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Introduction

It is recommended that diets for wild captive 
ruminants should consist mostly of structured feeds 
(roughages, browse) with minimal addition of un-
structured feeds (concentrates, fruits; Clauss and 
Dierenfeld, 2008). However, the widely used meadow 
or grass hay in the diets for captive ruminants, being 
often the only structured feed used for this group 
of animals in zoological gardens, is unwillingly 
consumed by many species, particularly by browsers 
and intermediate feeders (Taylor et al., 2013;  

Górka et al., 2016). This leads to low structured feed 
intake and high proportion of unstructured feeds in 
the consumed diet (Schilcher et al., 2013; Taylor et 
al., 2013; Górka et al., 2016); however, energy-rich, 
unstructured feeds have an unfavourable influence 
on the fermentation pattern in the rumen (Gussek et 
al., 2016). Such a situation is considered as the main 
cause of diarrhoea, laminitis, poor body condition, 
short life span and post mortal signs of rumenitis, 
often reported in captive ruminants (Clauss and 
Dierenfeld, 2008; Taylor et al., 2013; Gattiker et al., 
2014). The above mentioned problems can further 
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increase when pelleted cereal-based feed is used 
in the diet. Pelleting and associated heat treatment 
of cereals increase fermentation rate of starch in 
the rumen (Bertipaglia et al., 2010). Furthermore, 
pelleted feed is eaten faster than not-pelleted feed 
(Waghorn and Reid, 1983; Górka et al., 2016). This 
together may result in ruminal digesta pH below the 
optimal for the functioning of the rumen, reduced 
fibre digestibility and, in consequence, lower feed 
intake (Plaizier et al., 2008; Castrillo et al., 2013).

Reluctant intake of structured feeds and a nega-
tive impact of high proportion of cereal-based feeds 
in the consumed diet on nutrient digestibility, health 
and longevity of captive ruminants is known pre-
dominantly for browsers and intermediate feeders 
(Clauss and Dierenfeld, 2008; Taylor et al., 2013; 
Górka et al., 2016). In this study we hypothesized 
that pelleted cereal-based feed would decrease nu-
trient digestibility and roughage intake by addax 
(Addax nasomaculatus) – a large Sahara desert grazer 
with long digesta retention time in the rumen (Hum-
mel et al., 2008). The addax is a critically endan-
gered species of antelope, as classified by the IUCN 
(IUCN SSC Antelope Specialist Group, 2016). 
Although extremely rare in its native habitat (the 
Termit Tin Toumma region of Niger), it is quite 
common in captivity. The aim of the study was to 
determine the effect of pelleted cereal-based feed in 
the diet for addax on feed intake and nutrient digest-
ibility when compared to a non-pelleted cereal and 
lucerne-based diet of similar nutrient composition.

Material and methods
The study was conducted on four addax females 

(3 years old) in the Silesian Zoological Garden 
(Chorzów, Poland) between January and April 2014. 
Throughout the study two females (sisters, never sep-
arated) were kept together. As a result, pen was used 
as an experimental unit. It is worth mentioning that 
this study was conducted in parallel with the study 
of Górka et al. (2016), aiming to determine the effect 
of pelleted cereal-based feed used in the diet for sita-
tunga (Tragelaphus spekii). Therefore, experimental 
design used for these both studies was similar.

The experimental design was arranged as 3 × 3 
Latin square design with 28-day periods: 7 days 
of gradual diet change, 14 days of diet adaptation 
and 7 days of data collection. Antelopes were fed 
3 diets that resembled a typical diet used for addax 
in the Silesian Zoological Garden. Each diet was 
composed of basal diet and hay. In diet A basal 
diet consisted of a mixture of finely ground grains,  

oatmeal, soyabean meal, chopped dehydrated lucerne 
(2–4 cm), fresh vegetables and fruits and was fed at  
2.25 kg · animal−1 · d−1. In diet B 50% and in diet 
C 100% of dry matter (DM) provided with con-
centrates and chopped dehydrated lucerne in diet 
A was replaced with a commercial pelleted cereal-
based feed (Complete Feed for Small Antelopes, 
Morawski, Kcynia, Poland), respectively. Meadow 
hay was offered ad libitum. Diets were formulated 
to be similar for crude protein (CP) and crude fibre 
content. So, soyabean meal and dehydrated lucerne 
inclusions in diet A and B were balanced in order to 
achieve proper levels of these nutrients. The basal 
diet was offered in a stone trough and the hay in 
a hay rack. In order to avoid competition, two sets 
of feeders were used for the females that were kept 
together. The animals were fed once a day (10:00) 
and had ad libitum access to fresh water and mineral 
licks in addition to the meadow hay.

