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ABSTRACT

; Meat from the ostrich is becoming increasingly popular throughout the
world. The healthy red meat of ostrich make them very important for many livestock
‘industries. Chemical composition of ostrich meat, in this investigation, indicated low
fat content (1.5 %) combined with high protein content (22.4 %). The effect of natural
antioxidants, i.e. ascorbic acid (AA), a-tocopherol (Toc) and rosemary herb (Ros) on
the lipid oxidation stability of ostrich steaks were studied. The combined of AA +
Ros,Toc + Ros and AA + Toc were more effective on reducing the thiobarbituric acid
(TBA) and peroxide values. After 21 days of storage at 4°C, TBA was 0.858, 0.903,
0.915, 1.256, 1.452, 1.493 and 2.741 mg malonaldehyde / Kg with ostrich steaks
treated by AA+ Ros, Toc + Ros, AA + Toc, AA, Toc, Ros and untreated sample
(control), respectively. The corresponding value with peroxide was 3.62, 3.75, 3.85,
4.06, 4.36, 3.95 and 5.00 meq / Kg fat, respectively. Antioxidants also, showed
insignificant effects on acidity as oleic acid. The efficient role of AA, Toc and Ros
showed an improve of the colour stability of ostrich steaks. The stability increased
with the combined addition of the antioxidants. The treated sample with AA + Ros
was found to contain low metmyoglobin (Met Mb) (10.51 %) followed by AA + Toc
(10.88 %), Toc + Ros  (10.99 %), AA (11.09 %), Ros (11.36 %), Toc (13.05 %) and
untreated sample  (21.02 %). The microbial quality of steaks was improved by the
addition of different antioxidants. The microbial counts were sufficiently low during the
storage period in steaks with rosemary alone or with rosemary + AA or Toc. In
conclusion, the addition of some natural antioxidants had an positive effect on; aroma
quality, rancidity and discolouration of refrigerated ostrich meat.

INTRODUCTION.

Ostrich (Struthio Camelus) is the largest of all birds and belong to
order Ratitae. Ostrich breeding, a long-developed industry in South Africa,
has also spread to Australia, North America and more recently to European
countries (Sales, 1996). Meat from the ostrich is becoming increasingly
popular throughout the world. The healthy red meat of ostrich make them
very important for many livestock industries.

Meat is highly vulnerable to oxidative changes which result in the
development of off-flavor and rancidity. Lipid oxidation is the major factor
reducing quality and acceptability of meat and fat products (Morrissey et al.,
1998). Colour changes in cooked products during refrigerated storage have
been linked to oxidation phenomena, and several factors such as the
characteristics and amount of fat, the packaging and the presence of
antioxidants have been reported (Jo et al., 2000).

In recent years, researchers have focused on the potential role of
dietary anticxidants in promcting health and reducing the risk of heart
disease, cancer, cataracts, and other degenerative diseases of aging
(IMFN, 2000). Exogenous antioxidants can be used to prolong shelf-life and
ensure quality of products.Numerous studies have indicated that lipid
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oxidation may be controlled or at least minimized through the use of
antioxidants (Escalante et al, 2003). The addition of antioxidants. to
processed meats is often carried out to counteract the negative effects that
processing aids. However, due to concerns about toxicological safety of
synthetic antioxidants (Chen et al, 1992), it mav be desirable to replace
these conventional antioxidants with natural antioxidative substances. The
vitamins particularly vitamin A in the form of beta—carotene, vitamin C, as
ascorbic acid and vitamin E as tocopherols and tocotrienols function as
independently active natural dietary antioxidants (IMFN, 2001). In the last
years, many researchers have evaluated the antioxidant properties extracted
from different plants (Ibanez et al., 2003). Rosemary is popular Labiatae
herbs with a verified potent antioxidant activity . The antioxidant activity of
rosemary is mainly related to phenolic diterpenes which are considered
effective free—radical scavengers (Dorman et al., 2003).

The aim of the present study was to investigate the effect of naturai
antioxidants (vitamins C, E and rosemary herb) on the stability of refrigerated
ostrich steak meat during storage.

MATERIAIS AND METHODS

Materials:

Ostrich meat: lliofibularis was obtained from. the Egyptian Company
of Ostrich breeding, Cairo, Egypt.

