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The partitioning of exogenous d-tocopherol, added dissolved in ethanol, between the neutral
triacylglycerols and membranes of chicken leg muscles was investigated. The two lipid fractions were
separated using differential ultracentrifugation techniques. Triacylglycerols were obtained after high-
speed centrifugation of the minced muscle at 130000g for 30 min. Membranes were collected from
a muscle—buffer homogenate (pH 7.5) between 10000g for 20 min and 130000g for 30 min. The
triacylglycerols collected represented from 15 to 80% of the total triacylglycerols of the minced muscle,
the yields increasing with increasing muscle triacylglycerol content. The phospholipids in the isolated
membrane fraction represented from 20 to 35% of the total phospholipids of the muscle. At low muscle
total lipid contents (3—5%), the added O-tocopherol was present in approximately the same
concentration in both muscle lipid fractions. At higher total lipid contents, achieved by adding
exogenous triacylglycerols, the 6-tocopherol concentration in the membranes increased relative to
that in the triacylglycerols.
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INTRODUCTION (leaflets) of the membrane bilayer, with its hydrophobic tail

Lipids of minced or comminuted muscle foods are particularly intercalated with the membrane fatty acids and the headgroup
susceptible to oxidative deterioratiot)(Moreover, the mem-  located near the lipidwater interface due to the polarity
brane phospholipids are more susceptible to oxidative changed®estowed by its hydrophilic groupss,(7). This particular
than the neutral triacylglycerol€) Antioxidants are added to orientation is |mpqrta_nt, both for its membrane stab|I|2|_ng effect
muscle foods to retard the undesirable changes accompanyindg®) and for its antioxidant effect, as it scavenges radicals near
oxidation @), most commonly along with flavors/spices, or in he surface more efficiently than those formed in the inner region
an inert solvent or carrier such as oil or propylene glyg)l ( of the membrane9).

The levels of antioxidant addition are regulated by the U.S. Food  The partitioning of antioxidants has been studied in various
and Drug Administration. model or simple food systemd@-12). These include but-

Antioxidants may function in the aqueous or lipid phases of teroil—water, lipid or surfactant micellar systems, or liposomal
the cell. Directing an added lipid-soluble antioxidant to the site or membrane systems. Results have shown that the partitioning
where the lipids are most susceptible to oxidation is important. in these model systems is influenced by the properties of both
The exact location of the lipid-soluble antioxidant, its concentra- the antioxidant and the lipid surfac&X—14). However, no
tion, the ease with which it donates hydrogen to lipid radicals, information is available in the literature on partitioning of
and the stability of the resulting antioxidant radical determine exogenous antioxidants between the different lipids of complex
the antioxidant efficiency. The choice of antioxidant will systems such as muscle foods. The objective of this study was
therefore depend on its chemical and physical characteristics,to determine the distribution of an exogenous lipid-soluble
its effectiveness, its affinity for the lipid phase, its concentration antioxidant,5-tocopherol, when added to minced chicken leg
in the various lipid phases, and its stability during and after muscles. The partitioning between the muscle triacylglycerol
processing%). Vitamin E (tocopherol) is a natural lipid-soluble  and membrane lipid fractions was studied in muscle ranging
antioxidant commonly found in and added to muscle foods. In from approximately 3 to 15% (w/w) total lipids. Leg muscles
cellular membranes, tocopherol is located in both halves were chosen because they have a higher membrane lipid
(phospholipid) content than breast muscle. Exogenous triacyl-
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products. It is a common practice in the industry to add adipose centrifugation at 1000§ for 20 min at 5-10 °C. The resulting
tissue for improved palatability/flavor. For each experiment, two Supernatant was centrifuged at 130§66r 30 min at 5-10 °C, and
to three levels of total lipids were compared. Odtyocopherol the sediment thus obtained was suspended in 0.6 M KCl in the
was added to samples since it is only a minor component of aforementioned HEPES buffer. This suspension was then centrifuged

