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Abstract

BACKGROUND: Forty-sixPirenaicayoungbulls,slaughteredattwolevelsoffatness(3and4mm),wereusedtoevaluatethe effect of theinclusion

of50gkg'1 linseed alone or with 200 1U vitamin E kg'1 inthe concentrate and of the meat packaging system (vacuum ormodified atmosphere
packaging (MAP)) onthe beef sensory quality.

RESULTS: The inclusion of linseed or supplementation with vitamin E in the concentrate induced no significant differences in the main meat sensory
scores and overall appraisal except under MAP, where small differences due to concentrate ingredients were foundinjuicinessandmetallicflavor
intensity.Extendingthedisplaytimeupto4or8daysinhigh-oxygenMAPhaddetrimental effectsonsensoryattributes. Meatfromanimalswith4
mmfatcoverdepthwereratedmoretenderandjuicy,lessfibrousand with a higher intensity of beef flavor and rancid odor than meatfrom 3mm
fatcoverbullswhenbothsamples were vacuum packaged.

CONCLUSION: The inclusion of 50 g kg_1 linseed in the concentrate fed to bulls had no detrimental effect on the beef sensory quality. The
vacuum-packaged meatofbullsslaughtered at4mmfatcoverwasrated higheronsensoryanalysisthanthatat 3 mm fat cover.
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INTRODUCTION Feedstuffs rich in polyunsaturated fatty acids are being used to
The consumer at the moment of purchase judges the quality of meat
based on intrinsic and extrinsic cues. For many consumers, color, price,
visiblefatandjointappearancearethemostimpor- tantfactorswhen

. - 10 - .
purchasing beef, while tenderness, flavor and juiciness are important during retail dlsp.lay o.r can reduce some paIa'Fab|I.|ty attributes.
) ] ) 1 However, theeating quality of the cattle that receivelinseed does not
factors linked to eating satisfaction.~ Many consumerspreferleanbeef,

because meatisscored by the quantity and quality of fatpresent, asfat

improve the fatty acid profile of beef.? The increase in polyunsat-
urated fatty acids in intramuscular fat can increase lipid oxidation
11

always differ from the control.10 Regarding the fatty acids of the
fattening diet, it should be considered that oleic acid is gener- ally
related to desirable flavors, while polyunsaturated fatty acids have
12

has been linked to cardiovascular diseases.23 However, consumer

valuation of nutritional and health claims varies across countries, and . )
beenassociatedwithunpleasantorabnormalflavors.

Whole linseed partially escapes ruminal biohydrogenation and
increasesthecontentof18:3n-3in beef, decreasingthen-6/n-3

different marketing strategies are possible.4 Therefore many
consumers prefer lean beef as evi- dence of healthiness and also
support the development of tech- nologies that can improve the

healthattributes of meat products and guarantee eating quality.5
Prime beef cuts can be aged in vacuum packaging before being
cut into steaks and sold by the butcher or placed on trays for self-
service displays. Vacuum-packaged beef has a purple or brown
appearance, making it visually unappealing to most con- sumers.
Therefore, seeking the best appearance for beef, modified atmosphere
packaging (MAP) has been imposed on over-wrapped trays. However,
aging in MAP raises some issues, as oxygen pro- motes oxidation of
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ratio.13-17 However, these studies evaluated the performances and
carcass traits but did not assess the sensory quality of the meat.
Feeding bulls with concentrates that contain ingredients that
increase unsaturated fatty acids in the meat increases the need for
dietary vitamin E supplementation to prevent flavor deterioration

dueto lipid oxidation.18

Therefore the objective of this study was to compare the effects of
including whole linseed and vitamin E in the concentrate in young
bulls slaughtered at two fat covers on the sensory quality of the beef
packagedintwo different packaging systems.

