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Abstract An experiment was conducted to study the die-
tary effect that the inclusion (40 g kg™') of grape seed (GS),
grape skin (SS), grape pomace (GP), and (0.2 g kg™!) of
vitamin E (E) had on the composition and microbiological
quality of chicken breast meat and on the physico-chemi-
cal parameters (TBARS, pH, color, Kramer shear force),
sensorial characteristics, and microbiological quality of
chicken breast meat patties during chilled storage (0, 3, 6,
and 9 days) at 2 °C. In general, proximate composition and
microbial counts of the raw chicken breast meat and the pat-
ties were not affected. Lower TBARS values were detected
in patties formulated with breast meat obtained from birds
fed E, SS, and GP diets. No clear effect was observed on the
color or textural characteristics of the different patties. The
addition of SS and GP in chicken diets reduced TBARS val-
ues showing some improvement in the oxidative stability of
breast patties without affecting its technological properties,
sensorial attributes, or microbial quality.
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Introduction

During the last few decades, chicken meat and chicken prod-
ucts have grown in popularity and are massively consumed
at global level [1] due to a series of factors including their
relatively low cost of production, low fat content, and high
nutritional value [2]. However, chicken meat can spoil very
quickly even under refrigerated conditions mainly due to
microbial growth and chemical deterioration such as oxi-
dation. These latter processes are especially relevant when
chickens are given feed to improve the fatty acid composition
and nutritional value of these meats. High polyunsaturation
levels accelerate oxidative processes which have a negative
impact on the flavor and nutritional value of the meat [3]. As
a result, nutritional and technological strategies have been
devised to help preserve meat and control the oxidation pro-
cess to extend the shelf life of meat products [4]. Nutritional
approaches to improve meat stability could be more effective
than using additives as food ingredients. Moreover, diet is
often the only strategy available to improve the stability of
muscle foods where the use of exogenous additives is diffi-
cult if not impossible [5]. Furthermore, modification of meat
composition by improving animal diets would be more read-
ily accepted by consumers who are becoming increasingly
reluctant to consume food additives. Diet is used as one way
to incorporate different natural ingredients with antimicro-
bial and antioxidant properties in animal feed to improve
animal health and the quality of the meat they produce [6].
Vitamin E is the antioxidant most frequently added to animal
feed to maintain optimal health and production and enhance
reproduction, and is also very effective in preventing the
development of undesirable off-flavors during meat storage
[7]. Thus, dietary vitamin E requirements increase in diets
containing high amounts of polyunsaturated fatty acids [3].
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Therefore, there is great interest in the introduction of
natural ingredients such as herbs, fruit, (especially grapes
and grape by-products), and other products rich in poly-
phenols in animal feed with a view to improving the health
qualities and stability of meat. The antioxidant and anti-
microbial capacity of the polyphenols present in grape by-
products has been clearly demonstrated [8]. Several authors
have shown the positive effect of grape by-products such
as grape pomace and grape seed extract incorporated into
feed in decreasing lipid oxidation in chicken meat [9-12].
Brenes et al. [13] and Goni et al. [14] indicated that the
intake of grape pomace increases the antioxidant capacity
of the breast and thigh meat of broiler chickens in the same
way as vitamin E in experimental diets.

Other studies have also shown that the direct addition
of grape by-products or other plants and fruits rich in
polyphenols to meat products has various effects on lipid
oxidation, color, and microbial and sensorial properties
[15-17]. However, there is little information available on
the effect that chicken feed enriched with grape by-prod-
ucts (grape pomace, skin, and seed) rich in polyphenols
has on chicken meat. In this regard, Sadyago-Ayerdi et al.
[11] studied the antioxidant effect that feed enriched with
grape pomace concentrate had on the lipid oxidation of
chilled chicken patties and those frozen over long peri-
ods. Positive effects were observed on the inhibition of
lipid oxidation. However, these authors did not study the
separate effects that the main components of grape pom-
ace (skin and seed) incorporated into feed had on chicken
meat and meat products. Numerous in vitro studies have
shown [18-20] that the polyphenols found in grape by-
products inhibit the growth of certain pathogens such as
Staphylococcus aureus, Escherichia coli, Campylobacter,
Salmonella, and Helicobacter pylori. The antimicrobial
effectiveness of directly adding grape, plant extracts, and
fruit to reformulated meat products has been reported in a
few studies [16] using meat purchased at the market, but
the results reported are not definitive. However, we were
unable to find any studies addressing the antimicrobial
effect that polyphenols from grape by-products in chicken
feed have on chicken breast meat or their impact on the
patties during typical commercial storage. Our intention
here is to conduct a complete ‘farm-to-fork’ study of the
animal-based food-production chain to examine the effect
that a diet supplemented with polyphenols has on animals
and the meat they produce for human consumption.

