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Oxidative stahility of bleshok, springhok and fallow
deer droéwors with added rooibos extract

The addition of rooibos extract (RBE) (0%, 0.25%, 0.50%, 1.0% RBE) to improve the oxidative stability of
blesbok, springbok and fallow deer droéwors (dried sausage) was studied. RBE treatments had no effects
(p>0.05) on the lipid and protein oxidation of the dried product. With the addition of RBE 0.25%, lipid stability
after drying showed the malonaldehydes decreased considerably. Haem-iron concentration increased after
drying and differed (p<0.05) between RBE treatments within the dried stage within species. There were no
differences (p>0.05) between the moisture, protein and fat contents between treatments within a specific
processing stage. With the high polyunsaturated fatty acid content of the sausages, a high level of oxidation
occurred. Even though RBE addition did not reduce oxidation significantly during the drying process, it
could be a successful addition to the traditional South African meat product if it is shown to impart positive
flavour attributes.

Introduction

Game that is hunted and harvested in South Africa is utilised both locally and internationally.” South Africa is known
for its dried meat products such as biltong (a type of jerky) and droéwors. Droéwors is traditionally made from
ground beef and animal fat (5-30% on a wet mass basis) and is a ready-to-eat dried seasoned meat sausage.?
The droéwors market has expanded and is presently producing droéwors from different game species.®

Game meat is ideal for the production of droéwors as it is a lean meat with a low intramuscular fat content, has
a favourable fatty acid profile and high iron content.'* Blesbok (Damaliscus pygargus phillipsi) and springbok
(Antidorcas marsupialis) are harvested throughout southern Africa. They are both used in the production of biltong
and droéwors. It is becoming more popular to harvest feral fallow deer (Dama dama) and as this meat could also
be used in the production of droéwors, it would be of interest to evaluate the suitability of this species for droéwors.

As droéwors is commonly stored at ambient temperatures for a long period and has added fat, oxidation is likely
to occur. Lipid and protein oxidation in meat results in the development of off-flavours and aromas.>¢ Natural
antioxidants are commonly added to processed products to slow down oxidation and in turn, improve the shelf-life
and flavour profile of the products.”8 Rooibos extract (RBE) is becoming more popular as a food ingredient, being
used in products such as yoghurt, ready-to-drink iced teas and jams.® It is a powdered tea extract which is a waste
product when producing commercial rooibos tea. The flavonoids found in rooibos have been shown to have the
ability to inhibit lipid peroxidation in model systems.'

In commercial markets, synthetic and natural antioxidants are added to meat products. Butylated hydroxyanisole,
butylated hydroxyl toluene, tertiary butylhydroquinone, sulphur dioxide and tocopherol are commonly added as
a blend to enhance shelf-life via inhibition of oxidation." Consumers are more aware of the addition of synthetic
antioxidants and therefore by replacing these with RBE, this should overcome the negative perception of some
of the meat products currently sold in today’s market. According to Liu et al." teas have been successful at low
concentrations when used in combination with tocopherol to lower lipid oxidation. Research by Cullere et al.™® and
Hoffman et al.™ suggests that the use of RBE at low concentrations could result in improved oxidative stability in
meat products.

The aim of this study is therefore to investigate the effect of the addition of different levels of rooibos tea extract as a
natural antioxidant to blesbok, springbok and fallow deer droéwors regarding its chemical properties and oxidation
levels after drying.

Materials and methods

Droéwors production

Game meat of each species (blesbok, n=6; springbok, n=6; and fallow deer, n=3) was trimmed of all
external fat and connective tissue and cut into approximately 100 mm x 100 mm cubes. No specific cuts
were used. To increase the amount of fat in the product, sheep meat/fat (30 meat: 70 fat) was added. Three
separate 36 kg replicates of droéwors from each species were made. Each 36 kg replicate was further divided
into four treatment batches of 9 kg each. Each 9 kg batch consisted of 66.6% game meat and 33.3% sheep
meat and fat. Each 9 kg batch was then combined with 1.5% (135 g) salt, 1% (90 g) pepper and varying
amounts of powdered rooibos extract (RBE: 0%, 0.25%, 0.50% and 1.0% w/w concentrations) (Afriplex,
Paarl, South Africa). The phenolic composition of the RBE used is depicted in Table 1. Each treatment batch
was minced through a 10-mm grinder after which the spices (salt and pepper) and varying concentrations of
RBE were added. The minced meat and spices were then mixed and minced through a 5-mm grinder. Natural
sheep casings (22 mm diameter) were filled with the minced meat mixture. Half the sausage from each
batch was dried in an environmentally controlled maturation chamber (Reich Unicontrol 2000S, Deli Spices,
Cape Town, South Africa). Initially the sausage underwent a reddening stage at 30 °C with a 60% relative
humidity for 15 min followed by a drying period of 48 h at a constant temperature of 30 °C and a relative

