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Summary

The fatty acid (FA) patterns of plasma/serum triglycerides (TG), phosp-
holipids (PL) and cholesteryl esters (CE) of captive and free-ranging
black rhinoceroses (Diceros bicornis) were investigated. Free-ranging ani-
mals (n = 28) stemmed from four different regions. Captive animals
sampled included specimens from North American (n = 11) and three
different European facilities (# = 6). The European animals were tested
on 1-4 different diets, resulting in a total of 15 blood samples. Regard-
less of differences between the free-ranging animals from different
regions, differences between captive and free-ranging animals were rel-
atively uniform: captive animals had higher overall proportions of poly-
unsaturated fatty acid (PUFA), due to levels of linoleic acid (LA, 18:2n6)
that were drastically increased as compared to free-ranging animals. In
contrast, levels of alpha-linolenic acid (ALA, 18:3n3) were consistently
lower on conventional zoo diets. né/n3 ratios for TG, PL and CE were
1.6, 10 and 8 in samples from free-ranging animals, respectively, as
compared to 4.1-16.3, 16-148 and 40-277 in samples from captive ani-
mals. There was a distinct correlation between the proportion of grain-
based products (commercial concentrates, plain grains and bread) in the
diets of the European animals and the measured levels of n6 PUFA. An
animal from a facility with a very low proportion of grain products in
the diet nevertheless had high LA readings, most probably due to the
use of sunflower oil as 2% (dry matter basis) of its diet. One animal that
received a high proportion of grass meal pellets due to an oral disease
had increased ALA contents after the diet change. These results allow
conclusions on the suitability of diets fed in captivity: the black rhino-
ceros is prone to several uncommon diseases that have been suspected
to be linked to oxidative damage, possibly due to the disposition of this
species to excessive iron storage. An unnatural dietary loading with
PUFAs would exacerbate this problem. Additionally, n6 FAs are known
as precursors of pro-inflammatory mediators, and their overrepresenta-
tion could therefore exacerbate any inflammatory processes. Therefore,
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the current practice of using grain-based feeds as major ingredients in
captive rhinoceros diets is discouraged. Diet items containing ALA (a
precursor of anti-inflammatory mediators) such as, fresh grass, fresh
browse, the respective silages should be included at higher levels in diets
for captive black rhinoceroses. Grass meal pellets, although a good
source of ALA and linked with high levels of ALA in an animal of this
study, must be chosen with care for black rhinoceroses due to their par-
ticular proneness for high iron contents.

Introduction

Black rhinoceros (Diceros bicornis) are strict browsers
(reviewed in Clauss et al., 2006a). Like other for-
ages, browse material contains high proportions of
polyunsaturated fatty acids (PUFAs), in particular
omega(n)-3 PUFAs (mostly alpha-linolenic acid,
ALA) (Ghebremeskel etal., 1991b; Grant et al.,
2002). This contrasts with the fatty acid (FA) compo-
sition reported for diets fed to captive zoo animals
(Clauss et al., 2007b). The FA composition of body
tissues is correlated to the FA composition of the
ingested diet (Hulbert et al., 2005); therefore, it is
reasonable to expect that captive black rhinoceroses
display, compared to their free-ranging conspecifics,
a distinctively different FA composition in different
body tissues, due to their different diet.

Historically, such differences in FA status had first
been demonstrated for free-ranging vs. captive giraffes
(Giraffa camelopardalis) (Crawford, 1968) and have
subsequently been reported for several other species
such as different wild ruminants or elephants (Craw-
ford et al., 1991; Clauss et al., 2003b). Crawford et al.
(1991) even mentioned that liver phospholipids (PL)
in individual free-ranging vs. captive black rhinoceros
showed the same pattern, without giving the data this
observation was based on, and Suedmeyer and Dier-
enfeld (1998) observed a change in the FA status of a
recently imported wild-caught individual with
increasing time in captivity that followed the same
pattern. A review of the available data for mammalian
herbivores kept in captivity showed that as compared
to their free-ranging conspecifics, captive individuals
in general had a lower proportion of PUFAs and a
higher n6/n3-ratio in their body tissues (Clauss et al.,
2007b), and only two of six adipose tissue samples
from captive black rhinoceros in USA, analysed in
material stored after necropsy, contained detectable
proportions of ALA (Dierenfeld and Frank, 1998).

