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Diets containing grape seed extract (GSE)—control, GSE [low GSE, low GSE + methionine, high
GSE, and high GSE + methionine], or a-tocopherol—were fed to broiler chicks to estimate the
antioxidative activity of GSE in processed meat. GSE was detrimental to the growth of chicks, and
methionine did not reverse the detrimental effect. GSE with 85.4 g of gallic acid equiv/100 g (GAE
85.4) was added to ground dark turkey meat to obtain treatments with no GSE, 1.0% GSE, and
2.0% GSE and then processed as unsalted or salted and unheated or heated. Processed treatments
were analyzed for thiobarbituric acid reactive substances (TBARS) and percent expressible moisture
(%EM). GSE at 1.0 and 2.0% decreased TBARS values nearly 10-fold as compared to the control.
GSE (1.0%) had a %EM value significantly greater than that of the control. GAE 85.4 decreased
TBARS values more than GAE 88.9.

KEYWORDS: Grape seed extract (GSE); poultry; turkey; chicken; lipid oxidation; thiobarbituric acid
reactive substances (TBARS); antioxidant

INTRODUCTION Byproducts of wine/grape juice processing provide an abun-

. . . . dant source of flavonoid compound22(—27). After grapes are
In 1979, the hypothesis that high wine consumption reduced yreqsed and the juice is collected, the remaining material is

coronary heart disease emerg&ji This was followed in 1992 1,5\ as pomace. This material contains grape seeds, skins,
by the expansion of the French paradox hypothesis suggesting, ,4/or stems (223). Grape seeds (rich in proanthocyanidins)
that the French population, despite their relatively high fat ¢, grape juice and wine processing can be separated,
consumption, had low incidences of heart disease due to aICOhOIextracted, dried, and purified into grape seed extract (GSE),
consumption from wine2). Their risk of coronary heart disease \\hich contains phenolic compounds (7B, 28—30).

was similar to that of people consuming Mediterranean diets, GSE is reputed to have antioxidant activity when fed to

mﬁgsﬁc%ﬁa If?;\(/:?irolr?;?:é:jnv\%gzigrgefgilrl]% (t:grﬁgx(/);n?;elr?t animals 81). Grape seed tannins or proanthocyanidins have been
P shown to have a hypocholesterolemic, antiatherosclerotic, and

antioxidant activity toward oxidation of human low-density ioxid ffect in vi hen fed iving di ith
lipoprotein (LDL) (3). This was considered to be important antioxidant effect in vivo when fed to rats receiving diets with
) cholesterol (31—33). Fasted rats were administered GSE via

because oxidized LDL had been shown to lead to athemsc'eros'slntragastric intubation, and plasma was collected and incubated

(). . with oxidants 84). Results suggest that GSE protects blood
Flavonoids are the most abundant group of phenditaifd  pjasma from oxidative stresse34). Also, addition of grape
are ant|OX|dant56(—.8).. The multlple mechamsms of fIavonqd seed proanthocyanidins (GSPC) to a system containing poly-
and polyphenol antioxidant functions include radical scavenging, ynsaturated fatty acids and mice liver or brain microsomes

metal chelation, and synergism with o_ther ar_1t|OX|dats10). inhibited oxidation by UV light peroxidation (35).

More than_ 5000 compounds can be divided into 13 C"’%‘ﬁes (. Many in vitro studies have been conducted to examine the
Short cha!ns (four or fewer monor.ners). are termed oligomeric antioxidative properties of GSE. Grape extracts inhibited
procyanidins, whereas longer chains (five or more manomers) conjugated diene and hexanal formation in lecithin liposomes