1 Volume 111 | Number 11/12
November/December 2015


mailto:lch%40sun.ac.za%20?subject=
http://dx.doi.org/10.17159/sajs.2015/20140347 
http://dx.doi.org/10.17159/sajs.2015/20140347 

Research Article
Page 2 of 8

humidity of 30%. The drying process took 2 days during which the
droéwors lost 45-50% of its mass. The other half of the sausage was
left raw for analyses.

Table 1: Phenolic composition of fermented rooibos extract used in
droéwors production
Flavonoid Concentration
(g compound/100 g extract)
Aspalathin 0.482
Nothofagin 0.056
Iso-orientin 0.956
Orientin 0.823
Quercetin-3-0-robinobioside 0.637
Isoquercitrin 0.138
Vitexin 0.179
Hyperoside 0.167
Rutin 0.179
Isovitexin 0.144
Luteolin-7-0-glucoside 0.196

Analysed according to the method of Beelders et al.”®

Preparation and analysis of rooibos extract

Fermented rooibos extract was used and prepared as per the
procedure reported by Joubert et al.’> The phenolic composition of
the rooibos extract (Table 1) was analysed according to the method
of Beelders et al.'® through an optimised reversed phase liquid
chromatographic (RP-LC) separation technique.

Preparation of samples for analyses

To ensure a representative sample was tested, five replicate sub-
samples (150-200 g) of both the raw and dried droéwors of each
batch of droéwors were taken and individually homogenised in a
blender for 3 min. The dried droéwors samples were taken within
30 min after the drying process was completed. The samples were
stored in a -80 °C freezer until analysed. The homogenised samples
were used for proximate analysis, fatty acid composition, haem-iron
concentration, as well as for lipid and protein oxidation.

Proximate composition analysis

Samples were analysed according to the Association of Official
Analytical Chemists (AOAC) International to determine the moisture'”
and ash'® content. The protein content was determined by multiplying
the amount of nitrogen (N) by afactor of 6.25; N levels were determined
by the Dumas combustion method as described in procedure 992.15
of the AOAC."™ Fat was determined using the chloroform/methanol
(2:1) fat extraction method according to Lee et al.?® All analyses were
performed in duplicate.

Fatty acid composition

The fatty acids were methylated and then analysed using gas
chromatography to determine the fatty acid composition and
percentages. A modified method by Folch et al.?* was used. An
internal standard, heptadecanoic acid (C,,H,,0,) (Cat. No. H3500,
Sigma-Aldrich Inc, St.Louis, MO, USA.) was added to quantify the
individual fatty acids. The fatty acid composition was expressed as

percentage. Analysis was performed according to Hoffman et al.™
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Haem-iron

The haem-iron concentration was determined according to the method
of Hornsey? as referred to by Hoffman et al.™ A 5 g homogenised
sample was taken from each replicate and mixed with 1 mL distilled
water, 20 mL acetone and 0.5 mL hydrochloric acid. Thereafter the
flask was covered with parafilm and left in the dark overnight (+16 h).
The sample was then filtered and the absorbance measured at 640 nm
in a Cecil CE2021 2000 Series spectrophotometer (Lasec SA (Pty)
Ltd, Durban, South Africa). The haem-iron concentration values were
expressed in mg haem-iron per g sample.

Lipid oxidation

The oxidation was followed by measuring the thiobarbituric acid
reactive substances (TBARS) using the spectrophotometric method
described by Rosmini et al.?® The samples, tested in duplicate,
were prepared by homogenising a 1 g sub-sample taken from each
replicate with 10 mL 0.15 M potassium chloride buffer for 20 s. The
TBARS values were expressed as mg malonaldehyde (MDA) per kg
product and mg MDA per g fat. For the full chemical analytical method
description, refer to Hoffman et al. ™

