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The objective of this study was to examine the effect of short-term
transportation and lairage time on meat quality, myofibrillary structure,
calpastatin (CAST), p-calpain (CAPN1), calpain 3 (CAPN3), and heat shock
protein 70 (HSPA1A) expression levels of M. longissimus dorsi of Kivircik breed
sheep (n=40). Meat quality was evaluated by muscle glycogen amounts, pH,
temperature, cooking loss, water holding capacity, shear force, instrumental
color, sarcomere length, and organoleptic properties. Cellular changes in the
muscle during the aging process were scanned by electron microscopy and
CAST, CAPN1, CAPN3, HSPA1A expression levels were measured to reveal the
association on meat tenderness. As a result, a positive effect of long lairage
time groups was observed in the pH, glycogen, SF values, and organoleptic
evaluation. CAST, CAPN1, CAPN3 expression showed no difference, however,
HSPA1A showed a significant difference in the aging process. In conclusion,
genotypic differences, their effect on gene expression, and protein level on
meat quality should be further investigated.

Introduction

also the affective states of the animal that improve and

Animal welfare promotes living conditions that are free ~ standardize meat quality (34, 43). In animal husbandry,

from diseases, injury, malnutrition, pain, distress, and transportation is one of the most important factors
hunger (44). Animal welfare includes not only the affecting the welfare and health of the animals before

physical health and biological conditions of the animal but ~ slaughter (1).
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According to animal welfare guidelines, it is
recommended to choose the closest possible
slaughterhouse location to the farm or a maximum of 8 h
of transport called short term transportation (33). Schaefer
et al. (39) stated that transportation that is not performed
under appropriate conditions decreases meat quality.
Animals should be rested at least 24 hours before slaughter
to eliminate the negative effects of transportation (29).
The lairage period has considerable attention for
recovering from stress experienced during the transport
(21). Mounier et al. (35) reported that lairage time could
allow animals to recover muscle glycogen concentrations.
Terlouw et al. (41) indicated that 24-hour lairage could be
returned conditions before shipping.

Several studies regarding the effect of transport and
lairage time on meat quality were carried out by Ekiz et al.
(13), Diaz et al. (12), Najafi et al. (36) in lambs and
Ferreira et al. (16), Gallo et al. (18), Maria et al. (34) in
cattle. Consumer acceptance of meat depends on its
quality characteristics including color, tenderness, flavor,
and water holding capacity (WHC) can be affected by
proteolytic degradation of the myofibrillar protein (31). In
the proteolytic enzymes, calpastatin (CAST), p-calpain
(CAPNL1), calpain 3 (CAPN3) and heat shock protein
(HSPA1A) genes are responsible for all biochemical
reactions in the conversion of muscle to meat (5).
However, the effects of CAST, CAPN1, CAPN3, HSPA1A
expression levels on aging and quality have not been
extensively investigated.

The aim of the study was to determine the effect of
short-distance transport and lairage time on glycogen
content and meat quality of Kivircik breed sheep and
association with expression levels of CAST, CAPN1,
CAPN3, and HSPA1A genes. And also, the changes in the
muscle cells during the aging, the sarcomere lengths, and
contractile band shapes were examined, the histological
structure of meat was scanned by scanning electron
microscopy.

Material and Methods

Animals and experimental design: In the study, 40 male
Kivircik breed yearling lambs were used. Pregnant sheep
were taken to the birth chamber 2 weeks before the birth.
After the birth, sheep and lambs were placed in individual
compartments for three weeks. Lambs were weaned on
day 75 and were fed with ad-libitum concentrate (16%
HP) and roughage until slaughter time. Kivircik lambs
were raised under the same breeding program until the age
of about 1 year. The care and feeding of the lambs from
birth to slaughter time were carried out in Istanbul
University, Faculty of Veterinary Medicine, Training and
Research Farm Sheep Unit (The research protocol of the
study was approved by the Animal Experiment Local
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Ethics Committee of Istanbul University 2016/15).
Yearling lambs were weighted around 46 + 2 kg.

Pre-slaughter and slaughter process: Yearling lambs
were transported from the Research Farm Sheep Unit to
the slaughterhouse in a 1.90 m x 4 m truck body and a
maximum of 20 animals were transported at a time. To
eliminate the effect of large temperature variation during
transport, the study was carried out at seasonal
temperatures of 15-20°C. Transportation time was set at 3
hours. Yearling lambs were separated into 4 groups,
consisting of 10 individuals. The first group was
slaughtered immediately after transportation (LTo), the
second group was slaughtered after 12 hours lairage time
(LT12), and the third group was slaughtered after 24 hours
lairage time (LT24). The fourth group, kept as a control
(C), was treated according to guidelines (21), where the
animals were rested for 1 week at the slaughterhouse
resting paddocks and then slaughtered.