mammalian muscle lipidsl6); this considerably simplifies data ~ 29@in at 130009for 30 min at 5-10 °C, and the final sediment was
analysis and interpretation. gently suspended in the HEPES buffer. The high-ionic-strength buffer

at neutral pH solubilized actomyosin, thus aiding in its removal. The
chemical composition of the unwashed and salt-washed membrane
MATERIALS AND METHODS fractions was analyzed as described below. For comparison, the
chemical composition of chicken muscle microsomes isolated as
described by McDonald & Hultin1(9), but using the buffers mentioned
above, was determined. Ascorbate (0.2% w/v) was added to all buffers
used for protection of the add@dtocopherol. All samples were kept

on ice throughout the experiments.

Materials. Live hens of varying age were obtained from a local
farm. HEPES bufferN-2-hydroxyethylpiperaziné¥'-2-ethanesulfonic
acid buffer hemisodium salt), Nagarse type XXVII protease (EC
3.4.21.62), high-molecular-weight protein standard<300 kDa) for
SDS-PAGE analysis, and-tocopherol (90% pure) were obtained from . . . .
Sigma Chemical Co. (St. Louis, MO). High-purity (99%),y- (99%), Isplatlon qf Triacylglycerols. Tnacylglycerols were isolated ac-
andd-tocopherols (94%) for standard curve preparation were purchasedc0rding to Liang 20) as follows: duplicate 50 g minced muscle
from Supelco, Inc. (Bellefonte, PA). Whatman polytetrafluoroethyl SPecimens were centrifuged in a Beckman L5-65B ultracentrifuge
acetate (PTFE) membrane filters (0,461 pore size) were obtained ~ (Beckman Instruments Inc., Palo Alto, CA) at 130§G6r 30 min at
from Fisher Scientific (Pittsburgh, PA). Ethanol (dehydrated, 200 proof) 35—40 °C. After centrifugation, the top oil layer was collected and
was obtained from Pharmaco Products Inc. (Bayonne, NJ). Polyacry- Pooled, transferred to a test tube, and recentrifuged at full speed for 5
lamide gradient gels (420%) for SDS-PAGE analysis and staining ~ Min at room temperature in an IEC Clinical tabletop centrifuge
kit (Owl Pro Blue) were obtained from Owl Separation Systems (International Equipment Co.) for further separation. The oil collected
(Woburn, MA). All reagents were of ACS grade and all solvents of Wwas weighed, and the yields were estimated by comparison to the total
HPLC grade unless otherwise noted. amount of triacylglycerols in the muscle (estimated as the difference

Muscle Sampling and Treatment. Chickens were sacrificed by ~ N the muscle total lipid and phospholipid contents). Lia@)(
asphyxiation using carbon dioxide. The legs were removed and debonedPreviously showed that there was no phospholipid contamination in
and the thigh and drumstick muscles were collected. The muscles werethe triacylglycerols obtained using this procedure. Triacylglycerol
stored whole at 84 °C until used (16-16 h). Postrigor muscles were ~ Samples obtained were dissolved in chloroform, and the tocopherol
used in all experiments. Prior to the addition of the antioxidant system, content was determined using HPLC.
the stored muscles were ground twice through 5-mm perforations ina  Chemical Analyses.The moisture content of minced muscle was
KitchenAid model KSM90 grinder (300 W) at full speed (KitchenAid  determined by weight after drying under IR light in a CSC Scientific
Inc., St. Joseph, MI). Triacylglycerol contents of muscle samples were Moisture Balance (Fairfax, VA) at the highest setting for 20 min, or
increased by adding isolated muscle triacylglycerols to ground muscle until no change in weight was observed. Protein contents of minced
followed by mincing for 30 s in an Oskar Sunbeam model 4817 food muscle and microsomal and membrane suspensions were determined
processor (Sunbeam-Oster Household Products, Hattiesburg, MS).by means of the Biuret reactio@®). Total lipids (TL) of minced muscle
Muscle triacylglycerols were obtained by mincing and heating chicken and membrane suspensions were determined by weight after extraction
depot fat for 30 min in a thermostated water bath at@5This was with a chloroform-methanol solvent according to the method of Lee
followed by centrifuging the oil obtained for 5 min at full speed at gt al. £2). A 1:1 (v/v) solvent combination was used to extract lipids
room temperature in an IEC clinical tabletop centrifuge (International of jean muscle and a 2:1 combination for fatty muscle. Phosphorus
Equipment Co., Needham Heights, MA) for better separation. The clear ¢ontents of lipid extracts and triacylglycerol samples were determined
triacylglycerol layer was collected and added to lean ground muscle to gpecirophotometrically according to the method described by Anderson
increase total lipids. All samples were stored on ice throughout the 5,4 pavis 23). A factor of 25 was used for converting lipid phosphorus
experiments. to phospholipids, based on an average molecular weight of phosphati-