Chemicals: All chemicals used were “Analar” grade from Sigma Chemical
Co.

Antioxidants: Rosemary powder (Rosmarinus officinalis) were obtained
from, Medicine Plant and Agriculture Seeds Haraz Company, Cairo, Egypt,
L- ascorbic acid and DL- a-tocopherol were purchased from Sigma
Chemical Co

Preparation cf ostrich steaks meat:

Steaks from lliofibularis (1.5 cm in thickness) were removed from the
ostrich carcasses that had been stored at 42C for 1 day postmortem. The
steaks were dipped for 10 min in solutions of: {1) 0.05 % L-ascorbic acid
(AA), (2) 0.08 % DL - a-tocopherol (Toc), (3) 0.05 % rosemary, (4) 0.05 %
L—ascorbic acid + 0.08 % DL-a — tocopherol, (5) 0.05 % L-ascorbic acid +
0.05 % rosemary and () 0.08 % DL-a-tocopherol + 0.05 % rosemary as well
as untreatment samples (control). The different samples were packaged in
plastic film under vacuum and stored at 4°C. Samples for chemical,
microbiological and sensory evaluation had been taken at 0, 7, 14 and 21
days of storage.

Chemical analysis:

Moisture, protien, and ash in ostrich meat (lliofibularis) assessment were
determined according to ACAC (1995). Fat was extracted by the method described by
Bligh, and Dyer (1959). Thiobarbituric acid (TBA) was colorimetrically measured as
mg malonaldehyed / Kg as mentioned by Okayama (1987). Peroxide value (PV) was
determined according to the method of AOAC (1995). Free fatty acids of extracted fat
(as % of oleic acid) was determined according to Pearson (1968). Meat
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pigments was measured as metmyoglobin % (Met Mb) by the method of
Zaika et al (1976).

Microbiological analysis:

Viable bzcterial count of ostrich meat samples was carried out
according to Okayama (1987).
Sensory evaluation:

, Sensory evaluation of raw and cooked (for 10 min.) ostrich steaks
were assessed by the method described by Djenane et al (2001). Flavour
‘scores preffered to the intensity of off odours associated to meat spoilage: 1
= non, 2 = slight, 3 = smell, 4 = moderate, and 5 = exireme. In determining
odour, samples were smelled immediately just after cooking. Discolouration
of uncooked meat scores reffered to percentage of discoloured surface: 1 =
non,2=0-10%, 3=11-20%, 4 =21 - 60 %, and 5 = 61 — 100 %.
Results were expressed as the predominant score given by paneiists.

Statistical analysis:

Data were subjected to statistical analysis using computerized
analysis of variance and Duncan’s multiple range test procedures with SAS
(1998).

RESULTS AND DISCUSSION

Chemical composition of ostrich meat (Nliofibularis):

Data in Table (1) shows the chemical composition of ostrich meat
(liofibularis).It could be noticed that ostrich meat had low fat content (1.5 %)
and high protein content (22.4 %) calculated on wet basis, while, moisture
and ash contents were 75.0 and 1.1 %, respectively. These data of ostrich
meat does not differ from the range of moisture (69.5 — 76.5 %), protein (19.5
- 23.4 %) and ash (1.0 — 1.5 %) content summarised for raw mammalian and
poultry muscle (Paleari et al., 1998). The proximate chemical composition of
the same cut were 76.96, 21.65, 1.95 and 1.20 % for moisture, protein, fat
and ash, respectively as reported by (Hoffman et al., 2005). Jones et al.,
(1995) found that the values of 0.94 and 76.55%, respectively for
intramuscalar fat and moisture content in the iliofibularis. The low
intramuscular fat content might be the reason for the popular public belief that
ostrich meat is low in cholesterol content.On the other hand, Hoelscher et al.,
(1988) concluded that cholesterol content does not increase with an increase
in intramuscular fat content.

Table (1): Chemical composition of ostrich meat (lliofibularis).

Component % (wet weight) = SE
Moisture 75.0:%1.3
Protein 22.4+1.4
Fat 1.5+0.5
Ash 1.1+£0.2
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According to Harris et al., {(1994) cholesterol content of cooked ostrich meat
was similar to values cbtained from beef and chicken. However, cholesterol
content was always found to be lower than that of the corresponding turkey,
and markedly lower than the bovine (Paleari et al., 1998). They added also,
ihe obtained data of different tests of ostrich meat could be influenced by
breeding, feeding and the slaughtering of the bird.

