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Abstract: The study aimed to evaluate the slaughter value and meat characteristics of ten ostrich
females reared and slaughtered at the age of 18 months in Hungary. The ratio of selected body
parts, the main organs and the lean meat parts were examined. The nutritive composition, the
colour, the technological and organoleptic characteristics of five valuable meat parts (outside
strip—M. flexor cruris lateralis, oyster—M. iliofemoralis externus, tip—M. femorotibialis medius,
outside leg—M. gastrocnemius pars externa, medal —M. ambiens) and the amino acid, fatty acid
and mineral composition of outside strip (M. flexor cruris lateralis) were also evaluated. The ratio
of body parts and the main organs as the percentage of live weight, and the lean meat part as the
percentage of carcass weight showed 16.74 + 0.01%, 6.16 + 0.01% and 57.29 + 0.59%, respectively.
The dry matter content of the examined valuable meat parts ranged between 24.89 + 0.08 and 26.23
+ 0.13%, the protein ratio took on values between 18.40 + 0.09 and 20.62 + 0.16%, the fat content
showed values between 2.36 + 0.07 and 4.50 + 1.09% and the hydroxyproline content ranged be-
tween 0.01 + 0.001 and 0.08 + 0.001%. The amino acid content of the outside strip showed a range
between 0.15 and 3.33%. The ratio of SFA, MUFA and PUFA was 35.10 + 0.53, 37.37 + 1.52 and 27.54
+ 1.01. The n-6/n-3 ratio showed 3.91 + 0.43 and the SFA/UFA ratio was 0.54 + 0.02. Among the
examined minerals, the content of Ca, K, Mg, Na and P was the highest in the meat. In the case of
the colour, regarding L* value, we could reveal no significant difference between the examined
meat parts. For a* and b* values, the outside leg had the lowest data of all. We could not reveal a
significant difference between the pH values of the meat parts. Regarding technological parame-
ters, meat differed only in thawing loss. The significantly lowest thawing loss could be detected in
the outside leg (2.72 + 0.01%) and in the medal (2.32 + 0.01%). The results of the organoleptic eval-
uation showed that the outside strip and the tip had the best flavour and tenderness. In comparison
with the younger birds (10-14 months of age) in the literature, the 18-month-old ostriches in our
study showed similar or slightly lower slaughter weight, skin weight and head ratio, greater liver
weight, lighter meat, lower protein and higher fat content, higher essential amino acid and lower
non-essential amino acid content and higher SFA content in some cases. However, data on nutri-
tion and population size were not always available. In comparison with other ratites (emu and
rhea), ostrich meat has lower dry matter and protein, but higher fat, SFA, MUFA and PUFA con-
tent and lower n-6/n-3 ratio.

Keywords: ostrich; meat production; meat nutritive composition; amino acids; fatty acids;
minerals; technological and organoleptic characteristics

1. Introduction

Alternative food sources that support healthy human nutrition are in heavy de-
mand. Ostrich meat, as lean meat with low intramuscular fat (0.5%) and cholesterol
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content [1], is suitable for this purpose. Due to its status as a gourmet product and its
high price, ostrich meat is usually purchased by the wealthy. Compared to beef and
poultry, ostrich meat has a favourable fatty acid profile and low fat content [2], and it is
characterised by a beef-like taste and tenderness [3]. According to Balog and Almeida [4],
consumers prefer ostrich to beef because of its low intramuscular fat content. Although
the prime product of the ostrich industry is meat, skin, oil and feathers are also pro-
cessed. Ostrich meat production ranges from 12 to 15 thousand tonnes, 60% of which
comes from South Africa. The major producers are South Africa, the USA, Australia,
Spain, Poland and the Middle East. The ostrich meat industry produces mostly fresh
meat, including steak and hamburger meat, as well as dry goods. [5].

Hungary exports live ostriches and ostrich meat (approximately three thousand
slaughtered birds a year) to France. Ostrich meat is also purchased by local consumers
and restaurants in the capital. The outside strip, the oyster, the tip, the outside leg, the
medal and the fan are considered to be the most valuable cuts of the lean meat parts. In
Hungary, the outside strip and the fan are sold vacuum packed as raw or smoked meat
or sliced prosciutto crudo. The oyster is used for preparing pate, while the tip and the
outside leg are used for sausages and salami.

As with all ratites, the largest amount of meat can be found on the thigh, while the
smallest is on the breast, wings and back. Ostriches reach the optimal slaughter age at 12—
14 months [6], although birds of the Zimbabwean blue neck genotype provide a satisfy-
ing amount of meat at the age of 10-12 months [7]. The Struthio camelus species can be
characterized with a 57-58% slaughter yield and 62.5% lean meat [8,9]. For slaughter
animals, maintainer feed is usually provided from 10 months of age until slaughter with
8-10 MJ/kg energy, 12-14% protein, 2.5% fat, 0.9-1.4% Ca and 0.6 g/kg lysine content [10].
Due to its high iron content, ostrich meat has dark red pigmentation but the iron con-
centration may vary among meat parts [11]. There has been no scientific result on raw
meat smell, but packaging technology and storage time influence this parameter [12]. The
smell is determined by water-soluble molecules, whereas flavour is mainly influenced by
fat-soluble compounds [13]. For consumers, the other significant meat characteristic is
tenderness. This parameter is affected by the cooking technology employed and also by
the cooking temperature [14]. When compared to beef, ostrich meat is stiffer and drier
because it has lower connective tissue and collagen content. Juiciness and tenderness are
closely linked and consumers consider juicier meat to be more tender, too [13]. Taylor et
al. [14] also report a relation between low fat content, juiciness and texture. Under 15
months of age, ostrich meat is more tender [15]. Technological characteristics of meat,
such as thawing, dripping and cooking loss are also relevant from the market point of
view. These characteristics, including texture and tenderness, are influenced by the wa-
ter-holding capacity of the meat [16]. Cooking loss increases with longer storage time
[17]. Higher pH value improves water-holding capacity, thus it decreases drip loss [18].
The mean pH value of ostrich meat is 7.2, but it increases after 24 h and facilitates meat
processing [19]. Ostrich meat has a regular (<5.8) to high (>6.2) 24 h postmortem pH [1].

