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Summary

The aim of this study was to investigate the effects of three aging processes (traditional dry aging, wet aging
in vacuum shrink pack and dry aging in a highly moisture-permeable bag) in five aging times (0, 7, 14, 21, 28
days) for their effects on physical, chemical, microbial, histological, textural and sensory properties of beef
Longissimus lumborum muscle from Holstein-Friesian steers. Longissimus lumborum muscles were aged dry
(D), in a dry-aging bag (B) and a vacuum shrink pack (V) for 28 days at 0.5°C * 0.5 with 80% humidity. An
increase was observed in pH and TBARS values of all samples. All methods caused a decrease in the WBSF value.
The decrease of WBSF was rapid until the 14" day. V samples had lower WBSF values in comparison with others.
While the L*and a* values were similar on the 28" day in all groups, b* values were different (p < 0.05). There
were no significant effects of aging treatment on the sarcomere length on the 28" day (p > 0.05). An increase
was also observed in the numbers of the total viable count, total psychrophilic bacteria, Enterobacteriaceae,
lactic acid bacteria and yeast-mold in all groups. B aging may have a positive effect on safety, quality, yield and
shelf stability of aged-beef. V aging significantly improves both textural and sensory characteristics of meat.
The most positive effect on flavor, juiciness, tenderness and overall like were observed in the V aged treatment
on the 14" day of aging. The use of the vacuum shrink pack is considered to be an alternative packing material

in the wet aging method to improve the physicochemical and sensory quality of beef.
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Natural enzymatic processes which enable improv-
ing meat palatability attributes such as flavor, juiciness
or tenderness occur during post-mortem aging of beef
(12,17-19, 21). Meat aging is a process that improves
the tenderness and taste of the carcass or its parts at
refrigerated temperatures (16). Several studies have
reported that the aging process provides desirable
flavor (5, 37). In addition, many studies have also men-
tioned that meat tenderness is one of the most priceless
characteristics according to consumers (3, 15, 20). In
general, there are two methods of meat aging: wet
and dry. In the wet aging, meat is vacuum packed into
a moisture-barrier bag and stored under refrigeration
(34), while no packaging is used and storing conditions
are controlled in the dry aging (8). A higher yield loss
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authors thank Prof. Dr. Emrah Sur for his help on the histological analysis and
Tub-ExApS, Denmark for their involvement with this study.

through moisture loss in dry aging process makes these
products about 15-20% more expensive. Therefore, an
alternative method is necessary to present these prod-
ucts to consumers with minimum weight loss. Recently,
dry aging in a highly moisture permeable bag, which
is another method of dry aging, has been widely used.
In this method, meat is packed in a highly moisture
permeable bag and stored under controlled conditions
such as the traditional dry aging method (1). The de-
velopments in packaging and vacuum techniques have
provided a new vision to meat aging. As the packaging
method is improved, it becomes a safe way of storing,
shipping and maintaining shelf stability of aged-beef
due to its commercial advantages.

Therefore, the purpose of this study was to inves-
tigate the effects of three aging processes (traditional
dry aging, wet aging in a vacuum shrink pack and
dry aging in a highly moisture-permeable bag) in five
aging times (0, 7, 14, 21, 28 days) for their effects on
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physical, chemical, microbial, histological, textural
and sensory properties of beef Longissimus lumborum
muscle from Holstein-Friesian steers.

Material and methods

Animals and treatments. Six 22-24 month-old Holstein-
Friesian breed steers were used for this study. All animals
were slaughtered humanely and dressed according to standard
procedures of the commercial slaughtering plant. The aver-
age carcass weight was 350 kg. On 24 h post-mortem, the
Longissimus lumborum muscle (LL), from the 12" rib, was
cut out from both sides of each carcass and subcutaneous fat
was not removed. Twelve LL muscles (n = 12) were shipped
under refrigeration to the University of Selguk, Faculty of
Veterinary Medicine, Meat Products Research, Practice, and
Development Center.