Protein oxidation

Carbonyls and proteins were measured on all samples. The samples,
tested in duplicate, were prepared by homogenising a 1 g sub-
sample taken from each replicate with 10 mL 0.15 M potassium
chloride buffer for 20 s as with lipid oxidation. The carbonyls were
determined according to the method outlined by Oliver et al.?* The
protein concentration values were expressed as uM carbonyl per mg
protein. For the full chemical analytical method description, refer to
Hoffman et al. ™

Statistical analysis

To test the effects of species, treatment and stage (raw or dried) on
the various measurements, mixed model repeated measures analysis
of variance (ANOVA) was used. The stage effect was within the subject
repeated effect. For the mixed model, species, treatment and stage
were treated as fixed effects and the batches to which the treatments
were applied as a random effect. Fisher LSD post hoc tests were
used to further analyse significant differences when the main effects/
interaction were significant. Statistical analyses were done using the
VEPAC module of Statistica 11.25 A 5% significance level was used as
guideline for determining significant differences.

Results

Proximate composition analysis

Results of moisture, protein, fat and ash content for each species
of droéwors (blesbok, springbok and fallow deer) are presented in
Table 2. There were no differences (p>0.05) amongst treatments
but significant differences (p<0.05) between raw and dried stages.
Therefore, the results indicate the proximate composition as averaged
means of each species at a stage.

Fatty acid compaosition

The total fatty acid profile of each species droéwors with the various
levels of RBE added are presented in Table 3. The fatty acids
composition should be the same for each treatment within a batch
at the raw stage as no changes would have occurred; therefore the
raw samples were tested using the control (RBE 0%) sample for each
batch for each species. After drying, the replicates of each treatment’s
batches were tested so that differences could be analysed.

For each species, the same fatty acids were found, with the most
prominent being oleic acid, stearic acid, linoleic acid and palmitic
acid. As expected, the droéwors (irrespective of species) had a
similar fatty acid profile to that of the sheep fat added.

There were differences (p<0.05) in the total polyunsaturated
fatty acid (PUFA) profiles between the treatments of each of the
species’ droéwors after the drying process. When analysing the
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blesbok species droéwors (Table 3), the PUFA values increased
with increasing concentration of RBE. Springbok species droéwors
(Table 3) did not follow a distinctive trend with the addition of the
RBE; springbok with RBE 0.25% and RBE 0.50% had increased PUFA
values whilst the other treatments both had similar percentages,
which are also similar to that of the raw samples. With the fallow
deer species droéwors (Table 3), the opposite trend to that of the
blesbok species droéwors occurred; the PUFA values decreased with
increasing RBE concentration.

Haem-iron

The mean values for the haem-iron concentration in the droéwors samples
are depicted in Table 4. The treatments of blesbok and springbok species

Oxidative stability of game droéwors with added rooibos extract niche

droéwors had similar initial haem-iron concentrations that increased
after drying. Furthermore, after drying all treatments had similar haem-
iron concentrations over all species types. Meat with RBE 0.25% had
lower (p<0.05) haem-iron concentrations after drying for all species
as noted in Table 4 and Figure 1. There were no significant differences
between the species (p=0.685), therefore it would be acceptable to
analyse the interaction (p=0.00926) between stage and treatment
regardless of species, as seen in Figure 1. RBE 0.25% therefore had the
lowest increase, which corresponds with the results of lipid oxidation
given in Table 5. Although it was expected that the haem-iron would differ
between raw and dry droéwors, when expressed on a dry mass basis,
the droéwors still had higher haem-iron than the raw droéwors (Table 4).

Table 2:  Average means*(%)=s.d. for proximate composition analyses of raw and dried droéwors with added rooibos extract (RBE) on a wet weight basis
Moisture Protein Fat Ash
Raw Dried Raw Dried Raw Dried Raw Dried
Bleshok 74.6 = 0.82 38.7 = 0.36 12.8 £ 0.24 34.6 = 0.32 10.7 = 1.68 20.3 +0.18 2.6 =011 5.3 +0.50
Springbok 68.7 = 0.71 36.1 = 1.73 13.2 = 0.22 34.3 £ 0.35 12.4 + 0.64 20.1 = 0.33 2.7+0.18 9.8 +1.35
Fallow deer 721 =043 35.8 =1.70 145 £ 0.13 372 +022 10.7 £ 0.43 20.5 = 0.47 22 +0.27 5.5 = 0.62

*No differences (p>0.05) were noted amongst RBE treatments within the raw and dried stages within species. Results indicate the proximate composition as averaged
means of each species at a stage.