In this preliminary study, we aimed to assess the slaughter value and meat charac-
teristics of ostriches reared in Hungary. The slaughtered animals were six months older
than the optimal slaughter age (12 months) since the COVID-19 pandemic substantially
decreased the capacity of the HORECA (hotel/restaurant/catering) sector. Zimbabwean
ostriches are known to have constant weight over the age of one year [20]. As regards the
age of the birds, we wanted to assess the slaughter value and meat characteristics of older
animals and to compare them with those of the ostriches that were slaughtered at the
optimal age (10-14 months). Although extensive literature is available on this topic, none
of the studies included a wide range of parameters examined similar to ours. In Hungary,
no research findings have been published on this species so far. The present article is the
first one to evaluate the whole spectrum of meat production characteristics of ostriches.
In this respect, our findings can be considered to be gap filling. However, regarding the
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small number of the evaluated birds, the present research can offer only preliminary re-
sults.

2. Materials and Methods
2.1. The Animals and the Slaughter Process

The ten female ostriches used in our examination came from a farm in Jaszberény
in the Central Hungary region with a continental climate. Polipor-98 Ltd. is the largest
company producing slaughter birds for export. Semi-intensive, grain-based fattening
technology was applied with coarse feed supplementation (alfalfa). The birds received
starter feed (0.02-0.12 kg/day/bird) from week 0 to 8, then starter + grower (0.55-0.65
kg/day/bird) from week 9 to 11. After that, grower (0.75-1.4 kg/day/bird) feed was pro-
vided for them from week 12 to 24, then maintainer (1.5 kg/day/bird) from week 25 until
slaughter. The starter feed was composed of maize, wheat, non-GMO soybean meal, al-
falfa pellets, full-fat soy, sunflower meal, sugar beet pellets and vegetable oil. The starter
feed had 12 M]/kg energy, 21.00% raw protein, 4.00% fat, 6.70% fibre, 7.5% ash and 1.15%
lysine content. The grower feed included maize, wheat, alfalfa meal, sunflower meal,
soybean meal, FF soybean, dried beet pulp and non-GMO soybean meal. The grower
feed contained 10 MJ/kg energy, 18.00% protein, 3.70% fat, 8.20% fibre, 7.52% ash and
0.95% lysine. The maintainer feed comprised maize, alfalfa pellets, wheat, sunflower
meal, full-fat soybean, beet pellets and vegetable oil. The maintainer had 8 MJ/kg energy,
16.20% protein, 3.80% fat, 9.40% fibre, 6.92% ash and 0.80% lysine content. The feed was
purchased from Agrofeed Ltd.

Chicks were nursed on a 2 m x 0.8 m x 1 m sized battery until the age of two weeks
with a total of twenty birds of mixed gender. After that, they were moved to deep litter
until three months of age with 5 m?/bird stocking density and mixed gender. From the
age of three months until slaughter, the animals were kept in a 300 m? pen with a stock-
ing density of 10 m?/bird and mixed gender. The fattening process was accomplished on
the same farm; the pens were placed next to each other, so the environmental conditions
were considered equal for each animal. The keeping conditions met the requirements of
the Model Code of Practice for the Welfare of Animals [21].

After the birds were stunned and bled on the farm, they were processed three
hours later in a slaughterhouse in Tokaj. The birds were 18 months of age with a 100.9 +
4.48 kg live and 51.75 + 2.18 kg carcass weight. In the slaughterhouse, we measured the
weight of skin with feathers, the head, the feet, the diaphragm and the internal organs
(heart, lung, liver and gizzard) with a two-decimal digital balance. The carcass was
cooled to 4 °C and divided into meat parts 24 h after slaughter. The weight of all meat
parts located on the left leg and the back was measured.

2.2. pH and Colour Determinations

We recorded the colour and the pH value of five valuable meat parts (outside strip,
oyster, tip, outside leg and medal) all used in further evaluations. The pH value was
measured 24 h after slaughter by Testo AG Germany 205 pH value gauge. The pH value
gauge was immersed in buffer solution before measurement. For meat colour (L*, a* b¥)
examination, the Konica Minolta CR-410 Chroma Meter was applied 24 h after slaughter
with a 21 min blooming time. The Chroma Meter was calibrated with the use of a white
calibration plate before the analysis, setting the Y, x and y illuminant coordinates (Y =
93.7, x = 0.3144, y = 0.3204). Regarding meat colour, L*, a* and b* values represent a col-
our space defined by CIE. L* value expresses lightness, a* and b* refer to the greenness
and redness, blueness and yellowness of meat [22].
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2.3. Kjeldahl-Method for N Analysis

From the prepared (ground) samples, 1 g was measured on nitrogen-free paper and
folded into it. The digestion of these samples was initiated with two 3.5 g Se-Kjeldahl
tablets (VWR International) and 14 mL conc. H2SOs. The digestion was performed at 420
°C. After cooling, the samples were distilled in UDK 149 distiller (VELP Scientifica Srl,
Usmate, Italy) and ammonium was released by 33 (m/m)% NaOH addition and loaded
into 4% (w/w)% boric acid solution. The N was determined by titrimetric analysis with 0.2
N H2SOs in TITROLINE 5000 automatic titrator (VELP Scientifica Srl, Usmate, Italy).

2.4. Total Fat Content Assessment

The measurement was performed according to the MSZ ISO 1443:2002 standard.
The ground samples (3-5 g) were measured and treated with 50 mL conc. HCI for 1 h;
then 150 mL hot water was added to it. The solution was filtered through a filter paper
and washed with hot water until the pH was neutral. The filtrate was dried at 103 + 2 °C
for 1 h. The filter paper with the filtrate was inserted into TECATOR Soxtec fat extractor
and extracted with petrol ether (40-60 °C). The extracted fat was dried and measured.
The fat was further analysed for fatty acid composition.

