alfalfa with
date supplement every other day, and evening (~1600-
1700) feeding the remaining daily grain mix. Camels were
fed at the same time in a shared eating area with individual
stations. Camels were walked twice daily for approximate-
ly 2 h/d (except for track days): at ~0700 and ~1500. Water
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was offered twice/day for ~5 min. in the morning after the
first meal and afternoon after the walk. During the adap-
tation and covariance periods, all camels were fed a basal
diet consisting of soaked barley, fresh alfalfa, and miner-
al premix (Table 2). Following the covariate period, soy
supplementation was initiated in the treatment group and
progressively increased over a 10-day adaptation period to
achieve the final dietary formulation. The treatment diet
featured roasted soybean meal replacing alfalfa by 7.7% on
a DM basis. Dietary RUP in the treatment diet was 57%
higher than the control (DM) (Table 2). Soy was sourced
locally (SoyPass by Borregaard, National Feed and Flour,
Abu Dhabi, UAE). Feedstuft protein values were based
on previous standardized data with the exception of the
roasted soybean meal, which was later tested for RUP val-
ue verification at Southern Illinois University Carbondale
(NASEM 2021). Soy was mixed with molasses and stored
in a sealed container to avoid evaporation. All soy was
weighed on a digital scale before each feeding (ST1 - 15 kg
* 0.5 g, SENS Precision Instruments, USA). Weighed por-
tions were added to feeding pans, hand-mixed with grain,
and given to treatment camels at the morning and evening
feedings. Alfalfa was weighed via manual scales used by
farm workers (20 kg, Camry, USA). Monthly feed samples
were collected of each diet constituent in plastic airtight
bags and stored in - 20 °C for up to 48 h until drying for
laboratory analysis. Plastic was laid below the feeding sta-
tions to allow for easy collection of alfalfa loss (stations had
wire grate bottoms, ~ 4 x 4 cm squares). Losses (i.e., orts)
were collected and weighed twice (once AM, once PM)
every other week for the first 8 weeks of the feeding study.

Laboratory methods

Blood samples were kept on ice during transportation until
hematological assessments were performed 3 hours after
arrival (Fujairah Laboratories, Fujairah, UAE). Serum was
separated and stored at -80 °C until further analysis. Blood
parameters were analyzed via panels, from which those of
particular biological interest were selected for statistical
analysis: lactate dehydrogenase (LDH; U/L), creatine ki-
nase (CK; U/L), aspartate aminotransferase (AST; U/L),
hemoglobin (g/dl), red blood cell count (RBC; 10'¥/L),
mean corpuscular hemoglobin (MCH; pg), and total white
blood cells (WBC; 10°/L). Serum parameters — LDH, CK,
and AST — were measured using an IFCC-kinetic meth-
od on a Selectra Pro M analyzer (ELITechGroup SAS,
France), while hematological parameters — hemoglobin,
RBC, MCH, and WBC — were obtained via automated
cell counter (PKL PPC 1200V, Italy). In the same location,
feed samples and orts collections were dried via forced-air
oven at 60 °C for dry matter (DM) quantification. Dupli-
cates for each feed sample were processed every month.
Ash content (%) was also obtained via furnace incinera-
tion of feed samples (Method 942.05; AOAC 2023). Du-
plicate samples were analyzed in split runs, with averages
resulting from pooling four values per feedstuff. Mineral
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profiles were determined via atomic absorption (Method
985.35; AOAC 2023). Crude protein and other analyses
were not analyzed, but standard values were applied from
the literature (NASEM 2021).

Statistical analysis

Group balancing (BW, age, and speed) during the covar-
iance period was assessed via a paired t-test comparing
each camel’s first and second covariance workouts (Table
1), confirming no significant difference between the two
baseline measurements or groups. Feeding trial data were
analyzed via repeated measures MANOVA (speed, HR,
RT). Multivariate normal data imputation with shrinkage
(via Screening platform) was implemented for missing data
points (~7% of dataset; JMP v 18.2.1). Dependent variables
were speed, HR, and RT, while independent variables were
group, time and subject. Repeated measures mixed mod-
el ANOVA (blood parameters) also used group, time and
subject as independent variables. Linear regression was
utilized for BW differences. All tests were conducted via
JMP v 18.2.1 (SAS Institute Inc., North Carolina, USA).

Due to a regional illness outbreak unrelated to dietary
treatment, four camels were dropped from the study and
replaced with one animal per group (n = 5/group thereaf-
ter); no data were collected or used from the illness period
itself. Replacement animals entered the model at the first
data-collection event after training resumed, incorporated
as additional subject-level entries beginning at their first
observed timepoint; they did not receive a substitute base-
line, as one measured post-outbreak would have reflected
an older age and more advanced training than the original
cohort’s true covariance baseline. Because illness affected
all camels across both dietary groups comparably, it was
not included as a separate factor in the statistical model,
as it did not vary systematically by diet group.