are kn(_)wn as tannins or proanthocyanidih)( Flavonoids are (36). Total phenolic content was highly correlated with relative
found in fOOdS. derived from plant sources such as Vegetabl.espercent inhibition of conjugated diene and hexanal (36). Another
(cabbage), fruits (apples and grapes), herbs, legumes, gralnsstudy showed that fresh grape extracts inhibited human LDL
and tea leaves (12-21). oxidation in vitro (37).
GSE has been suggested to have potential inhibitory effects
* Corresponding author [telephone (530) 752-7316; fax (530) 752-4789; in inflammation-related disease38). Reportedly, it has anti-
e'T%ng‘;{:ﬁg?%?aFVc',%g%gi'ence_ cancer properties in mouse epidernd$,(@0), mouse liver cells
* Department of Animal Science. (41), and human prostate cells (tested in vitrdR)( In an
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experiment in which rats were given dietary GSE, it was shown (5.18%), high GSE (5.18%) plus supplemental metr_]ionine (0.15%),
to have a preventative effect against colon cancer but not againspr a-tocopherol (0.01%). As noted above, GSE used in feed was GAE
liver or mammary gland cancers (43). When rats were given 90.2. Basal diets were prepared according to the Nutrient Requirements
GSE orally (along with sugars, fat, fiber, ash, organic acids, of Pqt_]ltry (56)_. Feed and wz_;\ter were adminis_tered ad libitum.
and protein) dissolved in water, the oligomers were found to Conditions for light, heat, housing, and slaughtering were approved
have antiulcer propertiegi4) Otkylers have reported that GSE by the University of California, Davis, Animal Care and Use Committee

. . . (protocol 8655). Feed and bird weights were recorded on the seventh
was cytotoxic to some cancer cells while enhancing the growth day of each week for 4 weeks.

of others (45). ) o _ Preliminary Experiment. Preparation of Dark Poultry Meat
GSE has been evaluated for its antioxidative effect in food. Patties for GAE 85.4 Added Post-mortem at 8-0.1%. Raw, skinless,

Nissen et al. (46) tested the oxidative stability of four natural boneless turkey thigh meat was stored on ice in plastic bags, packed
antioxidants in dehydrated chicken meat that was mechanicallyin ice-containing coolers, and transported from a local processor to
deboned. The polyphenol content (millimoles per gram) of the the laboratory within 4 h after slaughter. Meat was storeet&0 °C
antioxidants in grape skin (1.60), coffee (1.23), rosemary (0.92), until f_urther processed in _the laboratory. Meat was allowed to thaw
and green tea (0.57) was determind@)( Analyses performed overnight, protected from light, at room temperatur@8 °C). Excess

to determine the extent of lipid oxidation include electron spin fat and membrane were removed from the meat (1 kg), and the meat

h | thiobarbituri id . b was cut into 2.5 crhcubes before being ground for 20 s in a food
resonance, hexanal, thiobarbituric acid reactive su Stancesprocessor (Cuisinart, model DLC 7 Super Pro, Norwich, CT). All meat

(TBARS), sensory evaluation, and conjugated dienes. The yas mixed with a hand-held utensil for 5 min before the addition of

investigators found that the order of efficiency in inhibiting lipid  GSE. After the addition of ultrapure water (2.0% v/w), meat was mixed

oxidation was rosemary synthetic antioxidants- coffee ~ for an additional 5 min.

tea > grape skin> control. Although grape skin was least Samples were prepared for a22 x 6 factorial experiment with

efficient in decreasing lipid oxidation, it was considerably more variables of unheated/heated; storage periods of 3 and 6 day¥Cat 7

effective in retarding it than the control sample (no antioxidants). With fluorescent light; and 0 (control), 0.005, 0.01, 0.03, 0.05, or 0.10%
The molar ratio of polyunsaturated fatty acids to tocopherol GSE- At least two patties (90 g each) were prepared for each time

in dark poultry meat causes it to become more susceptible to period within each treatment and stored for 3 days &€ Wwith light.
lipid oxidation than light meat, especially during processing Patt!es were heated (if necessary) for 12 mln_accordlng to the procedure
P ’ of King and Bosch%7) and stored for an additional 3 or 6 days before