2.5. The Examination of Fatty Acid Composition

The fatty acid composition was determined as methylated fatty acid composition
based on the ISO 12966-2:217 standard sample preparation method. The fat (Section 2.4)
was dissolved in 6 mL hexane and 12 mL NaOH:MeOH and was treated at 80 °C for 10
min for saponification. Afterwards, the solution was diluted with water and the
non-saponified compound was extracted with hexane. The remaining solution was acid-
ified with 0.5 mL 6 M H2SOs and with hexane again; then the fatty acids were extracted
and separated. After the addition of 2 mL BF3:MeOH, it was heated at 80 °C for 30 min.
Then, the solution was treated with conc. NaCl solution and the supernatant was applied
into GC-FID FAME (Varian GC 3800, San Diego, CA, USA) detection with CP-Select for
FAME column (100 m x 0.25 mm). FAME standard (Sigma-Aldrich) was applied as a
reference. The total SFA content was calculated as the sum of C4:0, C6:0, C8:0, C10:0,
C12:0, C14:0, C15:0, C16:0, C18:0, C20:0, C21:0, C22:0, C23:0 and C24:0. The total MUFA
content was given as the sum of C15:1, C16:1, C17:1, C18:1, C20:1, C20:3, C22:1, C23:1 and
C24:1. For calculating the total PUFA content, the sum of 18:2n6, 18:3n6, 18:3n3, C20:3n6,
C20:3n3 and C22:6n3 was used.

2.6. The Preparation of Meat Samples for Elemental Analysis (HNOs-H:0: Digestion)

From the prepared (ground) meat samples, 1 g was loaded into digester tubes. Ten
ml of distilled conc. HNOs was added and heated at 60 °C for 30 min, then 3 mL 30% (v/v)
H:0: (Scharlab) was added and the samples were digested further at 120 °C for 90 min.
After the digestion, all samples were washed into 50 mL volumetric flasks with distilled
water, homogenised and filtered (MN 640 W paper; Macherey-Nagel). The ICP-OES
technique was applied on iCAP 7000 spectrophotometer (Thermo Scientific, Cambridge,
UK). For the calibration, a multielement standard solution was applied.

2.7. Amino Acid Analysis

For total amino acid analysis, 5 mg homogenised samples were hydrolysed with 6 M
HCl at 110 °C for 23 h. After filtration and dilution to even protein content, the samples
were loaded to ion-exchange chromatography on AAA500 (INGOS Ltd., Prague, Czech
Republic) semi-automated amino acid analysing system in five buffer systems (citrate
-sodium citrate, pH 2.2; 2.7; 3; 4.25; 8) with ninhydrin detection on two wavelengths (440
and 570 nm). Cya, Asp, MetS, Thr, Ser and Glu at pH 2.7; Pro, Gly, Ala, Cys and Val at pH
3; Ile and Leu at pH 4.25; and Tyr, Phe, His, Lys and Arg at pH 8 were eluted. Reference
amino acid mixture was applied (INGOS Ltd., Prague, Czech Republic).
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2.8. Hydroxyproline Measurement

The measurement was performed according to the MSZ ISO 3496:2000 standard.
Frozen meat was sliced into cubes and wrapped in plastic. It was taken to 70 °C for 30
min. It was cooled and homogenised. Then, 4 g of the sample was added to a flask and
30 mL conc. H2504 was added for hydrolysis. The sample was left for 16 h at 105 °C. The
hydrolysed sample was filtered into a 250 mL measuring flask with 3 x 10 mL hot conc.
H2S04 and diluted up to the 250 mL mark with distilled water. Four millilitres of the
solution was mixed with 2 mL chloramine T reagent (1.41 (m/v)% sodi-
um-N-chlor-p-toluol-sulphonamide-trihydrate in citrate-sodium acetate buffer, pH 6.8)
and left for 20 min at RT. Twenty millilitres of the 10 (m/v)%
p-dimethyl-amino-benzaldehyde in 60 (m/m)% perchlorate was added to the solution,
mixed thoroughly, closed with a loosened cap and put into a water bath at 60 °C for 20
min. After heating, the solution was cooled and left at RT for 30 min. The absorbance
was determined at 560 nm in glass cuvettes with water as a reference. The hydroxypro-
line concentration was determined with a hydroxyproline reference curve (0.5 pg/mL-2
pg/mL).

2.9. Examination of Selected Technological Parameters and Shear Force of Meat

The measured technological characteristics included drip loss (%), thawing loss (%),
cooking loss (%) and shear force (N/mm). For drip loss, meat pieces of 50 + 5 g and 1 cm
thick were cut from each meat part. Pieces were packed in an inflated nylon bag, then
hung up in the fridge at 4 °C for 24 h and weighed again [23]. The meat samples for
cooking loss measurement were cut into 100 + 5 g and 1 cm thick pieces and weighed.
For the evaluation of cooking loss, pieces were packed in nylon bags and cooked for half
an hour until core temperature reached 75 °C. The samples were cooled under running
water, wiped with a paper towel, and then weighed. After cooking, meat pieces were
chilled at 4 °C overnight. The temperature of the samples was 4 °C during the measure-
ment. Pieces were cut across the muscle fibres, two times each. XT + Texture Analyser
(Warner-Blatzer) was used to measure the shear force (N/mm) on cooked samples, with
shear blade set using 25 kg load cell, with 1.5 mm/s test speed from 40 mm distance.
Once the trigger force is attained, the blade proceeds to shear through the sample. The
maximum force denotes the point at which the sample completely fills the triangular
cavity of the blade and cuts through the sample surface. After this point, shearing con-
tinues through the whole sample until the blade passes through the base plate slot. The
blade then returns to its starting position. Curves were evaluated to obtain shear force
data.