EXPERIMENTAL

Animals and diets

The experiment was carried out with 46 Pirenaica young bulls
(270.7 £ 28.4 kg carcass weight) reared in six lots. Half of the
animalswerefeduntiltheyreached3mmofdorsalfatcoverdepth, and
the other half until they reached 4 mm. Two lots were fed with each
of the following diets: a control concentrate (n = 7), concentrate

with 50gkg'1 linseed (n=8) and concentrate with Sngg'1 linseed
plus 200 IU vitamin E kg‘1 (n = 8). For detailed information, see

Albertietal.19

At 24h after slaughter, from the left longissimus thoracis mus-
cle, two 2-cm-thick steaks (T5—T6) were removed, vacuum packed and
frozen at -20 °C for proximate and vitamin E content analysis. Samples
were analyzed for dry matter and ash according to official AOAC
methods.20 Another sample was ground and lyophilized, the nitrogen
contentwasassessed using a proteinanalyzer (NA2100, Ce Instruments,
ThermoQuest Italia, Rodano, Italy) and the intra- muscular fat content
was quantified using an Ankom XT10 extrac- tor (MACEDON, NY, USA).
Both components were expressedasg kg_1 freshmeat.

To determine the a-tocopherol content of the muscle, 1 g of
longissimus thoracis muscle was treated with a saponification
solution, and the non-saponifiable matter was recovered by
petroleum ether extraction?! and analyzed using an Agilent 1100
high-performance liquid chromatograph (Agilent Technologies
EspafiaSL,LasRozas,Spain)equippedwithaquaternarypump,an Atlantis
dC18, 4.6 mm x 200 mm, 3 um capillary column (Waters
Cromatografia, SA, Cerdanyola del Valles, Spain) and a fluores- cence
detector (Aex = 295 NnM, Aem = 340 nm). The mobile phase was an
acetonitrile/water mixture (95:5v/v) with 1mLL™Y triflu- oroacetic
acid. The flow rate was 0.025mLs_1, the temperature of the column
oven was 35°C and the run time was 8 min. No internal standard
was used.

Additionally, two 2-cm-thick steaks (T11 —T12) were removed,
vacuum packaged and kept at 4°C in darkness. One was aged for 2
days and the other for 14 days, and then both were frozen at -20°C
for lipid oxidation analysis, which was measured with the
thiggarbituric acid-reactive substances (TBARS) method of Ripoll et
al.

Fromthelongissimuslumborummuscle (L1-L6), two2-cm-thick steaks
werevacuumpackagedindividuallyandkeptat4°C.One was aged for
2 days and the other for 14 days, and then both were frozen at -20
°C for sensory analysis. Located next to the previous sample, a 6cm
section was cut, vacuum packed and aged for 7 days at 4 °C.
Afterwards, three 2-cm-thick steaks were cut. One was directly
vacuum packed andfrozenat-20°C. The other two were packed ina
modified atmosphere consisting of polyethylene trays with an 80%
02/20% CO7 gas mixture (Praxair, Zaragoza, Spain) sealed with a
polyethylene/polyamide laminate film (30 um, water vapor
transmissionrate<7gm_2 day_1 at23°C

3 2

and 85% relative humidity (RH), O2 transmission rate <15 cm> m™
day_1 at 23°C and 0% RH, CO2 transmission rate <75 cm3 m2
day'1 at23°Cand 0% RH; Linpac PackagingSL, Linpac plastic

pontivy S.A., Noyal-Pontivy, France). The trays were placed into a
vertical retail display at 3+ 1°C and fluorescently lit with 14001x
intensity for 12h a day for a duration of either 4 or 8 days. After this
displaytime,sampleswerevacuumpackagedandfrozenat

-20 °C for sensory analysis.

Sensory evaluation

Beef samples were thawed for 24h at 4°C. Steaks were cooked ona
double-hotplategrill (SammicP8D2,SammicS.L., Azcoitia Guipuzkoa,
Spain) at 200 °C until their internal temperature reached 70°C.
Sample temperature was monitored with a ther- mocouple probe
(Jenway 2000, Bibby Scientific Ltd., Essex, UK) inserted horizontally at
the steak midpoint.