Isolation of Membrane Lipids. Addition of Antioxidant.The dylcholine divided by the atomic weight of phosphorus. Tocopherol
antioxidant system used consisted of sodium ascorbate (0.2% w/w) andcontents of lipid extracts and triacylglycerol samples were determined
o-tocopherol (approximately 300 ppm on muscle total lipid basis). a5 described by Petillo et a24) using an excitation wavelength of
Sodium ascorbate and a proteolytic enzyme preparation (Nagarse) Wer€gs nm and an emission wavelength of 325 nm. Lipid extracts were
ad(_ied to ground muscle_ at.levels of 0.2 and 0.0QS% (wiw), respectively. fijtered through 0.45um pore size PTFE disk filters to remove
This was followed by mincing samples for 20 s in the Oskar Sunbeam \ariculate debris prior to injection to the HPLC. Triacylglycerol
food processor. The minced muscle was then incubated for 60 min at ggmples were dissolved in chloroform. Samples were stored in amber
refrigerated con_dmons (04 °C). The enzyme was _added tobreak down  p| ¢ vials at—40 °C until injection into the HPLC. Values are
structural proteins to release membrane mateliét-(8). Ascorbate reported as the average of measurements on at least duplicate samples.

was added to provide protection to the addetbcopherol. After )
incubation, the appropriate volume of approximately 4.5 mM freshly _SDS—PAGE Analysis. SDS—PAGE_sampIe buffer was added to
microsomal and membrane suspensions (2 mginLfollowed by

madeo-tocopherol stock in ethanol (to give approximately 300 ppm oo o - ’ . .
on a lipid basis) was added to the minced muscle, followed by further N€ting in a boiling water bath for 2 min and a quick cooling on ice.
mincing for 20 s in the Oskar Sunbeam food processor. The actual 1he samples were then stored-a40 °C until used. After thawing,

s-tocopherol concentration of the stock was determined using HPLC. Samples were placed on 2010 cn¥, 4-20% gradient polyacrylamide
The stock was found to contain approximately 1 and 4% (w/wj-of ~ MiniPlus gels and run at a constant current of 30 mA per gel for
and y-tocopherol, respectively. Immediately after addition of the @pproximately 60 min. This was followed by fixing gels in a 12% (w/
tocopherol stock, muscle specimens were taken for chemical analysis.V) trichloroacetic acid solution for 60 min, prestaining for 60 min, and