2.10. Organoleptic Evaluation of the Different Meat Parts

After freezing at —20 °C for three months, the five samples from the ten birds were
cooked for organoleptic evaluation. The cooking procedure was carried out in a pot at 90
°C until reaching core temperature at 75 °C [24]. The samples were cut into four pieces of
2 cm x 2 cm x 2 cm cubes and kept at 45-55 °C until analysis, which took place immedi-
ately after. An experienced panel of eight men and thirteen women aged between 24 and
70 were included in the examination. Four pieces of the five meat parts were placed on
each plate but the different meat parts were separated. Each meat part was tasted by four
people, so we had two hundred pieces of meat in total. Fresh water and bread were also
served to the panellists, who also received a questionnaire with questions about their
personal demographical specificities and habits of meat consumption. Having filled in
the questionnaire, the panellists commenced the organoleptic evaluation using a 5-point
hedonic scale (1—unfavourable, 5—excellent). For organoleptic characteristics, smell,
flavour, juiciness, tenderness, texture and the presence of an aftertaste were scored.
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2.11. Statistical Analysis

The results are presented as mean values and the standard error of the mean. The
statistical analysis was carried out with the IBM SPSS Statistics 23.0 and Microsoft Office
Excel 2016 programs. Mean values were compared using univariate analysis of variance
and a Tukey test with a significance level of p < 0.05.

3. Results
3.1. The Ratio of Body Parts, Meat Parts and the Main Organs

The ratio of the main body parts is shown in Table 1. The skin with feathers made up
the greatest part of live weight among the examined body parts (Table 1). The weight of
the diaphragm and the feet contributed equally to the live weight. The neck was signifi-
cantly heavier than the head, but lighter than the other body parts. The head made the
lowest percentage of all the measured body parts. The total ratio of the evaluated body
parts was 16.74 + 0.01% of live weight.

Table 1. The ratio of body parts expressed in the percentage of live weight (1 = 10).

Body Parts Ratio (%)
Skin with feathers 8.06 4+ 0.01
Neck 2120 +0.01
Diaphragm 2.86 <+ 0.01
Head 0.712+0.01
Feet 2.99 <+ 0.01
Total 16.74 +0.01

=-d: Different letters represent significant differences (p < 0.05).

The ratio of meat parts located on the thigh and back expressed as the percentage of
carcass weight is presented in Table 2. The weights in descending order were the fol-
lowing: tip, outside thigh, fan, outside leg, leg, drumstick, other meat cuts, inside leg,
oyster, outside strip, back tender, inside strip and medal. The total ratio of all examined
lean meat parts was 57.29 + 0.59% and we found significant differences among the mus-
cles. The medal showed the lowest percentage of all, followed by the inside strip, the
back tender and the outside strip making the second weight category. The oyster had a
significantly higher percentage than the previous cuts. The ratio of the inside leg showed
the next weight category, followed by the drumstick and the other meat cuts. The ratio of
the fan, outside leg, leg and outside thigh was similar. The tip had the highest percentage
of all. The ratio of the outside strip, oyster, tip, outside leg and medal made 19.16 + 0.01%
of all the examined meat parts. The owner did not allow us to evaluate the fan as it is the
most valuable meat part and is sold whole and only a few birds are slaughtered annually.

Table 2. Percentage of individual valuable meat parts (1 = 10).

Meat Part Ratio (%)
Outside strip 2.322+0.23
Oyster 2.72+0.09
Fan 6.49 s +0.21
Tip 6.838+0.26
Outside leg 6.341+0.13
Medal 0.942+0.03
Inside leg 3.284+0.14
Inside strip 2.05*+0.13
Outside thigh 6.57 8 £ 0.21

Back tender

2.23°+0.13
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Leg 6.281+0.17
Drumstick 5.70ex0.21
Other meat cuts 5.54¢+0.15
Total 57.29 + 0.59

=¢: Different letters represent significant differences (p < 0.05).

The ratio of the main organs expressed in the percentage of live weight is shown in
Table 3. The ratio of heart and lung was similar; neither the liver, nor the empty gizzard
differed in the percentage of live weight. The total ratio of the main metabolic organs was
6.16 +0.01%.

Table 3. Ratio of the main organs expressed in the percentage of live weight (1 = 10).

Organs Ratio (%)
Heart 0.882+0.01
Lung 0.982+0.01
Liver 2.02%+0.01

Empty gizzard 2.28°b+0.01
Total 6.16 £ 0.01

ab: Different letters represent significant differences (p < 0.05).

3.2. Chemical Composition of the Examined Meat Parts

The nutritive composition of the examined meat parts is given in Table 4. The dry
matter content showed values between 23.84 + 0.31 and 26.23 + 0.13%. The oyster and the
tip showed the lowest dry matter content, with the outside strip showing the highest. The
protein content of meat parts took on values between 18.40 + 0.09 and 20.62 + 0.16%. The
tip showed the lowest protein content, while the outside strip and the medal revealed the
highest protein content. The fat content revealed values between 2.36 + 0.07 and 4.50 *
1.09%. The oyster had the lowest fat content, while the tip and the outside strip showed
the highest fat content. The hydroxyproline content ranged between 0.01 + 0.001 and 0.08
+ 0.001%. The lowest hydroxyproline content was found for the outside strip and the
outside leg; conversely, the tip was the richest in this compound.

Table 4. Nutritive composition of the five examined valuable meat parts (1 = 10).

Meat Parts/Nutrients Dry Matter% (w/w) Protein% (w/w) Fat% (w/w) Hydroxyproline% (w/w)
Outside strip 26.234+0.13 20.49 <4 +0.08 441<+0.12 0.012+0.001
Oyster 23.842+0.31 20.10 <+ 0.32 2.362+0.07 0.03 <+ 0.001
Tip 24.35® +0.15 18.40 2+ 0.09 4.50<+1.09 0.08 4 +0.001
Outside leg 2451°v+0.15 19.49°+0.11 3.64b+0.14 0.012+0.001
Medal 25.54 <+0.13 20.624+0.16 3.57b+0.11 0.02++0.001

a-d: Different letters represent significant differences (p <0.05).

The amino acid content of the outside strip is presented in Table 5. The amino acid
content ranged between 0.15 + 0.01and 3.33 + 0.04 g/100 g meat. Regarding the amino acid
and fatty acid composition, we had the opportunity to assess only one meat part, so we
chose the outside strip, which is the second most valuable one after the fan. Among the
evaluated amino acids, the essential amino acids showed 8.68 + 0.15 g/100 g meat, the
non-essential amino acids made 4.69 + 0.27 g/100 g meat and the quantity of conditional
amino acids was 6.18 + 0.02 g/100 g meat. The outside strip was the richest in glutamine
and the poorest in cysteine. The quantity of isoleucine, valine and threonine was equal.
The examined meat part contained similar concentrations of leucine and lysine. On
amino acid content, only Sales’s results [8] could be found expressed in g/100 g meat of
unknown meat parts. The author evaluated 10- to 12-month-old ostriches and found
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lower values for the content of asparagine, threonine, serine, glutamine, alanine, valine,
isoleucine, tyrosine, histidine and lysine, while he had no data on proline and cysteine.