Table 3:  Total fatty acid profile (%) =s.d. of game droéwors produced with increasing rooibos extract (RBE) levels
SFA MUFA PUFA PUFA:SFA o)
PUFA ratio

Bleshok

Raw RBE 0% 57.5 = 1.61 359 + 233 6.6 = 3.94 0.1 =0.071 45+ 0.45

Dried RBE 0% 40.4 = 13.72 56.7 = 12.90 2.9° + 0.84 0.08 = 0.050 4.0 = 0.31
RBE 0.25% 45.5 +16.17 50.0 = 17.80 45" + 2.88 0.1 = 0.051 3.6 £0.26
RBE 0.50% 41.8 +15.76 53.1 = 17.65 5.2¢ +1.89 0.1 = 0.0020 3.7x0.72
RBE 1.0% 39.4 = 15.21 54.9 = 17.55 5.8+ 2.35 0.1 = 0.0047 3.7+0.70

Springbok

Raw RBE 0% 48.7 +12.74 46.4 = 12.83 4.9 + 3.06 0.1 = 0.063 3.6 +£0.19

Dried RBE 0% 29.1°+ 518 66.0* + 5.91 49>+ 0.77 0.2 = 0.010 3.8+012
RBE 0.25% 56.8" + 1.36 32.7° +1.22 10.5° = 0.23 0.2 +0.0078 46 +0.83
RBE 0.50% 60.3* = 0.72 29.5¢ + 0.54 10.3* = 0.22 0.2 = 0.0055 49 +0.70
RBE 1.0% 32.6° + 9.67 61.42 = 11.27 6.0° + 1.62 0.2 = 0.0070 3.8 +=0.11

Fallow deer

Raw RBE 0% 54.7 = 1.96 34.7 + 3.23 10.7 = 1.50 0.2 £ 0.023 5.3 +0.40

Dried RBE 0% 61.9 +7.20 29.8 + 5.51 8.4:+ 216 0.1 £ 0.048 41+ 0.11
RBE 0.25% 548 £ 7.73 37.8 =10.00 7.42+ 227 0.1 £0.025 4.0+ 0.19
RBE 0.50% 50.3 = 15.41 46.6 = 13.89 3.2+ 1.53 0.08 = 0.064 41013
RBE 1.0% 62.9 = 1.16 349 +1.24 2.2+ 0.11 0.03 = 0.014 43 +0.30