when meat is exposed to prooxidant conditions such as light, ¢ther analyses (see below) were performed. At least duplicate samples
heat, and grinding47). To retard lipid oxidation in stored  were analyzed; the experiment was not repeated.
poultry products made from dark meat, many antioxidants  preparation of Dark Poultry Meat Patties for GAE 85.4 Added
[a-tocopherol and rosemary (48—52) and green tea catechinsPost-mortem at 0-2.0%. The delivery and handling of meat were as
and herbs (53—55)] have been added pre- and post-mortem. noted above. The preparation was similar except that each treatment
Due to its reported antioxidative properties, it was hypoth- of 0, 1.0, and 2.0% GSE included a factor for unsalted heated, salted
esized that GSE would inhibit lipid oxidation in dark poultry unheatgd, and salted heat_ed. After grinding, salt was added and mixed
meat. For the pre-mortem addition, GSE with amino acid ©f 2 Min before the addition of GSE and ultrapure water.
supplementation was fed to birds to estimate its activity as an .. The same storage periods and conditions noted above were followed.
A . wo to three investigators analyzed samples in duplicate. The entire
antioxidant in harvested, further pr(_)cessed meat. For pOSt'experimentwas repeated. There were no fewer than eight observations
mortem addition, GSE was added, without or with 50% NaCl/" fo each salt/heat combination within each storage condition for each
50% KCI, and after processing and storage, its antioxidative treatment.

capacity was estimated. Preparation of Dark Poultry Meat Patties for GAE 88.9 Added
Post-mortem at 0—2.0%. GAE 88.9 contained 3.5% more total
MATERIALS AND METHODS phenolics than GAE 85.4. Therefore, analyses were performed to

determine whether the lots would differ in their ability to affect TBARS

Materials. pL-Methionine (99% purity) andx-tocopherol acetate values. Meat source and meat handling were the same as noted above.
(500 1U/g) were obtained from Aventis (Antony, France) and Hoff- Meat preparation was similar except that meat samples were prepared
mann-La Roche Inc. (Nutley, NJ), respectively. Turkey thigh meat was only as salted without heat. The same storage time and conditions were
obtained from a local processor. Grape seed extract was obtained fromfollowed. The resulting experimental design was = 2 factorial with
Polyphenolics, Inc. (Burlingame, CA). The three lots of GSE used variables of storage periods of 3 and 6 days 4C#with fluorescent
contained the following amounts of total phenolics expressed as gallic light and 0, 1.0, or 2.0% GSE. Triplicate samples (patties) were analyzed
acid equivalents (GAE) by the Folin method (grams of GAE per 100 by two investigators. The entire experiment was repeated. There were
0): 85.4,88.9, and 90.2 g of GAE/100 g. Future reference to lots with no fewer than 12 observations for each storage condition within
the above concentrations will be GAE 85.4, GAE 88.9, and GAE 90.2. treatment.

GAE 85.4 and GAE 88.9 were used in preparing meat patties, whereas Thiobarbituric Acid Reactive Substances and Percent Express-
GAE 90.2 was used in the preliminary feeding trial. A 50/50 mixture ible Moisture. The TBARS method (58) is a colorimetric method that

of NaCl and KCI was obtained from Morton Salt (Chicago, IL). primarily measures malonaldehyde, which complexes with thiobarbituric
Butylated hydroxyanisole (BHA), 1,1,3,3-tetraethoxypropane (TEP), acid. However, other substances (metals, decomposition and breakdown
and 2-thiobarbituric acid (TBA) were purchased from Sigma Chemical products of protein, and carbohydrates) may react with thiobarbituric
Co. (St. Louis, MO). Perchloric acid and ethanol were purchased from acid, causing an overestimation of TBARS. Thus, this method was used
Fisher Scientific (Pittsburgh, PA). Whatman (Clifton, NJ) filter papers to approximatelipid oxidation in variously processed meat. Ten

2V (150 mm), 3 (55 mm), and 50 (70 mm) were used. Tulle (netting) milliliters of aqueous solutions containing meat with 1.0 or 2.0% GSE,
was purchased from a local fabric store. perchloric acid, BHA, and thiobarbituric acid was analyzed.