The aim of this paper is to examine the effect that add-
ing grape by-products (grape skin, seed, and pomace) to
chicken feed has on the physico-chemical, microbiological,
and sensorial attributes of chicken patties during chilled stor-
age (at 2 °C for 9 days), simulating the real processing and
storage conditions of these products. The composition and
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technological and microbial characteristics of chicken breast
meat used for these formulations were also evaluated.

Materials and methods

Grape pomace (GP), grape skin (SS), and grape seed
(GS)

Grape Pomace (GP, consisting mainly of skin, stems, and
seeds), Grape Skin (SS), and Grape Seed (GS) from red
grapes (Vitisvinifera var. Cencibel) were obtained from the
Explotaciones Hermanos Delgado winery (EHD, Socuél-
lamos, Ciudad Real, Spain) from a vinification tank after
15 days of alcoholic fermentation. These winery by-products
were dried (indirect air at below 80 °C). Seed and skin were
mechanically separated from GP during this process and
ground to 0.5 mm. Seeds were subjected to a cool press
oil extraction process before grinding. The total extractable
polyphenol content of GS, SS, and GP was 79.3, 62.4, and
32.4 g GAE (gallic acid equivalents) kg~' of dry matter,
respectively. In the same samples, the protein content was
178.6,109.6, and 113.7 g kg_l, while crude fiber was 252.8,
144.0, and 333.9 g kg~!, respectively.

Birds and diets

A total of 125 1-day-old male broilers Cobb chicks were
obtained from a commercial hatchery. The birds were
housed in electrically heated starter battery brooders in
an environmentally controlled room with 23 h of constant
overhead fluorescent lighting during 3 weeks. The chicks
were distributed in 25 pens, each containing five randomly
assigned chicks that received 5 dietary treatments during
21 days with five replicates per treatment. Diets in mash
form and water were provided ad libitum. Diets were stored
in a cool, dark dry location during the experimental period.
All diets were formulated to meet or exceed the minimum
National Research Council (NRC) (1994) [21] requirements
for broiler chickens. Experimental procedures were approved
by the Universidad Complutense de Madrid (UCM) Animal
Care and Ethics Committee in compliance with Ministry of
Agriculture, Fishery and Food requirements for the Care
and Use of Animals for Scientific Purposes. Experimental
diets were: (1) control diet (C); (2) C 4+ 0.2 g kg™! vitamin
E (E); (3) C + 40 g kg~! grape seed (GS); (4) C + 40 g kg™!
grape skin (SS); (5) C + 40 g kg~! grape pomace (GP). The
ingredients and nutritional composition of diets are shown
in Table 1. Vitamin E was purchased from DSM Nutritional
Products Iberia S.A. Diets were formulated to contain the
same energy, protein, and fiber content, and consequently,
straw was incorporated into the formula at different doses.
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Table 1 Ingredients and nutritional composition of experimental
diets (g kg™! as fed)

Ingredients Experimental diets

C E GS SS GP
Corn 458.1 458.1 4752 460.0 462.4
Soybean 373.0 373.0 360.0 362.2 360.8
Sunflower oil 86.0 86.0 81.0 850 84.0
Salt 3.0 3.0 3.0 3.0 3.0
Monocalcium phosphate 153 153 155 155 155
Calcium carbonate 156 156 153 153 153
Vitamin-mineral premix?* 5.0 5.0 5.0 5.0 5.0
pL-Methionine 2.0 2.0 2.0 2.0 2.0
Straw 420 420 3.0 12.0 12.0
Grape seed - - 40.0 - -
Grape skin - - - 40.0 -
Grape pomace - - - - 40.0
Vitamin E - 0.2 - - -

Analyzed composition
Total extractable polyphenols 18.0 18.0 45.0 44.0 37.0
Crude protein 203.1 205.6 208.7 204.7 201.1

Calculated composition

Ether extract 109.0 109.0 108.0 110.0 110.0
Crude fiber 46.0 46.0 47.0 46.0 46.0
Available P 4.5 4.5 4.5 4.5 4.5
Calcium 100 10.0 11.0 110 11.0
Lysine 12.1 121 122 122 122
Methionine + cysteine 9.0 9.0 9.0 9.0 9.0
AME (Kcal kg™") 3095 3095 3093 3076 3078

# Vitamin-mineral mix supplied the following per kilogram of diet:
vitamin A, 8250 IU; cholecalciferol, 1000 IU; vitamin E, 11 IU; vita-
min K, 1.1 mg; vitamin B12, 12.5 g; riboflavin, 5.5 mg; Ca panthoth-
enate, 11 mg; niacin, 53.3 mg; choline chloride, 1020 mg; folic acid,
0.75 mg; biotin, 0.25 mg; delquin, 125 mg; DL-Met, 500 mg; amprol,
1 g; Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I,
0.18 mg; and NaCl, 2500 mg