Feed intake was measured daily by weighing 
amount of feed offered and refused the next day. 
Representative samples of feeds (0.5–1 kg) were col-
lected weekly, pooled by period of the study and kept 
dry (concentrates, hay) or frozen (−18 °C; vegetables, 
fruits) for further analysis. Representative samples 
of faeces (not contaminated with urine) were col-
lected from day 24 to 27 of each experimental period  
(50 g · d−1 from single females and 100 g · d−1 from the 
pen with two females), pooled by pen and experimental 
period and kept frozen (−18 °C) for analysis. Apparent 
total tract digestibility was calculated using acid insol-
uble ash (AIA) as digestibility marker. Dry matter out-
put in faeces was calculated by dividing the AIA intake  
(g · d−1) by AIA content in faeces (g · kg−1 of DM), and 
subsequently DM intake and DM output was used to 
calculate apparent total tract digestibility. Feeds and 
faeces were analysed for DM, ash, CP, crude fat, crude 
fibre, neutral detergent fibre (NDF), acid detergent fi-
bre, lignin and AIA as previously described by Górka 
et al. (2016). Cellulose content was calculated as ADF 
– lignin, and hemicellulose as NDF – ADF. Non- 
fibrous carbohydrate (NFC) content was estimated as 
100 – (ash + CP + crude fat + NDF).

Data were analysed as 3 × 3 Latin square de-
sign using the MIXED procedure of SAS (version 
9.2 SAS Institute Inc., Cary, NC, USA). The statis-
tical model included treatment and period as fixed 
effects, and pen as random effect. Polynomial con-
trasts were used to determine linear and quadratic 
effects of pelleted concentrate inclusion rate in 
the diet on feed intake and nutrient digestibility.  
Significance was declared at P ≤ 0.05 and trends  
when 0.05 < P ≤ 0.10.
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Results

Although basal diets were formulated to be simi-
lar for crude fibre, NDF content increased from 
22.5% of DM for diet A to 25.1% of DM for diet 
C and hemicellulose increased from 9.6% of DM 
for diet A to 12.2% of DM for diet C (Table 1). On 
the other hand, NFC content decreased from 56.9 to 
52.7% of DM with increasing proportion of pelleted 
cereal-based feed in the diet.

There were only a few episodes of leftovers of 
the basal diet. Although refusals of hay were col-
lected, some of the samples had clear signs of con-
tamination with the urine. Therefore, refusals of 
hay were not analysed for chemical composition  
and, consequently, chemical composition of hay 
refusals was not taken into account in the calcula-
tion of nutrient intake and digestibility. Dry mat-
ter intake (DMI) of the basal diet was not different  

between treatments (P ≥ 0.52) whereas DMI of 
hay decreased linearly from 1.33 to 1.08 kg · d−1  
(P = 0.05) with increasing inclusion of pelleted 
cereal-based feed in the diet (Table 2). As a result, 
total DMI decrease linearly from 2.53 kg · d−1 (diet 
A) to 2.25 kg · d−1 (diet C; P = 0.03). In line with 
the linear decrease of DMI, intake of CP, crude fat, 
crude fibre, NDF, cellulose and NFC decreased 
or tended to decrease linearly (P ≤ 0.10) with in-
creasing inclusion of pelleted feed in the diet, ex-
cept for hemicellulose intake (P = 0.33), due to its 
slightly greater content in diets B and C in com-
parison to diet A. Total tract digestibility of crude 
fibre did not differ between treatments (P ≥ 0.16) 
but digestibility of NDF tended to decrease lin-
early (P = 0.09) and digestibility of hemicellulose  
decreased linearly (P = 0.05) with increasing pro-
portion of pelleted cereal-based feed in the basal 
diet.