Results and discussion
Feed intake and analysis

Dry matter (DM) percent obtained was utilized for die-
tary calculations & verification, which were consistent
over time. Ash content (%) was consistent with standard-
ized sources (NASEM, 2021; NRC, 2001). Daily DM feed
intake was similar between control and treatment groups,
consuming 3.6 and 3.7 kg, respectively. Feed refusal (orts)
was estimated to be approximately 0.5 kg/d/camel DM
and was incorporated into diet intake measurements.

Bodyweight and performance
Body weight did not vary between the control and treat-

ment groups, however, it did increase significantly over
time (P = 0.3499; P < 0.0001). Over this study, on average,
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Table 3. Means of speeds (sec/km), heart rates (HR, bpm), rectal temperature (RT, °C), and bodyweight (BW, kg) by
dietary group. Values are averaged between two collection points: two during covariance period and two at study
end. Omnibus effect of diet on speed, HR, and RT was a statistical trend (P = 0.0807).

Time P-Values
Variable Group Difference (T1-T0) - .
TO T1 Diet effect Time effect

Speed (sec/km) CON 103.31 109.54 6.23 0.3192, <0.0001,
TRT 105.08 111.20 6.12

HR (bpm) CON 79.76 87.20 7.44 0.3667, <0.0001,
TRT 86.16 88.00 1.84

RT (°C) CON 38.15 38.47 0.31 0.6339, <0.0001,
TRT 38.28 37.82 -0.46

BW (kg) CON 213.54 261.04 47.5 0.3499 <0.0001,
TRT 208.88 266.48 57.6

, P-values from post-hoc univariate analysis of diet on individual parameters.

, Indicates a highly statistically significant value (P < 0.01).

camels in the control group gained 47.5 kg/camel while the
treatment group gained 57.6 kg. Although this difference
did not statistically differ, there could be biological impor-
tance of increased amino acids provided to the treatment
group that improved growth over time. Naturally, as men-
tioned, these animals were meeting two large physiological
demands, practically three, in this study: growth, racing,
and illness. The omnibus multivariate test suggested a sta-
tistical trend across the three jointly-modeled performance
variables (P = 0.0807); however, univariate tests of each var-
iable individually did not reach this threshold (speed P =
0.3192; HR P = 0.3667; RT P = 0.6339), indicating the mul-
tivariate trend should not be interpreted as evidence of a
treatment effect on any single parameter in isolation. Time
significantly changed performance as training progressed
(P <0.0001). This means that the treatment camels experi-
enced a statistical trend for overall performance compared
with the control group. Given all three of these parame-
ters are dependent on one another (for example, increased
speed may increase heart rate and rectal temperature due
to exertion level), the multivariate statistical approach was
taken to properly analyze these factors and to minimize
error caused by running multiple single comparison tests.
There was a total of ten performance recording events dur-
ing the covariance and feeding trial. Despite illness, natural
biological variability and a small animal population, this
is a surprising finding. Over time, slower speeds were ob-
served in both groups. Compared to the covariance period,
speeds at the conclusion of the feeding study were approx-
imately 6.5 sec/km slower in the control group and 6 sec/
km slower for the treatment group (Table 3). The treatment
group exhibited a slightly smaller mean decline in speed
than the control group, although the difference was min-
imal. Slower speeds may be explained by the increased
training distance, which progressed from 1.5 km to 3.0 km
by the end of the study. Due to the extended illness period,
it is unknown how this affected the trajectory of physical
training for the camels. HR was expected to decrease over
time. Measurements were taken immediately after camels
returned to the farm, as it was not feasible to collect data
at the racetrack. With regular exercise, cardiovascular con-

ditioning is expected to improve, resulting in a lower HR
at a given workload as the animals become less challenged
by the same level of exertion. Results showed similar rates
of HR during covariance and at study end (Table 3). The
control group began with a lower baseline HR, potentially
due to the removal of some camels during the study. Rectal
temperature decreased in both groups by the study end,
with the control group seeing a mean decrease of 0.19 °C
and 0.53 °C in the treatment group. This decrease was ex-
pected for two reasons. First, environmental conditions
cooled substantially from summer to winter, with morning
racetrack temperatures ranging from 16 to 33 °C (Fig. 1).
Second, some physiological adaptation to exercise may re-
duce heat production during exertion (Périard et al. 2021).

Blood parameters

Differences in blood parameters (difference = post-exer-
cise value - pre) were compared between groups over time
(Table 4). There was a total of eight blood collection dates
throughout the covariance and feeding study. Over the
course of the study, all blood parameters remained with-
in normal ranges. No statistical trend in hemoglobin was
noted, with higher levels seen after exercise with the treat-
ment diet (P = 0.1803). Blood values ranged from 12-15 g/
dl. Hemoglobin plays a critical role in oxygen transport,
supporting aerobic metabolism. Increased oxygen deliv-
ery to tissues may enhance athletic performance and pro-
long endurance. (Windberger et al. 2019). On the same
token, MCH ranged from 13.0-15.0 pg and was statistical-
ly different between diet groups over time (P = 0.031; mar-
ginal R* = 0.16). MCH was observed to increase more after
exercising in the control group. Upon closer examination,
fasting, pre-workout values of the treatment group were
higher on average compared with the control group, caus-
ing the treatment camels to hold more consistent MCH
values after training. Similarly, RBC ranged from 7.0-10.5
10"%/L and was not affected by RUP supplementation. In
the early phase of the study, total RBC count tended to in-
crease following training. Over time, mean values showed
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Ambient and Rectal Temperature Recordings During Data Collection
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Figure 1. Ambient and rectal temperatures recorded during track workouts (~0600 h) by month during the covari-

ance period and feeding study.