As an increased n6/n3 ratio has been reported to be
associated with alterations of the immune status,
inflammatory response, skin health and reproductive
potential (reviewed in Clauss et al., 2007b), such a

potential difference is of interest for any captive wild
animal species. In black rhinoceros, there has been
the particular speculation that a potential difference
in the FA status of captive as compared to free-
ranging animals could be a contributing factor to unu-
sual diseases observed in this species in captivity
(Grant et al., 2002) — most importantly, the syndrome
of superficial necrolytic dermatopathy (Munson et al.,
1998). The concern about the suspected difference in
FA status has even sporadically led to diet changes
(Suedmeyer and Dierenfeld, 1998). In this contribu-
tion, we present data on the FA status of free-ranging
and captive black rhinoceros that allow the testing of
the general assumption of a distinct difference, and
that indicates potential for dietary intervention.

Animals, materials and methods

Serum/plasma samples from adult, free-ranging ani-
mals derived from field operations described previ-
ously (Clauss et al., 2002; Dierenfeld et al., 2005);
twenty-eight animals from four different locations in
Zimbabwe were sampled. These samples were ana-
lysed, together with samples from 11 adult animals
from North American zoos and four additional sam-
ples from captive white rhinoceros (Ceratotherium
simum), at the Texas A & M University, as reported in
Bauer et al. (2000). For the analyses, the method as
outlined by Bauer et al. (1997) was used, assessing
the lipid fractions of the triglycerides (TG), PL and
cholesterol esters (CE). The zoo animals had been fed
their usual (unknown) zoo diet without any particular
diet change prior to the sampling procedure.

Plasma samples in Europe were taken from six
adult animals from three zoological institutions
(facility 1-3). These animals were tested on one to
four different diets, resulting in a total of 15 blood
samples. The diet that these animals were exposed
to had been kept constant for approximately
3 months prior to blood sampling. As described ear-
lier (Clauss et al., 2006a, 2007a) including a detailed
description of the diets used), the food intake was
quantified during a 1-week interval close to the
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sampling date, by weighing all food items offered
and leftovers. Representative samples of all food
items were taken and analysed for dry matter (DM)
content by drying at 103 °C to constant weight.
Blood was taken from the Vena radialis on the med-
ial aspect of the carpal joint in trained animals as
described by Hatt et al. (2001). Treatment of blood
samples [separation into plasma TG, PL and CE as
well as and red blood cell phosphatidyl choline (PC)
and phosphatidyl ethanolamine (PE) fractions] as
well as FA analysis was performed at the Institute of
Brain Chemistry and Human Nutrition of the Uni-
versity of North London, following the protocol used
in Clauss et al. (2003b).

The data are presented as mean values of the
respective subpopulations. Before calculating the
mean of a subpopulation, the mean values for an
individual were calculated in the case of repeated
measurements in an individual. Only for the correla-
tion with the actually ingested diet, all measure-
ments from all European animals were used. The
unsaturation index (UI, also called double bond
index) as a measure of the number of unsaturated
(double) bonds per total bonds was calculated
according to Pond et al. (1992). Data on food intake
and DM content of food items were used to calculate
the proportion of grain-based products (including
plain grains, bread and commercial concentrates) of
the total DM intake (DMI).

Differences between two groups (free ranging vs.
captive, US vs. Europe, black rhinoceros vs. white
rhinoceros) were tested by exact U-test. Potential
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ent free-ranging populations were evaluated by the
Kruskal-Wallis test (Monte Carlo approach) without
following up regional differences by post hoc tests.
Correlations between diet and FA status parameters
as well as correlations between different FA status
parameters were tested by Spearman’s correlation
coefficient. All analyses were performed with SPSS
12.0 (SPSS Inc., Chicago, IL, USA). The significance
level was set to 0.05.

Results

The FA composition of the three lipid classes of the
serum of free-ranging individuals is presented in
Tables 1-3 (these data do not include measurements
in one captive animal from Europe on a diet supple-
mented particularly with grass meal pellets). There
were significant differences between the four
regions, with animals from Matsudona and Midlands
having higher proportions of ALA (indicated by
asterix and p-value in the tables). The average val-
ues from the four regions from the wild are com-
pared with data from captive animals in the same
tables (with ditferences indicated by superscripts and
p-values). In general, captive animals had signifi-
cantly lower proportions of monounsaturated fatty
acid (MUFA) and n3 PUFAs, higher proportions of
total PUFAs, n6 PUFAs and in particular higher pro-
portions of LA, and lower n3/né ratio in all lipid
fractions (Tables 1-3); only in the PL fraction was
the difference in total PUFAs not significant
(Table 2). In TG, the difference in the UI was nearly

differences between the animals from the four differ-

significant

at

p = 0.054, with

captive

animals

Table 1 Fatty acid composition of serum/plasma triglycerides (in % of all fatty acids) in free-ranging (FR, from four different regions) and captive
(C, from North America and Europe) black rhinoceros (Diceros bicornis) and captive white rhinoceros (WR, Ceratotherium simum) from North

