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Quality of aged ewe meat in vacuum-packaging system for different
storage periods

Qualidade da carne maturada de ovelhas em sistema de embalagem
a vacuo durante diferentes periodos de acondicionamento
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Abstract

Consumers believe tenderness to be most important organoleptic characteristic of meat. However,
there is great variability in the tenderness of meat available to consumers; one method to reduce
the variability and improve tenderness would be to promote meat aging. The aim of this study was
to evaluate the quality of aged ewe meat. The experiment was conducted at the State University of
Londrina. It was used eighteen Santa Ines ewes. After slaughter, the Longissimus dorsi muscle were
collected and subjected to treatment, three different aging times: zero, four and eight days at 5 + 2°C.
The increase in aging time caused a decrease in pH. The L*, a* and c* values increase linearly with the
aging period. The b* and h* values showed a quadratic regression. The mesophilic and psychrotrophic
count showed a linear increase. The myofibrillar fragmentation index showed a quadratic regression,
and the shear force decreased linearly. In a sensory analysis, a difference in the odor intensity of the
meat was observed. The microbiological count indicated that the meat was fit for consumption. The
aging promoted improvements in the quality of sheep meat.
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Resumo

Os consumidores acreditam que a maciez ¢ a caracteristica organoléptica mais importante da carne. No
entanto, ha grande variabilidade na maciez da carne disponivel para os consumidores, um método de
reduzir a variabilidade e melhorar a maciez seria promover a maturagao da carne. O objetivo deste estudo
foi avaliar a qualidade da carne maturada de ovelhas. O experimento foi conduzido na Universidade
Estadual de Londrina. Foram utilizadas 18 ovelhas da raga Santa Inés. Apds o abate, o musculo
Longissimus dorsi foram coletados e submetidos ao tratamento, trés diferentes tempos de maturagao:
zero, quatro e oito dias a 5 £ 2 ° C. O aumento do tempo de maturagdo provocou uma redugdo no pH.

! Parte da dissertagdo de Mestrado em Ciéncia Animal, da primeira autora, Universidade Estadual de Londrina, UEL, Londrina, PR.

2 Discente(s) de Doutorado do Programa de Pds-Graduagdo em Ciéncia Animal, Universidade Estadual de Londrina, UEL,
Londrina, PR. E-mail: caconstantino@hotmail.com; nataliaalbieri@hotmail.com; marina_avena@yahoo.com.br

3 Profs. Drs. do Dept® de Zootecnia, UEL, Londrina, PR. *! Bolsista de Produtividade do CNPq. Londrina-Pr. E-mail: elar@uel.br;
mizubuti@uel.br

4 Prof* Dr*. do Dept® de Zootecnia, UEL, Londrina, PR. E-mail: ambridi@uel.br

° Discente de Mestrado do Programa de Pds-Graduagdo em Ciéncia Animal, Universidade Estadual de Londrina, UEL, Londrina,
PR. E-mail: louise_mp@zootecnista.com.br

¢ Prof* Dr*. do Dept® de Zootecnia, Universidade Federal do Ceara, UFC, Ceara, CE. Bolsista de Produtividade do CNPq. E-mail:
elzania@hotmail.com

7 Prof* Dr* do Dept® de Zootecnia, UFC, Ceara, CE. E-mail: pgpimentel@hotmail.com

" Author for correspondence

Recebido para publicacdo 25/10/12  Aprovado em 17/12/12

Semina: Ciéncias Agrdrias, Londrina, v. 33, suplemento 2, p. 3437-3446, 2012

3437



3438

Constantino, C. et al.

Os valores de L *, a * e ¢* aumentam de forma linear com o tempo de maturacdo. Os valores b * ¢ h
* apresentaram uma regressao quadratica. A contagem de mesoéfilos e psicrotroficos apresentaram um
aumento linear. O indice de fragmentagdo miofibrilar apresentou uma regressao quadratica, e a for¢a de
cisalhamento diminuiu linearmente. Na analise sensorial, uma diferenga na intensidade de odor da carne
foi observada. A contagem microbioldgica indicou que a carne estava apta para consumo. A maturacao
promoveu melhorias na qualidade da carne de ovelhas.