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

abef\leans within a column per species at the dried stage with similar superscripts do not differ significantly (p>0.05)
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stage*treatment; LS Means Llp I d OXI datl On
Current effect: F(3, 18)=5.1919, p=.00926 Lipid oxidation results for blesbok, springbok and fallow deer droéwors
Type lll decomposition are depicted in Table 5. The results for each species differed significantly
Ve D TN e R from each other (p=0.0231). It is important to note that as droéwors
120 is a dried meat product, it is expected to undergo a large level of
"o oxidation and therefore the TBARS values are expected to be higher than
o those found in raw meat. Therefore, the results are compared across
g treatments rather than between raw and dried samples.
§§ 32 Blesbok species droéwors showed a general trend that after drying,
§o each treatment had increased TBARS values, although the results
&= % also indicate that RBE 0.25% resulted in the lowest lipid oxidation
Eg <Y and haem-iron concentration (Table 4) in blesbok species droéwors.
P @ The mean values for springbok species droéwors indicate that the
Y TBARS values of the RBE-treated samples (0%, 0.25% and 0.50%)
20 all increased with drying. RBE 1.0% decreases slightly (0.52 MDA per
10 = RBEO% kg meat sample difference). As with the blesbok species droéwors,
raw dried % eyt these results indicate that RBE 0.25% gave the best results in terms
stage == RBE1.0% of minimum lipid oxidation. Fallow deer species droéwors mean
] . - ] ] values differed slightly from blesbok and springbok species droéwors,
Figure 1:  Haem-iron results indicating the interaction between stage and although the MDA levels fall within the same range as the blesbok and
treatment apart from species (p<0.05) for droéwors prepared springbok droéwors of both the raw and dried stages, except that the
with varying concentrations of rooibos extract (RBE). best result is shown to be at RBE 1.0%.
Table 4:  Means=s.d. for haem-iron (mg haem-iron/g meat sample) of droéwors with added rooibos extract (RBE).
Raw | Dried
RBE 0 % RBE 0.25 % RBE 0.50 % RBE 1.00% ‘ RBE 0 % RBE 0.25 % RBE 0.50 % RBE 1.00 %
As is* basis
Bleshok 0.30 + 0.42 0.28 = 0.75 0.24 + 0.42 0.36 = 0.55 0.952 + 0.21 0.73°> + 0.091 0.992 + 0.19 0.972 + 0.036
Springhok 0.29 + 0.44 0.28 + 0.11 0.23 +1.27 039+086 | 094+0098 0722012 098 +036 @ 0.95 +0.24
Fallow deer 0.40 = 0.51 0.36 + 0.12 0.57 = 0.33 0.31 = 1.61 0.872 = 0.0026 = 0.76° = 0.081 0932 +1.15 0.90* = 0.20
Dry mass basis
Bleshok 0.96 + 0.11 0.88 = 0.085 0.77 = 0.097 1.16 £ 0.19 1.458 = 0.30 1.14> + 0.15 1.62¢ + 0.28 1.512 = 0.18
Springbok 094+012 | 0870090 | 079=0.10 1.14£0.19 1480 +023 118 x012 = 155 =030 | 1.52*+0.098
Fallowdeer 1.44 = 0.22 1.28 = 0.12 2.01 =0.33 1.10 = 0.089 1.332 £ 0.13 1.20° = 0.13 1.45 = 0.17 1.412 + 0.26
1As is basis refers to the sample as would be purchased for consumption
b\eans within a row per species at the dried stage with similar superscripts do not differ significantly (p>0.05)
Table 5:  Means=s.d. for lipid oxidation (mg MDA/kg meat) of game droéwors with added rooibos extract (RBE).
Raw Dried
RBE 0 % RBE 0.25 % RBE 0.50 % RBE 1.00% RBE 0% RBE 0.25 % RBE 0.50 % RBE 1.00 %
As ist basis
Blesbok 0.572 = 0.0025 0.45° + 0.0036 = 0.37¢ = 0.0064 0.58% = 0.0015 0.92 =044 0.75 = 0.023 0.76 += 0.31 0.97 = 0.21
Springbok 0.30° = 0.021 0.40° + 0.0056 = 0.33¢ +0.028  0.50° = 0.023 0.69 = 0.29 0.42 +0.13 0.40 = 0.15 0.45 = 0.12
Fallow deer 0.37° = 0.042  0.23° + 0.0055 0.23° = 0.0074 = 0.44% = 0.0034 0.73 = 0.34 0.59 + 0.24 0.70 = 0.23 0.72 £ 0.19
Dry mass basis
Blesbok 1.862 £ 0.31  1.40° = 0.072 1.20° + 0.22 1.83* = 0.23 1.42 = 0.67 1.15 = 0.18 1.26 = 0.47 1.51 = 0.36
Springbok 0.99¢ = 0.13 1.24> = 0.13 1.06° = 0.21 1.592 + 0.32 1.05 = 0.39 0.65 + 0.22 0.66 + 0.25 0.70 £ 0.22
Fallow deer 1.36° = 0.30 0.84°+ 0.068 0.84c = 0.084 1.572 = 0.078 1.10 = 0.41 0.94 + 0.42 1.09 = 0.43 1.12 = 0.45

TAs is basis refers to the sample as would be purchased for consumption
abe Means within a row per species at the raw stage with similar superscripts do not differ significantly (p>0.05)
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The addition of RBE to droéwors did not result in significant differences
(p>0.05) between treatments after drying within a species.

Protein oxidation

There were significant differences (p=0.0132) in protein oxidation in
terms of the two stages, raw and dried, which was expected as during
drying, protein oxidation will occur (Figure 2). However, each treatment did
not always result in an increase in carbonyls. When evaluating the species
individually within a stage, the fallow deer species droéwors carbonyl
levels decreased after drying (Figure 2). Blesbok and springbok species
droéwors followed the same trends for each treatment, staying at a
constant for RBE 0% and 0.25%, increasing for RBE 0.50% and decreasing
for RBE 1.0%. As seen in Figure 2, there were visible differences between
the species; mainly that of the fallow deer species droéwors in comparison
with both blesbok and springbok species droéwors.

stage*treatment*species; LS Means
Current effect: F(6, 18)=1.9676, p=.12420
Type Ill decomposition
Vertical bars denote 0.95 confidence intervals
0.0020

0.0018

0.0016

s
c Qo
3 © 00014 <
s
SHE|
1o 0.0012
gs %
%3 0.0010
s '8 @ ° 1 o
£ § 00008 e it %
e= [} o o, o
= 0.0006 e ? b
0.0004
0.0002
s 2 © s 2 T 52 == RBE 0%
gE £ g8 2 | LI == RBE025%
2 2 ) =4 RBE 0.50%
species: BB species: SB species: FD E RBE 1.0%
BB, blesbok; SB, springbok; FD, fallow deer.
Figure 2:  Protein oxidation results indicating the interaction between stage,

treatment and species interaction (p>0.05) for droéwors prepared
with different concentrations of rooibos extract (RBE).