Each steak was cut into nine pieces of approximately 2cm per side
and then wrapped individually in aluminum foil and coded. Samples
werekeptwarminaheaterat60°Cuntiltheyweretasted by panelists.
Evaluations were based on quantitative descriptors in a balanced
incomplete block design. Panelistsreceived samplesin individualcabins
under controlled environmental conditions and red light (ISO
8589:1988). The trained panel included nine persons who were
previously checked for coherence for each attribute (ISO 8586—
1:1993). They evaluated 11 attributes: beef, lactic and rancid odor
intensities; tenderness; fibrousness; juiciness; beef, metallic, lactic
and rancid flavor intensities; and overall appraisal. The attribute liver
flavor intensity was included on the display time panel. Panelists
assessedsamplesusingalOcmunstructured line scale from 0 = no odor
detected, tough, dry or low flavor to 10 = very intense odor, very
tender, very juicy or very high flavor. To avoid the possible effects of
the order of presentation and carryover effects, samples were
randomly presented to the panelistsin each session.

The three sensory panels performed were as follows.

Effect of aging time, concentrate type and fat cover

Inthe first sensory analysis, to assess the effect of two aging times of
meat kept under vacuum conditions from bulls fed three diets and
slaughtered at two levels of fat cover thickness, panelists
performed ten sessions, receiving three plates with four samples in
each session for atotal 120 samples.

Effectofdisplaytimeandconcentratetypeonmeatof3mmfatcover Inthe
second sensory analysis, to assess the effect of three display times of
meat in MAP from bulls fed three diets and slaughtered at 3 mm fat
cover, panelists performed six sessions, receiving three plateswithfour
samplesineachsessionforatotalof72samples.

Effectof display time and concentratetype on meatof4mmfatcover The
third sensory analysis was similar to those previously describedbut
performedwithmeatfrom4mmfatcoveranimals.

Statistical analysis

A two-way analysis of variance was performed using the SASv9.1 GLM
procedure (SAS Institute Inc., Cary, NC, USA) to determine the effect of
three concentrate compositions and two fat cover depths on meat
analysis characteristics. The MIXED procedure was applied to calculate
the least square means of the lipid oxidation during storage, with
concentrate, fat cover depth and time as the fixed effectsandanimal
astherandomeffectinthe model. Significant
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differences between treatments were assessed using Tukey's test, with
significance being determined at P<0.05.

The GLM procedure was used for sensory evaluations, including the mean
per animal for each attribute. For the first sensory analysis (meat
vacuumagedatdifferenttimes),the3x 2x 2model included concentrate
type, fat cover depth and time as the fixed effects and their interactions.
For the second and third sensory analyses (meat packaged in MAP at
differentdisplaytimes), the 3x3modelincludedconcentratetypeandtime
asthefixedeffects andtheirinteraction. The session effect was assessed,
butitwas notsignificantandthereforewasnotincludedinthefinalmodel.
Differences between treatments were compared by treatment by
applying the Tukey test.

Furthermore, with the results of the first sensory analysis and with the
combination of the second and third sensory analyses, a generalized
Procrustes analysis (GPA) was used to summarize the results graphicallyin
biplots usingthe program XLStat 2009 (Addinsoft, Paris, France) in order to
minimize differences among panelists.

RESULTS AND DISCUSSION

Effect of diet on meat quality

The fat cover at slaughter had more effect (P <0.05) on the longis- simus
thoracis proximal composition (except protein) thanthe composition of
the diet (P>0.05) (Table 1). The meat of carcasses with4mm subcutaneous
fatthickness had higherintramuscular fat content and dry matter (14.0

and 251.3gkg'1 respectively) than the meat from carcasses with 3mm
fat thickness (9.6 and

243.5gkg’1 respectively). Although the animals were fed concen- trate, the
loin muscle had a relatively low intramuscular fat content, which
correspondstoayoungentirebull of alate maturingbreed. These low fat
contents agree with Spanish consumer preferences for lean beef as an

intrinsicqualitycuerelatedtohealthquality.23
Vitamin E-enriched concentrate produced meat with a signifi- cantly

higher vitamin content (P<0.05): 1.52 vs 0.81mgkg'1 in thecontrolgroup
(Table1).Moreover,themeatofbullsfedlonger to reach thicker fat cover

had significantly more vitamin con- tent(1.32mgkg'l)thanthemeatof

bulls with less subcutaneous fat cover (0.97 mg kg_l). The increase in
vitamin E content could increasethelipidstabilityandtherefore theshelf
lifeandsensory quality of the beef. However, these vitamin E values were
lower than those obtained in meat from grass-fed animals, which usually

reach over?:mgkg_l.zzl'25 The vitamin E levelin meat would have likely
increasedifbullshadbeenslaughteredolderandheavier.