C control, E control + vitamin E, GS control + grape seed 40 g kg™!,
SS control + grape skin 40 g kg~!, GP control + grape pomace
40 g kg~', AME apparent metabolisable energy; calculated values
[58]

Collection of chicken meat samples

At 21 days, ten birds per treatment (body weight,
0.824 + 0.02 kg) were slaughtered and the breast meat
was immediately trimmed and ground (4 mm plate) using
a grinder (Mainca, Granollers, Spain). Four representa-
tive samples of meat per treatment were taken for proxi-
mate composition analysis and another three samples per
treatment were used for microbial analysis. The remaining
meat was packed in plastic bags, stored at —20 °C, and
used to formulate the patties (no more than 4 days). After
being thawed in the refrigerator (2 °C) for ~12 h, meat
samples were used to make patties.

Chicken patty preparation

Patties were prepared using the breast meat from the chick-
ens fed with the different experimental diets. The formu-
lation consisted of 854 g kg~! of meat, 68 g kg~' whole
egg, 68 g kg~! breadcrumbs, and 10 g kg~! salt. The ground
meat was first blended (Hobart, Model N50, USA) for
60 s and the salt was added to the meat and mixed for an
additional 30 s. The eggs were then beaten and added to
the mixture by blending for 20 s. The breadcrumbs were
then placed into the mixer and mixed for another 60 s. This
blend yielded a total of 26 patties (~60 g per patty) per treat-
ment using a conventional burger maker (Ministeak burger
maker, O.L. Smith Co. Ltd., Italy). The patties were packed
in high oxygen barrier vacuum bags (nylon/polyethylene,
9.3 ml 02/m2/24 h at 0 °C, Koch Kansas City, MO). Each
bag contained 2 patties which were stored in a refrigerator
at2 + 1 °C. A total of 16 replicates per treatment were used
to determine lipid oxidation (TBARS), Kramer shear force
(KSF), pH, and microbiology after 0, 3, 6, and 9 days of
storage (four replicates per day). A further ten replicates per
treatment were used for sensory evaluation (six replicates)
and proximate analysis (four replicates).

Proximate composition and total extractable
polyphenols

The protein content of grape by-products, diets, meat, and
patties samples was evaluated using a nitrogen determi-
nator LECO FP-2000 (Leco Corporation, St Joseph, MI,
USA). Moisture and ash in meat and patties were analyzed
according to the methods of the AOAC [22] and fat content
according to the method described by Bligh and Dyer [23].
Determination of total extractable polyphenols in the diets
was performed following the procedure described by Cham-
orro et al. [24] using gallic acid (Sigma-Aldrich, St. Louis,
MO) as the standard and expressed as gallic acid equivalents
(GAE) (g GAE kg! of sample).

pH

pH was determined using a pH meter (827 pH Lab Methrom,
Herisau, Switzerland) on 10 g of sample blended with
100 ml of distilled water.

Lipid oxidation

Lipid oxidation was determined by measuring the thiobar-
bituric acid-reactive substances (TBARS) in the raw patties
[25]. A calibration curve was plotted with 1,1,3,3-tetraeth-
oxypropane (Sigma Chemical Co., St. Louis, MO, USA) to
measure malonaldehyde (MDA). Values were expressed as
mg of malonaldehyde per kilogram of sample.
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Color measurement

Color, CIE-LAB tristimulus values, lightness (L*), redness
(a*), and yellowness (b*) were measured on the surface
of raw patties using a CM-3500d Chroma Meter (Konica
Minolta Business Technologies, Tokyo, Japan). Before use,
the colorimeter was calibrated on the Hunterlab color space
system using a white tile.

Kramer shear force (KSF)

Kramer shear force (KSF) was performed using a minia-
ture Kramer (HDP/MKO5) cell. A mini 5-bladed head was
used to perform a shearing test. Kramer shear tests were
performed on 2 X 2 cm sections of previously weighed patty
formulation at room temperature. A 5 kg load cell was used.
The force was exerted at a compression distance of 20 mm at
8 mm/s crosshead speed using a TA-XT plus Texture Ana-
lyzer (Texture Technologies Corp. Scarsdale, NY). KSF val-
ues were calculated as the maximum force per g of sample

(Ng™.
Microbiological analysis

Ten grams of sample were placed in a sterile plastic bag
(Sterilin, Stone, Staffordshire, UK) with 90 ml of peptone
(Panreac Quimica, S.A. Barcelona, Spain). After 1 min in
a stomacher blender (Colworth 400, Seward, London, UK),
appropriate decimal dilutions were prepared and pour-plated
on the following media: Plate Count Agar (PCA, Oxoid)
for the total viable count (TVC) (30 °C, 72 h); De Man,
Rogosa, Sharpe Agar (MRS) (Oxoid) for lactic acid bacteria
(LAB) (30 °C, 72 h); Violet Red Bile Glucose Agar (VRBG)
(Oxoid) for Enterobacteriaceae (37 °C, 24 h); and Coli ID
agar (Biomerieux, Marcy 1’Etoile, France) to count positive
p-glucuronidase coliforms (37 °C, 48 h). Microbial counts
were expressed as logarithms of colony-forming units per
gram (Log cfu g7").