GSE and 50% NaCl/50% KCI (a prooxidant) were always added to  The method of Earl et al.50) was used to determine percent
meat on a w/w basis, weight of substance by weight of meat. NaCl/ expressible moisture (%EM) for 0 and 1.0% GSE with salt/heat
KCl is subsequently referred to as salt. combinations of unsalted unheated, unsalted heated, salted unheated,

Preliminary Feeding Trial . Ninety Cobbx Cobb male and female and salted heated. Quadruplicate samples were analyzed by two
4-day-old chicks were separated into 18 pens of 5 birds. Three replicatesinvestigators resulting in 16 observations for each salt/heat combination
(15 birds total) received one of the following six diets after receiving within treatments.
the control diet for 1 week: control, low GSE (2.59% of diet), low Preliminary Sensory Evaluation. An untrained sensory panel of
GSE (2.59%) plus supplemental methionine (0.15%), high GSE three evaluators compared patties containing 1.0% GSE and the control.
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Table 1. Average Final Weight and Weight Gain of 4-Week-Old Birds Table 2. Preliminary Thiobarbituric Acid Reactive Substances (TBARS)
Fed GAE 90.2 for 3 Weeks? Values for GAE 85.4 Added Post-mortem to Dark Poultry Meat?
av final av wt TBARS values (mg of malonaldehyde/kg of meat)
diet’ bird wt (g) gain (g)fbird® treatment unheated heated overall effect
control 843 644
control 40.680 + 0.566° 40.952 + 0.233% 0.8310¢
low GSE (2.59%) o 452 245 0.005% GSE ~ ,0.816+0720°  ,1.089 +0.214° 0.952°
low GSE -+ methionine (0.15%) %41 330 0.01% GSE ,0.609 05060 0,976 £ 0.7 0.7920¢
high GSE (5.18%) 217 1 0.03% GSE 0.708+0610°  ,0.405 + 0.448° 0556
high GSE + methionine (0.15%)° 228 5 o 05170, 0798 1.0, '
9 metionine (0.15%) 0.05% GSE 051740479 ,0.798 + 0651 0.6450cd
a-tocopherol (0.01%) 998 785 0.10% GSE ,0.000£0.000° 0,567 +0.228 0.354¢
an =15, b All birds vyerg fed the control diet during the first wgek.CGrape sged an = 6 for unheated (0.005, 0.01, 0.03, and 0.05%) and heated (0.005, 0.01,
extract (GSE) and methionine were added as a percent of the diet. ¢ Cumulative and 0.03); n = 5 for heated (0, 0.5, and 0.10%); n = 4 for unheated (0%); and

data from weeks 2-4, when birds were fed experimental diets. n = 3 for unheated (0.10%). GSE was added on a wiw basis, weight of substance

by weight of meat. Means with different superscripts (b—d) in columns are
Statistical Analysis. Data for TBARS values and %EM for all significantly different at p < 0.05. Means with different subscripts (y—z) in rows are
repeated experiments were analyzed by methods of ANOVA and PROC significantly different at p < 0.05.
GLM (SAS Institute, version 8.1, Cary, NC). Means were compared

by Tukey’s HSD Student test to determine significance pt= 0.05. Table 3. Overall Thiobarbituric Acid Reactive Substances (TBARS)
Values for GAE 85.4 Added Post-mortem to Dark Poultry Meat?

RESULTS AND DISCUSSION

. . - TBARS values (mg of malonaldehyde/kg of meat
Feeding Experiment. A preliminary study was conducted (mg yeerg )

to test the efficacy of GSE, added as a feed ingredient, in the unsalted salted
post-mortem dark meat of birds. Due to the severity of growth treatment  unheated heated unheated heated
depression observed for the treatments containing GSE, the control b 13.929 + 3.647¢ 9.886 + 1.686° 10556 + 1.597¢
feeding study was not repeated. Dietary addition of an antioxi- 1.0% GSE b 0484+0.102¢ 1.096+0.335¢  0.708 +0.227
dant, such as.-tocopherol, rather than post-mortem addition ~2:0% GSE b 0.738+0157" 1071+0.397¢  1123+0.451°
to meat, allows it to be positioned closely to unsaturated lipids

in membranes to exert its greatest effect as an antioxi®&nt ( 2 GSE and 50% NaCl/50% KCI were always added to meat on a w/w basis,

weight of substance by weight of meat. 50% NaCl/50% KCl is referred to as salt.