Lipid oxidation of vacuum-packaged meat samples was more
influenced by the fat cover and aging time than by the concentrate
composition (Table 2). Improvement of the fat cover resulted in a
significant increase in malondialdehyde (MDA) from 0.28 to 0.54 mg

kg_l. Additionally, the lipid oxidation increased from

0.36 to 0.46 mg MDA kg_1 when the aging time was extended from 2
to 14 days. However, the effect of including linseed or enrichment with
vitamin E on the concentrate did not modify the levels of MDA, which

were O.4mgkg_1 on average. These low oxidation rates were due to the
beef being kept vacuum packedandrefrigeratedinadarkenvironment,

whicharethebest conditions to control the lipid oxidation process.26

Sensoryanalysisofbeefaffectedbyagingtime,concentrate type and
fatcover

The results are summarized in Table 3. The composition of the
concentrate fed to bulls did not influence any of the sensory
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attributes, but the fat cover at slaughter and the aging time did
significantly modify some attributes.

The beef aged 14 days was rated as more tender and less fibrous (P<
0.0001), withgreaterbeefintensityandrancidflavorthanthe meataged2
days.However,theoverallappraisalwasnotrelated totheseothersensory

attributes.Monsénetu/.27foundthataging hadaveryimportanteffecton
tenderness, odorandflavorchar- acteristics, but overallappraisal was not
always consistent with these traits, depending on the breed effect. The

juiciness remained unchangedasreported byJeremiahandGibson.28 The
improve- mentoftendernessbyagingwasnotsubstantialenoughtomodify
the overallappraisal.

The greatest intensity of odor and flavor of these meats was
attributed to beef, followed by metallic, acid and lactic odors and
flavors, with rancid having the lowest notes. It is known that unsaturated

fatty acid content in beef makes it more prone to oxididation,29 giving
off-flavors.However, neitherrancidodornor flavor increased in the meat
from animals fed diets containing linseed or with vitamin E
supplementation, most likely because vacuum conditions did not favor
oxidation.

The composition of the concentrate did not affect the sensory attribute
values as judged by the panel. Tenderness, juiciness and flavor are the most
important attributes in the variation between meat sensory

assessments.30 The absence of significant differences in these attributes
corresponded with a similar overall appraisal note. These results are in

agreement with those reported by Maddock et“al.,11 who found no
effects on the intensity of flavor ortendernessfrom 14 dayvacuum-aged

beef of yearling heifers thathadconsumed 80gkg_1 linseedintheirdiet,
althoughsteaks fromthecontrol groupwereratedjuicierthanthosethat
included linseed.
SupplementationwithvitaminEinthefeeddidnotincreasethe note of
positive odors or flavors, nor did it decrease off-flavors. Therefore it

seems that if polyunsaturated fatty acid percentage is not increased,19
there is no need for vitamin E supplemen- tation, because it increases
costs without obtaining a positive effectonbeefsensorytraits,atleastin

vacuum-packaged meat. Juarez et al.31 also found no effect among
treatments for sensory attributes in steaks of steers fed diets with or

without 100 g kg_1 flaxseed and 600 IU day_1 of vitamin E
supplementation.

The subcutaneous fat thickness of the carcass had a significant effect on
sensory meat attributes, especially tenderness, fibrous- ness, juiciness,
rancid odorandbeefflavor.Bullsslaughteredat 4 mm fat cover had meat
rated as more tender and juicy, less fibrousandwithslightly higherrancid
odorandbeefflavorinten- sities than the meat of bulls slaughtered at 3

mm. Fiems et al.32 alsofound a moderate correlation between fat and
tenderness.In some experiments, lipid content has not been necessarily

related todifferencesin ﬂavor,33 butinother casestheincreaseinintra-

muscular fat improved meat flavor34 in cows. Despite the signifi- cant

differences found in some of the main sensory attributes, the overall
appraisal did notsignificantly differbetweenthetwolevels offattening. It
could be that the positive differences in tenderness, juiciness and beef
flavororthenegativedifferencesinrancidodor were not large enough to

promote changes in overall appraisal. The results of Hunt et al.,35

however, state that when tenderness is acceptable, flavor and juiciness

play a major role in determin- ing overall acceptability. Globally, fat cover

effectsonmeatsensory attributes were less important than aging.
Theanalysisoftheresultsofthesensoryassessmentbypanelists

obtained with GPA is shown in Fig. 1. The first two main axes explained

66.4% of the total variance. The first axis accounted for
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Table1. Meatcomposition (freshmatter) of longissimusthoracismuscle fromyoungPirenaicabullsfedthree concentrate dietsandslaughteredat
two dorsal fat cover depths