Sensory evaluation

Patties were assessed by a 13-member panel of people who
regularly consume this type of product. The panel was
selected after preliminary training (two sessions) on the
products and terminology. Samples were cooked in an elec-
tric pan (Plactronic, Selecta, J.P. Selecta, S.A. Barcelona,
Spain) for 1.5 min per side at 210 + 4 °C. Patties were cut
into pieces of uniform size (2 X 2 cm) and were immedi-
ately presented to the panel of judges. Judges were instructed
to evaluate color, flavor, hardness, and juiciness on a non-
structured descriptive scale (0-10), and general acceptabil-
ity (0 = dislike very much, 10 = like very much) and on a
hedonic scale rating test with fixed extremes. Each point was
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later converted to a numerical scale. Sensory analysis was
performed 2 days after preparation of the patties.

Statistical analysis

One-way analysis of variance (ANOVA) was performed to
study the effect of the dietary treatments on the microbial
and proximate composition analysis of breast meat and for
sensory and proximate composition analysis of breast pat-
ties. A two-way ANOVA analysis was performed to study
the effect of the dietary treatments and the storage time on
TBARS, pH, KSF, color, and microbial analysis of the breast
patty formulations. The general linear model (GLM) proce-
dure of the software SPSS (v.22, IBM SPSS Inc.; Chicago,
IL, USA) was used. Tukey’s HSD test was used to compare
means and significant differences were declared at P < 0.05.

Results and discussion
Proximate composition of chicken meat

Table 2 shows the effect that dietary supplementation with
grape by-products and vitamin E had on the proximate
composition of chicken breast meat which, in general,
was hardly affected at all. Fat and protein (15.4-19.7 and
228.3-218.6 g kg™!, respectively) were unaffected by the
treatment (Table 2). The effect (P < 0.05) on moisture and
ash content (753.5-743.8 and 12.3-13.6 g kg™!, respec-
tively) was of little quantitative relevance. Meat from chick-
ens fed on diets supplemented with vitamin E, grape skin,
and grape pomace showed statistically (P < 0.05) lower
moisture values compared to the control. Meat from diets
containing grape by-products exhibited lower ash values
(P < 0.05). Shirzadegan and Falahpour [26] found a linear
decrease in the ash content of chicken thigh meat fed with a
diet containing a medicinal herbal extract mixture derived
from green tea, cinnamon, garlic, and chicory which are
sources of natural antioxidants or functional materials.

Microbiological counts in chicken meat

The microbiological counts in breast chicken meat are shown
in Table 2. The level of TVC ranged between 4.68 and 5.37
Log cfu g~!. In general, there were no significant differences
in the TCV or LAB count except for the meat from chickens
fed the diet supplemented with grape seed which exhibited a
higher (P < 0.05) level than those fed the control diet.

The results of Enterobacteriaceae tests showed no statis-
tical differences among groups and ranged between 2.51 and
3.23 Log cfu g~! which is considered hygienically accept-
able for raw meat. A higher (P < 0.05) level of coliforms
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Table 2 Proximate analysis g kg™' and microbiological counts (Log cfu g~') of chicken breast meat obtained from birds fed dietary treatments

Dietary treatments

C E GS SS GP

Breast meat composition
Moisture 753.5 + 0.04* 747.7 + 0.02° 748.5 + 0.08%° 743.8 +0.13° 746.1 + 0.05°
Protein 223.2 + 0.09* 228.3 +0.11° 218.6 + 0.32° 224.6 + 0.24 225.3 +0.10°
Fat 17.1 £ 0.18* 15.4 +0.07* 19.7 + 0.20° 159 +0.11° 17.4 + 0.05*
Ash 12.9 + 0.02%° 13.6 + 0.03* 12.3 +0.02° 12.5 +0.02° 12.4 +0.03°

Breast meat microbiology
Total viable counts (TVC) 5.10 + 0.02% 4.68 +0.03° 5.37 + 0.10* 5.04 +0.23% 5.15+0.11%
Lactic acid bacteria (LAB) 3.83 +0.03° 3.72 + 0.09° 4.28 + 0.06" 3.72 +0.03° 3.63 + 0.04°
Enterobacteriaceae 2.57 +0.02% 3.14 +£0.13* 3.23 +£0.07* 3.07 £0.70* 2.51 +£0.24*
Coliforms 2.40 + 0.05° 3.15+£0.117 3.32 + 0.09* 254 +0.11° 248 +0.01°

Each value is the means of 4 and 3 replicates per treatment + standard deviation for proximate composition analysis and microbiological analy-

ses, respectively

Different letters in the same row (a, b) indicate significant differences (P < 0.05)

C control, E control + vitamin E, GS control + grape seed 40 g kg™, SS control + grape skin 40 g kg™!, GP control + grape pomace 40 g kg™

was found in the meat of birds fed diets supplemented with
GS and vitamin E.