Table 1. Ingredients and chemical composition of diets

Indices
Diet1 Meadow 

hay2
Pelleted 
feed3A B C

DM, % 55.2 ± 0.9 55.1 ± 0.7 53.5 ± 0.5 91.1 ± 0.1 90.5 ± 0.6
Chemical components, % DM

ash  3.9 ± 0.1  5.2 ± 0.1  6.4 ± 0.1  7.1 ± 0.8  6.7 ± 0.4
crude protein 13.7 ± 0.4 13.5 ± 0.3 13.5 ± 0.4  7.6 ± 0.3 14.6 ± 0.6
crude fat  3.4 ± 0.5  2.8 ± 0.4  2.3 ± 0.3  1.1 ± 0.2  2.3 ± 0.3
crude fibre 10.1 ± 1.0 10.1 ± 0.9  9.9 ± 0.7 34.0 ± 2.2 10.1 ± 0.8
NDF4 22.5 ± 2.1 24.4 ± 1.3 25.1 ± 0.8 65.9 ± 3.5 27.4 ± 0.8
hemicellulose  9.6 ± 1.4 11.1 ± 0.8 12.2 ± 0.8 25.4 ± 1.5 13.6 ± 0.8
cellulose  9.8 ± 0.1 10.1 ± 0.1 10.0 ± 0.2 35.2 ± 3.3 10.6 ± 0.3
NFC5 56.5 ± 2.8 54.1 ± 2.0 52.7 ± 1.1 18.3 ± 3.7 49.0 ± 0.7
AIA6  0.23 ± 0.01  0.32 ± 0.01  0.38 ± 0.05  2.7 ± 0.72  0.3 ± 0.14

Ingredients, g · d−1

pelleted feed    0  627 1184
chopped dehydrated lucerne  285  142    0
ground oat  228  114    0
ground maize  228  114    0
ground wheat  228  114    0
oatmeal  228  114    0
soyabean meal   28    0    0
apple  342  342  342
carrot  342  342  342
beetroot  342  342  342

Total, g · d−1 2251 2251 2210
1 diet: A  – basal diet without pelleted feed inclusion; B – 50% of concentrates and chopped dehydrated lucerne in the basal diet DM replaced 
with pelleted feed; C – 100% of concentrates and chopped dehydrated lucerne in the basal diet DM replaced with cereal-based pelleted feed; 
2 for each treatment meadow hay was offered ad libitum; 3 complete feed for small antelopes (Morawski, Kcynia, Poland), consisting of (content in 
descending order according to the manufacturer declaration): ground cereals, meals with high protein content, cereal flour and bran, dried lucerne 
and grass, tree leaves, canary seed, molasses, vitamin-mineral supplement; 4 NDF – neutral detergent fibre; 5 NFC – non-fibrous carbohydrates = 
100 – (ash + CP + crude fat + NDF); 6AIA – acid insoluble ash
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Discussion

Similar to our previous study (Górka et al., 
2016), this experiment was stimulated by the fact 
that there are many different commercial feeds 
available on the market (with different ingredient 
and chemical compositions) and that there is still 
little known about how those feeds (not necessar-
ily recommended for a particular species) affect 
feed intake, nutrient digestibility and also feeding 
behaviour of wild captive ruminants. As a result, in 
this study there are presented and compared differ-
ent feeding practices used for the addax antelope in 
zoological gardens (the usage of ground or pelleted 
feed), at least in Poland, and thus a reasonable pic-
ture of weak points of those practices and their po-
tential consequences for the health and welfare of 
addax antelope in captivity is provided.

