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I INTRODUCTION changes in some components of the cholesterol.

The degree of oxide formation is related to

Meat is a complex food with a highly struc- processing heating time, storage

temperature,

tured nutritional composition and major source of
cholesterol in the diet. It becomes edible and
more digestible when it is subjected to cooking.
However, heat treatment can lead to undesirable
modifications, such as the loss of the nutritional
value of meats mainly due to lipid oxidation and

conditions, level of activator present, packaging
and most of the oxides found in foods were
subjected to processing conditions or exposure to
heat(Paniangvait et al., 1995). cholesterol
oxidation products(COPs) have been known to be
more injurious to arterial cells than pure
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cholesterol and are more directly connected to
the development of atherosclerosis and coronary
heart disease(Addis, 1986). COPs deteriorated the
bicavailability of cholesterol by inhibiting
cholesterol  biosynthesis(Lund and  Bjorkhem,
1994) and dietary uptake of cholesterol(Peng et
al.,, 1985). COPs also impaired a membrane func-
tion, which results in altered membrane permea-
bility(Hennig and Boissonneault, 1987). On the
other hand, natural cholesterol had no atherogenic
or hypercholesterolemic effect and had a much
lower influence on the activities of most enzymes
than COPs(Smith, 1987). The most predominant ox-
idized cholesterol detected was 7-ketocholesterol,
as well a  [B-epoxycholesterol and a
-epoxycholesterol. Many studies demonstrated that
the amount of COPs in foods could frequently
reach 1% of total cholesterol and occasionally
10% or more (Addis, 1986). The lipid oxidation
has been associated with quality deterioration
caused by the development of off-flavors and
off-odors during storage(Kumar and Singhal,
1992). More recently, interest in the possible
toxicological effects of lipid oxidation products,
particularly COPs has increased. These researches
are important for human health and meat quality.
Turkey is major animal in poultry industry.
However, turkey is not much consuming in our
meat markets, and no study was conducted on
the turkey. The object of this study is to
investigate the effects of cooking and packaging
methods on the TBARS and cholesterol
oxidation products of turkey thigh meat patties.

II MATERIALS AND METHODS
1. Sample preparation

The White Holland turkey thigh meats with
skin were ground twice through a 3-mm plate
and patties were prepared without additives.
Patties(contain 15% fat) were approximately 9cm

in diameter, 1.5cm in thickness and weight 100g.
Patties were cooked using 5 different methods
(oven cooking, pan frying, oil deep frying, boil-
ing, and microwaving) to an internal temperature
of 85~ )T (internal temperature checked by
internal thermometer).

1) Oven cooking. The patties were placed in
an electric oven and cooked. The electric oven
utilized a heating bar heat to cook the top and
bottom surfaces as each patty turned over twice.

2) Pan frying. The patties were placed on the
electric pan and cooked. Each patty was turned
over twice.

3) Oil deep frying. The patties were sub-
merged into the hot corn 0il(160~ 30T and
cooked.

4) Boiling. The patties were put into the
zipperbag and boiled(100°C Omin) in a water
bath(Fisher 120V 50/60Hz, Springfield, USA)

5) Microwave. The patties were placed in a
glass dish and cooked(the patty was turned over
twice between cycles) in a microwave oven(Gen-
eral Electric JE 1590WC, 2450MHz, Louisville,
USA).

Five cooking treatment samples were vacuum
packaged in a high oxygen impermeable PVDC
bag(9.3m¢ Om/24h at 0°C Koch, Kansas City,
USA) and stored at 4 luring 0, 1, and 2weeks
and also aerobic packaged in oxygen permeable
PVC zipperbags(polyethylene, Associated Bag
Company, Milwaukee, USA) and stored at 47T
during 0. 3, and 7days.

2. Lipid oxidation(TBARS)

Lipid oxidation was determined by the modi-
fied TBARS method of Buege and Aust(1978).
Five grams of meat were weighted into a 50m¢é
test tube and homogenized with 15m¢ of deion-
ized distilled water(DDW) using a polytron ho-
mogenizer(Type PT 10/35, Brinkman Instruments
Inc., Westbury, NY) for 10 s at the highest speed.
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One m¢ of meat homogenate was transferred into
a disposable test tube(3 x 100mm) and butylated
hydroxyanisole(50p¢, 7.2%) and thiobarbituric
acid/trichloroacetic acid(TBA/TCA; 2m¢) were ad-
ded. The mixture was vortexed and then incu-
bated in a boiling water bath for 15min to
develop color. Then the sample was cooled in
cold water for 10min, vortexed again, and cen-
trifuged for 15min at 2000g. The absorbance of
the resulting supernatant solution was determined
at 531nm against a blank containing 1mé# of
DDW and 2m¢ of TBA/TCA solution. The
amounts of TBARS were expressed as milligrams
of malondialdehyde per kilogram of meat.