The antimicrobial effect of grape extract against some
microorganisms has been demonstrated in numerous in vitro
studies [18-20]. A little information is available regarding
dietary strategies to reduce microbial proliferation in meat.
To the best of our knowledge, there is no information regard-
ing the effect that adding grape to animal diets has on the
microbiological count of meat. No antimicrobial effect on
chicken thigh meat was reported by Lee et al. [27] when
birds were fed diets supplemented with gallic acid, a phe-
nolic compound also present in grape. In contrast, Jung et al.
[10] reported that dietary gallic acid had a mild antimicro-
bial effect on chicken breast meat during storage.

Proximate composition of chicken patties
The proximate composition of the chicken patties is reported

in Table 3. These results are related to the components used
in the preparation. Results were similar to those found

in other chicken patty studies [11] using similar ingredi-
ents. However, protein content was higher in this study
(212.7-203.6 g kg™ ') attributable to the higher proportion
of protein from chicken breast meat used in these patties
(Table 2). Despite the statistical significance observed in the
composition of the patties, these differences were generally
not quantitatively relevant.

Lipid oxidation of chicken patties

The effect that grape by-products in the diet had on the
TBARS value of chicken breast patties is presented in
Table 4. The initial TBARS values were low in all the sam-
ples (0.23-0.56 mg MDA Kg~! sample) as expected consid-
ering the low fat content and early evaluation of samples and
coincided with those previously reported by Sdyago-Ayerdi
et al. [11]. Initially, lower (P < 0.05) TBARS values were
detected for chicken patties obtained from birds fed vitamin
E, SS, and GP compared to the control group, while the pat-
ties obtained from the GS group showed similar values to

Table 3 Proximate analysis

1 . . Breast patties
g kg™ of chicken patties

Dietary treatments

composition

formulated with breast meat E GS SS GP

obtained from birds fed dietary

treatments Moisture 696.3 +0.82°  679.8 + 048"  691.7+0.32®  678.5+0.15°  686.8 + 0.04™*
Protein 2043 +022° 2127 +0.28% 203.6 + 0.18° 212.5+0.20°  208.0 + 0.08%
Fat 222 +0.06° 25.3 +0.08* 25.3 +0.022 22.1 +0.04° 23.4 +0.08%
Ash 20.1 £0.02®  20.5 +0.012 19.8 +0.02° 20.4 +0.03®  20.0 + 0.03%

Each value represents the means of 4 replicates per treatment + standard deviation

Different letters in the same row (a, b, c¢) indicate significant differences (P < 0.05)

C control, E control + vitamin E, GS control + grape seed 40 g kg™!, SS control + grape skin 40 g kg™,
GP control + grape pomace 40 g kg™
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Table 4 Thiobarbituric acid-

M Breast patty Dietary Storage (days) at 2 °C

reactive substﬁ{lces (TBARS) parameters treatments

(mg MDA kg™ sample), pH 3 6 9

values, and Kramer shear force

(KSF) (N g™}) of chicken patties ~ TBARS C 0.56 + 0.05%! 0.35 + 0.01%2 0.38 + 0.05% 0.40 + 0.01*2

formulated with breast meat E 0.23 +0.01° 0.23 +0.02° 0.20 + 0.04¢ 0.24 +0.01°

obtained from birds fed dietary GS 047 +0.00" 039+ 0.012 035+ 0.00% 040 + 0.00"

treatments during refrigerated b b be b

storage SS 0.29 + 0.01 0.27 + 0.02 0.26 + 0.03 0.30 + 0.01
GP 0.31 = 0.06" 0.28 + 0.02° 0.28 + 0.07% 0.27 + 0.02%

pH C 6.14 + 0.02% 6.11 + 0.01%2 6.07 + 0.01% 6.06 + 0.00%
E 6.06 + 0.00"! 6.00 + 0.00° 6.00 + 0.01% 5.99 + 0.02°
GS 6.05 +0.01"! 6.03 + 0.01" 6.02 + 0.00° 6.02 + 0.01%
SS 6.05 = 0.00"! 6.04 + 0.00"! 6.04 + 0.01"! 6.01 +0.01°2
GP 6.00 + 0.00°! 6.00 + 0.01¢! 5.97 + 0.00° 5.98 +0.019
KSF C 2.66 + 0.56 2.36 + 0.45 2.54 +0.54% 2.13 + 0.34

E 2.36 + 0.31%! 2.26 + 0.33 2.51 +0.234 1.53 +0.302
GS 2.20 + 0.354 2.18 + 0.45% 2.44 +0.34% 1.47 + 0.28"2
SS 2.66 + 0.56 1.88 +0.13%12 2.14 + 0.43%12 1.63 + 0.53"
GP 2.13 +0.154 2.43 +0.274 2.29 + 0.08% 224 +0.54%!