Palavras-chave: Anaerdbia, croma, maciez, ovinos, sensorial

Introduction

One of the difficulties faced by sheep farmers
is adding value to animal meat normally destined
for disposal. The annual disposal percentage of a
farm varies between 15 and 20% (CAVALCANTE;
LOBO, 2005). The meat of these animals is not
valued because of sensory characteristics such as
accented aroma and flavor, a greater amount of
carcass fat and reduced tenderness.

The meat of animals meant for disposal can
be marketed as sausages, fermented or aged meat
(PINHEIRO; SOBRINHO; BARBOSA, 2007).
Knowledge of the physical characteristics of meat,
such as pH, color, water-holding capacity (WHC),
and tenderness of the various age groups, is necessary
in order to offer ovine meat in large quantities
and high quality and improve its competitiveness
against other sources of animal meat (BRESSAN
et al., 2001).

The preferences of meat consumers have changed
over time, particularly with regard to the search for
better quality. Consumers believe tenderness to be
most important organoleptic characteristic of meat
(KOOHMARALIE, 1994). However, there is great
variability in the tenderness of meat available to
consumers; one method to reduce the variability
and improve tenderness would be to promote meat
aging.

Aging is the process of storing meat in natura
for a period at refrigeration temperatures, causing
an increase in tenderness and improvement in taste.
The process consists of allowing the prolonged
action of proteases naturally present in meat to

perform proteolysis of some structural proteins
of the sarcomere (KOOHMARAIE, 1989). This

technique makes the meat more tender, as well
as improving other sensory characteristics such
as flavor and aroma, which result from the action
of microbial enzymes to produce organic acids
(VASCONCELOS et al., 2002).

Meat has high nutritional value and contains a
high proportion of water, which makes it susceptible
to microbial attack. The main objective of vacuum
packaging is to protect fresh or processed meat from
contact with oxygen, which induces the growth of
aerobic microorganisms with a high potential to
cause deterioration that can change the odor, color
and appearance of meat products. Aerotolerant
anaerobic lactic acid bacteria thrive in the absence
of oxygen and at cooling temperatures, but produce
only minor changes in the quality of the meat even
at high counts (FORSYTHE, 2002).

The present work aimed to add value to ewe meat
products through aging, improving meat tenderness
and masking meat odor. The effects of aging on the
sensory and microbiological quality of ewe meat
were evaluated.

Material and Methods

The experiments were conducted in accordance
with ethical standards and approved by the Ethics
Committee on Animal Experimentation of the
State University of Londrina (UEL) registered
in the CEEA under number 58/09, Case number
13655/2009. The study was conducted at the Farm
School and the Laboratory of Analysis of Animal
Products of the UEL.

Eighteen Santa Ines ewes of 6 years mean age
were used. The animals were housed in a feedlot
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and fed twice a day (8 a.m. and 5 p.m.). The diet
(Table 1) consisted of sorghum silage and ration
concentrate (corn, soybean meal, soybean oil,
sodium chloride and calcium carbonate) in a ratio

of 60:40 (dry basis), with water ad libitum. The diet
was formulated to meet the requirements established
by the National Research Council — NRC (1985) for
daily gains of 100 g.

Table 1. Chemical composition of experimental feed and amount of magnesium.

Composition of the diet

Composition of concentrate

Dry matter (g/kg NM) 856.5
Crude protein (g/kg DM) 113.9
Ether extract (g/’kg DM) 40.7

Crude fiber (g/kg DM) 28.9

Neutral Detergent Fiber (g/kg DM) 164.9
Acid Detergent Fiber (g/kg DM) 26.5

ENERGIA (g/kg DM) 802.2
Composition of sorghum silage

Dry matter (g/kg NM) 240.5
Crude protein (g/kg DM) 75.4

Ether extract (g/kg DM) 26.6

Neutral detergent fiber (g/’kg DM) 633.2
Acid detergent fiber (g/kg DM) 381.8
ENERGIA (g/kg DM) 598.3
Chemical composition of total mixed ration

Dry matter (g/kg NM) 486.9
Crude protein (g/kg DM) 90.8

Ether extract (g/kg DM) 32.2

Neutral Detergent Fiber (g/kg DM) 4459
Acid Detergent Fiber (g/kg DM) 239.7
ENERGIA (g/kg DM) 679.9

Source: Elaboration of the authors.