America

n 16:0¢ 18:0% SFA* 18:1 n9* MUFA* 18:2 n6 20:4 n6 Total n6 18:3 n3* 22:5 n3 22:6 n3 Total n3* PUFAs* n3/n6 UI*
FR Chete 11 4859 719 59.45 2465 3290 3.19 0.04 3.71 082 008 0.0 1.09 480 0.26a 0.44
FR Matsudona 5 41.91 733 54.66 2776 3582 3.17 0.04 336 329 000 0.00 3.45 681  1.08b 0.53
FR Midlands 8 32.99 924 49.04 2602 3372 405 0.04 453 627 014 017 7.93 12.47  1.81c 0.60
FR Hwange 4 4158 1006 5932 2046 2597 269 0.08 5.83 179 051  0.00 2.65 8.48  0.46a 0.48
p-value <0.001 0.008 0.004 0.007 0.003 0.069 0.603 0.198 <0.001 0372 0.119 <0.001 0.001 <0.001 0.001
C Europe 6 3564 1156 50.71 15.03  19.02* 20.09 0.53® 22.92 1357 026  0.16 1997 2491 0.1 0.77
C USA 11 4022 632 49.85 23.64  29.76° 17.18 0.06° 1737 0.39° 0.0  0.00 0.40° 1777 0.05° 0.66
p-value 0.445 0.101 1.000 0073 0.014 0.445 0.005 0.181 0014 0366 0.138 0.005  0.138 0.035 0.445
FR 28 41.27 846 55.62 2472° 32.10° 327° 0.05° 436° 3.04° 018 0.04 3.782 8.14° 0.90° 0.54
C 13 38.05 874 5020 19.69° 24.83° 1852° 0.27° 19.91° 085> 0.12 008 1.15°  21.07°  0.08° 0.71
p-value 0.237 0.195 0.186 0.044  0.003 <0.001 0.031 <0.001 0004 00923 0.480 0.021 <0.001 <0.001 0.054
WR 4 4328 546 5387 2291 2922 11.61 000 12.60 099 000 0.0 0.99 1359  0.06 0.59

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Ul, unsaturation index.
Data represent mean values based on measurements in n individuals.

Fatty acids marked by * differ significantly between individual FR regions; values in columns within individual blocks (Europe/USA, FR/C) with differ-
ent superscript differ significantly (c.f. p-values).
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Table 2 Fatty acid composition of serum/plasma phospholipids (in % of all fatty acids) in free-ranging (FR, from four different regions) and captive
(C, from North America and Europe) black rhinoceros (Diceros bicornis) and captive white rhinoceros (WR, Ceratotherium simum) from North
America

n 16:0~ 180 SFA 18:1 N9 MUFA 18:2 n6 20:4 n6* Total n6 18:3 n3* 22:5 n3 22:6 n3* Total n3* PUFAs n3/n6* Ul
FR Chete 11 1633 29.33 5255 1021 16.66 17.12 454  23.85 108 016  0.00 163 2548 008 0.81
FR Matsudona 5 15.01 30.07 49.97 11.98 1697 19.49 3.16 2348 285 0.09 028 4.01 2749 017 0.86
FR Midlands 8 13.96 2924 5228 11.41 1739 1750 342 2214 383 023 0.0 467 2682 021 085
FR Hwange 41324 2690 50.46 11.13 1885 17.19 352 2277 217 051  0.00 305 2582 014 084
p-value 0.019 0.271 0.109 0375 0345 0.200 0.006 0.622 <0.001 0.055 0.045 <0.001 0.686 0.001 0.596
C Europe 6 14.47% 2519 42.44% 645 11.12% 34.80° 297° 40.43° 034 009 0.24 096  41.39° 002 1.06°
C USA 11 18.98° 30.64 56.93° 7.66 14.11° 22.94° 126° 2493* 038 016 0.01 0.61 25.55° 0.04 0.69°
p-value 0.015 0.078 <0.001 0.591 0.048 0.001 0.002 <0.001 0.404 1.000 0.404 0216  <0.001 0.884 <0.001
FR 28 14.64% 28.89 51.31 11.18% 17.47* 17.82° 3.66° 23.06° 248" 025 0.07 334 2640 0.15° 0.84
C 17 17.38° 28.74 51.83 7.24° 13.06° 27.10° 1.86° 3037° 037° 0.14 0.09 0.74°  31.10 0.03° 0.82
p-value 0.013 0.371 0.586 <0.001 <0.001 <0.001 <0.001  0.005 <0.001 0.208 0.308  <0.001 0.109 <0.001 0.972
WR 41891 3075 5407 954 1449 2753 131 2990 023 0.00 0.00 023 3013 001 078

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Ul, unsaturation index.