Each value is the mean of four replicates per treatment and storage day + standard deviation

Different letters in the same column (a, b, ¢, d) and row (1, 2, 3) indicate significant differences (P < 0.05)
among dietary treatment and storage day, respectively

C control, E control + vitamin E, GS control + grape seed 40 g kg™, SS control + grape skin 40 g kg™!,
GP control + grape pomace 40 g kg™!

the control patties. These low TBARS levels could be due
to greater pre slaughter (stress during capture and transport)
and postslaughter control (deboning, handling, packaging,
storage, and others) which are important factors for deter-
mining the rate and extent of meat product lipid oxidation
[28]. These birds were not subjected to transport stress;
and meat was carefully manipulated and vacuum packaged
immediately after slaughter and was, therefore, less exposed
to oxygen than commercial meat products.

In general, TBARS values for treatments E, SS, and GP
were similar (P > 0.05) during storage and even decreased in
the case of treatments C and GS (P < 0.05) compared with
the initial values. Decreases in TBARS levels in meat have
also been described at different stages of storage [29-31],
presumably due to intermolecular reactions in the malonal-
dehyde that is formed (polymerization) and reactions with
other constituents, especially amino acids/proteins [32, 33].
In addition, in this study, a decline in TBARS levels is easier
to observe due to low oxidation levels resulting from the
conservation conditions (high oxygen barrier vacuum bags)
used in this experiment.

The addition of antioxidants such as vitamin E in chicken
diets has been extensively demonstrated as an effective
strategy to protect fatty acids and decrease lipid oxidation
in both raw and cooked poultry meat [9, 13, 34, 35]. This
high efficiency has been attributed to the radical scavenger
a-tocopherol which is incorporated into cell membranes
where oxidation is initiated [35]. Vitamin E requirements
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increase when the diet contains polyunsaturated fat sources
such as sunflower oil. Thus, in this study, we assessed
whether grape polyphenol afforded the same degree of pro-
tection obtained with high doses of vitamin E (0.2 g kg™!) in
diets with high levels of sunflower oil. Our results corrobo-
rate the previous findings, indicating that diets containing
grape pomace delayed meat lipid oxidation by protecting
PUFA meat content from oxidation processes, exhibiting
a protective effect similar to that observed with vitamin E
supplement [36]. The antioxidant effect of dietary grape by-
products on raw chicken meat has also been demonstrated by
several authors [9, 13, 14, 37, 38], and has been attributed
to the ability of their phenolic compounds to scavenge free
radicals, to form metal ions complexes, and to prevent or
reduce the development of singlet oxygen [6]. These studies
suggest that the polyphenols present in grape by-products
are absorbed, distributed, and remained active modulating
antioxidant activity in muscle tissue. In this connection,
Sayago-Ayerdi et al. [11] reported the anti-oxidative effect
of dietary grape pomace (3 and 6%) on lipid oxidation in
chilled and long-term frozen chicken patties. Similarly,
although to a lesser extent, our results showed a reduction
in TBARS value with dietary skin and seed when added
separately and combined (pomace). Our results corroborated
the antioxidant effect of dietary grape pomace previously
reported and also suggest that the skin contributed more than
seed to this antioxidant effect. Differences among phenolic
compounds present in skin and seed [39] might account for
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these biological differences. However, the previous stud-
ies [40, 41] have demonstrated that grape seed has a higher
polyphenol content and antioxidant capacity than grape skin.
Differences in the nature of the phenolic compounds present
in both of these fractions have also been reported [39, 40]. It
has been noted that seeds contain higher amounts of mono-
meric and dimeric proanthocyanidins but lower amounts
of anthocyanins and phenolic acids than skin. However,
differences in the intestinal use, metabolism, and bioavail-
ability of the different phenolic compounds present in skin
and seed [39], and the importance of intestinal microbiota
in the metabolism and biological function of grape poly-
phenols could account for such discrepancies. In contrast,
other authors [38, 42] failed to observe decreased meat lipid
peroxidation when chickens were fed grape by-products. As
already mentioned, differences in experimental conditions
(diet, environmental stress factors, etc.) and the phenolic
composition of grapes among different experiments could
account for these conflicting results. In fact, the polyphe-
nolic composition of grape by-products varies depending
on the part of the grape and the grape variety, and is also
influenced by growing conditions, climate, maturity, fermen-
tation time, degree of ripeness, etc. [43]. Moreover, the anti-
oxidant capacities of phenolic compounds were affected by
other factors such as kind and concentration of polyphenols,
other compounds presents in the matrix such as fiber and the
polyphenols, the synergic effect among several compounds,
etc. [42, 44-46]. Furthermore, it is also known that the
chemical structure of polyphenols rather than the concen-
tration is what determines the rate and extent of absorption
and the nature of the metabolites circulating in the plasma
[47]. Moreover, an important fraction of the ingested grape
polyphenols is digested (disappear) and metabolized by the
intestinal microbiota generating microbial-derived bioac-
tive phenolic metabolites [13, 36, 47, 48]. Gut microbiota
are responsible for the extensive breakdown of the origi-
nal polyphenolic structures into a series of low-molecular-
weight phenolic metabolites making them absorbable. These
metabolites could be responsible for the biological activity
resulting from polyphenol-rich food consumption rather than
the original compounds found in foods. Until now, research
on the digestibility of polyphenols from grape by-products in
domestic animals has been scarce and studies have focused
on their effect on the digestibility of other nutrients [6].