Isolation of Membrane LipidShe method of McDonald and Hultin ~ St&ining overnight using the Owl Pro Blue kit (SE140002). After being
(19) for the isolation of flounder microsomes was modified to isolate "insed with distilled deionized water, gels were scanned using a GS
membranes from chicken muscle. Four volumes of a cold 0.1 M HEPES 300 scanning densitometer (Hoefer Scientific Instruments, San Fran-
buffer (pH 7.5) containing 0.2% (w/v) ascorbate were added to minced ¢iS€0, CA). The molecular weights of the membrane proteins were
muscle, followed by homogenization for 60 s in a Kinematica GmbH determined by comparison to molecular weight standards. The con-
type PT 10/35 Polytron (Brinkmann Instruments, Westburg, NY) centration of each protein was determined from the relative peak areas.
equipped with Adjust-A-Volt variable-speed control type 500B (Stan- Statistical Analysis. Statistical analyses were carried out using the
dard Electronic Products Co., Dayton, OH) set at speed 76. The pH of general linear model (GLM) procedure (Jandel Scientific, San Rafael,
the homogenate was adjusted to 7.5 using 0.1 M NaOH, followed by CA). Least significant difference (LSD) testsm@t 0.05 were used to
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Table 1. Comparison of Chemical Characteristics of a Microsomal Fraction Obtained from Nontreated Muscle and Membrane Fractions Obtained
from Enzyme-Treated Muscle with or without a Salt Wash (0.6 M KCI) To Remove Myofibrillar Proteins?

membrane fraction® PLmembrane/ TLmembrane PLmembrane/Proteinmembrane PLmembrane/PLmuscle
microsomal® 0.911+0.052a 0.463 £0.047 a 0.140 £0.088 a
membrane without salt wash 0.809+0.030 b 0.313+0.024 b 0.343+0.040 b
membrane with salt wash 0.848+0.033 a 0.390 +0.032 a 0.247 £0.045¢

@ Numbers reported are the averages and standard deviations from duplicate measurements and expressed as weight ratios (w/w). Numbers within each column having
the same letters are not significantly different (p > 0.05). See text for definition of ratios. ® The abbreviations PL and TL represent phospholipid and total lipid contents,
respectively. The subscripts refer to the membrane pellet (sediment) obtained after centrifugation, or to the muscle from which the membranes were obtained. ¢ Refers to
a membrane preparation obtained by the method of McDonald and Hultin (19).

separate means when significant differences were found. All experi-
ments were done at least twice.

RESULTS

Isolation of Triacylglycerols. The triacylglycerols isolated
from the minced chicken leg muscle represented up to 80% of
the total triacylglycerols of the muscle. For lean muscle
consisting of approximately-35% (w/w) triacylglycerols, the
yields were as low as 11% of the total triacylglycerols initially
in the muscle. However, as the triacylglycerol content was
increased by the addition of depot fat (triacylglycerols), the
yields of isolated triacylglycerols were generally between 50
and 80% of the total triacylglycerols of the muscle. Phosphorus
was not detected in the isolated triacylglycerol fractions (data

not shown), suggesting an insignificant phospholipid contamina- Figure 1. Protein patterns of membrane fraction isolated from enzyme-

tion. . . : — treated muscle with or without salt-washing to remove myofibrillar proteins.
Isplanon of Membrane L|p|ds..To éxamine th? purity” of . Lanes 1 and 6 are protein standards. Lanes 2, 3, 7, and 8 are unwashed
the isolated membrane preparation obtained using the mOd'f'edmembranes (18.80 ug loaded). Lanes 4, 5, 9, and 10 are salt-washed