Data represent mean values based on measurements in n individuals.

Fatty acids marked by * differ significantly between individual FR regions; values in columns within individual blocks (Europe/USA, FRIC) with differ-
ent superscript differ significantly (c.f. p-values).

Table 3 Fatty acid composition of serum/plasma cholesterol esters (in % of all fatty acids) in free-ranging (FR, from four different regions) and cap-
tive (C, from North America and Europe) black rhinoceros (Diceros bicornis) and captive white rhinoceros (WR, Ceratotherium simum) from North
America

n 16:0¢ 18:.0* SFA* 181 n9 MUFA 18:2n6é 20:4 n6 Total n6 18:3 n3* 22:5 n3 22:6 n3 Total n3* PUFAs n3/n6* UI*
FR Chete 11 12.09 439 17.66 1508 19.23 53.13 151 54.89 385 000 0.03 410 5899 007 1.45
FR Matsudona 5 852 1.47 1120 17.06 21.73 50.31 112 51.65 780 0.00  0.00 792 5956 0.15 151
FR Midlands 8 8.00 1.62 1091 14.60 1953 5256 130 5417 1195 000 000  12.03 6620 022 1.67
FR Hwange 4 754 1.80 10.64 1561 1933 5066  1.18 52.18 745  0.00  0.00 752 5970 0.14 1.49
p-value 0.002 0.020 0.007 0.684 0750 0.825 0312 0779 <0.001 1.000 1.000 <0.001 0.190 <0.001 0.015
C Europe 6 822 156 10257 5.02° 6.75° 79.072 093 80.05% 076 0.00  0.00 076  80.81* 001 1.71°
C USA 11 1124 172 1406° 951° 11.92° 6870° 060 6953° 083 000  0.00 099  7052° 0.02 156°
p-value 0.122 0.122 0.020 0.003 0.003 0.003 0.180 0.005 1.000 1.000 1.000  0.808 0.003 0.591 0.005
FR 28 9.04 232 1260 1559° 19.96% 51.67° 1.28% 5322° 776° 0.00 0.1 7.897  61.11  0.15% 153
C 17 1018 1.67 1272 793> 10.10° 7235° 0.72° 7323° 081° 000 0.00 091° 7414  0.01° 1.61
p-value 0.554 0.164 0.991 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 1.000 <0.001 <0.001 <0.001 0.269
WR 41092 154 1361 954 1226 6733 076 6832 0.68 0.00  0.00 0.94 69.25 0.01 154

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Ul, unsaturation index.

Data represent mean values based on measurements in n individuals.

Fatty acids marked by * differ significantly between individual FR regions; values in columns within individual blocks (Europe/USA, FR/C) with differ-
ent superscript differ significantly (c.f. p-values).

displaying higher values (Table 1). The average val- There were noticeable differences in the propor-

ues of the European and the US animals are also
compared in the tables (with differences indicated by
superscripts and p-values). Compared to captive
European animals, captive animals held in the US
generally had a significantly lower n3/n6 ratio in the
TG serum fraction (Table 1), but this difference was
not evident in the PL (Table 2) and CE (Table 3)
serum fractions. There were no significant differ-
ences in the FA proportions of captive black and
white rhinoceros in the US.

234

tions of the different food categories in the diets
ingested at the different European facilities. The pro-
portion of grain-based products of the ingested diet
ranged from 39% to 60% DM (Fig. 1) in the diets
offered at facilities 2 and 3. At facility 1, grain-based
products only represented 17% of total DMI; how-
ever, at this facility, sunflower oil was mixed into
the diet at 2% of total DMI. In facility 1, the rough-
age:non-roughage ratio of the diet as offered was
77:23 vs. 76:24 in the ingested diet. This ratio was

Journal of Animal Physiology and Animal Nutrition. © 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



M. Clauss et al.

Fatty acids in rhinoceros

40 -
o

35
Fig. 1 Correlation between the proportion of 30 A
grain products [grain-based pelleted com- g
pound feeds, plain grains, bread; in % of total = 25 4
dry matter intake (DMI)] and the proportion §20
of né polyunsaturated fatty acids (n6 PUFAs, )
in % of all fatty acids) in the triglyceride frac- 15 |
tion of serum lipids in captive black rhinocer-
oses (Diceros bicornis) (Spearman’s correlation 10 A
coefficient = 0.78; p =0.001). The outlier
(open symbol, not included in the correlation) 5 : : . . . .
is an animal that received sunflower oil at 2% 10 20 30 40 50 60 70

of its DMI.

