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The proximate composition, amino acid composition and mineral composition of
three different muscles from the legs of seven ostriches were determined. Results
indicated that components analyzed remained relatively constant between differ-
ent muscles. Ostrich meat is characterized by an extremely low intramuscular fat
content. Values for water, protein, ash, amino acid and mineral contents are in
agreement with values obtained for beef and chicken. Copyright © 1996 Pub-

lished by Elsevier Science Ltd

INTRODUCTION

Ostrich farming is a rapidly growing industry through-
out the world and ostriches are becoming an important
source of meat for humans. Utilization of ostrich meat
is hampered due to a lack of public knowledge about
the nutritive value and that scientific information about
the nutrient composition of ostrich meat is limited
(Harris et al., 1994; Sales, 1995). Due to the emphasis
placed on the nutritive value of food by consumers a
great need exists for information on nutritional compo-
sition of ostrich meat. The present study was therefore
undertaken in attempt to gain some information on the
proximate, amino acid and mineral composition of
some muscles which are generally used in the ostrich
meat industry.

MATERIALS AND METHODS

Seven ostriches (age range 12-14 months) which were
raised on a commercial ostrich farm were electrically
stunned and killed after a fasting period of 24h in an
ostrich abattoir. Carcasses were allowed to chill for 6 h
at +3 °C before the iliofibularis, femorotibialis medius
and gastrocnemius pars interna were excised from the
left legs. External fat and epimysial connective tissue
were removed, and each sample was ground, homo-
genized, vacuum packed in plastic bags and stored at
—20°C until analyzed.

Moisture content was determined by drying a 5-10g
sample at 105°C to constant weight (Boccard er al.,
1981), ashing was performed at 650°C for 2h (Perez &
Andujar, 1980), protein content was determined by the
block digestion method and ether-extractable intramus-
cular fat content by solvent extraction (AOAC, 1995).
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Amino acids were determined in freeze-dried, fat-free
samples by ion-exchange chromatography of the acid-
hydrolyzed protein. Samples of each muscle were
hydrolyzed with 6 M HCl in a sealed tube for 32h in an
oil bath at 110°C. A Beckman amino acid analyzer
(Model 6300) was used for separating amino acids using
sodium citrate buffers.

A dry ashing procedure was used to prepare the
samples for mineral analysis. Sodium, potassium,
calcium, magnesium, phosphorus, iron, copper, zinc,
manganese and aluminium contents of the digestates
were determined by direct current plasma emission
spectrometry (Pinta, 1982).

STATISTICAL ANALYSIS

Results were analyzed using the General Linear Models
(GLM) procedures of the Statistical Analysis System
(SAS, 1988). Individual animals were used as blocks to
remove variation, due to differences between animals,
from the error sum of squares (Neter & Wasserman,
1974). Means for individual muscles were compared,
where appropriate, by using least significant differences
(Snedecor & Cochran, 1991).

RESULTS AND DISCUSSION

Proximate compositions (wet weight basis) of different
muscles are presented in Table 1.

Water, protein and ash content did not differ
(P>0.05) between muscles. This shows the relatively
consistency of these components between muscles.
Intramuscular fat content was higher (P <0.05) in the
iliofibularis than either the femorotibialis medium or the
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Table 1. Proximate composition (g/100 g edible portion) of different ostrich muscles (mean + SD)

Component Muscle

Hliofibularis Femorotibialis medius Gastrocnemius pars interna
Water 76.24*+0.529 76.412 £0.529 76.152+0.454
Protein (N'x6.25) 21.02+0.576 20.812+0.718 21.6+0.486
Intramuscular fat 0.922+0.227 0.61%+£0.148 0.43°+0.126
Ash 1.032+£0.132 1.132+0.040 1.04a+ 0.077
M/P¢ 3.632+0.110 3.682+£0.152 3.532+0.092

2-b Values in rows with different superscripts differ significantly (P <0.05).

¢ Moisture to protein ratio.

gastrocnemius pars interna. In a previous study (Sales,
1995), it has been found that intramuscular fat contents
were lower than those of the present study. However,
the distributions of intramuscular fat content between
the different muscles were of the same ranking.

Amino acid composition (g/100g protein) for the
different muscles analyzed are shown in Table 2.

Except for a few amino acids muscles showed a simi-
lar pattern in amino acid composition. Valine and
methionine were higher (P <0.05) in the iliofibularis
than in either the femorotibialis medium or the gastro-
cnemius pars interna. Leucine was lower (P <0.05) in the
gastrocnemius pars interna than the iliofibularis while
glycine was significantly higher in gastrocnemius pars
interna than in the other two muscles. The present
results are in agreement with findings that the protein
content as well as the amino acid composition of the
protein remains remarkably constant independent of cut
(Schweigert, 1987).

The mineral compositions (g/100g) of different
muscles are shown in Table 3.

Similar to other meat species potassium is quantita-
tively the most important mineral in ostrich muscles,

followed by phosphorus (Lawrie, 1990). The concentra-
tion of both phosphorus and magnesium were lower
(P<0.05) in the gastrocnemius pars interna between
muscles, while iron and zinc were highest (P <0.05) in
the femorotibialis medium.