proc_edure, the chemical compositions of a microsom_al fraction . orbranes (23.60 ug loaded).
obtained from non-enzyme-treated muscle according to the
method of McDonald and Hultin1®) and from membrane  significantly higher phospholipid yields. The additional salt-
preparations obtained from enzyme-treated muscle using thewashing step removed some proteins (20% w/w) and triacyl-
modified procedure were compared. The contamination by glycerols (5% w/w). This change is reflected by the increase in
neutral lipids and myofibrillar proteins of the preparations was the PLlmembranfT Lmembrane@Nd PlmembrandProteimhempraneratios,
estimated by calculating the ratio of phospholipid to total lipid respectively. However, this increase in “purity” was ac-
content (PlnembranT Lmembrang, @nd the phospholipid to protein = companied by a significant loss in polar membrane lipids, as
content (PlmembrandProteimembrang. A high PLnembrankT Lmembrane estimated by the RhembrantPLmuscieratio, from approximately
ratio indicates a low neutral lipid contamination. Likewise, a 34 to approximately 25% of the total phospholipids initially in
high PLynempranfProteinemprand@tio indicates a low myofibrillar the muscle. To further evaluate the “purity” of the membrane
protein contamination. The fact that both neutral lipids (e.g., fractions obtained using the modified procedure, SPAGE
cholesterol, tocopherol, ubiquinol, and triacylglycerols) and was performed, and the resulting protein patterns were examined
membrane-associated proteins are an integral part of theto assess contamination by myofibrillar proteifsg(re 1).
membrane structure complicates the assessment of the level ofn theory, proteins can bind molecules suchdatcopherol
contamination. The BhembranfT Lmembrane@Nd PlmempranPro- through hydrophobic interactions. The major proteins in the
teiNmembraneratios ofmicrosomesbtained using the method of  membrane fractions were of molecular weight of approximately
McDonald and Hultin {9) and the salt-washedmembrane 105 kDa {Table 2), corresponding to that of the sarcoplasmic
fraction obtained using the modified procedure were not reticulum (SR) C&™-ATPase (33-36% of the total protein),
significantly (@ > 0.05) different Table 1), suggesting a similar ~ and a band of approximately 57 kDa (19%). A band of
chemical composition of the two membrane fractions. However, molecular weight of approximately 205 kDa was observed in
the triacylglycerol and protein contents of thenwashed the unwashed membranes, suggesting the presence of a small
membrane fraction were higher compared to those of the otheramount of myosin heavy chain. Therefore, membranes prepared
fractions, as indicated by the lower RdmbrantT L membrane@nd with the salt wash were used throughout the rest of the
PLmembrandProteinnembranefatios. The amounts of phospholipid  experiments.
in the membrane preparations that were obtained from 100 g Effect of Muscle Total Lipid Content on Partitioning of
of original muscle were 132 6 mg for the microsomes, 275  §-Tocopherol.Chicken leg muscle of a wide range of total lipid
+ 6 mg for the unwashed preparation, and #98 mg for the contents was used in this study. Lean chicken leg muscle
salt-washed preparation. contained approximately 7# 3% moisture, 22+ 2% protein,
The yield of microsomal phospholipid obtained using the and 4+ 1% total lipids (wet weight) of which approximately
method of McDonald and Hultinl®) was only 14% of the total ~ one-quarter were phospholipids (6.0.8% wet weight). The
muscle phospholipids (RlembrandPLmuscid, @S compared to up  total lipid content was increased to approximately 14% by
to 34% obtained using the modified procedure without the salt adding chicken depot fat (triacylglycerols) to the muscle. The
wash {Table 1). Thus, the enzyme treatment resulted in partitioning of the added-tocopherol between the membranes
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Table 2. Comparison of Protein Composition of Membrane Fractions
Obtained from Enzyme-Treated Muscle with or without Washing To
Remove Myofibrillar Proteins?

without salt wash with salt wash
MW (kDa) (% of total protein) (% of total protein)
202-207 2 ndb
99-108 33 36
83-89 10 6
75-81 2 2
69-75 7 6
55-59 19 19
44-48 11 9
41-44 3 3
36-39 4 2
34-35 1 1
29-31 1 1
27-29 10 9