Microbiological count in chicken patties

The microbiological study of chicken patties is shown in
Fig. 1. The initial levels of TVC and LAB were approxi-
mately 4 and 3.5 Log cfu g~!, respectively, and no signifi-
cant difference among treatments was observed. The level
of Enterobacteriaceae and Coliforms was very low (<3 Log
cfu g7 1), the lowest level being detected in the control patties

at the beginning of storage. A higher bacterial count in these
groups was observed for SS and GP patties, and remained
very similar throughout the storage period.

In general, TVC and LAB levels increased slightly dur-
ing chilled storage, the highest value being observed at the
end of storage, but no significant differences among samples
were observed (Fig. 1). TVC and LAB levels were associ-
ated with the anaerobic storage conditions and the pH of
these samples (Table 4). In this study, no clear effect from
the addition of grape by-products and vitamin E in chicken
diets was observed on the growth of microorganisms in
patties. The antimicrobial effect of grape products against
several microorganisms has been demonstrated in in vitro
studies [18-20]. Other authors [16] report a decrease in total
viable counts (TVC), lactic acid bacteria (LAB), and other
microorganisms in raw porcine patties during chilled storage
when grape was incorporated into the formulation. How-
ever, under industrial meat processing conditions that we
simulated in our study, many factors influence the microbial
population in meat and the antimicrobial effect of grape by-
products does not appear to be very clear. As was discussed
above, there is very little information on the use of dietary
strategies to reduce microbial proliferation in raw meat and
no studies on the effect that adding grape by-products to
animal diets has on patty formulation. This study suggests
that the new compounds generated after being metabolized
have different antimicrobial effects than those present in the
original by-product, this effect being more clear when grape
products were added directly to the meat rather than when
they were used as animal diet supplements.

pH of chicken patties

The initial pH value of patties ranged from 6.00 to 6.14
(Table 4). Similar levels were also found by other authors
in pork patties reformulated with natural extracts [16, 49].
The patties formulated with meat obtained from chick-
ens fed grape by-products and vitamin E showed lower
(P < 0.05) pH values than those obtained from chickens fed
the control diet during the experiment. This lower pH could
be a consequence of the properties and the nature of the
active compounds present in the meat of chickens fed with
a diet rich in grape by-products. Lower pH values were also
observed in the thigh muscle of broilers fed diets supple-
mented with a medicinal herbal extract mixture consisting
of green tea, cinnamon, garlic, and chicory [26] and dietary
Chinese medicine by-products [50] possibly due to the effect
of its metabolites in the muscle following its digestibility as
mentioned in the lipid section. This phenomenon was also
observed by other authors in the context of pork patties made
with natural extracts such as tea, grape, chestnut, and sea-
weed [16]. A slight decrease in pH values in all patties was
observed during chilled storage (Table 4). This decrease was
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Fig. 1 Microbiological counts (Log cfu g™!): a total viable count,
b lactic acid bacteria, ¢ Enterobacteriaceae, and d coliforms in
chicken patties formulated with breast meat obtained from birds

mostly due to the growth of lactic acid bacteria and the lactic
acid produced as observed in our study and also reported by
other authors [25].

