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Summary

The harvesting of kangaroos for human consumption has become a significant domestic and
export industry in the past 30 years. There is evidence that the current harvest of about 3 million
animals annually is an essential tool to manage the grazing pressure in Australian rangelands,
where the total population of kangaroos now exceeds 20 million animals. Data exist to show that
kangaroos arc healthy and that the overall rejection rate of carcasses for pathological reasons is
low, especially in comparison with domestic animals. Kangaroo meat 1s highly regarded as a
game meat and is now available in restaurants and in supermarkets throughout the country, with
market research revealing that more than half those surveyed had eaten kangaroo meat. Kangaroo
meat is low in fat and contains both n-6 and n-3 polyunsaturated fatty acids. Studies in subjects
consuming 500 g of kangaroo meat per day for up to 2 weeks when on low fat diets showed
beneficial effects on plasma cholesterol levels and increases in long chain n-3 polyunsaturated
fatty acid levels. There was no evidence of increased platelet aggregation on diets rich in
kangaroo meat. These data suggest that kangaroo meat can be included in diets safely and can
contribute to the diversity of the Australian diet.

Introduction

In the last 30 years a significant industry has developed producing kangaroo for domestic and
export markets. Kangaroo is available for human consumption in every State and exported to
over 15 countries on a regular basis. All kangaroos are field harvested from the wild population
and are taken by professional harvesters who must pass stringent accreditation testing by the
relevant State’s Meat Hygiene Authorities (1).

Over the last 25 years the kangaroo population has increased, despite the annual harvest of
approximately 3 million animals. The estimated national population of kangaroos has risen
steadily from about 10 million animals in 1984 to greater than 20 million in 1993 (2). Indeed
many consider the kangaroo harvest to be an essential tool in managing the total grazing pressure
in the Australian rangelands and thereby contributing to the sustainable management of these
fragile environments (3, 4). The Australasian Wildlife Management Society supports the current
industry as being sustainable (5). Similarly the CSIRO have also assessed the kangaroo harvest
against a set of criteria it has published and concluded kangaroo harvesting clearly meets most of
the criteria for sustainable utilisation of wildlife’ (6). The Australian Veterinary Association
believes that the 'Australian kangaroo population is a unique and valuable resource and that
harvesting is a legitimate use of that resource' (7).

Health status of kangaroos

There are considerable data to show that kangaroos are remarkably healthy. Since many of the
zoonotic diseases (those transmitted to humans from animals) are contracted by the animals from
faecal matter or inter-animal contact, wild animals running at lower densities than domestic
animals are exposed to considerably less disease transmission risk. Further since disease
contraction is invariably fatal to wild animals (8), the background levels of infection are lower
than in domestic animals in which diseases are treated and thereby maintained in the population
(9, 10). Examination of the rejection rates at post mortem inspection for disease conditions of
animals processed under Australian Quarantine Inspection Service (AQIS) inspection provides
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further evidence of the relative disease-free status of kangaroes. In one study of over 200,000
kangaroos processed for export, overall rejection rate for pathological conditions was 0.7% (11).
- By comparison re;ectmn rates for similar conditions in studies of domestic animals have been
shown to be 2.7%.in catile (12) and 1.6% in sheep (AQIS 1997 pers ccmm)

Acceptance of kangaroo meat comumphon in Australia

Recent market research conducted across five Austrahan capztal cities has indicated that 51% of
Australians have tried kangaroo and that 85% of these were more than happy to eat it regularly
(13). Whilst most is still consumed in restaurants where it is highty regarded as a game mea, the
- product is appcanng mczeasmgly in supcrmaxkcts in all States.