After slaughter, and 24 hours of cooling at 2°C,
both Longissimus dorsi muscles were collected. The
muscle of the right half carcass was divided into 9
pieces (3 cm each): 3 for myofibrillar fragmentation
indexing (MFI) and 6 for shear force (SF) and
microbiological analysis. The muscle of the left half
carcass was divided into 9 pieces: 3 (2 cm each)
to perform color measurements and determine the
pH, water loss under pressure and 6 (2 cm each)
for sensory evaluation. All samples were vacuum
packed individually in an oxygen barrier film (16 x
22 cm — 8 um).

The samples were subjected to three stages of
aging: T1 — zero days aging (control), T2 — four

days aging at 5 + 2°C and T3 — eight days aging at
5+2°C.

After the end of each aging period, a sample
was taken, which was then measured for hydrogen
potential (pH) using a TESTO® 205 portable
potentiometer with electrode insertion (Lenzkirch,
DE). The water holding capacity was evaluated by
pressure on filter paper (water loss under pressure)
(BARBUT, 1996).

The color was analyzed using a portable
MINOLTA® CR-10 colorimeter with illuminant
C and 8° angle of inclination (Tokyo, JP) for the
assessment of the components L* (luminosity),
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a* (red-green component) and b* (yellow-blue
component), which were expressed in the CIELAB
color system with the model illuminant tilted by 8
degrees. With these values, the hue angle (h*) was
calculated using equation h*=tan! (b*/a*) and the
saturation index or chroma (c*) using the equation
c*=(a*2+b*2) 0.5. The remaining samples were
frozen at —18°C for MFI, SF, microbiological and
sensory analysis.

The myofibrillar
evaluated by the method proposed by Culler et. al.

fragmentation index was
(1978). The shear force was objectively measured
using a TA.XT-2 Texture Analyzer (Godalming,
UK) with a 3-mm shear blade probe. To obtain the
samples, it was used a cylindrical steel sampler. Two
steaks per animal were used, which were roasted until
they reached an internal temperature of 71°C. Three
sub-samples, approximately 1.25 cm in thickness
and 2.5 cm high, were cut from each steak. Each
sub-sample was sheared once, producing a total of
six readings per animal (WHIPPLE et al., 1990).

Microbiological analysis was performed using
the technique described by NBR 10203 (ABNT,
1988) involving surface smearing. A swab was used
for each area of the loin, producing two swabs for
each sample. These swabs were placed in a test tube
containing 9 mL of buffered peptone water (BPW)
diluent and were shaken in a vortex for two minutes.

From this first tube, which was diluted to 10!
with BPW, further dilutions in BPW 107, 103, 10+
and 107 were done. After dilution, the tube was
agitated in a vortex for ten seconds before collection
in the next tube and so on.

When all of the dilutions had been made, they
were seeded by the pour plate technique on agar
(Standard Methods Agar — PCA). One milliliter of
each dilution was placed on a petri dish to search
for mesophilic and psychrotrophic bacteria. Then,
PCA agar heated to 45°C was poured over the dish
and homogenized; after solidification of the agar,
the samples were incubated at 35°C for 48 hours
for mesophilic counting and 7°C for 72 hours for
psychrotrophic counting.

After this period, it was performed counts of
total CFU/cm? (colony forming units per square
centimeter). Dish with 25 to 250 CFU were selected
for counting with a magnifying glass.

Tasters trained to assess odors, tenderness and
juiciness in beef performed sensory analysis using
a structured scale according to the methodology
proposed by ABNT (1993). Eleven trained tasters
were used to evaluate odor intensity (1 — extremely
intense to 5 — no odor) and characterize the odor
(fresh meat / chilled meat / fruity / aged / rancid
and reheated), tenderness (1 — very hard to 7 — very
tender), juiciness (1 — none to 5 — high) and overall
acceptability (1 — extremely unacceptable to 9 —
extremely acceptable) of the samples.