Concentrate (CN) Fat cover (F) P value
e Pooled
Parameter C | L+E 3mm 4mm SE CN F CN xF
Dry matter (g kg™ 244.6 250.4 246.8 243.5b 251.3a 0.31 0.180 0.004 0.327
Protein (g kg™) 222.7 223.1 219.5 219.5 223.9 0.37 0.559 0.175 0.355
Intramuscularfat(gkg™1) 8.6 13.0 134 9.6b 14.0a 0.25 0.118 0.020 0.646
Vitamin E (mgkg™) 0.81b 1.06ab 1.52a 0.97b 1.32a 0.207 0.005 0.050 0.787

Values with different letters in the same row are significantly different at P <0.05. C, control concentrate group; L, linseed-supplemented concentrate
group; L +E, (linseed +20 g kg™ vitamin E)-supplemented concentrate group.

Table 2. Effect of diet, fat cover and aging on oxidation (TBARS index) of vacuum-packaged meat from young Pirenaica bulls

Concentrate (CN) Fat cover (F) Aging (A) P value

Parameter C L L+E 3mm 4mm 2days 14days Pooled SE CN F A CNxF CNxA FxA CNxFxA

TBARS? 0.40 0.43 0.40 0.28b 0.54a 0.36b  0.46a 0.05  0.943 0.001 0.042 0.407 0.341 0.056 0.774

Means with different letters are significantly different (P <0.05). C, control concentrate group; L, linseed-supplemented concentrate group; L+E,
(linseed + 20 gkg™* vitamin E)-supplemented concentrate group.
@ Thiobarbituric acid-reactive substances in mg malondialdehyde kg™.

51.1% of the variation, and the main attributes were related to 1
tenderness (-0.99), fibrousness (0.97), beef flavor intensity (-0.83),

overall appraisal (-0.82) and acid (-0.63) and rancid (-0.60) flavor
intensities. The second axis accounted for 13.3% of the variation, and 05 Jujciness
the main attributes were beef odor intensity (-0.59) and juiciness

(0.53). On the right side, outlined by fibrousness, the six lots of meat
aged for 2 days and the lot supplemented with linseedandvitaminE
aged for 14 daysare grouped. Located on the opposite side are the iciad A - W
rest of the lots of 14 day aged meat, characterized by the rest of the 14d Loi* ' AN 4

attributes except juiciness and metallic flavor, which are placed ROl
between the two ellipses. Beef aged 14 days remains close in 05
tenderness, beefflavorintensity and overall appraisal attributes and gol
far in fibrousness. Most of the animals slaughtered with 4mm fat
cover are placed on the top and on the left of the figure; therefore
they were assessed as more juicy, tender, with more beef flavor 15 1 05 0 05 1 15
intensity and with higher overall appraisal. Animals fed control F1 (53 %)

concentrate were placed in thenegativezoneofthesecondaxis, linked
toahigherbeefodor intensityand lessjuicy attributes. The beefaged 14
days from bulls fed linseed and vitamin E slaughtered with 3mm fat
cover was locatedinthe same areaas the 2 day aged meat, probably

BFI
4- 14d4L14d_ . 4L2d Fibxousness

<
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™ 0 Tenderness RF] N BLEWe—" ,3LE2d
—

Z

[N

L

C14d

Figure 1. Plot of panel sensory attributes of vacuum-packed meat aged
for 2or14daysofbullsfedthree concentratesandslaughtered attwo
levels of fatness. AFI, acid flavor intensity; BFI, beef flavor intensity: BOI,
beefodor intensity; LOI, lacticodorintensity; LiFl, liverflavorintensity;
owing toitslow intramuscularfat content (9.9 gkg™1)incomparison  MFI, metallic flavor intensity; OA, overall appraisal; RFI, rancid flavor
intensity; ROI, rancid odor intensity. C, control; L, linseed; LE, linseed +
vitaminE; 2d,2 daysaging; 14d, 14 days aging; 3, 3 mm fat cover; 4; 4
mm fat cover.

with the same diet of animals fed to 4mm fat cover (16.9gkg_1). The
effectsofagingweremoreimportantonmeatsensoryattributes than
the fat cover of the bulls.