62). Although statistical analysis could not be performed on n = 36 for salted and heated control; n = 32 for salted and heated 1.0% GSE;

the single preliminary study, some observations from it, n = 28 for salted and heated 2.0% GSE; n = 24 for unsalted and heated control
_howev_er’ are relevam_to the fUt_ure use of GSE as_ a feed and salted and unheated control and 1.0% GSE; and n = 21 for unsalted and
ingredient for poultry. High-GSE diets seemed to result in poor nheateq 1.0% GSE and salted and unheated 2.0% GSE; n = 18 for unsalted and
growth as compared to a conti@able 1). a-Tocopherol diets heated 2.0% GSE. Means with different superscripts (c-€) in columns are
had the highest numerical value for growth. Dietary methionine significantly different at p < 0.05. ® Data not available.
supplementation seemed to be ineffective in counteracting the
tannin effect. of GSE at 1.0 and 2.0% decreased TBARS values nearly 10-
Previously, Elkin et al.§3) fed ducks and chicks diets with ~ fold as compared to the controlgble 3). In general, TBARS
sorghum grain (contains tannins). These diets contained betweervalues at 1.0% GSE were numerically lower than values at 2.0%
0.05 and 5.60% catechin equivalents (CE), a measure of theGSE. Results fronTable 3along with that from the preliminary
amount of tannins. Addition of supplemental methionine to high- experiment for GAE 85.4 suggest that the optimum GSE level
CE diets eliminated the negative weight gain effect caused by in poultry meat is probably between 0.1 and 1.0%. Other
tannin consumption. Observations from the preliminary study investigators have noted that in a bulk oil system, greater
reported here are different from those of Elkin et @3) hydroperoxide inhibition corresponded to a lower concentration
possibly because GSE used in the present study was in a pureof a-tocopherol rather than a higher concentratiéi)( One
form than that in grains. Contrary to results demonstrating possibility is that phenolic compounds, even in different systems,
alleviation of the tannin effect with supplemental methionine exhibit similar trends. More experiments need to be conducted
(63, 64), another study indicated that tannins depressed growthto test this hypothesis. It is also likely that phenolic antioxidants,
in chicks despite methionine supplementatiéb)(Our observa- such asa-tocopherol and most likely GSE, can become

tions seemed to be in agreement with the latter res@i. ( prooxidants at high concentrations because of their propensity

Thiobarbituric Acid Reactive Substances ValuesPrelimi- to act as chain carrier§8). In addition, high concentrations of
nary Study: GAE 85.4 Added Post-mortem at001%. As antioxidants can reduce metals to a more catalytically active
shown inTable 2, the overall results for 0.069.05% GSE lower valence state, thus promoting oxidation (68).