50:50 in the offered diet vs. 40:60 in the actually
consumed diet in facility 2. At facility 3, this ratio
varied widely between animals, ranging from 60:40
to 46:54 in the offered and 48:52 to 30:70 in the
ingested diet.

The FA composition of the red blood cells of the
European animals is shown in Table 4 (these data do
not include measurements in one animal on a diet
supplemented particularly with grass meal pellets). If
the animal from facility 1 (sunflower oil feeding)
was excluded, there was a significant correlation
between the proportion of grain products in the total
diet and the proportion of né6 PUFAs in TG
(p = 0.001; Fig. 1); this correlation was also signifi-
cant for the PL (p = 0.011) but not for the CE frac-
tion (p=0.27). This correlation approached
significance for the red blood cell PE fraction
(p = 0.072) but not for the red blood cell PC fraction
(p = 0.748). Among the different lipid fractions,
there were significant correlations in the proportion
of n6 PUFAs between serum TG and red blood cell
PE (p = 0.005) and between serum PL and serum CE
(p = 0.001), but not between any other fractions.

Grain products (% DMI)

Due to an oral abscess that impeded roughage
mastication, one animal at facility 3 was changed
from a roughage/concentrate diet to a diet consisting
of concentrates and grass meal pellets (Hatt et al.,
2004). As the proportion of grass meal pellets in the
diet increased and decreased, the proportion of ALA
in the different lipid fractions varied accordingly,
with the highest proportions on the highest level of
grass meal intake (36% of total dietary DM) (Fig. 2).

Discussion

The results of this study confirm the initial hypothe-
sis that captive black rhinoceros differ systematically
in their FA status from their free-ranging conspecif-
ics. Although differences exist among the respective
subpopulations of the free-ranging and the captive
population sampled in this study (among the differ-
ent African regions; between North American and
European zoos), these differences are small com-
pared to the overriding overall difference between
the free-ranging and the captive population. Differ-
ences according to age, sex or body condition

Table 4 Fatty acid composition of red blood cell phosphatidyl choline (PC) and phosphatidyl ethanolamine (PE) fractions (in % of all fatty acids) in
captive European black rhinoceros (Diceros bicornis) from three different facilities

Facility n 16:0 180 SFA 18:1n9 MUFA 182n6 20:4n6 Totalné 183 n3 225n3 22:6n3 Totaln3 PUFAs n3/n6 Ul
PC
1 1 2031 2038 41.21 29.38 35.27 14.62 1.16 18.21 0.00 0.00 0.00 0.00 1821 0.00 0.79
2 2 2764 2785 5635 27.19 31.28 533 0.43 7.79 0.00 0.00 0.00 0.05 785 001 054
3 3 1511 19.26 3483 33.28 37.61  19.11 1.60 22.66 0.04 0.00 0.00 0.30 2296 001 0.90
PE
1 1 759 1484 2276 48.16 56.70 10.26 1.13 12.72 0.20 0.00 0.00 0.20 1292 0.02 0.85
2 2 13.09 29.68 47.35 27.94 37.81 2.01 1.90 8.37 0.00 0.00 0.00 0.52 889 0.04 0.7
3 3 294 1124 1422 6237 7120  7.56 0.69 9.99 0.00 0.00 0.00 0.15 10.14 0.02 094
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Ul, unsaturation index.
Data represent mean values based on measurements in n individuals.
Journal of Animal Physiology and Animal Nutrition. © 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd 235
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between the populations studied were not evaluated;
whether discrepancies in these parameters between
the different populations might have influenced our
results remains debatable.