3. Cholesterol oxidation products(COPS)

The COPs in samples were determined by the
method described by Ahn et al(1999). The dried
lipid by method of Folch et al(1957) were
dissolved with an aliquot of hexane to make 0.1g
fat/m{ hexane and used for the next step. Silicic
acid(100mesh), celite-545, and CaHPQO,(10:9:1,
w/w/w) mixture in chloroform was prepared and
packed into a glass column. The columns were
washed with 10m£ of hexane: ethyl acetate(9:1
vlv, solvent 1) before loading sample. Lipid
sample(0.2g) dissolved in hexane were added
with an internal standard(5-a-cholestane) and
loaded onto the silicic acid column. Neutral
lipids, cholesterol, and phospholipid were eluted
by passing hexane: ethyl acetate(9:1, v/v) and
hexane: ethyl acetate: diethyl ether(4:1:2, viviv)
through the column. Then cholesterol oxides were
eluted with acetone: ethyl acetate: methanol
(10:10:1) and dried under nitrogen. The dried
cholesterol oxides were added with 200pe
pyridine and 100p¢ BSTFA + 1% TMCS and
derivartized by heating in a dry bath(80°C for
lhr and analyzed using a GC(Hewlett Packard
6890) equipped with an on-column capillary in-
jector and a flame ionization detector(FID). A

ramped oven temperature condition(180°C ‘or 2.5
min, increased to 230 it 2.5°C in, then held
at 230 ‘or 7.5min) was used. Temperatures of
both the inlet and detector were 280°C Helium
was the carrier gas with linear flow at 1.1m#/min.
Detector(FID) air, H, and make-up gas(He) flows
were 350, 35, and 43még/min, respectively. Fatty
acids were identified by comparison of retention
times of known standards. Relative quantities were
expressed as weight percent of total fatty acids.

4. Statistical analysis

Data were analyzed using the generalized linear
model procedure of SAS software(1996) Student-
Newman-Keuls multiple range test. Significance
was defined at P <0.05.

[T RESULTS AND DISCUSSION
1. TBARS values

Effects of cooking and packaging methods on
the TBARS are shown in Table 1. A significant
increase(P < 0.05) in the TBARS values of all
cooked samples by storage, which is in agree-
ment with the finding of Kesava et al(1996). It
is well known that, even during storage periods
after heating, lipid oxidation does occur. At the 0
day of storage, both aerobically packaged and vac-
uum packaged TBARS value was no significant.
In contrast, the levels of TBARS significantly(P <
0.05) increased with storage periods and vacuum
packaged thigh meat produced less TBARS than
the aerobically packaged samples. At the begin-
ning of storage, aerobically packaged meat cook-
ed by boiling method produced significantly(P <
0.05) higher TBARS than that of others. However,
the TBARS of microwaved meat with vacuum
packaging significantly(P < 0.05) increased rapidly
after 1 week of storage and also aerobically pack-
aging significantly(P < 0.05) increased although
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Table 1. Effect of cooking and packaging methods on the thiobarbituric acid reactive
substances of turkey thigh meat patties during storage
Storage period(days)
Treatments Aerobic packaging Vacuum packaging
0 3 7 SEM 0 7 14 SEM

......................................... MAPMGIKG MEAL -+ ++veeeveeeveremireemireiiiiiieii
Oven cooking 3290 1428 1479™ 0062  324%  443®  495™ 0050
Pan frying 394  1480% 1518% 0113  4.02®  448% 502™ 0076
Deep frying 414% 1507 1536% 0068  4.14%* 492® 528% 0101
Boiling 452 1672 1755% 0088 465 5290®  559% 0051
Microwaving 420% 1754 1859 0102  429%° 595"  606™  0.050
SEM 0086 0080  0.099 - 0062 0072 0072 -

abc

ABCD

Y MA : Malonaldehyde.

