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1 Background

Iron bio-availability and conjugated linoleic acid (CLA) content are considered to
be two of the hottest topics in health-related meat work in NZ. To our knowledge,
CLA or iron bioavailabilty have not been measured for venison. Previous
research at Invermay (non-GIB funded work) has shown that the total iron content
of venison is approximately triple that of lamb and double that of beef (Drew &
Seman, 1987; Stevenson-Barry et al., 1999). However, iron is present in meat in
a number of different forms and the proportion in each form is believed to
dramatically effect bioavailability. The level of iron absorption for humans is
appreciably greater when iron is in the haem form, and is little affected by other
components of the diet. Analysis of the iron fractions in venison is much less
expensive than conducting actual absorption trials and will give a very good
indication as to whether venison is likely to differ in bioavailability compared to
other species (particularly beef and lamb).

CLA content in venison is of particular interest since the US Dietetic Association
has included red meat in a recently released list of functional foods (Meat New
Zealand Meat Matters, Octo‘ber 21, 2000). CLA’s have been shown to be anti-
carcinogenic, and the functional foods designation of red meat is because it is a
good source of CLASs.

2 Objective

Determine the amount of soluble and insoluble haem and non-haem iron fractions
in twelve venison samples and the fatty acid profiles for twelve venison samples.

3  Project Outline

Samples were collected from 1-2 year old animals at a commercial deer slaughter
plant following standard slaughter and carcass handling procedures. Animals of
known age, sex and genotype were used in this study. Samples were collected at
boning time (approximately 24 hours after slaughter) and stored frozen at -80°C
prior to analysis. Iron analyses were carried out at Massey University and CLA
assays were carried out at the MIRINZ Centre, AgResearch, Ruakura, using the
same protocol previously applied to analyses of beef and lamb (details in
Appendix 1).
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4 Results
4.1 lIron Analyses

4.2

The average iron concentrations of the venison samples, together with
some comparative sheep and beef data (Roger Purchas, Massey
University, unpublished data, Pers. Comm.), are shown in Table 1. Raw
data is provided in Appendix 2. While the results show considerable
variations between animals, on average, iron concentrations were
significantly higher in venison than in the equivalent muscles in beef or
sheep. These differences is particularly evident in the heam component of
the total iron content of the muscle, and indicate that venison may be a
superior source of bioavailable iron than beef or sheepmeat.

Table needs a title and units

Table 1.

Sheep meat sample (rams
Species Venison and hoggets) Heifer samples
Muscle Loin Loin Leg  Shoulder| Loin Leg Shoulder
Soluble haem 18.5 953 5.67 8.14 11.69 9.78  13.59
Insoluble Haem 3.6 3.83 1.69 2.83 1.91 1.98 24
Total haem 224 13.36  10.52 15.84 13.6 11.77  15.99
Soluble nonhaem 1.8 1.38  1.06 1.52 1.31 1.36 1.35
Insoluble nonhaem 5.1 2.76 2.35 2,73 1.36 1.49 1.93
Total nonhaem 6.9 414 34 4.25 2.67 2.85 3.28
Total Iron 275 175 13.92  20.09 16.27  14.61 19.28

Loin = Longissimus dorsi, Leg = Semitendinosus (pale muscle in leg), Shoulder = Triceps brachii

Fatty Acid Analyses

Total fatty acid analyses for each animal is provided in Appendix 2. As a
percent of total FA’s the CLA and trans vaccenic fatty acid (CLA precursor)
values were 0.2 and 1.2% respectively. Similar values for lean heifers
(n=50) were 0.35% CLA and 1.34% trans vaccenic (Terry Knight,
AgResearch Grasslands, unpublished data, Pers. comm.).
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Also, venison generally has lower concentrations of fatty acids than beef.
The present samples had, on average, 5.1g lipid per 100g dry matter, which
calculates to approximately 1.3 g lipid on a raw meat basis (assuming dry
matter is 26% of meat). This value is normal for venison from 1-2 year old
animals (Stevenson et al., 1989; Stevenson-Barry et al., 1999), but is
significantly lower than other meats, especially beef. The CLA and frans
vaccenic content per 100 mg of raw venison calculates to approximately 2
and 18 mg respectively (8 and 68.9 mg per 100 g dry matter respectively x
0.26) with maximum levels of each approximately double and triple the
average, respectively 3.6 and 56 mg.