When evaluating within species, protein oxidation in blesbok species
droéwors samples remained fairly constant with the addition of RBE
0% and 0.25% with mean values (expressed as uM carbonyl per mg
protein) of 0.00089 (raw); 0.00087 (dried) and 0.00070 (raw), 0.00069
(dried) respectively (Figure 2). The protein oxidation in samples with the
addition of RBE 0.50% increased over time from 0.00065-0.00085 uM
carbonyl/mg protein. The samples with RBE 1.0% decreased in carbonyls
by 0.00026 1M carbonyl/mg protein which is a very small (not significant)
amount. Springbok species droéwors samples indicate similar results to
blesbok species droéwors samples in that with the addition of RBE 0.25%,
the protein oxidation products remained fairly equal over time with mean
values (uM carbonyl/mg protein) of 0.00069 (raw) and 0.00069 (dried).
Samples with RBE 0.50% again increased after drying by 0.00018 uM
carbonyl/mg protein, whilst RBE 0% and RBE 1.0% decreased by
0.000085 M carbonyl/mg protein and 0.00021 M carbonyl/mg protein.
All treatments of the fallow deer species droéwors samples decreased
after drying with an initial average mean value of 0.0035 uM carbonyl/mg
protein and 0.00076 uM carbonyl/mg protein average mean values after
drying. The differences between these values were not significant. There
were no significant differences amongst the treatments at each stage (raw
and dried) for the individual species.

Discussion

The proximate composition results indicated that the moisture lowered
after drying by approximately 50% which was expected as the droéwors,
as per the procedure used, was dried to lose 45-50% of its original mass.
Because of the moisture loss after drying, the protein and fat content
was expected to become more concentrated.?s With the moisture loss
experienced during the drying process, as expected, the concentration of
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fat in the droéwors doubled (Table 2). The increase in concentration of
the ash content with the drying can be explained by the drying process
although it must be kept in mind that the higher than expected ash content
would also be because of the added spices.

The fatty acid profile showed that the saturated fatty acids (SFA) initially
made up approximately 50-60% of the sausages’ total fatty acids. This
was caused by the addition of sheep meat/fat to the lean game meat
species. Sheep fat is high in stearic acid which contributes to the high
total saturated fatty acid of the droéwors. The total unsaturated fatty acids
made up the remaining 40-50% of the fatty profile. After drying, the fatty
acid profile of the droéwors was expected to change because of oxidation;
however, if the RBE functioned as an antioxidant, it was expected that
the fatty acid profile would also differ in terms of percentage fatty acids
between treatments within species. However, there were no significant
differences between the PUFA values of the blesbok droéwors which
would seem to indicate that the RBE did not function as an antioxidant.
The fatty acid profile, especially that of the low PUFA, at treatments RBE
0% and RBE 1.0% of the dried springbok species droéwors (Table 3),
would seem to indicate that more oxidation may have occurred at these
concentrations. Fallow deer droéwors’ PUFA decreased with increasing
concentrations of RBE, which would indicate that there was increased
oxidation with increasing RBE levels.

The haem-iron levels, lipid oxidation and protein oxidation need to be
discussed in conjunction with each other for an accurate conclusion to
be made as haem-iron and oxidation are closely related to each other.?
Haem-iron is a catalyst for lipid oxidation, therefore the higher the haem-
iron content, the more susceptible the product is to oxidation.?” Protein
oxidation products are also known to induce lipid oxidation as the protein
oxidation products react with free lipid radicals resulting in increased lipid
oxidation.?® Lipid oxidation however may also initiate protein oxidation.? A
standard Pearson’s correlation indicated that the haem-iron was positively
linked to the TBARS of the dried droéwaors in all the species (blesbok 0.52,
springbok 0.24, fallow deer 0.86).