storage period was 3 days. At the end of stor-
age, micrewaved sample was the highest and
oven cooked sample was the lowest than the
other samples in both aerobically and vacuum
packaging samples. Paniangvait et al(1995) report-
ed that the degree of oxide formation is related
to processing temperature, length of heating time,
storage conditions, level of activator present and
packaging. Most of the oxides found were in
foods are subjected to processing conditions or ex-
posure to heat(Paniangvait et al., 1995). Monahan
et al(1992) found that lipid oxidation in raw
samples was low compared to processed samples
and may account for the low rates of cholesterol
The lipid
oxidation are dependent on several factors, the
most important being the level of polyunsaturated
fatty acids present(Allen and Foegeding, 1981).
Apte and Morrissey(1987) clearly showed that the
ferritin fraction contributed significantly to lipid
oxidation in heated meat systems. In present
study, we found that the cooking methods and
packaging methods influenced the levels of lipid
oxidation and the increased lipid oxidation is
probably related to membrane damage. Especially,
microwaving produced higher level of TBARS
than those of other because the microwaving

oxidation. rate and the extent of

Different letters within a row are significantly different(P < 0.05).
Different letters within a column are significantly different(P < 0.05).

method should be easily infiltration into meat
core. Thus, we assumed that easy and quick
cooking method should be inducing the lipid
oxidation easily and quickly.

2. Total cholesterol oxidation products

The amounts of total COPs by cooking meth-
ods and packaging methods shown in Table 2.
The amount of total COPs in cooked thigh meat
increased with storage and the
linear with storage time. Due to the presence of
one double bond, cholesterol is susceptible to
oxidation when exposed to light and molecular
oxygen. Pie et al(1991) reported that total COPs
increased after storage and cholesterol-7 oxidized
products were predominant with 7-ketocholesterol
the most abundant. COPs have been detected in
a variety of processed food products, including
powdered milk, grated cheeses, butter and spray-
dried egg products. Several researchers(Higley et
al., 1986; Park and Addis, 1987) have been de-
tected COPs in raw, cooked, and processed
meats. Pie et al(1991) also found that COPs
increased significantly on cooking of meats and
during subsequent refrigerated storage. The levels
of total COPs in aerobically packaged cooked

increase was
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Table 2. Effect of cooking and packaging methods on the total cholesterol oxide products of

turkey thigh meat patties during storage

Storage period(days)

Treatments Aerobic packaging Vacuum packaging
0 3 7 SEM 0 7 14 SEM

........................................ u;/kg MEAL ¢erevssrsenssnsesarisitsunniiisssisonasissnas
Oven cooking 464  1491% 2118  0.104 469 6777 751 0140
Pan frying 520  14.96% 2032 0141 514% 574 622  0.101
Deep frying 578% 1458 21.46® 0126 584  630% 7.28%  0.167
Boiling 459% 1227 1998%  0.130 455% 470" 564% 0199
Microwaving 588  1555" 22.85"  0.146 569  6.34%° 788" 0104
SEM 0.110 0140  0.150 - 0196 0163  0.180 -

ab,c

ABCDE

meat were higher than the vacuum-packaged
meat. At the beginning of storage, microwave
and deep fried samples had significantly(P < 0.05)
higher total COPs than those of others, but the
microwaving produced highest of total
COPs in meat than other cooking methods during
storage. At the end of storage, the levels of total
COPs in turkey thigh meat was in decreasing
order as follows: microwaving, deep frying, oven
cooking, pan frying, boiling in both aerobically
and vacuum packaging samples. Use microwaving
for heating meat is an extremely rapid cooking
method. Heating results from conversion of mi-
crowave energy to heat by friction from internal
molecular

level

rotations caused by interactions of

Different letters within a row are significantly different(P < 0.05).
Different letters within a column are significantly different(P < 0.05).

molecules in a rapidly fluctuating electromagnetic
field. Thus, microwaving method should be easily
induced damage of cholesterol structure. Our re-
sults demonstrate that the rate of cholesterol
oxidation in turkey is greatly accelerated during
storage following cooking and appears to follow
the same trend as lipid oxidation in general.