Diets fed to black rhinoceros in captivity contain,
due to the use of grain products, higher levels of né6
PUFAs (mostly LA). The differences in FA composi-
tion of the diet of free-ranging and captive black rhi-
noceros is displayed in Table 5. It should be noted
that, due to the perishable nature of PUFAs in stored
samples (Ghebremeskel et al., 1991b; Grant et al.,,
2002), time elapsing between sampling and analysis
of the collected material will introduce a bias in the
final result; in particular, ALA appears to be partic-
ularly affected by storage loss. Therefore, the figures
outlined in Table 5 serve as illustration of a general
difference, not as exact data on individual browse

Table 5 Mean proportions of linoleic acid (n6 LA) and alpha-linolenic
acid (n3 ALA) in % of all fatty acids in diet items of free-ranging and
captive black rhinoceros (Diceros bicornis) from different sources

n né LA n3 ALA né/n3 Source

African 14 8 74" 0.11  (Grant et al., 2002)

browse 10 17 267 0.65 (Ghebremeskel et al., 1991Db)

3f 12 51% 0.25 (Ndondo et al., 2004)

Temperate 9 10 648 0.16  (Grant et al., 2002)

browse 113 461 0.28 (Ghebremeskel et al., 1991Db)
Hayq 31 14 25 0.56 (Grant et al., 2002)
Grain pelletsY 26 47 9 5.22 (Grant et al., 2002)
Z00 diet** 36 22 18 1.22 (Grant et al., 2002)

*Assuming a loss of 70% of original ALA due to storage as determined
by these authors.

TWithout correction for potential losses.

tSamples from winter season.

§Analysed immediately after sampling.

9Sampled as used in zoos.

**Averaging 61% hay and 28% grain pellets.
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Fig. 2 Proportion of alpha-linolenic acid (ALA,
in % of all fatty acids) in plasma triglycerides
(TG), phospholipids (PL), cholesteryl esters
(CE), and red blood cell phosphatidyl choline
(RBC PC) of one individual captive black rhino-
ceros (Diceros bicornis) fed a standard zoo
diet which was supplemented for a certain
time period (indicated by arrows) with grass
meal pellets at 33-36% of total DMI.

plants. Nevertheless, these data reflect the FA pat-
tern that can be observed in the serum of free-
ranging and captive rhinoceros specimens.

In addition to the well-documented fact that the
ingested diet is the major determinant of the FA pat-
tern found in body tissues (Hulbert et al., 2005), the
evident correlation with grain-based products in the
European subsample of the captive population indi-
cates that the general difference between free-ran-
ging and captive black rhinoceros is most certainly
caused by a deviation of the feeding regime in cap-
tivity from the dietary habits displayed by these ani-
mals in the wild. A general shift towards a lower n3/
né ratio in captive animals, as documented in this
study, would be expected on the basis of the differ-
ence in FA composition recorded for forages of free-
ranging black rhinoceros and the diet these animals
receive in North American zoos (Table 5), and is in
accord with a general trend in captive wild mamma-
lian herbivore species (Clauss et al., 2007b; Fig. 3).

However, the black rhinoceros of this study deviate
from the general trend of not only a lower n3/né6
ratio but also a lower overall PUFA status in captive
as compared to free-ranging wild mammalian herbiv-
ores (Fig. 4). Actually, the captive animals displayed
proportions of PUFAs significantly higher in serum
TG, and numerically higher in serum PL and CE,
than the respective lipid fractions of the free-ranging
individuals (Table 2-4). We believe that this is the
first report of such an increase in PUFA status in cap-
tive as compared to free-ranging wild herbivores.
This increase in captivity can be ascribed to the signi-
ficantly higher porportions of n6 PUFAs in all serum/
plasma lipid fractions (Table 2-4). Given the correla-
tion outlined in Fig. 1, a high proportion of grain
products in the captive feeding regime can be made
responsible for this elevated n6 PUFA status.
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Whether this finding has clinical relevance for the
captive black rhinoceros population can only be spe-
culated upon. Captive black rhinoceros are suscept-
ible to several uncommon diseases that have been
suspected to be linked to oxidative damage, possibly
due to the disposition of this species to excessive
iron storage (Paglia and Dennis, 1999). An unnatural
dietary loading with unsaturated FA (which is a
prime target for oxidants) would exacerbate this
problem. As, for example, it has been shown in
laboratory animals that the susceptibility of red
blood cells to in vitro haemolysis is increased by
excessive dietary PUFA intake (Bieri and Poukka,
1970), it is tempting to speculate that the idiopathic
haemolytic anaemia observed in black rhinoceros
(Miller and Boever, 1982; Chaplin etal., 1986)
could, at least in part, be contributed to a loading of
red blood cells with unnaturally high proportions of
PUFAs. Similarly, Ghebremeskel et al. (1991a) repor-
ted a case of a captive marmoset (Callithrix jacchus)
population, whose proneness to in vitro red blood
cell haemolysis and skin problems could be amelior-
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ated when the unnaturally high dietary PUFA sup-
plementation (due to the use of fish products in the
compound feed) was reduced. The potential for oxi-
dative damage of PUFAs is reflected in an increased
requirement for antioxidants such as vitamin E with
increasing PUFA ingestion (Valk and Hornstra,
2000). After a first report that captive black rhino-
ceros might have lower circulating vitamin E levels
than free-ranging individuals (Dierenfeld et al.,
1988), increased awareness of this problem triggered
a supplementation regime in North America, and
more recently assessed circulating vitamin E levels
did not differ significantly between free-ranging and
captive North American specimens (Clauss et al.,
2002). Given a higher PUFA status in captive than
in free-ranging individuals, circulating vitamin E lev-
els of a similar scope as those of free-ranging animals
might not be enough to prevent lipid oxidation in
captive ones, but this assumption remains to be pro-
ven. Other potential antioxidants would include
carotenoids and polyphenols or tannins. As tannins
are present in the diet of free-ranging browsers,
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including the black rhinoceros (Clauss et al., 2007a)
but are mostly absent in diets fed in captivity, it has
been speculated that captive browsing species might
be particularly compromised in terms of their anti-
oxidative supply (Clauss, 2003). The few existing
studies on the effect of tannin supplementation on
the antioxidant status of captive wildlife (Clauss
et al., 2003a, 2006b) seem to support this view, but
more evidence is needed before conclusions on the
importance of polyphenolic antioxidants in wild ani-
mals can be made.