Table 4. Mean comparison of blood value differences (post-exercise - pre) between groups at study end. Values are

post - pre differences averaged between two collection points: two during covariance period and two at study end.

P-values & R? represent statistical effect of diet on each blood parameter.

Variable Unit Group To Time - Difference (T1-T0)  P-Values Marginal R>  Conditional R*
Aspartate U/L CON 6.41 4.55 -1.86 0.313 0.07 0.11
aminotransferase (AST) TRT 9.04 4.96 _4.08
Creatine kinase (CK) U/L CON 78.50 82.50 4.00 0.466 0.02 0.20

TRT 63.13 72.80 9.68
Hemoglobin g/dl CON 0.33 -0.13 -0.46 0.180, 0.10 0.46
TRT 1.24 0.34 -0.90
Lactate dehydrogenase U/L CON 18.00 3.40 -14.60 0.525 0.00 -0.10,
(LDH) TRT 23.88 2140 -2.48
Mean corpuscular pg CON 0.05 0.29 0.24 0.031, 0.16 0.33
hemoglobin (MCH) TRT 2003 -0.10 -0.08
Red blood cells (RBC) 10"%/L CON 0.22 -0.35 -0.57 0.126, 0.11 0.23
TRT 0.97 0.34 -0.63
Total white blood cells 10°/L CON -0.27 -0.92 -0.66 0.335 0.02 0.50
(WBC) TRT 2068 -0.68 0.00

. Indicates a statistical trend (P < 0.1)
, Indicates a statistically significant value (P < 0.05)

. Negative R® reflects a boundary artifact from limited between-camel variance (n = 5).

a higher RBC response during training in the treatment
group (P = 0.126; marginal R? = 0.11). Total number of
WBC was similar between groups over time (P = 0.3550).
A slight decrease in WBC levels was observed immedi-
ately after exercise, consistent with previous findings with
neutrophils (Tharwat 2021). Blood WBC values ranged
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6-11 10°/L (Mohamed and Hussein 1999). By the end of
the study, the treatment group exhibited a slight mean
decrease in WBC following exercise, whereas the control
group showed a greater reduction after training. Serum
AST levels were not statistically different but showed an
observed increase in the treatment group post-exercise
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compared to the control (P = 0.3130). Blood AST levels
ranged from 75-95 U/L. AST may increase with higher di-
etary crude protein intake and is also associated with mus-
cle metabolism, with elevated levels commonly observed
after training (Tharwat 2021). The control group showed
higher increases in CK after exercise as contrasted with
the treatment diet (P = 0.4656). Values ranged from 30—
110 U/L. CK is commonly associated with muscle damage
and breakdown, with heightened levels associated with
illness or compromised physiological recovery in horses
(Izzati et al. 2018). It is to be noted that there is a sizable
contribution of individual camel to the variability of each
parameter, as noted by the difference between marginal
and conditional R* values (see Table 4). Blood parame-
ters were tested individually (unlike the jointly-modeled
performance variables), so P-values, including MCH’s
(0.031), carry elevated Type I error risk.

The primary limitation of this study was a concur-
rent regional illness outbreak, during which all camels in
both dietary groups became ill and received comparable
veterinary treatment, reducing the sample size ton = 5
per group. Because illness affected both groups similar-
ly, its main effect is to limit attribution of within-group
change over time to diet rather than to undermine the
between-group comparisons themselves, though the two
cannot be fully disentangled statistically.

The treatment diet also differed from the control in
more than RUP alone: total CP (14.8 vs. 17.2% DM) and
RDP (415.1 vs. 456.1 g/d) were both higher, and a small
amount of molasses (0.04 kg/d DM; ~1.1% of treatment
diet DM) was added to bind the roasted soybean meal,
which fixed farm feeding routines made impractical to
replicate in the control. Given its minor inclusion, molas-
ses is unlikely to have meaningfully altered fermentability,
but together with the higher CP and RDP, the observed
effects cannot be attributed to RUP in isolation. Similar-
ly, dietary CP, RUP, and RDP were estimated from cat-
tle-based references (NRC 2001; NASEM 2021) rather
than measured directly, as no validated camel-specific
degradation methodology yet exists; the RUP value for
roasted soybean meal itself was empirically measured via
in situ degradation, though using cattle-referenced tech-
nique for the same reason. The reported 57% RUP in-
crease should be interpreted with this constraint in mind.

Despite these challenges, the repeated-measures design
effectively accounted for temporal variation within ani-
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