Table 5. Amino acid composition of outside strip (1 = 10) compared to the literature.

Amino Acids Present Results Sales [8]
(g/100 g Meat) (g/100 g Meat)
ASP 1.94 m + (.02 1.90
THR 1.001+0.01 0.76
SER 0.83 ¢+ 0.01 0.59
GLU 3.33n+0.04 2.51
PRO 0.88 h+0.04 -
GLY 0.824+0.01 0.82
ALA 1.18 x+0.01 1.06
CYS 0.152+0.01 -
VAL 1.00i £ 0.01 0.97
MET 0.54 > +0.02 0.55
ILE 0.981+0.01 0.92
LEU 1.621+0.02 1.70
TYR 0.74 <+0.01 0.61
PHE 0.85t+0.01 0.94
HIS 0.86&+0.01 0.39
LYS 1.841+0.08 1.65
ARG 1.00i+0.01 1.36

an: Different letters represent significant differences (p < 0.05).

In Table 6, we present the main fatty acids which were published in the literature to
enable comparison. The total values were calculated using all examined fatty acids. The
total saturated fatty acid content of the outside strip was 35.10 + 0.53%. The concentration
of palmitic acid (C16:0) was the highest of the whole fatty acid composition of all exam-
ined saturated fatty acids. Stearic acid (C18:0) was the second fatty acid present in large
quantity. The content of monounsaturated fatty acids showed 37.37 +1.52%, of which the
concentration of vaccenic acid (C18:1) should be highlighted. The total polyunsaturated
fatty acid ratio was 27.54 + 1.01%, among which the ratio of linoleic acid (C18:2n6) was
the most significant. The total unsaturated fatty acid content was 64.90 + 1.68%. Our re-
sults, compared to the literature demonstrated in Table 6, agree with the 27 to 39% range
of fatty acid ratio published by other authors. The SFA/UFA ratio was below the results
of Horbanczuk et al. (1998) [25] and Hoffman et al. (2005) [26], but above that of Hor-
banczuk et al. (2019) [27]. The n-6/n-3 ratio in our examination was almost half of the one
found by Horbanczuk et al. [27]. Information on the diet is not available for drawing
further conclusions from the difference.

Table 6. Fatty acid composition (%) in the estimated total sum of fatty acid of ostrich outside strip
and that of several authors.

. Present Results Horbanczuk et Hoffman et al. Horbanczuk et al.
Fatty Acids (1 = 10) al. (1998) [25] (2005) [26] (2019) [27]
(n=6) (n=28)
Saturated fatty acids (SFAs)

C8:0 0.022+0.01 0.03 +0.00 - -

C10:0 0.052+0.02 0.09 +0.01 1.67 £ 045 -

C12:0 1.032+0.39 0.14 £ 0.01 0.00+0.03 -

C14:0 0.752+0.08 1.53+0.18 0.75+0.20 0.57 +0.12

C15:0 0.242+0.03 - x 0.11+£0.08 0.02 £0.00
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C16:0 22.25¢+1.31 24.06 +0.29 21.95+0.56 21.37+0.21
C18:0 10.38°+1.06 11.84+0.32 14.08 + 0.66 9.81+0.08
Total (SFA) 35.10+0.53 37.71+0.39 39.73+0.77 31.33+0.21
Monounsaturated fatty acids (MUFAs)
C14:1 <0.01* - - 0.08 +0.00
C15:1 <0.01* - 0.12+0.07 0.17 £0.01
Cle6:1 5.33b+0.52 3.79+0.11 3.51+0.42 7.90 +0.09
C18:1 31.85¢+1.20 33.25+0.52 21.15+0.78 29.96 +0.15
C20:1 <0.01* 0.29 +0.01 1.96 +0.57 0.21 +0.02
Total (MUFA) 37.37+1.52 33.49+0.40 2727 +1.13 38.46 +0.16
Polyunsaturated fatty acids (PUFAs)
C18:2n6 21.194+0.61 15.01 +£0.55 18.06 + 0.84 18.70 £ 0.10
C18:3n3 1.49%+0.11 6.50 +0.52 5.76 +0.36 1.98 +£0.04
C18:3n6 <0.01* - 0.59+£0.16 -
C20:3n6 <0.01* - - 0.57 +0.01
C20:3n3 4.85<+1.10 5.30+0.13 6.15+0.77 5.44 +0.05
C22:6n3 <0.01* 0.73+0.05 1.22+0.55 0.67 +0.02
Total (PUFA) 27.54+1.01 28.79 + 0.61 32.99 +1.22 28.48 +0.10
n-6/n-3 ratio 3.91+0.43 - - 7.55+0.21
SFA/UFA ratio 0.54 +0.02 0.61 0.66 0.47

ad: Different letters represent significant differences (p < 0.05); * values below the level of detection;
xnot presented in the study.

The mineral composition of the outside strip is shown in Table 7. The content of Ca,
K, Mg, Na and P was significantly the greatest among all examined minerals. Our results
for all the examined minerals except for Mn surpassed the literature data presented in
Table 7. In comparison with the studies, differences in the content of Ca and K were the
greatest. The authors also revealed remarkably different results in some cases.

Table 7. Mineral composition of ostrich outside strip (n = 10) compared to the literature.