Each professional taster received three samples
(one control treatment with zero days of aging,
another with four days aging and one with eight
days aging), a glass of water, a saltine cracker and
a container of coffee powder. Between each test,
the mouth was cleaned and rinsed with water and
crackers, and olfaction was cleared with coffee.

The data obtained were subjected to analysis of
variance (ANOVA) with a polynomial derivation
according to the aging time, and the data from the
sensory analysis was subjected to ANOVA and
Tukey’s test at a significance level of 5%. Pearson
correlation coefficients were calculated using the
statistical package SAS (2001).

Results and Discussion

It was observed that mesophilic microorganisms
experienced increased growth with ewe meat aging
in vacuum packaging (Table 2). The total count of
aerobic mesophiles in plaques is the most widely
used general indicator of bacterial populations in
foods. However, this indicator does not differentiate
between types of bacteria and is used for general
information about the quality of raw products,
manufacturing practices and product lifetime.
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Table 2. Microbiological parameters, pH and L* of the Longissimus dorsi muscle of culling ewes.

Aging time
Meat parameters 0 days 4 days 8 days R CV (%)
Mesophilic (log CFU/cm?) 2.01 242 3.01 L! 9.45
Psychrotrophic (log CFU/cm?) 1.99 2.55 2.96 L? 14.55
pH 5.58 5.57 5.49 L 1.46

CV — coefficient of variation, L — linear, Q — quadratic, R — regression.
9=1.97+0.12x (r*=0.98); 29 =2.01 +0.12x (2= 0.99); * § = 5.59 — 0.01x (12 = 0.77).

Source: Elaboration of the authors.

The mesophilic count on non-aged meat was
2.2 x 10* CFU/cm?, where the low values indicate
good hygienic handling of samples. According
to Mano, Pereira e Fernando (2002), the useful
lifetime of a product is the number of days required
for the mesophilic count to reach a value of 107
CFU/cm?. In this work, meat aged for 8 days at 5
+ 2°C showed values of 1.5 x 10° CFU/cm?, which
indicates that the meat was fit for consumption and
could be stored for a few more days before reaching
the end of its useful life.

The psychrotrophic plate count also showed a
linear increase with aging (Table 2). Psychrotrophs
are microorganisms that grow in food under
refrigeration (0—15°C); some possess a high potential
to contaminate and spoil refrigerated products, as
is the case with clostridium sp, enterobacter sp,
escherichia sp, listeria sp and pseudomonas sp.
Others, such as bacillus sp and lactobacillus sp,
cause only minor changes in meat products even at
high counts.

The pH value (Table 2) decreased linearly with
increasing aging time (P = 0.0031). Gongalves
et al. (2004) and Maggioni (2009) also observed
a reduction in the pH lamb meat with increasing
aging time.

The growth of psychrotrophic bacteria is
intimately linked to the pH of the meat. The initial
pH of meat facilitates the growth of microorganisms;
alow pH of 5.4 to 5.6 facilitates the growth of lactic
acid bacteria, whereas a pH of 5.8 to 6.0 facilitates
the growth of pseudomonas sp because the lactic
acid bacteria will have too many competitors to
prevail (MANO; PEREIRA; FERNANDO, 2002).

The lactobacillus spp are Gram positive and
oxygen-tolerant. They produce lactic acid and
promote a decrease in the pH of meat, thus reducing
the growth of pseudomonas sp. The production of
ammonia and amines from amino acids and urea is
an important indicator of the deterioration process
and results in increased pH values (ERCOLINI et
al., 2006).

In this study, we observed that the psychrotrophic
count increased from 2.1 x10* in non-aged meat to
1.3x10% CFU/cm? in meat aged for eight days. In
conjunction with this growth, there was a reduction
in the pH of the meat, possibly indicating the
growth of lactic acid bacteria to the detriment of
pseudomonas sp. Puga, Contreras e Turnbull (1999)
also observed an increase in the number of lactic
acid bacteria during maturation. This is because the
initial pH of the meat and vacuum packaging induce
the growth of lactic acid bacteria.