Addax is classified as a typical grazer or grazer 
with minor amount of browse in the natural diet 
(Gagnon and Chew, 2000) and with anatomical and 
physiological characteristics considered typical for 
grazing ruminants (Hummel et al., 2008; Clauss et 
al., 2009; Tahas et al., 2017). This desert antelope 
living in Sahara is adapted to a low quality forage 

(high in fibre) and limited access to water by high 
particulate and fluid retention times in the rumen 
(Hummel et al., 2008). Although in the wild the 
addax forages predominantly on coarse and bulky 
roughages, in captivity often a high proportion 
of unstructured feeds can be found in the diet for 
this species (Schilcher et al., 2013), even though 
it is possible to maintain addax for a long time on 
a roughage-only diet (Tahas et al., 2017). In the 
current study, unstructured feed intake (mainly 
concentrates) ranged from 47 to 52% of the consumed 
DM. An even higher proportion of unstructured feed 
in the diet (61% of DM) for addax was reported in 
other studies (Schilcher et al., 2013). Thus, current 
feeding practices of addax in the captivity do not 
follow widely propagated recommendations for zoo 
ruminants (Clauss and Dierenfeld, 2008; Schilcher 
et al., 2013; Gattiker et al., 2014).

In ruminants, microbes inhabiting the rumen 
play a key role in nutrient digestion, particularly 
digestion of structured carbohydrate (fibre), the 
main source of energy for these species. Fibre 
digestibility in the rumen is negatively affected by 
high concentrate intake and the associated reduction 
in the ruminal pH (Jaakkola and Huhtanen, 1993;  

Table 2. Effect of cereal-based pelleted feed inclusion in diet for addax on nutrient intake and nutrient digestibility (as measured using acid 
insoluble ash as internal marker)

Indices Diet1
SEM2 Polynomial contrasts

A B C linear quadratic
Dry matter intake, kg · d−1

diet 1.20 1.22 1.16  0.01  0.64 0.52
hay 1.33 1.14 1.08  0.03  0.05 0.47
total 2.53 2.36 2.25  0.03  0.03 0.76

Nutrient intake, g · d−1

organic matter 2388 2214 2093 33  0.02 0.78
crude protein 265 250 244  3  0.04 0.59
crude fat 54 46 38  1 <0.01 0.93
crude fibre 575 513 484 13  0.04 0.61
NDF3 1144 1049 1015 22  0.10 0.63
hemicellulose 451 423 420  8  0.33 0.62
cellulose 585 527 502 12  0.05 0.62
NFC4 924 868 795 11  0.01 0.78

Apparent digestibility5, %
organic matter 60.6 56.4 53.6  3.6  0.17 0.90
crude protein 60.7 56.9 54.8  2.9  0.12 0.77
crude fat 67.5 54.7 42.9  8.6  0.24 0.98
crude fibre 34.9 26.7 24.4  6.8  0.16 0.71
NDF 40.3 31.8 28.3  5.9  0.09 0.58
hemicellulose 59.3 51.1 44.7  5.9  0.05 0.99
cellulose 40.0 31.8 31.9  5.7  0.12 0.43
NFC 84.0 84.9 84.3  1.1  0.84 0.63