Aging and sampling. Twelve LL muscles were divided
into three groups. Each LL muscle was paired with five
pieces equally according to the aging times (0, 7, 14, 21,
28 days). Three different procedures (n = 20/per treatment)
were applied to 60 loin sections (n = 60) in total. Each side
(right or left) of LL muscles from the same carcass was
used for different aging procedures. All loin sections were
aged as discussed below. [1] Dry aging in bag application of
boneless meat (B). Samples were packed in dry aging bags
(Tublin® 10, TUB-EX ApS, Denmark). The bags were made
of a polyamide mix and were in 200 x 300 x 0.05 mm size
with water vapor transmission rate 5000 g/50 pu/m?/24 h at
38°C and 50% relative humidity. [2] Wet aging (heat-shrink
vacuum bag) application of boneless meat. Samples were
packed in vacuum shrink packs (V). The vacuum shrink bags
(Cryovac® BB3050U, Sealed Air Corporation, USA) were
of a 250 x 300 x 0.04 mm size, the permeability of water
vapor was 7 g/m?, 24 h, bar at 38°C, 90% relative humidity.
Vacuum shrink packs were immersed in a water bath at 85°C
for 2 s. All packs were vacuumed using a double-chamber
vacuum packager (model C500; Multivac Inc., Kansas City,
MO). [3] Traditional dry aging application (D) of bone-in
meat. The meat samples were stored on stainless steel grat-
ings at 0.5 = 0.5°C, 85% RH, 0.2-0.5 m/s in a commercial
meat plant chiller. The temperature and the humidity of the
chillers were monitored using a data logger (Testo 174H,
Germany). Samples were turned over and rotated every day
to minimize location effects. Following storage, the weight
of the samples was measured and they were analyzed on the
0 (the initial day), 7, 14, 21, and 28 days of the aging process.

Physicochemical analyses. The pH value was measured
using a penetration pH meter (Testo 205, Lenzkirch). It was
calibrated at pH 7.01 and 4.01 with standard buffers stored at
room temperature. The a_ value was measured using a porta-
tive hygrometer (Novasina AG, Lachen). The instrument was
calibrated with three water activity standards, namely 33%
(a,=0.332), 58% (a, = 0.586) and 84% (a = 0.845). Mois-
ture content was measured using a moisture analyzer (AND
MX-500, AD Company). The moisture analyzer’s weigh-
ing sensor was calibrated using special mass (AX-MX-41)
and drying temperature was calibrated using a temperature
calibrator (AX-MX-43). Samples were allowed to bloom for
30 min at a temperature of 3-4°C before making initial color
measurements. The surface color (3) of samples was mea-
sured using a colorimeter (CR-400, Minolta Company, Osaka,
Japan) with an 8-mm-diameter measuring aperture, illumi-
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nant D65, 2° standard observers According to. The colorim-
eter was calibrated using a standard white tile (L* = 97.65,
a*=—0.10, b* =—0.14) before measurement. The total weight
loss (%) of the samples was calculated as in the following:
(sample weight before aging — sample weight after aging)/
sample weight before aging x 100%. All measurements were
made in the laboratory at the room temperature (20°C).

Lipid oxidation was determined by measuring thiobarbi-
turic acid reactive substances (TBARS) values according to
the method described by researchers (36). Ten-gram samples
were added to 49 ml of distilled water at 50°C and 1 ml reac-
tive of sulfanilamide, and then homogenized using a tissue
homogenizer (WiseTis Homogenizer, HG-15D, Daihan
Scientific) for 30 s. After that, 48 ml of distilled water at
50°C, 2 ml 1 : 2 HCI solution, glass boiling bead and silicon
antifoaming agent (Merck 1.107743) were added. Samples
were placed in a distillation unit. 5 ml of distillate and 5 ml
of 0.02 M 2-thiobarbituric acid were added into the tubes,
then heated in a water bath at 95°C for 35 min and cooled
in iced water. The absorbance of the samples was measured
at 530 nm using a spectrophotometer (Shimadzu UV 1601
Visible, Tokyo, Japan) against the blank (5 ml of distilled
water). The TBARS values were calculated from a standard
curve (R? = 0.998) and expressed as mg malondialdehyde/
kg (mg MA/kg).