With respect to the color components (Table 2),
the L* value increased (P = 0.0002) with aging, i.e.,
the meat became lighter. Gongalves et al. (2004)
and Zeola et al. (2007a) found no difference in the
L* value, whereas Apple et al. (2001) and Maggioni
(2009) found an increase in the L* value. This
result can be explained by the negative correlation
between L* and pH. When the pH of the meat is
low (5.6), the myofibrillar proteins are at their
isoelectric point, i.e., they have the same amount
of positive and negative charges, and fail to bind to
water, which goes to the surface and reflects light,
resulting in a higher L* value.
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According to Pinheiro et al. (2009) ovine meat
color becomes darker with increasing age and
weight at slaughter due to the increase in myoglobin
pigment. As observed, the aging of the meat can
act to lighten the color, which may increase the
acceptability of meat from animals meant for
disposal.

The aging of meat increased the a* component
(P = 0.0033) and the b* component (P = 0.0001),
i.e., the aged meat had the highest intensity of red
and yellow pigment. The same was observed by
Apple et al. (2001), Zeola et al. (2007a) observed an
increase in the a* value, although the b* value was
not affected by aging.

According to Gill e Holley (2005) when fresh
meat is vacuum packed, the metamyoglobin formed
in muscle tissue due to the absorption of residual
oxygen is converted to deoxymyoglobin for the
reductase activity (NAD™) of the muscle; when the
meat is exposed to air, this will result in an initial
bright red bloom. According to Zeola et al. (2007a),
aged meat, even after the equalization of color, still

shows a gradient differential when compared to
non-aged meat.

The calculations made from the color components
yielded chroma values, which indicate the color
saturation (the difference between pastel or bright),
and tone values, which characterize the amount of
color, where these values allow different samples
to be differentiated. The chroma value increased
linearly (P = 0.0013) with increasing aging time,
i.e., the aged meat had a more vivid color, related
to the increase in the components a* and b*. The
tone showed a quadratic regression (P = 0.0001)
influenced by the value of b*.

Only the water loss during thawing (Table 3) was
influenced by the aging time (P = 0.0817), where
this decreased as the maturation time increased. The
same was observed by Apple etal. (2001). However,
Maggioni (2009) observed an increase in water loss
during thawing with aging; according to the author,
the proteolysis that occurs during aging may have
triggered the disruption of cell membranes, resulting
in higher water losses.

Table 3. Mean values of the characteristics of ovine Longissimus dorsi muscle with different aging times.

Meat quality parameters 0 days Ailgf;slme 8 days R CV%
L* (lightness) 33.35 35.05 35.63 L! 4.22
a* (red-green component) 19.40 19.48 20.91 L? 6.86
b* (yellow-blue component) 7.18 8.39 8.54 Q? 9.57
c* (chroma) 20.70 21.22 22.59 L* 6.66
h* (°) (tone) 20.35 23.32 22.23 Q 8.03
Water loss under pressure (%) 28.47 28.59 29.90 n.s 23.95
Water loss during thawing (%) 6.60 4.89 5.19 LS 42.22
Water loss during cooking (%) 25.71 25.03 24.72 n.s 5.44
Shear force (kgF) 3.48 3.15 3.04 L’ 12.02
Myofibrillar fragmentation index (%) 94.86 94.17 96.96 Q3 2.99

ns — not significant (P > 0.10), CV — coefficient of variation, L — linear, Q — quadratic, R — regression.

19=33.54+0.28x (1> = 0.92); 2§ = 19.17 + 0.18x (1> = 0.73);

39 =7.17 + 0.43x — 0.03x* (1> = 0.35);* = 20.55 + 0.23x (1> = 0.93);
59=20.34+ 1.22x — 0.12x* (> = 0.31); 5 = 6.25 — 0.17x (1> = 0.60);
79 =3.44 - 0.05x (1> = 0.92); *§ = 94.85 — 0.6x + 0.1x* (> = 0.03).