Effect of antioxidants on chemical composition of ostrich steaks meat
(Hliofibularis):

Chemical analysis of ostrich steaks treated by natural antioxidants
(AA, Toc and Ros) or its mixtures were studied during storage period at 4°C
for 21 days.
1 - Thiobarbituric acid (TBA) number:
Data presented in Table (2) revealed that, TBA of untreated sample (control)
increased significantly (P< 0.01) during storage at 4°C up to 21 days. On the
other hand TBA values of treated samples with antioxidants increased with
low level during storage, compared with control samples as shown in Table
(2). It could be observed also, a significant (P< 0.01) reduction in TBA as
affected by antioxidants either in separate or in mixture forms, compared with
untreated ones (control). Moreover, the effectiveness of different antioxidants
on TBA in ostrich meat could be arranged as following order. AA + Ros
came in the first order, followed by Toc + Ros, AA + Toc, AA, Toc and Ros.
These results indicated also, that the mixture of antioxidants gave a
significant (P< 0.01) reduction of TBA, compared with added separate
antioxidants. Moreovar, the mixture of AA + Ros had a significant effective on
reducing the lipid oxidation than other antioxidants under investigation. Reslts
demonstrated that antioxidants or its mixtures are effective in retarding lipid
oxidation in ostrich meat steaks.

Table (2): Changes in TBA (as mg malonaicdehyde / kg meat) of ostrich
steaks as affected by antioxidants during storage at 4°C.*

Storage TBA (malonaldehyde mg/kg meat)
period Treatments
(day) [Control [ AA TToc Ros [AA+Toc JAA+Ros [Toc+Ros

0 0.342° | 0.342° | 0.342° | 0.342° | 0.342° | 0.342° | 0.342°
7. 0.859' | 0.603° | 0.682™ | 0.713' | 0.501% | 0.452" | 0.499°
14 1.923° | 0.821 | 0.883" | 0.912" | 0.636™ | 0.502% | 0.565

21 2.741* | 1.256° | 1.452° | 1.493° | 0.915 | 0.858' | 0.903°
* Means having different superscript (a,b,c,...s) within each a raw or those within each
column are significant different at (P < 0.01).

AA: Ascorbic acid. Toc: a - tocopherol. Ros: Rosemary.

Lipid oxidation is one of the major causes of meat quality
deterioration. The oxidation deterioration of the polyunsaturated lipid of foods
leads through formation of hvdroperoxides to short—chain aldehydes, ketones
and other oxygenated compounds, which are considered to be responsible
for the development of rancidity in stored foods (Grau et al., 2000). TBA test
determines the amount of malonaldehyde (MDA), a major secondary by
product of lipid oxidation in a sample. Okayama et al., (1987) suggested that
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AA exerted a definite pro—oxidant action in ground beef. They added that the
addition of a—tocopherol showed a reduction rate of lipid oxidation in ground
beef. Simillar results were obtained in turkey (Nam et al, 2003 ). Positive
relation was observed between the level of a—tocopherol and raducing
rancidity in both cooked and uncooked patties of lamb and chicken (Abu
Salem and Saad, 1991). The level of a — Toc (200 ppm) resulting the lcwest
TBA level which were packaged under vacuum and storage up to 270 days at
- 20 °C. However dietary vit. E supplementation of cattle delayed lipid
‘oxidation in beef (Lynch et al, 1999). On the other hand the addition of
rosemary extracts significantly (P< 0.05) improved the oxidative stability.
Rosemary contains many compounds with antioxidants properties, such as
rosmaridiphenol, rosmariqunone, rosmanol and carnosol, whicn identified as
phenolic type compounds (Houlihan and Ho, 1985). These compounds
scavengers free radical similar to butylated hydroxyanisole (BHA) butyiated
hydroxytoluene (BHT) or tertiary butylated hydroxyquinon (TBHQ). The
addition of rosemary improved oxidative stability of meat as reported by
Escalante et al. 2001 and Fang and Wada (1993) speculated that rosemary
extract may chelate metal ions, such as Fe*?, resulting in reduced rate of
formation of activated oxygen. Estevez et al, (2005) reported the high
effectiveness of antioxidants from natural resources against .oxidative
reactions that showed similar activity to those from synthetic origin.