During drying, protein oxidation occurs resulting in the formation of
carbonyls.® Therefore it is expected that the oxidation products will increase
after drying. Studies have shown that the 2,4-dinitrophenylhydrazine
(DNPH) method is used to obtain a general overall measurement of protein
oxidation in food systems.*%*! This method is described as being accurate,
especially for quantification of overall protein oxidation levels over time.*?
Decreases which are visible in Figure 2 may result from the protein
carbonyls reacting with other cellular constituents. These cellular reactions
result in the total protein carbonyls not being detected.? This corresponds
with the fact that protein oxidation products are known to induce lipid
oxidation? as the products will react with the free lipid radicals resulting
in increased lipid peroxidation. Of importance are the changes in protein
oxidation products over time per species. Because of the antioxidant effect
of RBE, protein oxidation was expected to decrease with higher levels of
RBE added, however, the level of uM carbonyl per mg protein, as seen with
the blesbok and springbok species droéwors, remained fairly constant
between treatments. Protein oxidation was thus not affected by the
addition of RBE at any of the concentrations although the results (Figure 2)
suggest that with the addition of RBE at concentrations higher than 1%,
a large concentration of malonaldehydes will be detected (high oxidation
level) with levels being similar to that of the control (RBE 0%). Natural
polyphenols, such as those found in RBE, form strong complexes with
metal ions such as iron. Polyphenols also have the ability to complex with
proteins. This therefore will influence the antioxidant activity of the RBE
as once the polyphenol binds to a molecule, it will no longer act primarily
as an antioxidant. This is seen in Figure 2 as the carbonyls decrease with
RBE 1.0% allowing the polyphenols in the RBE to bind to the remaining
proteins available which in turn could inactivate the antioxidant activity.
This supports the lipid oxidation results of RBE concentrations 0.50% and
1.0% which show an increase after drying. Some studies have proved
that conventional antioxidant strategies do not necessarily apply to muscle
proteins, as compounds that are able to prevent lipid oxidation are not
always able to prevent protein oxidation.8293435

Oxidation in meat and meat products is also closely related to the break-
down of haem-iron and the release of iron from the porphyrin ring.%
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Haem-iron increases after drying which could be from moisture loss of the
product. However, the possibility exists that the haem-iron is not released
from the porphyrin ring because of the drying process. The principle that is
followed involves the interaction between lipid and protein oxidation which
subsequently results in lowered haem-iron values. Lipid oxidation occurs
through a free radical chain reaction whereby oxygen is the most important
factor in the development of lipid oxidation in meat and meat products.®”
Droéwors is a processed dried meat product and the process includes
a mincing step. The mincing of the meat disrupts the cell membranes
releasing pro-oxidants naturally found in meat which interact with the
PUFA in the presence of oxygen and reactive oxygen species. This initiates
lipid oxidation.® Lipid oxidation products include superoxide anions and
hydrogen atoms which react to form hydrogen peroxide (H,0,). H,0, acts
as an oxidising agent by releasing the haem-iron molecule (via oxidative
cleavage of the porphyrin ring) resulting in further lipid oxidation.1237:39:40
At this point however, if the antioxidants have bound to the binding sites
of the myoglobin molecule in which the haem-iron is attached, this will be
prevented. This process, called the Fenton reaction, is also involved in the
reduction of PUFA.

At slaughter, reducing enzymes in meat are depleted, resulting in the
accumulation of metmyoglobin. Metmyoglobin consists of haem-iron in
its ferric state (Fe*), which has two binding sites.®” RBE is made up of
polyphenols,* therefore it can be speculated that they will attach to these
binding sites of metmyoglobin, which primarily bind oxygen. With the RBE
binding to these sites, a decrease in myoglobin oxidation occurs because
oxygen cannot bind to the same sites. As the protein oxidation is a metal-
ion catalysed reaction, there is a decrease in protein oxidation thereby
decreasing lipid oxidation via protein oxidation products.