The compos'iticn of kangaroo meat

Our mtemst in meat from mdlgenous animals first arose as a result of studies being conducted by
Kerin O'Dea with Aborigines near Derby in Western Australia in the early 1980°s, examining the
effect on diabetes control of consuming diets rich in indigenous foods, such- as fish (14) or
kangaroo meat (15). These studies contributed to the understanding that the lipid content and
- fatty acid composition of indigenous foods were different to fish-or animal foods consumed in
large urban cities in Australia.: For example, many of the fish from the north west of Australia
.- were relatively enriched in long chain polyunsaturated fatty acids (LCP) fromthe omegd 6 series
- such as arachidonic acid (20:4n-6) compared with fish from southern Australia (16, 17), as

shown in Table 1. The lipid content of the kangaroo meat examined was low in fat and also
-appeared to be relatively rich in 20:4n-6 and LCP n-3 compared with beef (15, 18). 'Subsequent
- f}tluagies g:;r;(sil;(;wn that the concenu'aucn of 20: 4n-6 and n-3 PUFA in kangamc heat 18 higher

: in

Tablc 1 Compansmofthehmd contmtandPUFA]evelsmkangamo, wﬂabyandﬂahmuscle

Species I “Tgd 183 04 183 B3 DS D6 woel 004
: S ‘ %l pg D6 03 03 23 03 ~  LCPn3
Barmmundi fleth @=2) > 06 20 123 08 28 3.0 181 08 05
Kangaroo (a=4)* 11 27 77 60 19 29 0% 26 14
" Beef (lean) (n=2)* 2.6 99 44 17 15 16 02 28 14
Antelope Kangaroo (o=5) > 12 21 77 61 20 27 08 27 14
'Black-footeanckWa]hbg(nrzl) 2.0 18.0 55 35 09 15 03 38 h 2.0
Antelope Kangaroo (o=1) 25 132 53 .19 27 34 19 19 07
Eastern Grey Kangaroo (n=5)> ND® 183 75 48 20 24 08 25 14
Easmwammmal)5 " ND 332 85 16 04 11 06 96 21
Red Kangaroo (n=2) 3 ND 191 55 32 07 12 05 39 2.3
Black-tailed Wallaby (n=2) 5 ND 316 193 08 08 31 08 88 - 4.1

‘L;pm% gramshmdpcrlOOgmmsmcat(rawwexght),z%oflotalfanyacws 3trom ref 14; *from ref 15;
fmmrefzo 6ND--notdetemnmcd.

Followmg this work, we set out to examine in more demﬂ the lipid content and fatty acid
- composition of a wide variety of indigenous animal foods from three regions of Australia —
Kunbcrlcy/Amhem Land, Central Australia and Victoria (20). This study revealed that many of
the 34 species were low in lipid, with muscle tissue being below 2.6%, liver from 5-10%, and
- -adipose 5-40%. In simple terms, the meats were low in fat, saturated fat and polyunsaturated fat,

i:louéev(ci% t)hc meat was relatively enriched in PUFA due to the higher proportion of structural
pids
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These data highlight the differences in meat composition between the current western diet and that
of the ‘hunter-gatherer’. The wild animal carcass contained much less fat, both in the meat itself
and on the carcass as discrete depots (21). Thus, the foods most readily available in the largest
quantities for the hunter-gatherer (muscle from wild animals, fish and shellfish) were low in fat
with a wide range of PUFA, rather than being rich in linoleic acid as in the present western diet.
The high fat foods were either less readily available (witchetty grubs, perente eggs) or were
present only in small quantities on the animal (mangrove ray liver, depot fat).

What is the effect of consuming diets rich in kangaroo meat?

In the O’Dea studies with diets rich in indigenous foods such as kangaroo meat and fish, the
subjects’ plasma triglycerides fell, bleeding time increased and the plasma cholesterol levels,
which were not high initially, were not significantly affected by the diets (14, 15). These
observations implied that diets rich in meat did not raise plasma cholesterol levels, and
furthermore, that diets rich in indigenous foods increased plasma arachidonic acid levels. This
finding was of interest in the context of the debate about dietary n-6 to n-3 ratios and westem life
style diseases.