Texture analyses. Warner-Bratzler shear force (WBSF)
was measured using a Texture Analyser (TA.HDPlus, Stable
Microsystems Godalming, Surrey, UK) with WBS (TA-7)
probe. 2-cm-thick steaks were cooked on an electric grill
until a core temperature of 70°C was obtained. Both sides
of steaks were cooked at once. The internal temperature was
monitored by using thermocouples (Testo 175T2 Data logger,
Germany). After cooking, steaks were overwrapped in poly-
vinyl chloride film and stored at 2°C for 24 h. Ten cylindri-
cal cores (1.27 cm diameter) were obtained from each steak
strip parallel to the muscle fibers using a mechanical coring
device (2). Shear force was recorded as N.

Sensory analyses. Sliced meat samples (2-cm-thick) were
stored at —20°C in a vacuum pack until the analysis. Frozen
samples were thawed for 24 h at +4°C. Steaks were grilled
on an electric grill until they reached a core temperature of
70°C (2). After cooking, each steak was cut into 2 X 2 cm
squares with no edges, visible fat, or tendons, randomly codi-
fied with a three-digit-code, then wrapped in aluminum foil,
and kept warm until the examination (in 15 min). The panel
was performed by six semi-trained panelists under controlled
conditions. Panelists were selected from among the staff of
the Department of Food Science and Technology (Faculty of
Veterinary Medicine, University of Sel¢uk, Turkey). An ori-
entation (for 30 min) was given to the panelists about flavor,
juiciness and tenderness of meat. A total of twenty sensory
sessions were conducted with the same panelists. Samples
were presented to the panelists randomly. They evaluated
three treatments (D, B, V aging) twice at each session, so
each panelist evaluated six samples at each session. Eating
qualities such as flavor, juiciness, tenderness and overall likes
were evaluated using an eight-point scale. Its score is indi-
cated by 1 point = dislike extremely to 8 point = extremely.
Water and unsalted bread were provided to cleanse the palate
between samples.

Histological observation and sarcomere length. Muscle
samples (1 em?®) were fixed in formalin solution (10%) and
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processed by using routine histological techniques. Next,
they were blocked with paraffin. Samples were stained with
Crossman’s triple staining method (8). Cross-sections were
evaluated under a light microscope (Leica DM 250), and
sarcomere lengths were measured.

Microbial analyses. Total viable count (TVC), total psy-
chrophilic bacteria (PSY), Enterobacteriaceae, lactic acid
bacteria (LAB), and yeast-mold populations were analyzed
according to standard methods BAM-2001, ISO 17410- 2001,
ISO 21528-2-2017, ISO 1372-1995 and ISO 21527-1-2008,
respectively. On the 0, 7, 14, 21, and 28 days, before weigh-
ing and trimming, 10 g of samples which would represent
the whole sample were removed aseptically, placed into
stomacher bags and stomached for 2 min with maximal
recovery diluent (Merck 1.12535). Appropriate dilutions
were plated in duplicate and enumerated after incubation
on Plate Count Agar (Merck 1.12535; 37°C, 24 h for TVC;
7°C 240 h for PSY), Violed Red Bile Dextrose Agar (Merck
1.10275; 37°C, 24-48 h
for Enterobacteriaceae),
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differences between groups. All data were tested for signifi-
cance (p < 0.05) and results were reported in tables. Data
were expressed as means plus standard error.

Results and discussion

Results of physicochemical properties of samples
are given in Tab 1. pH is a major determinant of meat
quality. The meat has high quality in the pH_range
5.4-5.6, and the quality of meat decreases at pH > 5.8
(39). According to our results pH values are ranged
within 5.44 to 5.82. Moreover, the aging methods had
significant effects (p < 0.05) on pH. Samples from D
and B aged for 28 days had slightly greater pH values
(p < 0.001) than those from V aged for 28 days (5.82
and 5.74 versus 5.65) similar to Dikeman et al. (10).
On the other hand, no differences were found between
B and V aging in pH by Li et al. (24). The pH results