Antioxidant synergism in food systems has been studied in the
recycling of a-Toc and AA. Wong et al.,(1995) found that the components of
rosemary extract may be used as a substitute for ascorbic acid to enhance
that antioxidative activity of a~Toc.They reported also, samples of cooked
beef containing herbal extract (Ros and Sago) exhibited a lower levels of
malonaldhyde, compared with control samples. Escalante et al, (2001)
demonstrated that rosemary either alone or with ascorbic acid, was highly
effective in inhibiting lipic oxidation (TBA) in beef patties. O'sulivan (2004)
reveald that, a mixture of a-Toc and rosemary extract showed a stronger
antioxidant effect than either of a~Toc or Ros extract alone.

2 - Peroxide value (PV):

Data in Table {3) shcw the effect of antioxidants on peroxide values
of ostrich steaks during storage at 4°C. It could be noticed that a significant
gradual increases in peroxide values was detected in all samples either with
or without antioxidants during storage. Peroxide values of untreated sample
(control) was higher than that treated with different levels of antioxidants
among all storage period. Mixtures of antioxidants had a higher effects on
peroxide, compared with separate antioxidants. Meanwhile, the mixture of AA
+ Ros had a higher significant effect on reducing the lipid oxidation, followed
by Toc + Ros and AA + Toc, compared with separate antioxidants.

These results are in accordance with that of Korimova et al.,
(1998), who reported that rosemary extracts effectively inhibited the formation
of PV in meat products. On the other hand, Verma and Sahoo (2000) noted
that PV decreased as the a-tocopherol acetate level increased in the meat
samples (ground chevon) up to 10 ppm and beyond that again it increased.
This indicates that addition of a—tocopherol acetate more than 10 ppm level
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to the meat sample is not advantageous in terms of lipid peroxidation.
Juntachote et al., (2006) reported that the stability of the cooked ground pork
treated with the various antioxidants was in the following decreasing crder:
commercial antioxidant mixture (0.3 % citric acid + 0.5 % ascorbic acid + 0.02
% a-tocopherol) > dried galangal powder > dried holy basil powder >
ethanolic extracts of galangal > ethanolic extracts of holy basil control.

Table (3): Changes in peroxide value (mq. / Kg extract fat) of ostrich
steaks as affected by antioxidants during storage at 4C.*

Storage Peroxide value ( mq. / Kg extract fat )
period Treatments
(day) IControl | AA Toc Ros AA+Toc |AA+Ros [Toc+Ros

0 045 | 0.45 | 045 | 0.45 | 0.45 0.45 | 0.45
7 170" | 095° | 0.99° | 0.90° | 0.85° | 0.80° | 0.82
14 340" | 260 |272 251" | 243 | 234" | 240
1 500" | 4.06° | 436 | 3.95° | 3.85° | 3.62° | 3.75

* Means having different superscript (3,b,c,...t) within each a raw or those within  each
column are significant cifferent at (P < 0.01).
AA: Ascorbic acid. Toc: a - tocopherol. Ros: Rosemary.

3 - Free fatty acid (as oleic acid %):

Data in Tabie (4) indicated that the free fatty acids (as % oleic acid)
of extracted fat from ostrich meat (with or without antioxidants) increased
gradually with significant levels as the storage period increase up to 21 days.
On the other hand, addition of antioxidant either separate or in mixtures
caused a significant reduction in the free fatty acids (oleic acid), compared
with untreated ones (control) among ail storage period. Moreover, there is no
significant (P< 0.01) differences were observed between the different types of
antioxidants used in this investigation. There is a proportional relation
between lipolysis and storage periods in different samples. Initiation and
accumulation of lipolysis may be related to the presence of microorganisms,
which could play an important role through the lipolytic activity (Demeyer
et al., 1974), although muscle and adipose tissue lipases may also be active.
This means that hydrolysis of lipids could occur during storage, which may
lead to a noticeable loss of flavor compounds since it is expected that lipids
are the source of many flavor compounds and some of them may be also
formed from amino acid (Halvarson, 1973).