A 22% reduction in mammary cancers in mice has been found when feeding
a mixed CLA at 0.05% of diet. This value equates to 750 mg per day of the
c-9 t11 CLA, which is the active anticancer CLA (Terry Knight,
AgResearch Grasslands, Pers. comm.). Average CLA values for lean beef
(2% fat content) were found to be approximately 4 mg/100 g raw beef but
the maximum was 27 mg/100 g raw meat (Terry Knight, AgResearch
Grasslands, Pers. comm.). Therefore, in the best case, beef can provide
3.6% of daily requirement, assuming a need of 750 mg/day, and as much as
34% of daily requirement if CLAs are combined with the highest values for
vaccenic acid concentrations. In contrast, 1-2 year old deer provide 2.5 %
of daily requirement, even when CLA and vaccenic acid are combined.
Since the beef study found that CLA and vaccenic acid concentrations
increase in proportion to the fat content of the meat, increasing the fat
content of venison could provide a strategy for increasing its CLA-related
health benefits. Older deer (5-13 years old) have been found to have double
to triple the lipid concentration of 1-3 year old animals (Stevenson et al.,
1989; Stevenson-Barry et al., 1999), but fat contents vary seasonally
(Stevenson et al., 1992; Manley & Forss, 1979; Drew, 1985) and even
higher concentrations (3.3-10.9 g/100g) have been reported for very well
grown 1-3 year old red deer stags (carcass weights of 41kg at 12 months
and 76 kg at 27 months; Drew and Seman; 1997). Therefore, it may be
possible to select animals with higher concentrations than found here.
Clearly, this strategy would need to be weighed up against the advantages
of venison’s low-fat associations. R

s

4 A - A
(~ry L P
i oA . / S




| AgResearch Venison health-related research: iron bioavailablity and CLA’s

5 Conclusions

Venison has high concentrations of haem iron indicating that venison would be a
good source of bioavailable iron, moreso even than beef. However, CLAs
contribute less to total fatty acids in version than in beef and, since venison also

has lower fat concentrations,

Venison is not a good source of CLA.
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Appendix 1. Methods

Note: The assays are done on raw meat, since this is the procedure previously
used for beef and lamb. Cooking does affect the concentrations of some of the
components but the magnitude of the effect depends on the cooking temperature.
Major changes do not occur until temperatures exceed 100°C which is very well
done (medium rare is about 65°C).

Iron Analyses

Haem iron was measured by the method of Hornsey (1956). Haem was extracted
with acidified acetone and the absorbance of the extract read a 640 nm. All
samples were assayed in duplicate.

For non-haem iron, the ferrozine reaction procedure is used as described by Ahn,
Wolfe and Sim (1993). The sample is suspended in 0.1M citrate-phosphate buffer,
ascorbic acid added to reduce all iron to the ferrous form. Protein is then
precipitated with and the sample neutralised with ammonium acetate. The ferroin
colour reagent is then added and absorbance read at 562 nm. All samples were
assayed in duplicate.

For total iron analysis, samples are wet ashed using concentrated nitric acid
followed by hydrogen peroxide, the ash dissolved in 2M HCI, and read against
standards on an atomic absorption spectrophotometer. This method is an
adaptation of the wet ashing method described by Clark, Mahoney and Carpenter
(1997). All samples were assayed in triplicate.

CLA Analyses

The total lipids were extracted from freeze dried meat with chloroform /methanol
(Folch et al 1957). An aliquot was used to determine the lipid content
gravimetrically, another evaporated to dryness, and the lipids converted to methyl
esters (Slover & Lanza 1979). Separation was using a HP 6890 GC with FID
detection and a SGS BPX70 capillary column, quantitation was by way of an
internal standard and a external reference standard mixture.
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Appendix 2. Data
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