Tab. 1. Physicochemical analyses results of the aged samples

De Man, Rogosa and Trait Aging Method x Treatment Days
Sharpe Agar (Merck ral 0 7 14 21 28 .
. [e]
;01 052(1)3,’) 2]835::;11‘(‘)?32 D 5.55 + 0.02% 5.68 + 0.03" 5.65 + 0.02v2 5.68 + 0.02v 5.82 £0.03 | ***
Rose Bengal Chloram- o B 5.44£0.03® | 557x0.02% | 5.67x0.03 | 565x0.01" | 574x0.03° | ***
phenicol Agar (Merck v 5.56 + 0.04° 5.60 £ 0.02" 5.56 £ 0.03° 5.61+0.02° 5.65+0.01°
1.00466; 20°C for 120 h *% * * * ko
> p
for yeast and mold). D | 030003 | 0382005 | 0.71:0.09° | 0.79x0.1= | 0.85:0.05 | ***
Statistical analyses.
All experimental data | rgans mamakg | B | ©S72004 [ 041005 | 0532005 | 07120027 | 084207 | =
were evaluated accord- ’ v 0.31+0.07Y 0.31 £0.03¥ 0.45 + 0.04% 0.47 £ 0.05% 0.54 + 0.06* *x
ing to One-Way ANOVA D . . %
in the SPSS Version
21 for Windows soft- D | 0.9650.001 0.964 +0.002 | 0.964 +0.001 0.964 + 0.001 0.962 + 0.002
ware (SPSS Inc., Chi- | B | 0.9680.001% | 0.967 £0.001" | 0.967 +0.002v | 0.963+0.001% | 0.9600.002: | **
cago, IL, USA). The " V | 0.967+0.001 | 0.969+0.001 | 0.967 +0.003 | 0.966 +0.001 | 0.963 + 0.001
treatment was designed
.. p
as four replications. In ; - . . S
the study, pH, color, a, D 74.63 = 0.42 74.16 £ 0.33 73.09 £ 0.37 72.38 £0.39 72.63 £ 0.55
TBARS, WBSE, sarco- | . B | 74.58+0.31 | 73.63+0.36™ | 72.43+0.96' | 71.98+0.64% | 72.78:0.49 | *
. , /0
mere length, and micro- V | 7456024 | 75.00:047° | 73.78:0.42 | 73.98:0.52* | 72.85:1.21
bial analyses included 5 .
fixed effect due to aging P "
method x aging days D - 9.31 +0.96 15.40 +1.90 22.99+2.91 22.84 +12.39
and random residual Weidht Loss.% B - 10.83+0.87 | 14.05+1.37% | 17.08+1.652 | 17.33+1.36% | *
errcl)r. In thf? sensory g o v - 0.023 + 0.023" 0.16 £ 0.023" 0.40 £ 0.033" 0.56 + 0.055
analyses, sessions scores . . — o
were recorded as 1 to 8. P
Three replications of D 45.01 = 2.90% 39.39+2.81v | 38.92+1.65Y | 37.81+1.50" | 37.32+2.17%
all measurements were e B 41.13 £ 2.51% 38.73 +1.34¢ 37.90 + 2.11* 36.97 £1.73% | 32.23+1.25" | **
tTallfen grom samples. ’ v 49.84 x 2.55¢ 38.20 + 2.16¥ 32.75+1.927 | 32.04+1.47* | 30.44+1.73* *x
ese data were ana- . .
lyzed with One-Way d
ANOVA, using aging D | 1.74:0.05° | 1.56:0.04 | 1.62:0.03v | 1.69:0.03" | 1.63:0.04 | *
method x aging days | garcomere B | 155004 | 1.67£0.03v | 1.67:0.030 | 1.61:0.04v | 1.70:0.0% | *
as fﬁcg)rs(-DTlgeeV a;gmg Length, ym V | 1.61£002% | 1.60x0.03 1.69 + 0.06 1.63 + 0.06 1.65 +0.02
methods (D, B, an "
five aging times (0, 7, B

14,21 and 28 days) were
evaluated. Duncan mul-
tiple-comparison tests
were applied to detect

Explanations: D — dry aging; B — dry aging in a bag; V — wet aging in a vacuum shrink pack. TBARS
— thiobarbituric acid reactive substances; WBSF — Warner-Bratzler shear force. ** Values within a row
with different letters are significantly different (p < 0.05). > Values within a column with different letters
are significantly different (p < 0.05). * p <0.05; ** p <0.01; *** p <0.001.
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of the present study showed that all samples were still
acceptable at 28 days (39).

