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produced increased thicbarbituric
acid (TBA) values and decreased raw
color scores. Work by Huffman et
al. (1981) demonstrated that TBA
values of restructured pork chops
increased linearly in response to
increasing salt levels.

Synthetic antioxidants such as
butylated hydroxyanisole (BHA) and

tertiarybutyl hydroquinone (TEHQ)
have been shown to reduce 1lipid

oxidation in restructured meat
products (Chastain et al., 1982;
Crackel et al., 1988) during

refrigerated storage and up to 20
weeks of frozen storage. Naturally
occurring antioxidants, including
rosemary extracts, can also be used
with considerable success to reduce
rancidity development in meat
products. Oleoresin rosemary (CR)
contains a number of compounds such
as rosmanol, carnasol, rosmaridiph-
enol and rosmariquinone which
possess antioxidant activity similar
to or greater than BHA (Houlihan and
Ho, 1985). Barbut et al. (1985)
demonstrated that the incorporation
of OR in sensitive meat products,
such as a turkey breakfast sausage
prepared from a combination of hand
deboned turkey meats, can
substantially suppress lipid
oxidation and increase product shelf
life at refrigerated temperatures.
Chemical and sensory analyses showed
that OR was comparable to a
commercial blend of BHA/BHT/citric

acid in antioxidant efficacy.
Korczak et al. (1988) also
demonstrated a pronounced

antioxidant effect for rosemary in
precooked minced meat products.

The primary objective of this study
was to evaluate the effectiveness of
OR as an antioxidant during
refrigerated and frozen storage of
restructured beef steaks and chicken
nuggets. A cammercial OR (Kalsec
Inc., Kalamazoo, MI) was tested at
two levels with and without sodium
tripolyphosphate (STFP). Possible




additive effects between OR and
STPP were also investigated.

Manufacture and analysis of
restructured beef steaks

Three replications of seven
treatments were used in this

study. The treatments included salt
(0.75%), salt/STPP (0.3%), 0.05% OR,
0.1% OR, 0.05% OR/STPP, 0.1% OR/STPP
and TBHQ/STPP. The restructured
beef steaks were marufactured using
the method of Booren et al. (1981)
to contain 15% fat by cambining lean
and fat fractions. Salt, STPP amd
antioxidants were added to the lean
beef during the first thirty seconds
of mixing. The fat fraction was
added for the last three minutes of
vacuum mixing. The meat was frozen
in logs, then portioned into 9x1.5
cm thick steaks which were packaged
in polyethylene-laminated nylon
pouches.

The refrigerated study was designed
to test the storage stability of
cooked steaks held at 4°C over a
six-day pericd. The steaks were
cooked to an internal temperature of
70°C in a convection oven set at
177°C. TBA values were measured in
duplicate using the distillation
method of Tarladgis et al. (1964),
as modified by Crackel et al.
(1988). A 12 member semi-trained
sensory panel rated the samples on a
six point scale for degree of
warmed-over flavor. Zero
corresponded to no WOF and 5 to a
very strong WOF.

For the frozen study, the raw steaks
were held at -20°C for 6 months. At
three month intervals,
representative steaks were thawed,
cooked as described above, and
analyzed for TBA values and sensory
scores. Steaks containing TBHQ/STPP
were vacuum packaged and served as
reference samples for the sensory

panel.
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alone reduced the extent of salt-
catalyzed lipid oxidation, although
STPP was more effective than the OR
over the storage period. However,
the cambination of OR (both levels)
and STPP was very effective and
demonstrated an additive antioxidant
effect. This is in contrast to the
results of the refrigerated study
for restructured beef steaks where
the main antioxidant effect was due
to the presence of STPP.

Similar trends were cbserved for the
chicken nuggets during frozen
storage (Table 4). TBHQ/STPP was
the most effective antioxidant
cambination. The additive effect
between OR and STPP was again
observed, although it was not as
pronounced as that obtained for the
refrigerated study.

studies involving the cooking of
nuggets in soybean oil containing OR
and subsequent storage of the cooked
nuggets under refrigerated and
frozen conditions indicated no
apparent beneficial effects of
adding the antioxidant to the oil on
the oxidative stability of the
nuggets (Tables 3 and 4). These
results imply that either the
antioxidant principles in OR were
stripped from the oil during the
cooking of the nuggets or that the
OR did not penetrate into the
chicken meat during storage. TBA
analyses were carried out with the
whole nugget, i.e., breading and
meat were blended together before
samples were taken for analysis. It
is most likely that the meat lipids
would deteriorate more rapidly than
the vegetable oil absorbed by the
breading of the nuggets. However,
the addition of OR to frying oil
would probably be beneficial in
stabilizing the oil in other food
products such as potato chips and
frozen french-fried potatoes.
CONCLUSIONS

Results of this study indicated that
OR when used in combination with




STPP in cooked restructured meat
products effectively inhibited lipid
oxidation during refrigerated and
frozen storage. Thus, the natural
OR should be pursued further as a
substitute for synthetic
antioxidants for preserving the
shelf 1life of restructured meats
during extended storage.
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*Mean TBA values and sensory scores bfor cooked, restructured