Slaughtering was carried out in accordance with
animal welfare in Istanbul University-Cerrahpasa Faculty
of  Veterinary  Medicine  Education  Research
Slaughterhouse. Animals were electrically stunned at 220-
250 voltage, 1.0-1.3 amps, and 1-3 second, stunning
tongs applied on both sides of the head. The bleeding
process was followed by skinning and removal of the
internal organs, which took approximately 30 + 5 minutes.

Carcass sampling and meat quality analysis: Samples,
which were immediately taken after slaughtering (M.
longissimus dorsi (LD) of the right side of carcasses)
muscles, were used for biochemical, histological, and
molecular analysis. The left side of carcasses were stored
at the cold chain until 24 hours of postmortem and then
used for meat quality (cooking loss, water holding
capacity, shear force, sarcomere length, and color) and
sensorial analyses. Samples were vacuum-packed in
Cryovac barrier bags (Cryovac Sealed Air Corp., New
Jersey, USA) and stored in cold storage (0-4°C) for 10
days. Molecular analysis of samples was carried out on
days 0 and 2, biochemical and histological analysis were
carried out on days 0, 2, 5, and 10. Meat quality and
organoleptic analyzes were performed on days 2, 5,and 10.

Meat quality analysis: Muscle glycogen determination
was performed using the Glycogen Assay Kit (Biovision,
USA #K646-100) following the manufacturer’s
instructions for the colorimetric assay.

The temperature and pH were measured of the
samples taken from the upper surface of the LD at the 1st
hour of the postmortem stage and at different control times
(1%, 31, 6™, 12™, 24™ hours) within the first day. A digital
thermometer (Hanna HI 99163, USA) was used for
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temperature measurement. The electrodes of pH and
temperature devices were placed near the center of three
different points of the muscle and calculated by taking the
average of the determined values (27).

Cooking loss (CL) analysis was carried out with 50
g meat samples, which were cooked in a mini water bath
at 100°C for 10 minutes. After cooking, the meat was
dried and weighed (45). The cooking loss was calculated
by the following formula:

Cooking Loss: 100-7100 x weight after cooking / weight
of raw meat

The percentage of free liquid was evaluated as a
measure of water holding capacity (WHC) by the filter
press method described by Vural and Oztan (47). The
outline area of the expressible juice and the meat film were
traced, and two areas were measured using AUTOCAD
2008 (Apso Ltd, UK). The water retention capacity was
calculated by the following formula:

Water Retention Capacity: Spread Area of Meat (cm?) /
Total Area (cm?)

Shear force (SF) analysis of LD muscles was
performed by Warner-Bratzler shear force texture
analyzer (Instron, model 3343, UK). The meats taken on
the relevant days of the enclosure were sliced 1 x 1 cm
thick and then cooked in a water bath at 100°C for 10
minutes. For each sample, the highest force (kg / cm?) and
force x time graph of the Warner-Bratzler blade cutting
sequence were recorded to a computer using the BlueHill
2 operating system (46). SF value was determined by
calculating the arithmetic means of the multiple readings
obtained from the samples.

Instrumental color measurements of the muscles at
five different locations on each meat sample were
averaged at each sampling day, immediately after opening
each package in terms of CIE L* (lightness), a* (redness),
and b* (yellowness) values by measuring with a Colorflex
HunterLab  Spectrophotometer  (Hunter  Associates
Laboratory Inc., Reston, VA, USA). Color values were
evaluated using diffuse illumination (D65 2° observer) with
an 8 mm viewing aperture and a 25 mm port size with the
specular component excluded from the colorimeter (2).

Histological analysis and Scanning Electron
Microscopy (SEM): To determine the sarcomere length
(SL), 1 cm?® of tissue was collected and fixed in 10%
neutral buffered formalin. After following a routine
histological process, the tissue was embedded in paraffin.
Masson’s Trichrome staining was performed on the
sections and photographed by a microscope (Leica
DM2500, Leica Microsystems GmbH, Wetzlar, Germany)

with a digital camera (Leica DFC450, Leica Microsystems
GmbH, Wetzlar, Germany). Each sample was evaluated
by measuring 10 different sarcomere lengths (9).

For SEM analysis, the samples were rinsed with
physiological saline then fixed in FAA solution (10%
formaldehyde, 5% acetic acid, and 85% alcohol) solution.
Following dehydration protocols and coated with
hexamethyldisilazane (HMDS), they were placed in
copper containers. Samples were sent to the Department
of Histology and Embryology of the Faculty of Veterinary
Medicine of Harran University and visualized under the
scanning electron microscope (EVO50, Zeiss, Germany).