Meat undergoes undesirable changes during preser-
vation at refrigeration temperatures. Chemical changes
related to pH and lipid oxidation have a major effect on
decreasing the quality, palatability and texture of the
meat (27). In the present study, TBARS values were
increased in all groups (ranging from 0.30 to 0.85 mg/
MA kg) during the aging period. There were significant
differences among the groups at 14", 21 and 28" days
(p<0.01; p<0.001). V samples had the lowest TBARS
values in comparison to D and B samples at the 28" days.
D and B samples had the highest TBARS values from the
beginning of the 21* day. According to TBARS values
in the current study, all samples still maintained their
consumability (< 1.0 mg/MA kg) in 28" days (32, 36).

During the aging process, trim and weight loss in meat
increase due to the water that is excreted (15). In this
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in the red color of the meat (5). According to our results,
aging methods had no significant effects (p > 0.05) on
L* and a*values on the 28" day, except b* (p < 0.05).
Similarly, Li et al. (24) stated that there were no signifi-
cant differences between V and B aged samples on the
14" day. L*, a* and b* values of B aged samples were
significant during the aging period (p < 0.05; p <0.001).

Results of WBSF analyses of samples are given in
Tab 1. The ultimate pH value influences the meat texture
significantly. It is known that the meat at intermediate
pH values (< 5.8) has the lowest tenderization degree
and it has maximum shear force values in a range from
pH 5.8 to 6.3 (33). WBSF values of the present study
are ranged within 41.13 £ 2.90 to 30.44 + 1.73. Aging
method had a significant effect on WBSF at the 21+
and 28" days (p < 0.05). In our study, D aging on the
28" day had greater WBSF values than B and V aging
(p <0.05). Similarly, Laster et al. (23) reported higher

study, aging application
resulted in a significant

Tab. 2. Color and sensory evaluation results of aged samples

decrease in moisture con- Eaiy Aging Method x Treatment Days ,
tent of D and B samples. D 0 7 14 2 28
Sampllleslresuli[led n gre?ter D | 35.84+1.08 | 36.68:1.03 | 36.62:0.73 | 37.16:0.97 | 37.32+0.46
weight loss than B. Also, B | 40.14:0.36% | 40.37+0.78* | 38.66:0.499 | 37.65:0.55" | 39.49:1.04v | *
V aged loins had less |L* N .
weight loss at the 28" day V | 37.72:1.68% | 39.38+156 | 38.32:1.05 | 41.16x1.17° | 39.771.06
in comparison with both p * *
D and B aging (0.56% ver- D | 17.91+0.75 | 17.96+0.58 | 19.18+0.53* | 18.15x0.44 | 18.19:0.40
sus 22‘84(? andh1.7'3f.3 (ﬁ) B | 20.24:0.65 | 17.00£0.52 | 16.96+0.58" | 16.93:0.51" | 16.88+0.60" | **
- a*
respectively). This fin V | 18.83:0.81° | 18.25:0.49 | 17.49:0.28° | 18.30:0.55 | 18.61:0.60
ing is in accordance with .
the results of Dikeman p
et al. (10), who reported D | 7.23£0.7% | 6.72:044 | 7.74:044° | 8.06:0.42 | 6.87:0.27°
higher weight loss with " B | 11.28+0.60° | 7.40x0.43 | 6.54:0.28" | 7.77:0.35 | 7.87+0.47 | **
D aging when compared V | 9.02:1.09* | 8.24:0.54 7.77£0.32 | 7.69x0.32 8.68 = 0.39°
with B and V aging. The , " . "
difference in weight loss
between D and B aging D | 4.83:0.41 5.33:0.33 | 5.83:0.32 | 5.75:0.31 5.92 +0.31
carries critical economic o B 5.50 £ 0.35 5.58 £ 0.29° 5.17 £0.27° 5.42 + 0.36 5.75+0.39
. avour
results, although it has no V | 5.50x0.31 6.17£0.24% | 6.75+0.35% | 5.83x0.35 5.58+0.26 | *
significance (p > 0.05). " -
Similarly, DeGeer et al. D | 467:0.28 | 450:0.36° | 475037 | 517032 | 4.92:0.40
(9) and Ahnstrom et al. (1)
o . b b
reported that B aging sig- | jyiciness B | 4.92:043 | 450:036° | 4.10:0.42 | 450:050 | 5.000.43
nificantly reduced weight V | 4.42:034 | 5672033 | 6.00:0.43° | 550:023 | 450:0.34 | **
losses in comparison with p * *
D %’Im(gi- 1\}/{0360"“’ fafglntg D | 3.50:0.36® | 4.08:0.40% | 4.92:0.38" | 533:040c | 542:038 | *
methods had no effects
; B | 5.17:0.46° | 5.08:0.36® | 4.80£0.39° | 5.00:043 | 5.42:0.40
(p>0.05) ona_ during the | Tenderness
aging periods. V | 425:048® | 558:0.34° | 6.17:0.39° | 5.25:0.35" | 5.420.45"
Data for changes in the P * * *
color of the samples are D | 4.83:0.42 5.33:0.40° | 575035 | 5.75:0.33 5.92+0.31
given in Tab 2. pH chang- _ B | 6.08:0.35 | 542:0.29 | 500:033 | 56704 6.17+0.38
es and lipid peroxidation | Overall like
V | 517:0470 | 6.50£0.26™ | 6.75:0.31° | 558040 | 575:033% | *
have an effect on flavor,
color and texture of the p : o