Sales and Oli-
Minerals Present Results (g/100 g) Majewska [28] (g/100 g) ver-Lyons [29] (g/100
g)

Ca 0.33°+0.007 0.05 £ 0.008 0.08
Cu 0.002 2+ 0.0001 0.001 = 0.0003 0.001

Fe 0.04 2+ 0.0006 0.04 +0.005 0.02

K 3.452+0.05 2.38+£0.14 2.69
Mg 0.26 >+ 0.003 0.25+0.01 0.22
Mn 0.0004 = +0.00001 0.0002 + 0.00003 0.0006
Na 0.512+0.01 0.33 £0.03 0.43

P 248°+0.01 228 +£0.12 2.13

Zn 0.03 2+ 0.0008 0.02 £ 0.006 0.02

ab: Different letters represent significant differences (p <0.05).

3.3. Colour and pH Value of the Examined Valuable Meat Parts

Table 8 presents the colour and pH value of the five examined meat parts. No sig-
nificant difference was found between the meat parts in L* value. However, the a* and b*
planes were more sensitive (p < 0.05) to the colour determinations. Only the a* value of
outside leg differed from a* value of the other meat parts and proved to be the smallest.
The outside leg showed the smallest, the oyster the greatest b* value. The pH value of the
examined meat parts ranged between 5.95 + 0.02 and 6.01 + 0.03 and we found no signif-
icant difference among the muscles.
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Table 8. The colour and the pH 2% value of the five examined valuable meat parts (n = 10).
Meat
L* * b* H 2¢h
Parts/Parameters 2 P
Outside strip 36.76 £ 0.92 25.61°b+0.32 6.15d +0.38 5.95+0.02
Oyster 35.47 £0.93 24.85b+0.47 6.59 4+0.32 6.00 = 0.04
Tip 36.66 £ 0.73 2538+ 0.46 5.75bd +0.38 6.01 +0.03
Outside leg 35.81+£0.82 22.602+0.58 3.36 2+ 0.51 5.97+0.01
Medal 37.04 £ 0.67 2475t + (.35 5.29 bc+ (.30 6.00 + 0.02

Different letters represent significant differences (p < 0.05).

3.4. Selected Technological Parameters and Shear Force of the Five Examined Valuable Meat Parts

The values of the technological parameters and shear force are shown in Table 9. We
found no significant difference between the results of drip loss; however, differences in
thawing loss were significant. The outside leg and medal showed the smallest thawing
loss, while the outside strip and the oyster showed the biggest. It can be stated that the
outside leg and the medal were less negatively affected by thawing, and these meat parts
could hold water more efficiently after the process. The cooking loss showed values be-
tween 36.63 + 1.38 and 41.23 + 1.47% and we could not detect significant differences
among meat parts. The shear force took on values between 2.90 + 0.24 and 3.42 + 0.37
N/mm. There was no significant difference among the meat parts.

Table 9. Technological characteristics and shear force of the five valuable meat parts (1 = 10).

Shear Force

1 o, 1 0, 1 o,
Meat Parts  Drip Loss (%) Thawing Loss (%) Cooking Loss (%) (N/mm)
Outside strip 5.88 +0.02 422°b+0.01 4123 +1.47 2.99+0.25
Oyster 4.02+0.01 4.48°+0.01 37.32+1.30 3.01+0.24
Tip 4.00 +0.01 3.50 % +0.01 40.05+1.23 3.28+0.23
Outside leg 4.17 +0.01 2.722+0.01 36.63 +£1.38 3.42+0.37
Medal 4.08 +0.01 2.322+0.01 36.68 +1.30 2.90 +0.24

Different letters represent significant differences (p < 0.05).

3.5. Organoleptic Characteristics of the Examined Meat Parts

The results of the organoleptic evaluation are given in Table 10. Only the flavour
and the tenderness revealed significant differences between the meat parts. The oyster
and the medal were less favourable, while the outside strip and the tip had the best fla-
vour and tenderness. Although we could not find significant differences in shear force
among the meat parts, panellists found significant deviations in meat tenderness. After-
taste (metallic, unfavourable, uncharacteristic of meat) was not detected. In summary,
ostrich meat received an average score for every organoleptic parameter.

Table 10. Organoleptic characteristics of the examined valuable meat parts (1 = 10).

Meat Parts Smell Flavour Juiciness Tenderness Texture Aftertaste
Outside strip 3.22+0.14 3.42>+0.14 3.37+0.13 3.05>+0.14 2.93+0.14 1.90+0.05
Oyster 285+0.14 2.882+0.14 3.37+0.13 2.85®+0.14 2.63+0.14 1.88+0.05
Tip 321+0.14 336*+0.14 3.57+0.12 3.05>+0.14 2.67+0.14 1.93+0.05
Outside leg 3.19+0.14 3.07+0.14 3.41+0.12 2.522+0.14 245+0.14 1.95+0.05
Medal 3.00+0.14 2982+0.14 3.33+0.12 2.71®+0.14 276 +0.14 1.91+0.05

Different letters represent significant differences (p < 0.05).
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4. Discussion
4.1. The Ratio of Body Parts, Meat Parts and the Main Organs

Although the feed given in our study contained the recommended quantity of en-
ergy, it was richer in protein, fat and lysine in comparison with the literature data [10].
The birds slaughtered at 18 months of age had similar live weight to that of the younger
(10-14 months) animals. However, after 12 months of age, fattening becomes less eco-
nomic [6,7]. The skin and feather represented a significant proportion of slaughter
weight. These body parts are considered valuable products on the western market [30].
The head, the feet and the diaphragm are regarded as inedible body parts since they
contain mostly bones. The neck is worthless from the consumers’ point of view. It is
usually purchased by zoos. The live weight of 12-14-month-old Zimbabwean blue neck
ostriches was 103.72 kg in the study of Dijana et al. [31]. The ratios of the skin, neck and
head of the slaughtered birds were similar to those of the 18-month-old birds in our
study. Morris et al. [11] examined fourteen ostriches between 10 to 14 months of age with
95.54 kg live weight and drew similar conclusions. The authors presented a moderately
higher proportion of head (1.78%) and lower feet (2.51%). Data on genotype and nutrition
were not available. Regarding meat parts, the weight of the outside strip, the oyster, the
tip and the outside leg was 0.10-0.53, 0.08-0.29, 0.31-1.17 and 0.19-1.16 kg, respectively
[32]. The lower values of the range stemmed from 7-month-old ostriches, the higher
values represented 18-month-old birds. Results from the same age were far below what
we experienced for the same meat parts. Data on genotype and nutrition were not pub-
lished.