Color parameters in chicken patties

The effect of grape by-product diet supplements on color
stability (Lightness L*, redness a*, and yellowness b*)
of chicken patties is shown in Fig. 2. The initial higher
(P < 0.05) levels of Lightness (L*) were found in C and
GS patties (49.60 and 49.82, respectively). In this study, L*
values were lower than those observed by other authors in
chicken patties formulated with fruit extract rich in polyphe-
nols and BHT [49], but similar to those of other authors [37]
who tested grape products. A slight increase in some param-
eters was observed during storage. The initial yellowness
values (12.86-12.41) did not differ among patties (Fig. 2).
Barely, any changes were observed in the levels of b* during
storage. Hence, storage and dietary treatment had virtually
no effect on the lightness and yellowness (Fig. 2) values of
the chicken patties.
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The initially higher redness values (a*) (Fig. 2) observed
in the patties obtained from the vitamin E group (2.12) were
maintained through to the end of storage. An increase in
a* was observed in all the samples during storage. Dietary
alpha-tocopherol is widely used to reduce lipid oxidation and
drip loss and to maintain color stability of meat [51]. Our
study corroborates these results insofar as the patties made
with meat from chickens fed vitamin E also exhibited lower
oxidation levels (Table 4). Other studies on dietary supple-
mentation with oregano essential oil showed modification in
meat color, probably by modifying pigment distribution in
animal tissue [52]. It is also important to note that the color
of poultry meat is affected by numerous factors such as age,
sex, strain, diet, intramuscular fat, meat moisture content,
preslaughter conditions, and processing variables [53].

Other authors have observed differences in color param-
eters in patties containing grape extracts or grape powder
when these products were added as ingredients [16, 37, 49].
In this study, the new bioactive compounds generated dur-
ing digestion and metabolism processes of grape by-prod-
ucts in the animal and retained in the meat could account
for the differences with the previous studies as mentioned
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Fig. 2 Lightness (L*), redness (a*), and yellowness (b*) in chicken
patties formulated with breast meat obtained from birds fed dietary
treatments (C control, E control + vitamin E, GS control + grape
seed 40 g kg~!, SS control + grape skin 40 g kg~!, GP con-
trol 4+ grape pomace 40 g kg™") during refrigerated storage (2 °C)

above. It is well known that the biological activity of poly-
phenols depends on their availability. In this regard, while
monomeric and oligomeric polyphenols might be directly
absorbed, polymeric polyphenols must be metabolized by
intestinal microbiota [54], generating new phenolic com-
pounds with different biological activity and, therefore,
exerting a different effect on technological properties.

Texture of chicken patties

The effect of grape by-products as a dietary supplement on
the Kramer shear force (KSF) of chicken patties is shown
in Table 4. The initial KSF levels were between 2.13 and
2.66 N g~! with no significant differences among samples.

FLAVOR®

Fig. 3 Sensory evaluation of cooked chicken patties formulated with
breast meat obtained from birds fed dietary treatments (C control,
e control + vitamin E, GS control + grape seed 40 g kg™!, SS con-
trol 4+ grape skin 40 g kg™!, GP control + grape pomace 40 g kg™!)
during refrigerated storage (2 °C)

These results indicate that grape by-products and vitamin E
supplements in animals do not significantly affect the tex-
tural characteristics of processed meat products. Similarly,
the inclusion of 50 g kg™! of grape seed in chicken diets had
no effect on organoleptic texture attributes [55]. While no
changes (P > 0.05) in KSF were observed during the first
6 days of storage, there was a decrease (P < 0.05) at the end
of storage (9 days) for all samples except for the GP patties
(Table 4). In pork patties formulated with a combination
of phyto-extracts (sea buckthorn and grape seed extracts),
hardness did not follow any particular pattern during stor-
age [56].

Sensory evaluation of chicken patties

No particular differences were observed in sensorial param-
eters among patties. The score was very high for all the
parameters studied except for hardness (Fig. 3). Moreover,
the overall acceptability parameter scored very high for
all the patties with no significant differences among them.
Consequently, the panel judges considered all the products
acceptable. These results coincide with the other parameters
studied in this experiment with few differences between the
control and the other samples. A slightly lower score on the
juiciness parameter was obtained for patties obtained from
birds fed diets containing vitamin E and SS (Fig. 3). Other
authors have also failed to find any differences in the color,
flavor, and overall acceptability of goat patties formulated
with fruit extract [15] and cooked chicken patties [49].

However, other authors did observe effects from the direct
addition of vitamin E and grape by-products as ingredients
on sensorial attributes (mainly color and flavor) of patties
and from the addition of extracts from different plants or
fruit [37, 57]. However, effects on color and other senso-
rial parameters disappeared when chicken diets were sup-
plemented with these products.
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Conclusions

In general, the addition of grape by-products, mainly skin
and grape pomace, to chicken diets reduced the TBARS
content of breast meat patties without affecting sensorial
properties (texture and color) or microbial quality. All pat-
ties were well evaluated for their sensory attributes with
the highest score being awarded for general acceptability.
The incorporation of grape by-products into chicken feed
could be as effective against secondary oxidation products
(TBARS test) as vitamin E. Use in chicken feed also reduces
the environmental impact of these by-products.
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