@A molecular weight (MW) range is given for each major band. Protein
percentages are the average of quadruplicate determinations. ® Not detected.
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Figure 2. Partitioning of o-tocopherol added in ethanol between
triacylglycerols (TAG) and membrane lipids, depending on muscle total
lipid content. Results are expressed as the tocopherol concentration
measured in each lipid fraction compared to the concentration added to
total Iipids. (.) [TOHmembranes]/[TOHadded]; (O) [TOHTAG]/[TOHadded]-

and triacylglycerols was estimated by comparison of the
tocopherol concentrations determined in each lipid fraction after
separationKigure 2). As somej-tocopherol (5-20% w/w) was

destroyed upon addition to muscle and mincing, partitioning

calculations were based on tocopherols that were recovered from

minced muscle immediately after its addition. At a muscle total
lipid content of approximately -35%, the distribution of the
added)-tocopherol between the membranes and triacylglycerols
was approximately even on a concentration basis ([h&Nland/
[TOHtac] & 1). At higher total lipid contents, achieved by
adding exogenous triacylglycerols, theocopherol uptake by
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Figure 3. Tocopherol concentration measured in isolated muscle
membrane lipids, depending on tocopherol added on a membrane lipid
basis.

DISCUSSION

To estimate the partitioning of the exogenous tocopherol
between the major muscle lipids with confidence, the lipid
fractions obtained after separation should be not only of high
yield but also of good purity, i.e., little contamination of
membrane phospholipids in the triacylglycerols and vice versa.
Using a centrifugation force of 1300§@or 30 min at 35-40
°C, up to approximately 80% (w/w) of the total triacylglycerols
of minced chicken leg muscle were obtained. The yields were
based on gravimetric comparison of the amount of oil (tria-
cylglycerols) obtained after centrifugation to the amount of
triacylglycerols initially in the muscle. The yields increased with
increasing total lipid content of the muscle. The triacylglycerol
yields upon centrifugation of lean muscle<(8% TL; ~2—4%
triacylglycerols w/w) ranged from 11 to 30% of the total
triacylglycerols initially in the muscle. The yields increased to
80% for muscle of high lipid contents achieved by adding
triacylglycerols. Liang 2Z0) routinely obtained up to 50% (w/
w) of the triacylglycerols of chicken leg muscle and up to 75%
of the mackerel muscle triacylglycerols when applying 105000
centrifugation for 30 min at 30C. The triacylglycerol yields
were shown to depend on the time of mincing the muscle and
on the centrifugation temperature. Increasing the mincing time
resulted in lower yields, probably due to the formation of a
lipid—protein emulsion. Increasing the temperature resulted in
higher triacylglycerol yields 20). It is possible that the
exogenous triacylglycerols were relatively easier to isolate than
the native triacylglycerols in the high-lipid muscle samples used
in this study.

The membrane fraction obtained in these experiments most
probably came from a variety of membrane sources, each of
which has a different membrane lipid and protein composition.
Phospholipids in a variety of membranes range from 60 to 90%
of the total lipids of the membran@%). The chemical properties
(Table 1) of the salt-washed membranes obtained in this study
using the modified isolation method were not significantly

the membranes increased relative to the triacylglycerols on agifferent (@ < 0.05) from those of microsomes obtained using

lipid weight basis. Thed-tocopherol concentration in the

the method of McDonald and Hultin1§). However, the

membranes was up to about 2 times that determined in thechemical characteristics of an unwashed membrane fraction

triacylglycerols at total lipid contents of approximately 12%.

indicated a slight contamination with triacylglycerols and

The uptake of tocopherol by membrane lipids depended on themyofibrillar proteins, as suggested by the lower PL/TL and PL/

amount of tocopherol addedigure 3). Although the results
were variable I¢ = 0.340), there was a trend toward a higher

Protein ratios Table 1). The PL/TL ratio of the salt-washed
membrane fraction ranged from 0.8 to 0.95, slightly higher than

tocopherol uptake by the membranes when the tocopherol addedhe range of 0.7860.75 for broiler microsomes reported by

was increased.