meat (29). Also, it was

stated that a* is the most
sensitive value to changes

Explanations: D —dry aging, B —dry aging in a bag, V — wet aging in a vacuum shrink pack. ** Values
within a row with different letters are significantly different (p < 0.05). *¢ Values within a column
with different letters are significantly different (p < 0.05). * p <0.05; ** p <0.01; *** p <0.001
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WBSF in D aging in comparison with V aging. However,
Oreskovich et al. (26) and Parrish et al. (28) found no
effects of V and D aging, and Ahnstrom et al. (1) and
DeGeer et al. (9) also found no effects of D and B aging
on WBSF. Moreover, Sitz et al. (34), Smith et al. (35) and
Li et al. (24) reported no differences in WBSF between
B and V aging. According to the results of the current
study, WBSF values were influenced by the ultimate pH
values of the samples. These results confirm the previous
studies of Pipek et al. (30).

Results of sensory evaluation of the samples are given
in Tab 2. On the 14" day of the aging, the scores given
for the flavor values of the V samples were higher than
those of the D and B, and the differences were signifi-
cant (p<0.01). On the 21 and 28" days, the differences
between the groups were not significant (p > 0.05).
However, V samples had the highest sensory scores of
flavor, juiciness, tenderness and overall, like they did
at the 14™ day (6.75 +0.35, 6.0 £ 0.43, 6.17 + 0.39 and
6.75+0.31, respectively). In general, these results agree
with those of Parrish et al. (28) and Sitz et al. (34).

Tab. 1 shows the results of the sarcomere length of
the samples. Sarcomere length is closely related to the
pH and denaturation of myosin heads (31). Offer (25)
states that about 50% of myosin heads are denatured
during rigor mortis, depending on the rate of pH fall,
chilling rate and glycolysis rate in the muscle. Hughes
et al. (14) reported that
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period. Moreover, Hughes et al. (14) argued that the
denaturation of myosin heads, and sarcomere length are
dependent on pH, temperature and degree of glycolysis
in the muscle during early rigor development.

Results of the microbiological properties of the
samples are given in Tab. 3. The limits in EU Regulation
No. 2073/2005 state that 5 log CFU/g is an acceptable
limit for beef carcasses for TVC. In our study, initial beef
samples of D, B and V had an acceptable microbiologi-
cal quality with TVC (4.68 + 0.39,4.34 £ 0.11, 4.35 +
0.21 log CFU/g, respectively), and Enterobacteriaceae
(2.36 £ 0.28, 1.76 £ 0.21 and 2.33 £+ 0.28 log CFU/g,
respectively). After the aging process, there was a sig-
nificant difference (p < 0.05) among the treatments for
TVC, Enterobacteriaceae and yeast-mold. Increasing
the aging period increased TVC, PSY, and LAB in both
B and V samples, increased Enterobacteriaceae in V
and increased yeast-mold in B samples (p < 0.05). In
several studies an increase was observed in TVC at the
21 days of aging (12, 24). V samples had more TVC and
less yeast-mold in comparison with D and B samples
(p<0.0001) after 14 days. The LAB counts were higher
in B and V than D samples. These higher LAB values
can be explained by the microaerophilic conditions in
packaged meats (28). Also, greater yeast-mold counts
on D samples probably occurred as a result of direct
contact with atmospheric conditions during aging. A lack