Source: Elaboration of the authors.
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According to Miller et al. (1996) the exudate
present in the packing increases with aging. The
same was observed in this experiment, where the
aged meats had already lost much of the water
during the aging process, thus containing less water
to lose in thawing compared to the non-aged meat.

The myofibrillar fragmentation index (Table
3), which is an indicator of the fragmentation of
sarcomeres in myofibrils, showed quadratic behavior
(P = 0.0176), and the highest value was observed
after 8 days of aging. Values near 30 indicate stiff
muscles, values close to 60 soft muscles and values
close to 100 very soft muscles. Because the values
ranged from 94 to 96, we observed that this muscle
was already very soft before aging, with slight
increases in tenderness (3.4 to 3 kgf) with aging.

High values were expected for the shear force
because the animals were 6 years old and destined
for disposal. However, Pinheiro et al. (2009)
observed shear force values in ewes similar to those
of adult wethers and lambs: 1.52, 1.64 and 1.79,
respectively, for the loin.

Despite the small decrease in the shear force with
increasing aging, this difference was significant (P
= 0.0047). According to Taylor et al. (1995), it has
long been known that meat tenderness increases
when it is stored at cool temperatures. Apple et al.
(2001), Zeola et al. (2007b) and Maggioni (2009)
have observed a reduction in shear force with aging.

In the sensory evaluation performed by trained
tasters (Table 4), it was observed that the meats
differed only in odor intensity. The non-aged meat
presented an intense odor, whereas the meat aged
for eight days presented moderate odor.

Table 4. Characterization of the Longissimus dorsi odor of culling ewes.

Sensory evaluation parameters Aging time

0 days 4 days 8 days
Odor intensity 2.64a 3.36ab 3.73b
Softness 6.27 6.09 6.45
Succulence 4.27 4.18 4.18
Overall acceptability 7.18 7.45 7.36

Means followed by different letters are significantly different (P < 0.10).

Source: Elaboration of the authors.

Some tasters sensed a more intense animal odor
in meat that was not aged compared to meat that
was aged for 4 and 8 days, i.e., the organic acids
produced by bacteria during ripening served to
mask the odor. Regarding the other parameters,
the meat was considered tender, with moderate and
moderately acceptable juiciness.

Another evaluation was performed to characterize
the odor, where 45%, 82% and 73% of the panelists
reported the odor of fresh meat in non-aged meat
and meat aged for four and eight days, respectively.
In addition, 18% of the panelists reported the odor
of aged meat during four and eight days at 5+2°C,

although this did not negatively affect the overall
acceptability of the sample. It is interesting to note
that the non-aged meat was also reported to smell
of stale, reheated meat, even fruity and refrigerated
meat, but that this was not detected in the aged meat.

The marbling (Table 5) was correlated (0.456)
with the myofibrillar fragmentation index, the
greater the amount of fat marbling in the muscle,
the greater its softness. The water loss during the
cooking of the meat was positively correlated
with shear force and negatively correlated with
myofibrillar fragmentation. Thus, the higher the
observed water loss, the greater the force required
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to cut that meat and the lower the fragmentation
index, indicating a reduction in meat tenderness.

There was a negative correlation between meat
pH and water loss during cooking (-0.303), i.e.,
the higher the pH of the meat, the lower the water
loss during cooking due to a higher water-retention
capacity (WRC).

Frangois (2009) observed that darker meat
has a coarser texture, although this result was not
observed in this work. No color component was
correlated with characteristics associated with meat
texture.

The aging of ewe meat lowers the pH, improves
the color of the meat by making it lighter and
improves meat tenderness. All of these changes can
improve the acceptability of the meat by consumers.
The aging process of ewe meat in vacuum packaging
for up to eight days increases the mesophilic and
psychrotrophic microbial flora count, although
the meat maintains acceptable values, making it
adequate for consumption. The aging process masks
the animal odor of the meat, which may improve the
acceptance of the product by consumers.
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