1 see Table 1; 2 SEM – standard error of measurement; 3 NDF – neutral detergent fibre; 4 NFC – non-fibrous carbohydrates = 100 – (ash + CP + 
crude fat + NDF); 5 total tract digestibility
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Plaizier et al., 2008), due to, inter alia, negative 
impact of low ruminal pH on rumen microbes 
involved in fibre digestion (Plaizier et al., 2008). This 
results in longer fibre retention time in the rumen 
(Jaakkola and Huhtanen, 1993) and may depress feed 
intake (Plaizier et al., 2008). Even more pronounced 
decrease in fibre digestion can be expected when  
a high concentrate intake is combined with pelleted 
cereals. Pelleting affects starch gelatinization and 
its extent and rate of fermentation in the rumen, 
resulting in higher postprandial short chain fatty 
acids concentration in the rumen and lower ruminal 
pH (Castrillo et al., 2013; Gimeno et al., 2015). 
Furthermore, pelleted feed is eaten faster than ground 
or not ground feed (Waghorn and Reid, 1983; Górka 
et al., 2016), which may further lower ruminal pH, at 
least shortly after feeding. Unstructured feed intake 
was generally very high for all treatments (≥ 47% 
of consumed DM). In a situation when the rumen 
is expected to be challenged with a low or very low 
pH, due to a high unstructured feed intake, each 
additional factor increasing the probability of ruminal 
pH drop below optimal for rumen functioning (e.g., 
feed pelleting) may lead to substantial changes in 
nutrient digestion and feed intake. Also, as inclusion 
of pelleted cereal-based feed in the diet increased, the 
proportion of chopped dehydrated lucerne decreased 
or was lacking in the diet (diet C). The particle size of 
chopped dehydrated lucerne used in the current study 
(2–4 cm) allows for classifying it as a structured feed. 
In consequence, the time spent for ruminating could 
be shorter when pelleted compound feed replace 
ground concentrates and chopped dehydrated lucerne 
in the diet, leading to higher probability of ruminal 
acidosis (Plaizier et al., 2008). Furthermore, lower hay 
intake of diet B and C could further translate into less 
time spent for rumination, lower saliva secretion and 
an associated lower buffering capacity of the rumen; 
however, rumination time and saliva secretion were 
not controlled in the current study. Taken together, 
a combination of high unstructured feed intake and 
presence of pelleted concentrates in the diet could 
explain the decrease of both hay intake and fibre 
digestibility when proportion of pelleted cereal-based 
feed in the diet increased. In support of this hypothesis, 
Schilcher et al. (2013) showed severe lesions of 
rumen mucosa in addax antelope when unstructured 
feeds accounted for 61% of dietary DM. As  
a result, low or very low ruminal pH in addax may not 
be a marginal problem in captivity, or addax is very 
vulnerable to bouts of ruminal acidosis. Thus, rations 
with pelleted concentrates, potentially characterized 
with high fermentation rate in the rumen, should be 
avoided, as these may depresses forage intake and 

negatively affect gastrointestinal tract functionality of 
the addax, a critically endangered ruminant species 
(IUCN SSC Antelope Specialist Group, 2016).

Pelleting is known to decrease digesta reten-
tion time in the rumen, leading to less time avail-
able for the microbial digestion of fibre (Abouheif 
et al., 2012). Such a situation could also partially 
explain lower fibre digestion when pelleted cereal-
based feed was used in the diet. In the current study 
from 20 to 23% of cellulose and from 25 up to 34% 
of hemicellulose was consumed with unstructured 
feeds. Greater hemicellulose intake with unstruc-
tured feeds for diet B and C, in comparison to diet 
A, was a result of a slightly greater hemicellulose 
content in the basal diet when pelleted feed replaced 
ground concentrates and chopped dehydrated lu-
cerne and lower hay intake for those treatments. 
Retention time in the rumen may be especially im-
portant for efficiency of fibre digestion in the addax, 
a species naturally having a very long digesta re-
tention time in the rumen (Hummel et al., 2008). 
However, shorter rumen retention time when pel-
leted feeds were used in the diet does not explain 
the lower hay intake of diet B and C. More work is 
needed to determine the effect of different physical 
structure of the diet, and its ingredient and chemical 
composition on digesta retention time and digest-
ibility of nutrient in addax. 

As already mentioned, inclusion of pelleted 
cereal-based feed resulted in lower inclusion or lack of 
chopped dehydrated lucerne in the diet. Furthermore, 
the ingredient composition of pelleted cereal-based 
feed was different from the ingredient composition 
of concentrates routinely fed to addax in the Silesia 
Zoological Garden. Therefore, results of this study 
do not give an unequivocal answer whether observed 
differences between treatments were solely a result 
of physical form of concentrates (e.g., pellet) and this 
should be taken into account when interpreting the 
data. However, a large variety of commercial pelleted 
feeds for zoo ruminants is available on the market. 
The current study and our parallel study (Górka 
et al., 2016) increase our knowledge on potential 
advantages and disadvantages for using cereal-based 
diets in zoo ruminants.

Conclusions
Under the conditions of the current study the 

pelleted cereal-based feed used in the diet for addax 
had a negative effect on roughage (meadow hay) in-
take and digestibility of structured carbohydrates in 
comparison to non-pelleted feed of similar nutrient 
composition.
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