Aspalathin is unique to rooibos tea.**' It acts as a potent antioxidant at low
concentrations and a pro-oxidant at high concentrations. As an antioxidant,
it has a radical scavenging ability which protects against oxidative damage.
Plant antioxidants added to meat and meat products have beneficial
effects for protection against excessive oxidative damage induced by
reactive oxygen species.”? High concentrations of total flavonoids,
dihydrochalcones (aspalathin and nothofagin) and/or total polyphenols are
a few reasons why RBE could also act as a pro-oxidant.*' Assays have
been demonstrated using RBE to inhibit lipid peroxidation which concludes
that its efficacy is dependent on the total polyphenol content rather than
the individual flavonoids.'®4! However, the RBE used in this study had high
concentrations of aspalathin and quercetin (Table 1) which can both have
pro-oxidant properties when added in high concentrations, which could
explain the increased lipid oxidation values with the addition of RBE 0.50%
and 1.0%. Orientin and iso-orientin (analogues of aspalathin) could also
play a role in the pro-oxidant effect of the RBE as these flavonoids are also
found in high concentrations*' (Table 1).

The low results for haem-iron and lipid oxidation at RBE 0.25% are
because of the inhibition of haem-iron release via the binding of the
antioxidant to its binding sites, which inhibits protein oxidation and
in turn minimises the level of lipid oxidation. Lipid oxidation does
occur to some extent because of the initiation of lipid oxidation during
processing. Only with the addition of RBE 0.25% did this occur. The
same trend was seen over all species. These results also relate to the
protein oxidation results which show a minimal formation of carbonyls.
With the addition of higher concentrations of RBE, this resulted in
higher oxidation levels. This could be the result of the saturation of the
binding sites of haem-iron. Once these sites have been saturated, the
RBE begins to act as a pro-oxidant as it has a high total polyphenol
content and plays a role in the generation of hydroxide (OH-), which is
a reactive oxygen species. Therefore, the more RBE present, the higher
the level of oxidation that will occur. It can therefore be proposed that
the addition of RBE 0.25% would be the threshold for usage as an
antioxidant in droéwors. The control (RBE 0%) proved to have similar
oxidation results as those of the RBE at high concentrations.

Droéwors is considered a high in fat product and has a high level
of PUFA (Table 3); the higher the PUFA, the faster the oxidation
process.®® It must be noted that springbok species droéwors
showed that RBE 1.0% decreases slightly (0.52 MDA per kg meat
sample difference). This decrease could possibly be explained by
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experimental error as determination of MDA in a meat sample using
the TBARS method is said to be inaccurate as it lacks specificity and
sensitivity.*** Therefore it has been suggested that the TBARS be
used to assess the extent of lipid oxidation in general.“® This method,
which is specifically used for biological samples, muscle foods and
fish oils,* should be regarded as a way to determine approximate
lipid oxidation results. Variation in results has been seen in various
studies which assess lipid oxidation in muscles food using the
TBARS method.*-4

Both blesbok and springbok species droéwors showed that the
addition of RBE 0.25% tended to slow down lipid oxidation. The
addition of higher concentrations of RBE (0.50% and 1.0%) did not
give expected results as oxidation activity was higher than the control
(RBE 0%). Fallow deer species droéwors resulted in high oxidation
activity with the addition of RBE at 0.25% but this does not correspond
with the other species droéwors as the addition of RBE 1.0% gave
the best results in terms of inhibition of oxidation activity after drying.
This could be because of the chemical composition of the fallow deer
differing from that of the other two species; an aspect that warrants
further research.

Conclusions

Although the results obtained from this study did not prove the
inhibition of lipid oxidation to be significant, there were some
interesting trends observed. Lipid and protein oxidation showed
that the addition of RBE at 0.25% gave the best results. Haem-iron
concentrations after drying showed significant differences with
RBE 0.25% resulting in a low haem-iron content in comparison
with the higher RBE concentrations. Though the differences for
lipid oxidation weren’t significant, it is important to note that RBE
0.50% and 1.0% gave higher oxidation results but that these MDA
values were never higher than the control MDA values. As some
results were inconsistent across species, this indicates that species
type (especially with the fallow deer droéwors) and formulation of
the droéwors play an important role in the antioxidant activity of
the added RBE. The fatty acid profile had high concentrations of
oleic acid, stearic acid, linoleic acid and palmitic acid in both the
raw and dry droéwors samples which is consistent with the sheep
fat added. The high polyunsaturated fatty acids resulted in a higher
oxidative activity as noted. The formulation used contains a high fat
content of 33.3%. By reducing the fat content and re-formulating the
droéwors recipe, this should allow for an improved fatty acid profile,
as the droéwors tends to be more similar to the added fat. A sensory
panel analyses should also be conducted to determine whether the
oxidation is detectable and to give an indication on whether RBE will
impart a specific flavour to the droéwors.
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