In addition to the problem of a higher PUFA sta-
tus, the n3/né6 ratio is of concern. n6 FA are known
as precursors of pro-inflammatory mediators, and
their overrepresentation could therefore exacerbate
any inflammatory processes. With particular respect
to the dermopathies observed in black rhinoceros,
Grant et al. (2002) collated publications on the treat-
ment of skin conditions with essential FAs but had
to conclude that to date, no undebated dietary pro-
tocol can be derived from the literature.

The observed difference in FA status between black
rhinoceros from North American and European zoos,
with numerically higher proportions of n6 PUFAs in
the TG and significantly higher n6 PUFAs in the PL
and CE fractions in Europe, could be explained by
the difference in diet composition suggested by the
rations fed at European (with a roughage:non-rough-
age ratios of 46:54 to 77:23) and the North American
facilities (with a roughage:nonroughage ratio of
66:34; Grant et al., 2002), with higher non-roughage
proportions fed in Europe. Nevertheless, the fact that
even the North American animals have a distinc-
tively higher n6 PUFA and overall PUFA but lower
n3 PUFA status indicates that even these diets do not
mimick the natural forage in its FA composition. The
results on the food intake of the European animals
monitored during this study indicate that in design-
ing zoo diets, the proportion of the offered food that
is actually consumed must always be taken into
account; just as the diets offered at European facilit-
ies 2 and 3 differed from the diets actually ingested
by the animals, the offered diets recorded by Grant
et al. (2002) might actually overestimate the propor-
tion of roughage ingested by the North American
animals. The feeding regime of European facility 1
could serve as a positive example here, where non-
roughage items were fed in such a restricted way
that the offered roughage was ingested nearly com-
pletely. In contrast, the feeding regime of the other
European facilities evidently offered non-roughage
items in amounts that precluded the intake of the
intended roughage proportion by the animals.
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The lack of difference in FA status between captive
black and white rhinoceros from North America can
be explained by the observation that both species
generally receive similar diets in this part of the
world. In contrast, studies on European black, white
and Indian rhinoceros (Rhinoceros unicornis) suggest
that among the animals investigated in Europe,
black rhinoceros ingest a diet particularly high in
non-roughage (i.e. mostly grain-based) items (Kiefer,
2002; Clauss et al., 2005, 2006a).