3. Cholesterol oxidation products

Data presented in Table 3 to 6 show that the
amount of 4 COPs(7a-hydroxycholesterol,a, 3-epoxide
and 7-ketocholesterol) by cooking methods and
packaging methods. The levels of 4 COPs in
cooked thigh meat increased with storage and the

Table 3. Effect of cooking and packaging methods on the 7a-hydroxy cholesterol of turkey

thigh meat patties during storage

Storage period(days)

Treatments Aerobic packaging Vacuum packaging
0 3 7 SEM 0 7 14 SEM
......................................... ug/kg IMEAL +#revsesesrsanriuariiiiosissssiscnssnasianses
Oven cooking 176 589"  7.92% 0001 179 238" 268" 0053
Pan frying 170> 575  694™  0.168 167 173 201® 0120
Deep frying 1.92% 557  753% 0114 1.94%  209%® 251%  0.055
Boiling 159%  458®  7.48%  0.130 162 166 213% 0111
Microwaving 214 598"  g27™ 0137 210 218" 285"  0.069
SEM 0076 0085  0.102 - 0074 0095 0128 -

abc
ABCDE

Different letters within a row are significantly different(P < 0.05).
Different letters within a column are significantly different(P < 0.05).
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Table 4. Effect of cooking and packaging methods on the a-epoxide of turkey thigh meat
patties during storage

Storage period(days)

Treatments Aerobic packaging Vacuum packaging
0 3 7 SEM 0 7 14 SEM
......................................... HKQ AL +++vvereessrurieiniiiiiiniiiitiii
Oven cooking 053* 198%™ 281% 0097 055% 063* 060°* 0084
Pan frying 072 217 346" 0103 069" 091" 1.08®  0.106
Deep frying 054% 177 264 0110 0515 057"  063% 0071
Boiling 049%  153® 257 0098 048%  051™ 052 0120
Microwaving 051  169™ 294* 0087 047 048™ 067 0067
SEM 0089 0116  0.138 - 0088 0080  0.119 -

ab,c

Different letters within a row are significantly different(P < 0.05).
ABCDE pifferent letters within a column are significantly different(P <0.05).

Table 5. Effect of cooking and packaging methods on the (B-epoxide of turkey thigh meat
patties during storage

Storage period(days)

Treatments Aerobic packaging Vacuum packaging

0 3 7 SEM 0 7 14 SEM

...................................... MAl)mg/kg MEAL ++rsevsesasssarseiisiiisssissiisnssinanses

Oven cooking 077% 355"  420% 0087 < 074%® 132" 137" 0148
Pan frying 0.83% 317" 401® 0105 089" 096* 097 0085
Deep frying 0.82%°  3.03® 454" 0099 085"  0.93°" 141"  0.109
Boiling 076 271™ 386 0111  074® 076 119% 0094
Microwaving 0.74%  349™ 446 0100 070 099% 143 0080
SEM 0087 0086  0.104 - 0069 0118 077 -

ab¢ Different letters within a row are significantly different(P < 0.05).

ABC Different letters within a column are significantly different(P < 0.05).

Table 6. Effect of cooking and packaging methods on the 7-ketocholesterol of turkey thigh
meat patties during storage

Storage period(days)

Treatments Aerobic packaging Vacuum packaging

0 3 7 SEM 0 7 14 SEM

.................................... MAYMQ/KG MEAL +++vvvvervresreeieniriiiiiiiiieein

Oven cooking 158> 349  623%® 0141 1615 244%  246% 04172
Pan frying 1.95*  387% 501™ 0187 1.89%° 214  216™  0.087
Deep frying 250% 421" 675  0.235 2547 271 273% 0081
Boiling 1.75%  345%®  607™ 0179 171> 177 180"  0.069
Microwaving 249 439" 718"  0.258 242% 269" 2937 0083
SEM 0187 0271  0.253 - 0074 0098  0.183 -