were not clear. However, at 0.10% GSE, reduced TBARS values GAE 88.9 Added Post-mortem atR.0%. Results for
were observed as compared to the control and 0.005% GSE.TBARS values for 1.0 and 2.0% GSE were significanfly<
Results from this preliminary study as well as that from another 0.05) lower than the control (Table 4). Also, 1.0% GSE
experiment §6) indicated that a quantity of GSE0.1% would produced values significantly (< 0.05) lower than 2.0% GSE.
decrease TBARS values. Due to the inconsistency of TBARS This latter finding supports the observation noted above that
values, larger quantities of GSE were used to assess itsGSE at higher levels becomes prooxidative.
antioxidative capacity; 1.0 and 2.0% GSE were used in GAE 85.4 Compared to GAE 88.9 Added Post-mortem at
subsequent studies. 0—2.0%.The TBARS values for the two lots were significantly
GAE 85.4 Added Post-mortem at0.0%. Results showed  (p < 0.05) different from each other (Table 4). Despite having
significant differences among investigators performing the 3.5% less total phenolics, GAE 85.4 decreased TBARS values
experiments. However, the trends for results from each analystmore than GAE 88.9. One possible explanation is that the
were always the same. For the main effect of treatment, addition procyanidolic value (an indicator of oligomeric procyanidins,
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Table 4. Comparison of Thiobarbituric Acid Reactive Substances reference to the consumption of wirleancet1979,1, 1017—
(TBARS) Values for GAE 85.4 and GAE 88.9 Added Post-mortem to 1020. _ _
Dark Poultry Meat? (2) Renaud, S.; De Lorgeril, M. Wine, alcohol, platelets, and the
French paradox for coronary heart disedsancet1992, 339,
TBARS values (mg of malonaldehyde/kg of meat) 1523—-1526.
treatment? GAE 85.4 GAE 88.9 (3) Frankel, E. N.; Kanner, J.; German, J. B.; Parks, E.; Kinsella, J.
E. Inhibition of oxidation of human low-density lipoprotein by
CO’L”O' y9.886 £ 1-6862 21420 £ 1762; phenolic substances in red wineancet1993,341, 454—457.
1.0% GSE y1.096 +0.335 21610 £0.314 (4) Witztum, J. L.; Steinberg, D. The oxidative modification

0 + d + d . : .
2.0% GSE 1071 £0.397 22513£0.792 hypothesis of atherosclerosis: does it hold for humansnds

Cardiovasc. Med2001,11, 93-102.

@ GSE and 50% NaCl/50% KCI were always added to meat on a wiw basis, (5) Thomson, R. H. Structure and reactivity of phenolic compounds
weight of substance by weight of meat. 50% NaCl/50% KCl is referred to as salt. In Bioche’miétry. of Phenolic Compoundsarborne, J. B., Ed.. '
n = 24 for all values, combined over 3 and 6 days, except for GAE 85.4, 2.0%, Academic Press: London. UK.. 1964. DR

where n = 21. Means with different superscripts (c—e) in columns are significantly (6) Richardson, G. A.; E-Rafey, M. S.; Long, M. L. Flavones and
different at p < 0.05. Means with different subscripts (y—z) in rows are significantly flavone derivatives as antioxidants -I’Dairy Sci1947 30, 397

different at p < 0.05. ® All treatments contained salt and were unheated. 413,
(7) Mehta, A. C.; Seshadri, T. R. Flavonoids as antioxidahtSci.
Table 5. Percent Expressible Moisture (%EM) for GAE 85.4 Added Ind. Res.1958,18B, 24-28.
Post-mortem to Dark Poultry Meat? (8) Rice-Evans, C. A.; Miller, N. J. Antioxidant activities of
% EM flavonoids as bioactive components of fodgiochem. Soc.
Trans.1996,24, 790—795.
unsalted salted (9) Bors, W.; Heller, W.; Michel, C.; Stettmaier, K. Flavonoids and
treatment unheated heated unheated heated polyphenols: chemistry and biology. kandbook of Antioxi-

control 351453633 25168+2082° 20.747+20170 20305+ 4.188° dants; Cadenas, E., Packer, L., Eds.; Dekker. New York, 1996.

10%GSE 438363333 20.084+2253° 374743635 34,078+ 2.056° (10) Cadenas, E. Basic mechanisms of antioxidant actiiofactors
1997,6, 391—397.

(11) Peng, Z.; Hayasaka, Y.; lland, P. G.; Sefton, M.; Hoj, P.; Waters,
E. J. Quantitative analysis of polymeric procyanidins (tannins)
from grape (Vitis vinifera) seeds by reverse phase high-
performance liquid chromatographl;.Agric. Food Chen2001,

@ GSE and 50% NaCl/50% KCI were always added to meat on a w/w basis,
weight of substance by weight of meat. 50% NaCl/50% KCl is referred to as salt.
n = 16. Means with different superscripts (b—c) in columns are significantly different

atp <005 49, 26-31.