Effectofdisplaytimeanddietonsensoryqualityof MAP packaged
beef

The results for 3 and 4 mm fat cover are summarized in Tables 4 and 5
respectively. Linseed inclusion in concentrate produced meat that
was rated slightly more juicy by panelists but similar for all other
attributes, including overall appraisal. In MAP rich in oxy- gen,some
differencesinodororflavorareexpectedbetweenthe meats owing to
the feeding diet. In our study, linseed inclusion inconcentratedidnot
alter the total saturated, monounsaturated or polyunsaturated fatty

proportion of some polyunsaturated fatty acids was modified, sig-
nificantly increasing the n-3 fatty acids. Therefore, as the percent- age of
polyunsaturated fatty acids did notincrease, there was no substrate
for higher lipid oxidation.

Extending the display time to 4 or 8 days for meat packaged in MAP
yielded significant differences among attributes, reducing beef odor
andflavorintensityandincreasingrancidodorandfla- vorintensityas
well as acid flavor intensity. Although tenderness, juiciness and
fibrousness were rated similarly, the overall appraisal decreased
significantly with longer display times owing to the neg- ative effect of
theincrease in rancidity.

acid percentages.19 However, the relative
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Table 3. Means of sensory evaluation by trained panel of vacuum-packaged beef of young Pirenaica bulls

Concentrate (CN)  Fatcover(F) Aging (A) P value
Attribute C L L+E 3mm 4mm 2days 14 days SEM CN F A CNxFCNxA FxACNxFxA
Beef odor intensity  4.80 476 470 4.73 4.77 4.70 4.81 0.137 0.474 0.448 0.087 0.402 0.232 0.479 0.871
Lactic odor intensity 1.57 1.48 142 145 153 144 155 0.151 0.251 0.283 0.135 0.302 0.203 0.520 0.935
Rancid odor intensity 1.09 1.03 1.07 1.00b 1.15a 1.02 1.11 0.107 0.620 0.001 0.078 0.748 0.229 0.842 0.997
Tenderness 460 4.67 459 431b 4.93a 4.22b 5.0la 0.299 0.889<0.000k0.0001 0.078 0.768 0.108 0.956
Fibrousness 5.87 581 578 5.95a 5.69b 6.06a 5.59b 0.214 0.7360.014<0.0001 0.419 0.735 0.649 0.751
Juiciness 4.03 412 415 4.00b 4.21a 4.07 4.13 0.186 0.525 0.013 0.499 0.405 0.964 0.152 0.566
Beef flavor intensity 5.40 536 541 5.31b 5.46a 5.29b 5.48a 0.129 0.834 0.016 0.003 0.032 0.688 0.653 0.462
Metallicflavorintensity 3.14 3.14 327 3.17 3.20 3.16 3.21 0.148 0.219 0.716 0.418 0.326 0.660 0.296 0.215
Acid flavor intensity  2.90 2.87 290 2.82 295 2.82 296 0.158 0.961 0.092 0.072 0.973 0.405 0.346 0.113
Rancid flavor intensity 1.22 127 133 1.23 1.31 1.20b 1.35a 0.117 0.278 0.177 0.011 0.761 0.049 0.855 0.581
Overall appraisal 423 418 414 411 427 411 426 0.188 0.730 0.082 0.108 0.050 0.506 0.426 0.742

Means with different letters in the same row are significantly different (P <0.05). C, control concentrate group; L, linseed-supplemented concentrate
group; L +E, (linseed + 20 g kg™ vitamin E)-supplemented concentrate group.