ab,c

Different letters within a row are significantly different(P < 0.05).
ABCDE Different letters within a column are significantly different(P < 0.05).
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increase was linear with storage time. Smith et al
(1981) postulated that the intermolecular free-
radical processes, involving hydrogen extraction
from cholesterol by peroxy or oxy radicals of pol-
yunsaturated fatty acids, may promote cholesterol
oxidation. It is conceivable, therefore, that choles-
terol oxidation should proceed in a way analo-
gous to lipid oxidation. The levels of these 7a-
hydroxycholesterol and 7-ketocholesterol were high-
er than B and a-epoxide and the change of 7a-
hydroxycholesterol and 7-ketocholesterol were in
similar trend as TBARS and total COPs. At
the end of storage, microwaving was significantly
(P <0.05) the higher in 7a-hydroxycholesterol,
closely followed by the oven cooking, also, 7-
ketocholesterol in microwaving was significantly
(P <0.05) the highest than other samples in both
aerobically and vacuum packaging samples. Park
and Addis(1986) showed that the level of 7-
ketocholesterol increased linearly with heating time
but not with temperature in heated fats. They found
that the formation of 7-ketocholesterol was nearly
linear with heating time, reaching about 10% of
the initial cholesterol content for 376 hr heating
at 155C ark and Addis, 1985). They also
suggested that cholesterol was oxidized to iso-
meric 7a-hydroxycholesterols, 7-ketocholesterol and
epimeric epoxides in tallow heated at 155°C ‘or
376 hr. 7-ketocholesterol was produced without
formation of epimeric 7-hydroxycholesteol as a de-
composition product of 7-hydroperoxides because
7-hydroxycholesterol was readily dehydrated in
the absence of water at elevated temperatures,
such as 155°C At the end of storage, deep
frying has been shown to significantly the highest
(P <0.05) than other cooking methods in a-
epoxide and the levels of [-epoxide in pan
frying was significantly the highest(P < 0.05) that
of other samples in both aerobically and vacuum
packaging samples. Paniangvait et al(1995) report-
ed that the most predominant oxidized cholesterol
detected was 7-ketocholesterol, as well as
5B-epoxycholesterol and 5a-epoxycholesterol.

Rethwill et al(1981) reported that the cholesterol-
7 COPs and a-and [3-epoxide were noted at 3
and 8 days (confirmed by GC-MS), whereas
TBARS were detected at O days and increased
thereafter. 7-keto was the predominant COP
formed, with 7a, 783, and the epoxides following
in decreasing order. Allen and Foegeding(1981)
reported that turkey developed higher of both
COPs and TBARS than beef and has higher levels
of polyunsaturated membrane lipids. In this
study, we found that the amount of 4 kinds of
COPs(7a-hydroxycholesterol, a, [B-epoxide and
7-ketocholesterol) were little different following
the cooking methods, respectively. Especially, pan
frying methods increased the amount of a-epoxide,
and 7a-hydroxycholesterol, [(3-epoxide and 7-
ketocholesterol increased by microwaving methods.

IV CONCLUSION

Conventional methods of thermal processing in-
volve heat transfer by conduction, convection,
and/or radiation. These difference of procedures
should be influence meat qualities. The results
indicated that the progress of cholesterol oxida-
tion in cooked meat was similar to that of lipid
oxidation, and the formation of lipid and choles-
terol oxidation products in cooked meat was
closely related to cooking methods, storage time,
and packaging methods. The level of TBARS in
oven cooking method was lower than other cook-
ing methods, and COPs level was lowest in
boiling method during storage. Especially, micro-
waving produced higher levels of TBARS and
COPs in turkey than those of other cooking
methods during storage. More research is needed
to determine the effects of cooking methods and
packaging methods on TBARS and COPs in
meats.

V ABSTRACT

Turkey thigh meats with skin were ground
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twice through a 3-mm plate and patties were
prepared. Patties were cooked using 5 different
methods(oven cooking, pan frying, oil deep
frying, boiling, and microwaving) to an internal
temperature of 85~ J)C and packaged in either
oxygen permeable PVC zipperbags or oxygen
impermeable PVDC bags. The samples were
analyzed for thiobarbituric acid reactive sub-
stances(TBARS) and cholesterol oxidation pro-
ducts(COPs) after storage at 4C The TBARS of
cooked meat increased during the storage re-
gardless of cooking methods, vacuum packaged
thigh meat produced less TBARS and COPs than
the aerobically packaged samples. At the begin-
ning of storage, aerobically packaged meat cook-
ed by boiling method produced higher TBARS
than that of others. However, the TBARS of mi-
crowaved meat with vacuum packaging increased
rapidly after 3 days of storage at 4C The
amount of total COPs in cooked thigh meat
increased linearly with storage time. The level of
total COPs in aerobically packaged cooked meat
was higher than the vacuum-packaged meat. Mi-
crowave produced higher level of total COPs in
meat than other cooking methods during storage.
(Key words : Turkey, TBARS, Cholesterol oxida-
tion products, Cooking method, Packaging methods)
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