Tab. 3. Microbiological results of aged samples (log CFU/g)

denaturation of the myo- Pr—— 5
. . M X
sin heads with falling Factor ging Method x Treatment Days ;
pH provides a shrink- 0 7 14 21 28
age force. In our study, |TvC D | 4.68+039 | 503:0.36 | 4.93:033 | 5.36:0.31" | 5.44:0.44
anarrow range of sarco- B | 434011 | 452+0.23 | 558+0.17% | 5.72+0.29% | 574+0.18> | ***
mere lengths was found V | 4352021 | 5082047 | 6.20£0.10% | 6.55:0.12% | 6.70%0.26° | ***
among samples. In the s s »
beginning, the differ- P
lengths of the samples B | 5.00:030° | 6.00:028 | 7.37:043 | 812:021* | 8.20:0.24* | ***
were found significant V | 520:039 | 553:063 | 7.08:0.18 | 7.46:0.11* | 7.64:0.22 | ***
(p < 0.01), on the fol- ;
lowing days they were )
not (p > 0 05) There Enterobacteriaceae D 2.36 £ 0.28 2.35+0.46 2.73 £0.36 3.81+£0.34® | 3.31+0.57*
were no Signiﬁcant ef_ B 1.76 + 021 2.57 * 0.43 3.46 * 0.41 2.91 + 0.52" 2.04 + 0.60"
fects of aging treatment V | 2.33:028 | 2.88:0.60' | 3.54+0.27v | 4.48:0.20° | 4.53:0.52¢ | ***
ging
on sarcomere length on " - N
th >
Eltllfi sziesi?tyigpin 2?0222 LAB D | 579:037° | 4.86+0.46 | 522:+036° | 5.65:0.40° | 6.501.19
dance with Battaglia B | 451:0.24> | 4.73:035 | 5.53:0.24% | 6.03+0.16" | 6.66+0.18 | ***
et al., (3) who found V | 452:0290 | 519:057 | 6.27:011° | 6.88:0.19% | 6.860.30 | ***
no significant changes p N . S
(p > 0-015) mhthef Sar- | Yeast-Mold D | 399:031 | 454045 | 4.85:0.40° | 5.33:0.43 | 524%0.77%
S
gzme\gea e:(lgtsagl 12e1s B | 346+0.10° | 3.7740.62 | 525+0.22° | 5.87£0.24% | 6.450.11° | ***
Ttheforeg the diffelsenc-' V | 3172027 | 3.44:052 | 3.22:024" | 3.32+0.24* | 3.95z:0.46"
es between the groups p b b -

at the 0™ day probably
related to pH, and gly-
colysis level of the mus-
cles before rigor mortis

Explanations: D — dry aging; B — dry aging in a bag; V — wet aging in a vacuum shrink pack. TVC —
Total viable count; PSY — Total psychrophilic bacteria; LAB — Lactic acid bacteria. ** Values within
arow with different letters are significantly different (p <0.05). * Values within a column with different
letters are significantly different (p < 0.05). * p <0.05; ** p <0.01; *** p <0.001
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of bacterial increase during the D aging probably oc-
curred as a result of surface drying, as the water content
decreased significantly (1).

The present study showed that the aging methods
had significant effects on pH, TBARS, weight loss
and WBSEF. All samples still maintained their consum-
ability at 28 days according to pH and TBARS values.
A greater weight loss was observed in D aging than B
aging. It can be concluded that the differences of weight
loss between D and B aging carries critical economic
results, although it is not statistically significant. Thus,
B aging has provided yield advantage according to the
traditional D aging, and the wastage can be reduced in
a controlled environment through the B aging method
without negative effects on the meat quality. V aging
with vacuum shrink packs provided the lowest shear
force values in the aging period. Moreover, V aged
samples had the highest sensory scores of flavor, juici-
ness, tenderness and overall like. The vacuum shrink
pack, which can be successfully used in the wet aging
method, and improved both textural and sensory char-
acteristics of the meat significantly. Taken together, the
use of the vacuum shrink pack is considered to be an
alternative packing material in the wet aging method
to improve the physicochemical and sensory quality of
meat. Further studies are needed to obtain the desired
properties and to shorten the aging time of aged meat.
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