Table 4. Means of sensory evaluation by trained panel of beef at different display times in MAP of young Pirenaica bulls slaughtered at 3mm

subcutaneous fatcover

Concentrate (CN) Display time (T) P value
Attribute C L L+E 0 days 4 days 8 days SEM CN T CNxT
Beef odor intensity 4.02 4.07 4.02 4.67a 3.95b 3.50c 0.201 0.882 <0.0001 0.099
Lactic odor intensity 1.08 1.32 1.19 1.25 1.17 1.17 0.133 0.077 0.062 0.616
Rancid odor intensity 1.43 1.58 1.40 1.09b 1.54a 1.78a 0.156 0.242 <0.0001 0.300
Tenderness 4.33 4.42 4.28 4.36 4.37 4.30 0.268 0.841 0.981 0.566
Fibrousness 5.81 5.71 5.85 5.83 5.71 5.84 0.228 0.800 0.872 0.624
Juiciness 3.52b 3.75ab 3.90a 3.87 3.77 3.53 0.181 0.043 0.053 0.616
Beef flavor intensity 4.11 4.18 4.27 4.74a 4.10b 3.71c 0.187 0.466 < 0.0001 0.240
Liver flavor intensity 1.57 1.65 1.59 1.50 1.62 1.69 0.101 0.689 0.062 0.411
Metallic flavor intensity ~ 2.83 2.80 2.79 2.77 2.80 2.85 0.097 0.964 0.698 0.477
Acid flavor intensity 2.70 2.63 2.68 2.52b 2.59b 2.91a 0.154 0.845 0.006 0.519
Rancid flavor intensity 2.18 2.27 2.04 1.15¢ 2.18b 3.17a 0.180 0.174  <0.0001 0.272
Overall appraisal 3.82 3.80 3.80 4.35a 3.85b 3.22c 0.187 0.984 <0.0001 0.548

Means with different letters in the same row are significantly different (P <0.05). C, control concentrate group; L, linseed-supplemented concentrate
group; L +E, (linseed +20 g kg™ vitamin E)-supplemented concentrate group.

The vitamin E and linseed supplements improved the juiciness in
relation to the control group. No significant differences were found
between the other sensory attributes, including overall appraisal. The
indication of no significant effect of linseed or vitamin E on the beef
sensory characteristics in our study agrees with the results of one

study,31 but other studies, including a diet containing 100gkg_1
ground flaxseed, have described detrimental effects dueto more

pronouncedoff-flavors,evenifflavorintensitydidnot differ.36

Theresultsobtained with GPAinmeat packagedin MAPanddis- played
for 8 days from bulls slaughtered at 3 and 4 mm fat depth are
presentedin Fig.2. Thefirstaxisaccounted for57.1% of the variation,
and the main attributes were related to rancid flavor intensity
(-0.99), overall appraisal (0.97), beef odor (0.93) and fla- vor (0.91)
intensities, rancid odorintensity (-0.84)andacid (-0.77) and liver (-0.63)
flavor intensities. The second axis accounted for 16.5% of the variation,
and the main attribute was metallic flavor intensity (0.66). The
tenderness and fibrousness vectors appeared next, which indicates
that 7 days of aging was enough to reach
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adequate tenderness, and no additional improvement in tex- ture
was achieved during display time. Therefore tenderness and
fibrousnessattributesexplainedaresidualpartofthevariabilityof the
sensory evaluation. This confirms the lack of statistical signifi- cance of
tendernessonthe previousstatisticalanalysis.

In Fig. 2, from the right side to the left side, the meat is grouped by
timeondisplay.Thehighestincreaseinoverallappraisal,beef odorand
flavor intensities corresponds to meat that was not on display. Inthe
oppositezonearethesixlotsof meatdisplayedfor 8 days, which were
characterized by high rancid flavorand odor intensity.Onthetoppart
ofthegraph, the meatofbullswith3mm depth fat cover is linked to
metallic flavor intensity, while at the bottom there is the meat of
animalswith4 mmfatcover,whichwas characterized by acid and liver
flavor intensities. It should be noted thatthetwodistributionareasfor
the 3 and 4 mm fat cover animals may correspond also to the two
sensory assessments performed, because both are confounding
factorsforthe GPA.