Proximate, amino acid and mineral composition of
ostrich meat compared to that of beef and chicken are
presented in Table 4.

Protein and ash contents are constant between spe-
cies. The exceptionally low intramuscular fat content of
ostrich meat in relation to that in beef or chicken is
clearly illustrated in Table 4. The well-known inverse
relation between moisture and fat content in meat is
clearly illustrated in Table 4. Beef with a low water
content has a high intramuscular fat content while the
reverse is true for ostrich meat.

As in beef and chicken, ostrich meat is characterized
by a high content of lysine, leucine, aspartic acid and
glutamic acid. Ostrich meat 1s higher in phenylalanine
and lower in histidine than either beef or chicken and
intermediate with regard to valine, methionine, iso-
leucine and leucine. Except for arginine and aspartic
acid it is lower in the contents of the non-essential

Table 2. Amino acid composition (g/100 g protein) of different ostrich muscles (mean + SD)

Component Muscle

Hliofibularis Femorotibialis medius Gastrocnemius pars interna
Essential
Lysine 8.432+0.319 8.722+0.540 8.32+0.629
Threonine 3.96%+0.166 3.922+0.173 3.822+0.167
Valine 5.352+0.308 4.75+0.328 4.92°+0.496
Methionine 2.932+0.056 2.80°+0.099 2.74°£0.108
Isoleucine 4.96% +0.277 4.582+0.367 4.60*+0.488
Leucine 9.112+£0.272 8.783%+£0.430 8.43+0.522
Phenylalanine 5.07*+0.591 4.732+£0.435 4.712+0.437
Histidine 1.952+£0.246 2.072£0.270 2.072+£0.210
Non-essential
Arginine 7.27*+0.749 6.772+£0.423 6.682+0.524
Aspartic acid 9.992+£0.321 9.662+0.452 9.672+0.680
Serine 3.002+£0.219 3.06°+0.175 3.002+0.182
Glutamic acid 16.12+0.459 16.12+£0.713 15.52+£1.030
Glycine 4.05°+0.225 4.02°+0.147 4.612+£0.420
Tyrosine 3.132+0.220 3.172+0.184 3.092+0.118
Alanine 5.652+0.183 5.282+0.288 5.44°+0.466
Protein (%)° 91.0°+1.739 92.4*+0.754 92.52+£1.726

a-bValues in rows with different superscripts differ significantly (P < 0.05).

°Dry matter and fat free basis.
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Table 3. Mineral composition (mg/100 g edible portion) of different ostrich muscles (mean + SD)
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Component Muscle

Hliofibularis Femorotibialis medius Gastrocnemius pars interna
Major elements
Sodium 40.6*+£6.161 41.12£2.673 46.6*+6.321
Potassium 2722 +£36.528 266 +5.992 2682 +30.075
Calcium 9.00* +4.509 7.292+1.254 8.714 +4.030
Magnesium 22.12+1.215 22.142 £ 0.690 20.57°+£1.272
Phosphorus 2142k + 11.568 2202 +4.981 205.86" +8.494
Minor elements
Iron 2.512+£0.241 2.402 +0.200 1.970+0.229
Copper 0.102£0.052 0.10°£0.031 0.092 +£0.097
Zinc 1.06°+0.113 2.76*+0.489 2.20°+0.589
Manganese 0.052+£0.008 0.072+0.030 0.05+0.006
Aluminium 1.372£1.046 1.072+0.595 1.292+0.696

2<Values in rows with different superscripts differ significantly (P <0.05).

Table 4. Proximate, amino acid and mineral composition of ostrich meat in comparison to beef and chicken

Component Species

Ostrich Beef Chicken
Proximate composition (g/100) ) 2) 3)
Water 76.27 71.6 75.46
Protein 21.12 20.94 21.39
Intramuscular fat 0.65 6.33 3.08
Ash 1.07 1.03 0.96
Amino acids (g/100 g protein) (1) 4) ()]
Lysine 8.48 9.12 8.96
Threonine 3.90 4.64 4.16
Valine 5.00 5.28 4.80
Methionine 2.82 2.72 2.40
Isoleucine 4.7 5.12 4.64
Leucine 7.78 8.00 7.52
Phenylalanine 4.84 4.48 4.48
Histidine 2.03 3.20 3.04
Arginine 6.89 6.72 6.24
Aspartic acid 9.78 9.60 9.12
Serine 3.02 448 4.00
Glutamic acid 15.89 17.28 16.48
Glycine 4.22 5.60 4.82
Tyrosine 3.13 3.84 3.52
Alanine 5.46 6.40 5.76
Minerals (mg/100 g) ) (5 3)
Sodium 43 61 77
Potassium 269 350 229
Calcium 8 7 12
Magnesium 22 20 25
Phosphorus 213 180 173
Iron 23 2.1 0.9
Copper 0.10 0.14 0.05
Zinc 2.0 4.3 1.5
Manganese 0.06 0.04 0.02

(1)Present study.

(2)USDA (1986); separable lean only; all grades.
(3)USDA (1979); flesh without skin.

(4)Paul & Southgate (1978).