The weight of the empty gizzard, heart, liver and lung or lung with trachea of 12-14
months old ostriches ranged between 2.11-4.39%, 0.90-0.97, 0.54-0.56 and 0.42-1.29%
[11,31]. When the organ weight of the 10-month-old and 14-month-old birds was com-
pared, the biggest differences were observed in those of the lung and gizzard. In the
present study, the weight of the same organs showed 2.28 + 0.01, 0.88 + 0.01, 2.02 + 0.01
and 0.98 + 0.01%, respectively. Differences due to the age of the birds (12, 14 and 18
months) could be found in the weight of the liver since 18-month-old ostriches in our
examination had four times heavier liver than the 12- to 14-month-old ones in the litera-
ture. The large size of the liver enables the sufficient metabolism of nutrients, vitamin
and glycogen storage and the detoxification of the organism. The extensive ratio of the
empty gizzard can be interpreted by its high capacity because ostriches swallow small
pebbles to facilitate digestion.

4.2. Chemical Composition of the Examined Meat Parts

For the colour, L* defines black at 0 and white at 100. In the a* value, green is closer
to -120 and red is closer to +120, in b*, blue takes the value of -120 and yellow shows +120
[22,31]. Species, breed, age, sex, nutrition, rearing, total haem and myoglobin content,
storage time, pH and processing parameters also influence meat colour [33]. Meat with
high pigmentation and after oxidation offers lower L*, a* and b* values [33]. The L*, a*
and b* for the tip of ten 10- to 12-month-old Zimbabwean blue neck ostriches were 32.6 +
2.46,16.9 + 1.84 and 11.4 + 1.22 [28], compared to our results of 36.66 + 0.73, 25.38 + 0.46
and 5.75 + 0.38 for the same meat part. The cited authors determined lower values for L*
and a* and higher for b*, indicating a darker meat part. The birds in their research were
younger; however, data on nutrition and rearing conditions were not available.

The final postmortem pH values of meat and drip loss are significantly and nega-
tively correlated parameters. Higher pH (over 5.7) results in stronger water-holding ca-
pacity, but shorter shelf life. Higher pH value improves water-holding capacity and so
decreases drip loss [18]. The mean pH value of ostrich meat is 7.2, but it decreases after 24
h and facilitates meat processing [19]. Generally speaking, ostrich meat has a regular
(<5.8) to high (>6.2) 24 h postmortem pH [1]. Our results were slightly below the pH2: 6.12
for the inside leg and 6.11 + 0.03 for an unknown meat part [1,34], but above the value of
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5.81 for the fan [35]. In summary, ostrich meat has a naturally higher postmortem pH
than the 5.7-5.9 generally detected in meat, which results in better water-holding capac-
ity, but shorter shelf life. With chicken, pHu significantly increases by bird age [36] but
there are no data published on ostrich.

In comparison with our results on chemical composition, Sharaf et al. [37] demon-
strated a 1.01% lower dry matter, a 1.33% higher protein and a 2.05% lower fat content
and claimed that the dry matter, protein and fat content of ostrich fan from three
12-month-old ostriches were 23.88, 21.15 and 1.65%, respectively. The higher protein and
lower fat content of the meat can be interpreted by the fact that they used
six-month-younger birds in their study. However, no data are available on nutrition. The
protein content of the inside leg, tip and fan deriving from seven 12- to 14-month-old
ostriches showed 21.6 +0.49, 20.81 + 0.72 and 21.0 + 0.58% [38]. Our result for the tip was
2.41% lower than that observed by the authors. Their findings for all the examined meat
parts show higher values than any meat part in our research. This fact can be interpreted
by the age of the birds as younger ostriches were examined in their study. Data on nutri-
tion were not available. The meat of rhea contains 25.9% dry matter, 22.5% protein and
1.6% fat [39-41], which indicates a higher dry matter and protein and a lower fat content
when compared to our results. The same parameters in emu were 25.2, 22.3 and 1.8%
[33]. Regarding the literature and our findings, it can be concluded that emu and rhea
meat contain more dry matter and protein, but less fat than ostrich meat. The hydroxy-
proline content of meat determines meat tenderness. The lower the hydroxyproline con-
tent in meat, the more tender it is. The hydroxyproline content of ostrich meat is 0.09%
[34], which is higher than the value we determined, providing more tender meat. Data on
sample size, age of the bird and the examined meat parts were not available.

In respect of amino acid content, values in the research of Sales [8] were lower for
threonine, serine, glutamine, isoleucine, alanine, valine, isoleucine, tyrosine, histidine
and lysine for ostrich unknown meat parts as compared to our results on the outside
strip. Sales and Hayes [38] examined the tip with 21.0% protein content and found es-
sential and non-essential amino acid content to be 8.47 g/100 g meat and 10.09 g/100 g
meat. We presented higher essential amino acid content (8.68 + 0.15 g/100 g meat), but
lower non-essential amino acid content (4.69 + 0.27 g/100 g meat) when compared to the
literature. Data on the amino acid composition of the outside strip were not available in
the literature. Differences could be attributed to the different diets and ages of the ani-
mals. However, the description of the feed was not available in the literature. In addition,
there was no information on the influence of ostrich age for this parameter.