Based on these observations we decided to examine, under controlled conditions, the effects on
plasma lipoprotein lipids, plasma fatty acid composition, bleeding time and thromboxane
production of four diets similarly low in fat. The first diet involved subjects consuming
500 g/day of kangaroo meat (rich in linoleic, arachidonic acid and LCP n-3), the second
500 g/day of barramundi fish (r1ch in arach1domc and docosahexaenoic acids), the third diet
500 g/day of Victorian fish (rich in docosahexaenoic acid), and the fourth diet was vegetarian,
with a similar low fat content but containing no long chain (220 carbon) PUFA (22, 23). The
four experimental diets were designed to meet two objectives, namely, to provide a minimum of
fat (<10% of total energy intake), in this way approximating the conditions of the two field
studies (above) and to be isoenergetic such that no loss of body weight occurred over the 4-week
period of the study. Thirteen healthy, weight-stable subjects (seven women and six men)
participated. Each diet study ran for 4 weeks, with the subjects consuming their usual diets in
weeks 1 and 4 and the very low fat test diets in weeks 2 and 3. All food and beverages consumed
over each 2-wk diet period plus the pre- and post-control weeks were weighed and recorded.
Fasting blood samples were taken before the study began and at weekly intervals for the
measurement of plasma lipoprotein lipid, fatty acid compositions, platelet aggregation,
thromboxane formation and bleeding times.

The subjects estimated daily dietary intake of saturated, monounsaturated and linoleic acid in the
baseline periods was 31, 30 and 12 g/day, respectively (Table 2). In all experimental periods, the
levels of each of these three groups of fatty acids declined to about 2-4 g/day. Cholesterol intake
was extremely low on the vegetarian diet, but unchanged on the other three diets relative to t,he
baseline periods.

Table 2 Estimated fatty acid intakes (grams/day) of baseline and very low fat diets

Diet Sat® Mono2 18206  18:3n3  Qdp.¢° 20:5n-3  22:5n-3  22:6n-3
Baseline 30.7 295 1142 0.86 007 0.04 0.04 0.09
Kangaroo meat 32 7 3.55 0.58 0.49 0.14 0.14 0.07
Barramundi 2.5 23 240 0.26 0.56 0.11 0.11 0.51
Victorian fish 21 24 2.64 0.24 0.14 0.25 0.07 1.08
_Vegetarian 22 24 314 037 0 0 00

1Sat = saturated fatty acids; 2M0n0=m0nounsaturated fatty acids; 3Values for the LCP calculated from the total
lipid content and the fatty acid composition of the foods used in the study (ref 22)

A consistent finding on all diets was the substantial reduction in the percentage of linoleic acid in
both the plasma cholesteryl ester (CE) and phospholipid (PL) fractions and the increase in the
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palmitic acid percentage in the PL and CE fractions and palmitoleic acid percentage in the CE
fraction. We have consistently observed alterations in the palmitic/palmitoleic acid ratios in the
- plasma CE on very low fat diets (24 - 27); the increase in the palmitoleic acid possibly indicating
increased fatty acid synthesis and delta-9 desaturation. Following the resumption of the normal
high fat diets the percentage of plasma linoleate returned to the pre-diet values, There were also
changes in plasma lipid fatty acid profiles in this study that were quite diet-dependent. For
example, despite very low levels of the dietary 20:4n-6 and LCP n-3(0.14-1.08 g per day), there
was a significant increase in the proportion of these fatty acids in the plasma lipids, as shown in
Table 3. These data show that red meat such as kangaroo meat can be a significant dietary source
of 20:4n-6 and LCPn-3.' There were no increases in the percentage of 20~ and 22-carbon PUFA
on the vegetarian diet, suggesting that the increase in the plasma lipids on the other low fat diets
was due to their presence in the diet and not due to in vivo formation. There was a reduction in
the 20:5n-3 level in the plasma phospholipids. in the subjects consuming the vegetarian diet, a
.finding we have consistently observed in vegetarian' diet studies. (24 - 27) and one that
. presumably reflects the high linokeic acid and low intakes of n-3 PUFA in strict vegetarians (28).