Asghar et al. 26). The PL/Protein ratio of the salt-washed
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membrane fraction ranged from approximately 0.30 to 0.40. The higher. For example, if we assume that 100 g of original tissue
TL/Protein ratio ranged from approximately 0.40 to 0.50, in has 20 g of myofibrillar protein and that there is approximately
agreement with the results of Yamauchi et al7)(for chicken 3.9 g of lipids in the Z-disk of 100 g of myofibrillar protein
white muscle mitochondria (0.346) and for thigh muscle (chicken semitendinosys of which approximately 54% is
mitochondria (0.531). SDSPAGE evaluation of the unwashed phospholipid, this corresponds to approximately 0.42 g of
and salt-washed membranes revealed that the membranephospholipid. This represents one-half of the total phospholipids
obtained without the salt wash contained a small amount (1 found in the original tissue (0-70.8% wet weight) and is
4% wiw) of a polypeptide of a molecular weight of ap- therefore quite significant in terms of recovery of membranes
proximately 205 kDa, corresponding to that of myosin heavy from muscle. As an example, a 35% yield would convert to a
chain. This band was not detected in the membranes obtained’0% Yyield under these conditions.
using the additional high-salt (0.6 M KCI) wash. Approximately Comparison of the tocopherol concentrations (ppm) deter-
33—36% (w/w) of the total protein of the membrane fraction mined in each lipid fraction after separation suggested an
had a molecular weight corresponding to that of GATPase approximately even distribution of tocopherol between the lipids
(~105 kDa). This protein constitutes approximately-&0% when the muscle total lipid content was low{8%). However,
(w/w) of the total membrane proteins in the sarcoplasmic as the muscle total lipid content was increased by adding
reticulum of skeletal muscle28, 29). Thus, it may be estimated  triacylglycerols (and thus the amount of tocopherol added since
that the SR protein constitutes some one-half of the total proteinsit is added on a total lipid weight basis), the tocopherol
isolated using the modified procedure. concentration in the membranes increased relative to that in the
The chemical characteristics of the membrane fractions friacylglycerols Figure 2). This is based on regression analysis
obtained varied slightly with the muscle samples used for the Of the data irFigure 2, yielding a slope of 0.138¢ = 0.436)
various experiments. The characteristics of the membrane o’ the membrane, and a slope of 0.017 £ 0.473) for the
fractions isolated were independent of the muscle total lipid {iacylglycerols. This result can be explained by kinetic con-
content. Muscle structural changes occurring postmortem may Siderations. Thed-tocopherol is added in a relatively polar
make a contribution to the variation in the chemical composition solvent, ethanol, with a dielectric constant of 2538)( The

of the membrane fraction due to variability in muscle disintegra- hydrophilic nature of this carrier, in combination with the pol'ar
tion from one experiment to another. Muscle cell membranes headgroup of the tocopherol molecule, would be compatible

are linked to myofibrillar proteins via several structural proteins with the hydrophilic surfface .Of the membranes a.m.d may transfer
such as utrophin, dystrophin, and desn@i, 81). Some of these the tocopherol more rapidly into the membrane lipids than across
proteins may stiII, be linked té the cell membr:;mes obtained after the more hydrophobic surface of th_e triacylglycerol oil droplets.

the ultracentrifugation procedure, thus affecting the overall When the)-tocopherol:ethanol solution enters the aqueous phase

chemical composition of the membrane fraction. The chicken of the muscle tissue, the ethanol is immediately diluted. Due to

V)
muscle used was stored from 10 to 16 h at40°C prior to the small amount of ethar_10| added to the muselé% W/W).’
. o the d-tocopherol would rapidly become insoluble and most likely
separating the muscle lipids.