Horbanczuk et al. [25] examined the fan and leg deriving from six Zimbabwean blue
neck 12-month-old ostriches and reported SFA content being 37.71 + 0.39% for the fan,
and 39.37 + 0.45% for the leg. The PUFA content of the fan and leg was 28.79 + 0.61 and
23.78 + 0.33% of total fatty acids. The authors did not find a significant difference between
the meat parts. The SFA content was higher for both examined meat parts as compared to
our results for the outside strip (35.10 + 0.53%). The PUFA content of the fan was higher,
while that of the leg was lower than it was found in our study for the outside strip (27.54
+ 1.01%). It can be argued that the meat from older birds shows lower SFA content than
that of the younger ones. Conversely, differences between PUFA values are not obvious
enough to draw further conclusions from the effect of the age of the bird on PUFA con-
tent. Data on nutrition were not available. The SFA content of the fan from ostriches of
unknown ages was 39.73 + 0.77 [26], which is 4% more than the value we established for
the outside strip (35.10 = 0.53%). The PUFA content was reported to be 5% higher (32.99 +
1.22%) than our results for the outside strip (27.54 + 1.01%), although in the study [26]
unrefined fish oil diet supplementation was provided for the birds. Our research pre-
sented the n-6/n-3 ratio to be 3.91 + 0.43, which is higher than the 3.02 for ostrich in gen-
eral [42], but lower than the 7.55 + 0.12 [27] in the fan. The saturated and unsaturated fatty
acid composition of the ostrich fan is 48.0 + 1.9 and 50.8 + 1.9% [43]. The authors found
higher saturated but lower unsaturated fatty acid content and SFA/UFA ratio in com-
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parison with our results (35.10 + 0.53%, 64.90 + 1.68% and 0.54 + 0.017). In their findings,
the SFA/UFA ratio was 0.9 + 0.4 for the ostrich fan. The meat was the richest in palmitic
acid, oleic acid and linoleic acid. The SFA/UFA ratio was higher (0.9 + 0.4) in their study
for the fan than what we found in the ostrich outside strip (0.54 + 0.02). The ostrich meat
was the richest in palmitic acid, oleic acid and linoleic acid. The SFA/UFA ratio was
higher in their study than our findings for the ostrich outside strip (0.54 + 0.02). In an-
other examination on 12-month-old rheas, the SFA, MUFA and PUFA content of the in-
side leg was 27.93 + 0.7%, 42.36 + 2.5 and 29.71 + 1.9%, respectively [44]. The authors
found lower SFA, MUFA and PUFA content; in addition, the n-6/n-3 ratio was also
higher (31.30 + 9.0) in comparison with our result on ostrich outside strip (3.91 + 0.43).
Nutrition data were not published. The PUFA content of ostrich meat is 8% higher than
emu meat but 5% lower than rhea meat [45].

The Ca, P and Zn content of raw ostrich meat is 0.90 + 0.003, 6.30 + 0.07 and 0.10 +
0.002 g/100 g [34]. Horbaniczuk and Wierczbicka [42] claimed that the Ca content of emu
and ostrich meat varies between 0.05 and 0.07 g/100 g, respectively. We found the same
elements to be present in 0.33 + 0.007, 2.48 + 0.01 and 0.03 + 0.0008 g/100 g in the outside
strip. Neither the age nor the nutrition of the birds was mentioned in the study. The Fe
content of ratite meat is 0.04 g/100 g [42]. We experienced a higher value for this param-
eter in the outside strip (0.04 + 0.0006 g/100 g). The Mg and Na content of ostrich meat
was as considered 0.22 g/100 g and 0.43 g/100 g [29], respectively. Selenium showed a
value of 0.0004 + 0.00001 g/100 g. The content of Mg content of the outside strip was
lower (0.26 + 0.003 g/100 g) and the content of Na was higher (0.51 + 0.01 g/100 g) in our
research in comparison to the relevant literature.

4.3. Selected Technological Parameters, Shear Force and Organoleptic Characteristics of the Five
Examined Valuable Meat Parts

The cooking loss and drip loss of ostrich meat of unknown origin were 21.18 and
2.85%, respectively [33]. In the study, there was no significant difference between the
meat parts. The thawing loss (3.88 + 0.42%) of tip was the greatest in every examined
meat part [31]. Their examination revealed greater loss for the tip than our study. Cook-
ing loss and shear force of the inside leg from ostriches of 12 months of age were 37.4%
and 3.35 N/mm [46]. The cooking loss showed values closest to the oyster in our study
(37.32 +1.30%), but higher than the inside leg and medal, and lower than the outside strip
and tip. Even though birds in their study were half a year younger than in our research,
the meat was firmer as compared to every meat part in our examination except for the
outside leg (3.42 + 0.3). For emus, the shear force is 2.95 N/mm, providing more tender
meat as compared to ostriches [33]. The cooking loss of rhea meat is 41.9%, which is more
than in ostrich [34].

Different meat parts from ostriches of unknown age were scored on a 9-point he-
donic scale. The leg (outside leg, mid-leg and inside leg) was considered to have the most
intense flavour [47]. In another experiment on a 9-point hedonic scale, meat flavour,
tenderness and juiciness scored 6.80 + 0.05, 7.17 + 0.06 and 7.38 + 0.12 [34], which meant
that the judges liked ostrich meat moderately. The flavour of the meat was not signifi-
cantly affected by the age of the birds [17]. Regarding our results, we found statistical
differences in flavour and tenderness between the meat parts. The outside strip and tip
had the best flavour (with scores 3.42 + 0.14 and 3.36 + 0.14) and tenderness (with scores
3.05+0.14 and 3.05 + 0.14).

In our analyses in respect to the organoleptic evaluation, the oyster and the medal
were less favourable, while the outside strip and the tip had the best flavour and ten-
derness.
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5. Conclusions

Ostrich meat can play a role as an alternative food resource in human nutrition. We
aimed to conduct a study including meat parts that are considered valuable in Hungary.
Concerning the amino acid composition, glutamine should be highlighted. Our results
show that ostrich meat generally has low saturated fatty acid content, a low SFA/UFA
and n-6/n-3 ratio and high polyunsaturated fatty acid content. Ostrich meat is dark red
and we could prove that it is rich in minerals. Comparing the examined valuable meat
parts, the protein content of the medal was the highest. Regarding L*a*b* meat colour,
the meat parts significantly differed in a* and b* values. The outside leg had the lowest a*
and b* values. As for technological characteristics, the outside strip and the oyster sig-
nificantly had the greatest thawing loss. According to the panellists, cooked ostrich meat
did not have an aftertaste and it received an average score for all the evaluated organo-
leptic parameters. In comparison with the younger birds (10-14 months of age) in the
literature, the 18-month-old ostriches in our study showed similar or slightly lower
slaughter yield, lighter meat, greater liver weight, lower protein and higher fat content,
higher essential amino acid and lower non-essential amino acid content and higher SFA
content in some cases.
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