At present, it cannot be decided whether a change
of the zoo feeding regime that would lead to a FA
status similar to that of free-ranging animals would
actually be beneficial for captive animals; however,
given the general assumption that animals have
adapted during evolution to a particular set of nutri-
ents — an assumption pronounced especially in con-
nection with FAs (Eaton etal., 1997, 1998;
Broadhurst et al., 1998; Simopoulos, 1998; Crawford
et al., 2001) —, such a measure would appear reason-
able. The scope of the observed difference, — n6/n3
ratios for TG, PL and CE were 1.6, 10 and 8 in free-
ranging animals, respectively, as compared to 4.1—
16.3, 16-148 and 40-277 in captive animals — could
in itself be considered an incentive to change zoo
diets. Clauss et al. (2007b) reviewed dietary meas-
ures to that effect: a reduction in the use of conven-
tional, grain-based pelleted feeds, grains, and bread,
and a corresponding increase in the proportion of
forages — either dried (hays), ensilaged or fresh — has
been shown to effectively enhance the n3/n6 FA
ratio in numerous studies in domestic animals. Com-
pared to grain-based pelleted feeds, pelleted feeds
based on forage meals (grass or alfalfa/lucerne meal
pellets) also increase the n3/n6 FA ratio in domestic
ruminants (Daniel et al., 2004). These findings are
reflected in the repeated measurements of one black
rhinoceros of this study that received grass meal pel-
lets as a significant component of its diet during a
certain time period (Fig. 2). However, due to the
high iron content that is often observed in grass
meal pellets (Clauss, 2003; Hatt et al., 2004), such
diet items should be chosen with particular care for
a species known to be susceptible to excessive iron
storage, like the black rhinoceros (Paglia and Dennis,
1999; Dierenfeld et al., 2005).

Flaxseed/linseed products are another source of
ALA; an inclusion of linseed into pelleted feeds will
also enhance the n3/né6 ratio in domestic ruminants
(Raes et al., 2004); and linseed product supplementa-
tion has been documented to increase the n3 PUFA
status in three out of six captive black rhinoceroses
(Suedmeyer and Dierenfeld, 1998) and in giraffe
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(Giraffa camelopardalis) (Clauss et al., 2000). Never-
theless, it may be debatable whether the n3/né ratio
of a grain-based product or diet should be adjusted
by adding an extra source of n3 PUFAs. Such an
addition will increase the overall PUFA proportion,
and hence the general susceptibility to oxidative
damage, even more. In a feeding trial with domestic
horses, the addition of flaxseed oil to a control diet
led to an increased lipid peroxidation, measured as
whole blood malondialdehyde, in the treatment as
compared to the control group (Hansen et al., 2002).
Additionally, the authors of that study pointed out
that flaxseed/linseed oil also contains relevant pro-
portions of LA; in their study, the n3/n6 ratio of an
alfalfa-based pelleted diet was not altered by the
addition of flaxseed oil, indicating that a forage-
based diet will not be improved by such an addition
in terms of its FA pattern. Of the six black rhino-
ceros in which the serum FA status was assessed
before and after the feeding of a flaxseed supplement
by Suedmeyer and Dierenfeld (1998), three animals
also had elevated proportions of LA. Therefore, a
general reduction or exclusion of the grain-based
ingredients appears to be a more rational approach
than the quest for an additional supplement.
Although a reduction of grain-based ingredients
alone will result in an increased n3/né6 ratio, studies
performed with horses so far have only assessed the
consequence of an additional n3 PUFA supplementa-
tion (Morris et al., 1989, 1991; Henry et al., 1990,
1991; O’Neill et al., 2002), mostly in the form of a
linseed product. Unless the control group is given a
comparable load of n6 PUFAs, and the additional
PUFA load is balanced by a corresponding increase
in antioxidants, results of such studies will remain
difficult to interpret.

In humans, clinically relevant physiological effects
of an alteration of the FA pattern are usually
assessed by controlled, double blind studies that
require a large sample size (e. g. GISSI, 1999). Evi-
dently, such studies are unlikely to occur in zoo ani-
mals. Reports such as the spontaneous healing of a
chronic skin problem after the introduction of lin-
seed extraction chips in a giraffe (Clauss et al., 2000)
or the absence of clinical problems in a black rhino-
ceros after dietary supplementation with a flaxseed
product (Suedmeyer and Dierenfeld, 1998) must
remain anecdotal. Changes in dietary FA composi-
tion are most likely to be reflected quickly in the
serum/plasma TG fraction, which also showed a
good correlation to diet composition. However,
although the CE fraction of captive animals was sig-
nificantly different from that of free-ranging animals,
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no correlation to the diet fed for approximately
3 months prior to blood sampling could be demon-
strated in this study; this discrepancy could be
explained by a slower responsiveness of this lipid
fraction to FA changes that may be linked to fatty
acyl specificity of circulating lecithin cholesterol acyl
transferase activity. These findings underline that
clinical benefits of dietary FA manipulation can most
likely not be expected in short-term studies. If the
concept of adjusting diets in captivity to the charac-
teristics of diets in the wild is not considered convin-
cing as such, long-term studies with some model
animal species appear warranted.
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