Table 3 Efect of very low fat diets (VLF) on plasma lipid'and plasma phospholipid PUFA fevets! -

* Total plasma cholesterol (mM) S L o
Kamgaoo (10° 322 gppeed 8 I ]
Victorian Fish (10) . = - 454 3.83%%+. S 351k 400
Barramundi (11) © 475 4,08%*+ TO386%* T . 413
Vegetarian (7) 4.54 3.59 3.44%+ 412

Plasma PL - 20:4n-6 % _ . ‘ .
: Kangaroo s 10.8 . ND? C 15 e 12.4%%%
Victorian Fish . 108 «ND3 120 92
Baramundi ‘ 9.8 . - ND C 157 104
Vegetarian 92 ND .97 - .90
Plasma PL - 20:50-3 % . . . o
Kangaroo ' L1 ND 14 . 14
Victorian Fish 1.0 - ND 2 = C14%
Bamramundi 0.8 ND 1.2% 0.8
Vegetarian 0.9 "ND 0.6%* 14*
Plasma PL - 22:50-3 % , _

. Kangaroo 1.1 “ND 1.5%%% 14
Victorian Fish 6.9 ND 12% 0.9 ‘
Barramundi 11 ND 1.2 SRR | 2 il

: Vegetatian o 0.8 ND 0.8 - - .09

Plasma PL - 22:6n-3 % : :
Kangaroo = . 3.5 ND- 40 .38
Victorian Fish 4.0 ND 9, 1% - ¥ i
Barrammdi , 3.9 ND 6.4k 43
Vopetarian _ 34 ND 38 32

IErom reference (22); VLF=very low fat; >number of subjects;

Tstatistically significant differences from baseline, * p<0.05, **p<0.01, ***p<0.001; SND = not determined

In this study, the changes in lipoprotein composition in response to all four very low fat diets
were similar. There was a rapid seduction in total cholesterol (LDL and HDL) within 1 week and
a slower return toward baseline values 1 week after resuming the normal diet (Table 3). This
appears to be explained entirely by the very low fat (and saturated fat) content of the diets used,
rather than to specific cholesterol-lowering properties of the main protein sources (kangaroo meat
or fish). We have also reported that lean beef, lamb, pork and chicken included in low fat diets
can lead to reductions in plasma cholesterol levels (27, 29).
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Kangaroo meat as a source of long chain n-6 and n-3 fatty acids

Concerns have been expressed that diets which elevate arachidonic acid levels might lead to an
increased thrombosis risk through increased production of thromboxane A, and therefore an
increase in platelet aggregation (30).

In the present study, diets containing 20:4n-6 (barramundi and the kangaroo meat) did elevate the
plasma 20:4n-6 levels by about 50%, however there were no changes in platelet aggregation or
bleeding times, although there were significant increases in ex-vivo platelet thromboxane
production in response to adrenaline on all diets except the Victonian fish diet. In a repeat of this
study with 7 subjects consuming a very low fat diet containing kangaroo meat for 7 days, we
showed that there was a significant rise in the serum 20:4n-6, 20:5n-3 and 22:5n-3 and in
prostacyclin production (measured as a urinary metabolite), but no change in thromboxane
production or the prostacyclin/thromboxane ratio (31). Perhaps the short duration of the diets or
the relatively low intakes of dietary 20:4n-6 (300 mg/day) might have been insufficient to alter the
platelet 20:4n-6 levels; in addition, the n-3 PUFA content of the kangaroo meat might have down-
regulated platelet thromboxane production without adversely affecting arterial prostacyclin
production which seems to parallel serum 20:4n-6 increases (29).

-Platelet 20:4n-6 levels are relatively high in subjects consuming typical western diets (20-30% of
total PL) and a recent study by Nelson et al (32) showed that feeding 1.5 g/day of 2(:4n-6 (as a
triglyceride) significantly elevated the platelet 20:4n-6 levels over a 50 day period from 21 to 23%
of total fatty acids. There were no changes in platelet aggregation although there were
significantly raised levels of thromboxane A; (by 41%) and prostacyclin I metabohtes (by 27%)
in arine (33).

In conclusion, these studies on kangaroo meat showed that it does not raise blood cholesterol
levels when consumed as part of a low fat diet and that it is a source of n-3 fatty acids, readily
incorporated into plasma lipids. These findings together with its low fat content make it a
nutritionally desirable product. Short and long-term studies do not reveal any adverse thrombotic
effects of dietary 20:4n-6 using kangaroo meat as a source of 20:4n-6. Since there are sound
arguments for the harvesting of kangaroos, inclusion of kangaroo meat in the diet can make a
useful contribution to the diversity of our food supply.
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