Table (4): Changes in oleic acid content (%) of extracted fat from ostrich
steaks treated by antioxidant during storage at 42C.”

Storage Oleic acid %
period Treatments
(day) [ control AA Toc Ros | AA+Toc | AA+Ros | Toc+Ros

0 0.28' 0.28' 0.28' |0.28'| 0.28 0.28' 0.28'
7 0.41° 0.37" 0.38" [0.37"| 0.36" 0.35" 0.36"
14 0.74° | 068" | 0.70° |0.68"| 0.67° | 0.66 | 0.67°

21 0.92* | 0.88* | 0.90™ [0.88>| 0.87° 0.86° 0.87

*Means having different superscript (a,b,c,...l) within each a raw or those within each
column are significant different at (P < 0.01). )
AA: Ascorbic acid. Toc: a - tocopherol. -Ros: Rosemary.
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These results demonstrated that antioxidants or its mixtures are effective in
retarding lipid oxidation in ostrich steak meat.

4 - Metmyoglobin (Met Mb):

Data in Table (5) shows the changes of pigment content
(metmyoglobin %) of-ostrich steak meat during storage at 4°C. Data revealed
that a significant (P< 0.01) graduall increases in Met Mb was observed in all

.samples either with or without antioxidants as the storage period increased.
The present investigation demonstrate the efficient role of AA, Toc and Ros
to improve the colour stability of ostrich steaks. The increases in Met Mb in
treated samples with antioxidants was significantly (P< 0.01) lower than that
of control sample among all storage periods. Results indicated also the
mixiures of antioxidants had a higher pigmficant effect on reducing the
Met Mb than antioxidants added separately. These results emonstrated that
antioxidants or its mixtures are effective in retarding Met Mb in ostrich steak
meat Thus, it could be stated that dipped of ostrich steaks in the mixture of
antioxidants can help in minimizing Met Mb accumulation in meat tissues
during the storage period.

Pigment in meat is very important for consumers. When the colour
of meat changes from bright red (oxymyoglobin) to brown (metmyoglobin),
consumers discriminate against that product (Mitsumoto et al, 1991). The
oxidation of oxymyoglobin to metmyoglobin is the chemical process that
causes discoloration (Schaefer, 2002). The formation of Met Mb from Oxy Mb
is positively correlated to lipid oxidation (Yin et al,, 1993). The protection of
water-soluble Mb against oxidation by a lipid-soluble antioxidant is
interesting. Free radicals are neutralized by antioxidants before lipid oxidation
propagates among highly unsaturated fatty acid in cellular and
subcellular membranes (Machlin, 1984). This delay in production of lipid
oxidation breakdown products (e.g. peroxidase) may indirectly prolong the life
of Oxy Mb. Lynch et al. (1999) and Verma and Sahoo (2000) reported that
vitamin E improved the colour stability of beef and (ground chevon). In
addition, Shivas et al., (1984) and Mitsumoto et al., (1991) suggested that
display life was extended when AA was added to ground beef. On the other
hand, Escalante et al.,, (2001) reported that rosemary, either alone or with
ascorbic acid, was highly effective in inhibiting Met Mb formation in beef
patties.

Table (5): Changes in metmyoglobin formation (%) of ostrich steaks as
affected by antioxidants during storage at 4°C.*

Storage Metmyoglobin (%)
period Treatments
(day) | Control AA Toc Ros AA+Toc | AA+Ros | Toc+Ros
0 5.15 5.15' 5.15' RE 5.15' 5.15' 5.15
7 9.87" 7.13" 7.947 7.19° 7-03" 7.00¢ 7.10°
14 15.99° 9.93 10.89" 10.21' 9.82' 9.69"™ 9.9¢'
21 21.02° | 11.09° | 13.05° | 11.36" | 10.86° | 10.51" | 10.99'

* Means having different superscript (a,b,c,...r) within each a raw or those within each
column are significant ditferent at (P < 0.05).
AA: Ascorbic acid. Toc: a - tocopherol. Ros: Rosemary
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Microbiological evaluation of ostrich steaks meat (lliofibularis):