The most valued meat was that of bulls slaughtered at 3 or 4mm
fat cover, previously aged for 7 days in vacuum and then
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Table 5. Means of sensory evaluation by trained panel of beef at different display times in MAP of young Pirenaica bulls slaughtered at 4mm
subcutaneous fat cover

Concentrate (CN) Display time (T) P value
Attribute C L L+E 0 days 4 days 8 days SEM CN T CNxT
Beef odor intensity 4.16 4.38 4.44 4.63a 4.38b 3.87c 0.189 0.237 < 0.0001 0.379
Lactic odor intensity 1.27 1.30 1.48 1.49 1.37 1.20 0.183 0.617 0.173 0.669
Rancid odor intensity 1.69 1.44 1.50 1.31b 1.58ab 1.71a 0.171 0.139 0.012 0.996
Tenderness 4.21 4.19 4.34 4.15 4.29 4.30 0.333 0.870 0.905 0.663
Fibrousness 5.68 5.68 5.59 5.72 5.66 5.57 0.255 0.732 0.914 0.630
Juiciness 3.55 3.60 3.84 3.82 3.63 3.57 0.246 0.439 0.307 0.222
Beef flavor intensity 4.93 5.0 5.11 5.31a 5.05a 4.68b 0.234 0.246  <0.0001 0.367
Liver flavor intensity 1.64 1.72 1.74 1.69 1.72 1.69 0.145 0.635 0.786 0.674
Metallic flavor intensity ~ 2.66a 2.35b 2.51ab 2.54 2.43 2.55 0.136 0.029 0.538 0.729
Acid flavor intensity 2.93 2.73 291 2.71b 2.72b 3.13a 0.158 0.131 0.008 0.113
Rancid flavor intensity 2.59 2.25 241 1.16c 2.38b 3.64a 0.256 0.345 < 0.0001 0.471
Overall appraisal 3.56 3.60 3.75 4.26a 3.75b 2.95c 0.228 0.458 < 0.0001 0.509
Means with different letters in the same row are significantly different (P <0.05). C, control concentrate group; L, linseed-supplemented concentrate
group; L +E, (linseed + 20 g kg™* vitamin E)-supplemented concentrate group.
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Figure 2. Plot of panel sensory attributes of beef aged 7 days, MAP packed and displayed for 0, 4 or 8 days of bulls fed three concentrates and slaughtered
attwo levels of fatness. 0d, no display; 4d, 4 days display; 8d, 8 days display. See Fig. 1 for explanation of other abbreviations used.

packedin MAPattheinitialtime of display. Incontrastto the MAP, the
anaerobic environment of the vacuum-packed meat limited the
rancidity.8 Thus rancid flavor increased slightly and rancid odordid
not change significantly. When samples did not differ in tenderness,
the larger sensory difference between lots was flavor, odor or
juiciness,35'37 which all play a major role in determining the overall
acceptability. Nevertheless, consumers usually do not detect oxidation
flavors until oxidation products have reached a level of at least 2 mg
MDA kg_1 tissue. 3840

The results of this study suggest that the effect of linseed or
vitamin E enrichment of feed for young bulls was less important on
the meat sensory assessment than the effect of the fat cover

of the carcasses and was much less important than aging time or
packaging procedures. The vacuum-packaged meat of bulls
slaughtered at4 mm fat cover was rated higher on sensory analysis than
that at 3mm fat cover. The meat of young Pirenaica bulls mightbe
aged in vacuum for less than 7 days and then sold directly to retail
customers for cutting and display in MAP for a short time in order to
ensure tendernessand few negative flavors.

CONCLUSIONS
The inclusion of 50 g kg'1 linseed or supplementation with 200 1U

vitamin E kg_1 in the concentrate fed to bulls had no

JSciFoodAgric (2016)
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significant effect on the main beef sensory attribute scores. Aging time in a
vacuum package and display time of aged beef had significant effects on
sensory rating. Fat cover of the carcass improved the sensory ratings of
tendernessandjuiciness, espe- cially in vacuum-packaged meat. Meat aged for
14 days in vacuum was rated less fibrous and tenderer, with more beef flavor
intensity butalsoa more intense rancid flavor, than meat aged for only 2 days.
In vacuum-aged beef later packaged in MAP, an increase in display time
significantly increased the intensity of negative notes such as rancid odor and
flavor and decreased positive notes such as beef odor, lowering the overall
appraisal.
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