(5)Holland et al. (1991); lean only.

amino acids serine, glutamic acid, glycine, tyrosine and
alanine than either beef or chicken.

Phosphorus, manganese and iron are higher and
sodium lower in ostrich meat than either beef or
chicken, while potassium, calcium, magnesium copper

and zinc classify ostrich as intermediate between beef
and chicken. Harris ef al. (1994) reported values of
62.39+5.24 and 2.87+0.88mg/100g for sodium and
iron in the iliofibularis when cooked to an internal tem-
perature of 63°C. The low sodium content of ostrich
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meat has an advantage for people who have to consume
a low sodium diet. Iron is considered to be the most
important minor mineral in meat, especially for the
adult woman. The amount of iron potentially available
from foods, however, not only depends upon the
amount of iron present, but also on the nature of that
iron (Monson ef al., 1978). This has to be investigated in
ostrich meat.

CONCLUSIONS

The present results indicate that ostrich meat is similar
in protein content, amino acid and mineral composition
to meat from other conventional meat animals. The
low intramuscular fat and sodium contents of ostrich
meat has an advantage in the marketing of ostrich meat
as a health product to the developed world where
coronary heart disease is a major health problem. The
determination of fatty acid profiles and human diet
studies, however, are essential to further develop this
proposal.

The author wishes to thank Camdeboo Meat Processors
for provision of meat samples.

REFERENCES

AOAC (1995). Official Methods of Analysis of AOAC Interna-
tional, 16th edn, ed. P. Cunniff. AOAC International,
Arlington, Virginia, USA.

Boccard, R., Buchter, L., Casteels, E., Cosentino, E., Drans-
field, E., Hood, D. E., Joseph, R. L., MacDougall, D. B,
Rhodes, D. N., Schon, L., Tinbergen, B. J. & Touraille,
C. (1981). Procedures for measuring meat quality char-
acteristics in beef production experiments. Report of a
working group in the commission of the European com-
munities (CEC) beef production research programme.
Livestock Prod. Sci., 8, 385-97.

Foster, M. L. Jr & Gonzales, S. E. (1992). Soxtec fat analyzer
for determination of total fat in meat. JAOAC, 75,
288-92.

Harris, S. D., Morris, C. A., May, S. G., Jackson, T. C,,
Lucia, L. M., Hale, D. S., Miller, R. K., Keeton, J. T.,
Savell, J. W. & Acuff, G. R. (1994) Ostrich Meat Industry
Development. A and M Reports to the AOA. Final report
to American Ostrich Association, August 1994, Texas
Agricultural Extension Service, College Station, TX, USA.

Holland, B., Welch, A. A., Unwin, 1. D., Buss, D. H,, Paul, A.
A. & Southgate, D. A. T. (1991). McCance and Widdow-
son’s The Composition of Foods, 5th (extended) edn. The
Royal Society of Chemistry and Ministry of Agriculture,
Fisheries and Food. Richard Clay Ltd, Bungay, Suffolk,
UK.

Lawrie, R. A. (1990). Meat Science, 5th edn. Pergamon Press,
Oxford.

Monson, E. R., Hallberg, L., Layrisses, M., Hegsted, D. M.,
Cook, J. D., Mertz, W. & Finch, C. A. (1978). Estimation
of available dietary iron. Am. J. Clin. Nutr., 31, 13441.

Neter, J. & Wasserman, W. (1974). Complete Randomized
Designs. In Applied Linear Statistical Models. Regression,
Analysis of Variance and Experimental Designs. Richard
D. Irwin, Inc, Homewood, IL, p. 679.

Paul, A. A. & Southgate, D. A. T. (1978). McCance and Wid-
dowson’s The Composition of Foods, 4th (revised and
extended) edn of MRC Special Report No. 297. Elsevier/
North-Holland Biomedical Press, Amsterdam.

Perez, D. & Andujar, G. (1980). Determination of ash content
in meat products. Meat Sci., 5, 165-70.

Pinta, M. (1982). Modern Methods for Trace Element Analysis,
3rd edn. Butterworths Ltd, Borough Green, Sevenoaks,
UK, pp. 91-132.

Sales, J. (1995). Histological, biophysical, physical and chemi-
cal characteristics of different ostrich muscles. J. Sci. Food
Agric. (in press).

SAS (1988) SAS User’s Guide: Statistics. SAS Institute, Cary,
NC, USA.

Schweigert, B. S. (1987). The nutritional content and value of
meat and meat products. In The Science of Meat and Meat
Products, 4th edn, eds J. F. Price and B. S. Schweigert.
Food and Nutrition Press, Inc., Westport, CT, USA, p. 275.

Snedecor, G. W. & Cochran, W. G. (1991). One-way classifi-
cations: analysis of variance. In Statistical Methods, 8th
edn. Iowa State University Press, Ames, pp. 235-6.

USDA (1979). Composition of Foods: Poultry Products. Agri-
culture Handbook No. 8-5. United States Department of
Agriculture, Washington, DC, USA.

USDA (1986). Composition of Foods: Beef Products. Agri-
culture Handbook No. 8-13. United States Department
of Agriculture, Washington, DC, USA.