- f steaks during refrigerated storage?'®’©

Sent
8‘11 Day 0 Day 2 Day 4 Day 6
galt TRA Sensory TBA Sensory TBA Sensory TBA Sensory
salE/Svap 1.34  1.19 5.61  13.27 10.4  4.30 11°30" 4:31
(0 /OR 0.29 0.31 0.66 0.68 0.58 1.05 0.84 1.42
Salﬁos%) 0.76  1.06 5.30 3.26 8.65 4.43 9.73  4.00

/OR
(0,14
Sili/i) 0.56 0.86 5.00 3.49 6.60 4.19 9.90 4536
(0.7 3Tpp
85%35%) /R 0.27 0.47 0.38 0.83 0.47 1.05 0.40 1.31
(0.1§TPP/OR 0
Sﬂltf) 27 . 0.42 0.47 0.73 0.64 1.36 0.97 1.36

S'I’pp
B Y 0.28 0.45 0.27 0.59 0.40 1.12 0.37 1.06
q
b A
\ U ) :

ng‘rl\glalu: Tepresent means of three replicated experiments

y SOOeXPressed as mg malonaldehyde/kg meat
eS: 0 = no WOF; 5 = intense WOF

ty

lez .

b:n IBA values and sensory scores for restructured

f steaks dquring frozen storage.?’

galt Month 0 Month 3 Month 6
gﬁlt /% TRA Sensory TBA Sensory TBA Sensory
gil% P 1.34 1.19 3.93 3.08 5.29 3.83
hilt/QR (0. 055 0,29 0.31 2.14 2.58 3.04 3.00
e R (0] 57 0.76 1.06 2.52 2.06 32200 2.93
JO.O?SPP/QR 0.56 0.86 1.61 1.67 2.41  2.58
) 0.27  0.47 1.36  1.17 2.37  2.86
lt/SI’PP 0.27 0.42 1.18 1.13 1.77 2.20
74
alﬂ T 0.28 0.45 0.78 1.17 1.89 o 185
NN

Q
tat; t means of three replicated experiments.

1vesg

YZeq forSteakS were thawed after 3 and 6 months at -20C, cooked,

TBA value and sensory score.
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Table 3. TBA values and sensory scores of chicken nuggets
refrigerated storage
6 (

Treatmenta Day 0 Day 2 Day 4 ::::::f%%ééég

TBA  Sensory TBA _ Sensory TBA  Sensory TBA 771
salt 1.67 1.71 3.29 2.92 4.36 3.53 5.13 33
Salt/STPP 0.64 0.93 1.26 2.00 .36 2.37 2.65 L ¢
Salt/OR 1.28 1.38 2.76 2.98 4.05 3.37 4.57
(0.05%) 3.9
Salt/OR 0.94 1.50 2.15 2.43 3.19 3.65 3.7
(0.1%) 9.0
Salt/STPP/OR 0.50 0.32 0.97 1.31 1.65 1.70 1.78
(0.05%) 9,00
Salt/STPP/OR  0.46 0.63 0.75 1.36 1.20 1.80 1.47 4
(0.1%) il
Salt/STPP/TBHQ 0.38 0.30 0.47 1.08 0.62 1.27 0.59 1

D

0il + ORP 0.58 0.93 1.11 1.54 1.66 1.97 2.43
(0.025%) 2.8
0il + OR Po.64 0.73 1.40 2.00 05 b i 1 2.56
(0.05%)

b

, en
Table 4. TBA values and sensory scores of chicken nuggets during £ro?

a4 All values represent average of three replicated experiments
Samples fried in oil containing OR contained salt and STPP.

storage.
6
Treatment2 Month 0 Month 2 Month 4 Mm15a¢ﬁ
TBA Sensory TBA  Sensory TBA  Senso TBA_ —"33
Salt 1.6/  L.71 3,39 - 4:38 3.65 3.67 3.61 40
Salt/STPP 0.64 0.93 1.15 2.15 1.99 2.93 1.58 4 17
Salt/OR 1.28 1.38 2.7% 3,82 3.24 4.00 3.57
(0.05%) 5,00
Salt/OR 0.94 1.50 2.44 3.38 2.85 3.90 2.78
(0.1%) 2.40
Salt/STPP/OR 0.50 0.32 0.98 1.82 1.35 2.03 1.35
(0.05%) 2.3
Salt/STPP/OR 0.46 0.63 0.99 1.90 0.97 1.90 1.19
(0.1%) 1.57
Salt/STPp/ 0.38  0.30 0.52 1.35 0.48 1.37 0.54
TBHQ
71
: 59 2
0il + ORP 0.58 0.93 1.27 2.03 1.51  2.87 1.
(0.025%) 2.9
0il + OR 0.64 0.73 1.30 2.48 2,11 2.40 1.82
(0.05%)
a

b
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All values represent means of three replicated experiments.
Samples fried in oil containing OR contained salt and STPP.
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