(12) Shahidi, F.; Naczk, MFood Phenolics: Sourcehemistry,
dry basis) for GAE 85.4 was 141.5, whereas that for GAE 88.9 Effects, Applications; Technomic Publishing: Lancaster, PA,
was 107.7. Oligomers of procyanidins were found to be more 1995,
effective antioxidants than monomers in a radical scavenging (13) Pratt, D. E.; Watts, B. M. The antioxidant activity of vegetable
assay (69) and in in vivo experiments in which rats were fed extracts |. Flavone aglycones. Food Sci1964,29, 27-33.
cholesterol and GSE (3B2). (14) Miyake, T.; Shibamoto, T. Antioxidative activities of natural

compounds found in plantg. Agric. Food Chem1997, 45,
1819—-1822.

(15) MacNeil, J. H.; Dimick, P. S.; Mast, M. G. Use of chemical
compounds and a rosemary spice extract in quality maintenance

Percent Expressible Moisture, GAE 85.4.All control
samples had significantly lowep (< 0.05) %EM than 1.0%
GSE, indicating that the additive decreased the overall water-

holding capacity of the meaf &ble 5). Observations revealed of deboned poultry meatl. Food Sci.1973,38, 1080—1081.

that GSE is a dry powdery substance. Its addition to meat (16) Pearson, D. A.; Frankel, E. N.; Aeschbach, R.; German, J. B.

resulted in a crumbly patty, lacking cohesion. Thus, the Inhibition of endothelial cell-mediated oxidation of low-density

consistency of GSE seems to be detrimental to the water-holding lipoprotein by rosemary and plant phenolics. Agric. Food

capacity of meat. Technological manipulation is needed to Chem.1997,45, 578—-582.

improve its commercial applicability to the meat industry. (17) wang, S.Y.; Lin, H.-S. Antioxidant activity in fruits and leaves
Other Observations GSE patties made with 0 and 1.0% of blackberry, raspberry, and strawberry varies with cultivar and

developmental stagd. Agric. Food Chen2000,48, 140—146.
(18) Chang, S.; Tan, C.; Frankel, E. N.; Barrett, D. M. Low-density
lipoprotein antioxidant activity of phenolic compounds and

GAE 85.4 were evaluated for taste. Observations by three
untrained sensory evaluators noted an odor of wine, a masking

of the mild chicken flavor, and a slightly bitter aftertaste in GSE polyphenol oxidase activity in selected clingstone peach cultivars.
patties. However, samples with GSE were not rated as objec- J. Agric. Food Chem2000,48, 147—151.

tionable compared to a control. In addition, GSE patties were (19) Velioglu, Y. S.; Mazza, G.; Gao, L.; Oomah, B. D. Antioxidant
darker in color as compared to the control. activity and total phenolics in selected fruits, vegetables, and

grain productsJ. Agric. Food Chem1998,46, 4113—4117.
(20) Lakenbrink, C.; Lapczynski, S.; Maiwald, B.; Engelhardt, U. H.
Flavonoids and other polyphenols in consumer brews of tea and
LDL, low-density lipoprotein; GSE, grape seed extract; NaCl, other caffeinated beverages. Agric. Food Chem200Q 48,
sodium chloride; KCI, potassium chloride; GAE, gallic acid 2848—2852. ) ) -
equivalents: BHA, butylated hydroxyanisole; TEP, 1,1,3,3- (21) Toschi, T. G.; Bordoni, A.; Hrelia, S.; Bendini, A.; Lercker, G.;

. . 7 . - Biagi, P. L. The protective role of different green tea extracts
tetraethoxypropane; TBA, 2-thiobarbituric acid; TBARS, thiobar- after oxidative damage is related to their catechin composition.
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bituric acid reacti_ve subs.tances; CE, catechin equivalents; %EM, J. Agric. Food Chem2000,48, 3973—3978.
percent expressible moisture. (22) Waterhouse, A. L.; Walzem, R. L. Nutrition of grape phenolics.
In Flavonoids in Health and Diseas®ice-Evans, C., Packer,
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