) o form micelles or tiny droplets of tocopherol. These would have
Up to approximately 35% (w/w) of the total membrane lipids  the polar headgroups directed toward the aqueous phase. This
of the original minced chicken leg muscle were obtained using might make them react more rapidly with the polar surface of
the modified differential centrifugation method of McDonald  the membrane than with the more hydrophobic oil droplets. With
and Hultin (19). The yields were estimated on the basis of time, §-tocopherol concentration in the membrane would
comparison of the absolute amount (milligrams) of lipid jncrease, which would slow the uptake of additional antioxidant
phosphorus obtained by physical separation of the membranesmolecules into the membrane. If the initial rate of tocopherol
to the amount of lipid phosphorus in the original minced muscle yptake were dependent on the aqueous concentration of toco-
after extraction of the lipid by organic solvents. The yields pherol added, i.e., first order, an increased uptaké-tfco-
decreased to approximately 25% (w/w) upon washing the pherol by the membranes compared to the oil phase would occur
membrane sediment with 0.6 M KCl in 0.1 M HEPES buffer if the tocopherol content of the aqueous phase of the meat
to remove contaminating myofibrillar proteins. For comparison, increased. This is the case as tocopherol is added, based on the
only approximately 1817% (w/w) of the total membrane lipids  total lipid content (30Q:g/g of lipid): as the total lipid content
were obtained using the original method of McDonald and of the muscle increases, increasimmountsof tocopherol are
Hultin (19). These yield estimates are based on the assumptionadded, resulting in a high aqueous concentration. The net effect
that all of the lipid phosphorus extracted from muscle comes would be a higher concentration af-tocopherol in the
from cell membranes. However, Takahashi and colleagd@s ( membranes as the total lipid (and therefore algocopherol)
32) have reported that lipids are a significant component of content of the system increased.
Z-disks of vertebrate skeletal muscle (beef, pork, chicken, rabbit)  For comparison, the partitioning data presente&igure 2
and the lipid content varies depending on the muscle phenotype.ere also expressed in terms of absolute amounts (micrograms)
Chicken Pectoralis profundusnuscle Z-disk was found to  of tocopherol measured in each lipid fraction as opposed to
contain approximately 2.4 g of lipids per 100 g of myofibrillar  tocopherol concentrations. The absolute tocopherol amounts in
protein (lipids extracted from the I-Z-I brush only), of which  each lipid fraction were calculated on the basis of the assumption
54% were phospholipids, 35% triacylglycerols, 7% cholesterol, that the lipids isolated are representative of all of each type of
and 5% free fatty acids. The chickeemitendinosusnuscle lipid in the muscle, and thus the tocopherol concentration
Z-disk contained 3.9 g of lipids per 100 g of myofibrillar protein, determined in the isolated lipid fractions is the same as that of
of which 54% were phospholipidS82). It would seem likely the lipids that still remain in the muscle. To demonstrate the
that these phospholipids are not in membranes. Thus, it istrend observed for the antioxidant partitioning with increasing
possible that the lipid phosphorus extracted from the original muscle total lipid content, examples of the results fiigure
tissue does not solely represent membrane phospholipids, an@® are shown inTable 3 on an absolute weight basis. For ease
the percentage yield of membrane may therefore actually be of presentation, results for 3 of a total of 30 samples are shown.
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Table 3. Example of Results for Absolute Distribution of Added d-Tocopherol between Triacylglycerols (TAG) and Membrane Lipids in Minced
Muscle of Varying Total Lipid Contents?

muscle total lipid content (% wet weight)

3.6% 5.8% 12.9%
total TOH in 100 g of muscle® 900 + 14 1473+ 6 2645 + 67
in triacylglycerols (TAG) 493 £ 6 (54.8%) 1027 £5 (69.7%) 2218 + 25 (83.9%)
in membranes 142 + 7 (15.8%) 214 + 6 (14.5%) 311+ 6 (11.8%)
sum in TAG + membranes 635 (70.6%) 1241 (84.2%) 2529 (95.6%)

2 Values reported are calculated on the basis of average (N = 2, n = 2) lipid contents of 100 g of minced muscle. Numbers in parentheses represent the fraction of
the total tocopherol recovered. ® Amount of tocopherol recovered from muscle immediately after its addition.

The membrane yields for the three samples presented wereantioxidant appear to be critical in the final distribution of the
approximately 27, 30, and 25%, and the triacylglycerol yields antioxidant.

were approximately 34, 53, and 71%. On an absolute weight

basis, the majority of the exogenous tocopherol recovered from ACKNOWLEDGMENT
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