Consumers use colour of meat, as an indicator of freshness, but it is
not a good indicator of freedom from microbial spoilage. In fact, discoloration
occurs prior to microbial spoilage in fresh meat products (Schaefer, 2002).
From product wholesomeness perspective, microbial spoilage is more
important than the lack of an appealing colour. A long—standing challenge in
meat science has been to extend the stability of the desirable bright red
colour of fresh beef to more fully capture the marketing opportunity that exists
prior to the time of microbial spoilage. Discoloration of fresh beef products
has been very premature, relative to microbial spoilage (Schaefer, 2002). The
changes in viable bacterial counts of ostrich steaks with and without natural
antioxidants (AA, Toc and Ros) are shown in Table 6. Data showed that
viable bacterial counts of all samples gradually increased during sterage. At
7, 14 and 21 days, the bacterial counts of untreated samples (control) were
higher than those treated samples with antioxidants. Results indicated also
the microbial counts were sufnment!y low during the storage penod in steaks
with rosemary alone (2.5 x 10%) and with Ros + AA (2.1 x 10°) or Ros+Toc
(2.5 x 10%). Similar results obtained by Kesurreccion and Reynolds (1990)
who reported that the microbial counts of frankfurters treated with Ros extract
or mixture of Ros + Toc were sufficiently low during the first 3 weeks of the
tested period. On the other hand, the viable bacterial counts did not affected
significantly with addition of AA, Toc, or their mixtures to beef steak
(Okayama et al., 1987). However, Shivas et al, 1984). reported that
microbial counts are not affected by AA treatment.

In general, under aerobic conditions there is no obvious change in
the meat until the bacterial count density exceeds 10° /g, when spoilage
odours and ammonia begin to be detected (Kilsby 1982), and a microbial
count of 107 /g is an acceptable upper limit during the storage of meat, and
that it can be regarded as the saiety / quality limit.

Sensory evaluation of ostrich steaks meat (lliofibularis):

It could be noticed that, the panelists were able to clearly detected the
differences in aroma quality, oxidative rancidity and changes in colour of
ostrich steaks treated with antioxidants, compared with untreated samples
after 14 and 21 days of storage at 4°C. On the other hand, the presence of
antioxidants either in separate or in mixture form extended the changes in
odour and colour of ostrich meat with score (1) even after 21 days of storage.
Moreover, untreatment samples reached the highest value corresponding to
smell (score 3) off odour and 10 — 20 % of discolouration (score 3), as early
as 21 days. These results agreed with those obtained by (Barbut et al.,
(71985), who found that Ros inhibited undesirable odour appearance in
Turkey sausage storage at 4°C. Also, coinicided with those recorded by
Escalante et al., (2001) who showed that Ros alone or with AA, extended the
fresh patties beef meat odour during storage time. Organolentic evaluation
revealed that the level of Toc (200 ppm) led to slow rancidity in cooked lamb
patties which were packaged under atmospheric pressure (Abu - Salem
and Saad, (1991).Results of sensory evaluation were in paralled with those
found for lipid oxidation as revealed by the TBA, PV and for Met Mb formation
discussed before.
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Table (6): Changes in viable bacterial counts (c.f.u/ g) of ostrich steaks
as affected by antioxidants during storage at 4°C.

Storage Total bacterial counts (c.f.u /g)
period Treatments
(day) | Control AA Toc Ros | AA+Toc | AA+Ros | Toc+Ros

0 93x10° | 93x10° | 93x10° | 9.3x10° | 9.3x10° | 9.3 x10° | 9.3x10°
7 19x10° | 1.6x10° | 1.8x10° | 9.8x10- | 1.8x10° | 9.9x10° | 10.1 x10°
14 Tox10° | 1.1x10° | 1.2x10° | 1.2x10° | 1.2x10° | 1.3x10° | 1.3 x10°
21 32x10° | 31x10° | 3.1x10° | 25x10° | 2.4x10° | 2.1x10° | 2.5x10°

AA: Ascorbic acid. Toc: a - tocopherol. Ros: Rosemary.

In conclusion, it could be concluded that the use of natural
antioxidant mixtures in ostrich meat such as AA + Toc, AA + Ros and Toc +
Ros especially at the level 0.05 % L-ascorbic acid, 0.05 % rosemary extract
and 0.08 % DL-a— tocopherol effectively reduced oxidative deterioration of
lipid, retard development of rancidity, minimized as possible metmyogiobin
formation and microbiological deterioration of meat, stored at 49C for 21 days.
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