Gene expression analysis: Total RNA were isolated using
100-200gr pieces that were cut from the lateral % part of
the LD muscle. Samples were homogenized with liquid
nitrogen and mixed with PureZol (Biorad, US). An
additional step was applied to remove the lipid in the meat,
all samples were stored at -80°C overnight in PureZol
solution (Biorad, US). On the second day, tissue residues
were removed by 10 min centrifuge at 15000 rpm at +4°C.
Then PureZol instructions were followed. Obtained RNAs
were quantified spectrophotometrically, and DNase
treated (5U/ul). Total cDNA were synthesized using 100
ng/ul RNA template by iScript™ Reverse Transcription
Supermix (Biorad, US). Amplification program of the
cDNA was 50°C for 2 min and 95°C for 2 min followed
by 40 cycles of 95°C for 15 s and 60°C for 1 min. The
primers for target genes were designed specifically to the
exon-exon junction points on the mRNA reference
sequences using Primer3 website (Table 1) and GAPDH
used as housekeeping gene. Real-time PCR was
performed using SsoAdvanced Universal SYBR Green
Supermix (Biorad, US) with 3 technical replicas by CFX
Connect real-time PCR System (BioRad, US). The
obtained cycle threshold values (Cycle Threshold, CT)
were normalized according to housekeeping and
differences between the groups were analyzed.

Sensory analysis: Organoleptic properties of LD samples
were evaluated by a panel of ten trained participants of the
staff of Istanbul University-Cerrahpasa, Food Hygiene
and Technology Department, who had previously
participated in training sessions to become familiar with
the sensory characteristics of meat (23, 25). The panelists
were requested to score the sensory attributes (color
intensity, color hue, odor intensity, tenderness, chewiness,
juiciness, flavor intensity, flavor quality, and general
appearance acceptability) using an unstructured 10-point
line scale (0: extremely unacceptable, 1: unacceptable, 5:
between acceptable, 10: extremely acceptable).

DOI: 10.33988/auvfd.1061335
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Table 1. Designed oligonucleotides sequences, amplicon length, annealing temperatures, and accession numbers.

Oligonucleotides sequence

Amplicon length

Annealing temperature Accession

CAST_F CTGTGGCAGAGGATGTGCCT
CAST_R GCCAAGGCTTCCACAGCATC
HSPALA F CCTGTTCGAGGGCATCGACT
HSPA1A_R CAGCAGCTTCTGCACCTTGG
GAPDH_F GTCAGCAATGCCTCCTGCAC
GAPDH_R GGAAGGGCCATCCACAGTCT
CAPN1_F AGTGGGTGGATGTGGTGGTG
CAPN1_R CTTGGGCAGAGTGCACGAAC
CAPN3_F AAGCCTCCAGGCACCTCATC
CAPN3_R CTGGCCTGTGGATAGCCGAA

109bp 62°C NM_001009788.1
193bp 60°C NM_001267874.1
138bp 60°C NM_001190390.1
75bp 60°C NM_001127267.1
183bp 60°C NM_001009212.1

Table 2. Definition of the attributes used in the sensory analysis of meat samples.

Attribute Definition

Color intensity Clear, strong red color

Color hue Deviation of color from yellow/red to red/green

Odor intensity The intensity of sum of all odors related to sheep

Tenderness The force required to bite through the sample

Chewiness Time and numbers of chewing required to masticate the sample ready for swallowing
Juiciness Perception of water content in the sample after 3-4 chewing

Flavor intensity
Flavor quality
General appearance acceptability

Level of the overall flavor in the mouth
Flavor experienced prior to swallowing related with sheep
Overall liking from the panelists

Primarily, the panelists were trained in three separate
sessions for approximately 2 hours for the evaluation of
each selected attribute (Table 2). Training sessions were
conducted to acquaint panelists with the products and
attributes to be evaluated and were followed by an open
discussion session to familiarize panelists with the
attributes and the scale to be used.

Following that a Kkitchen-type oven (Siemens,
Germany) was used to cook meat samples at 200°C until
the internal temperature reached 80°C. Samples were then
served immediately to the panelists where they were
seated in individual booths in a temperature and light-
controlled room (fluorescent lighting of 2000 Ix; Philips
40W Cool White). Each sample was labeled, at random,
with a two-digit code number and sensory analysis was
performed in duplicate in two sessions (24).

Statistical analysis: Descriptive statistics were calculated
for all variables measured in the study and shown as
" Arithmetic Mean + Standard Error of the mean". Prior to
the significance tests, the data were checked by Shapiro
Wilk in terms of conformity to the normal distribution
from the parametric test assumptions, and Levene’s test in
terms of homogeneity of variances. Two-way analysis of
variance was applied by using the general linear modeling
technique to analyze the effect of time and group on the

variables obtained. In the established model, the basic
effect of "Group" and "Time" and "Group x Time"
interaction terms are included. In cases where interaction
terms were found to be meaningful, simple effects analysis
was performed by applying Bonferroni correction to
analyze the interaction terms. In cases where the
interaction terms were not significant, Bonferroni
corrected pairwise comparisons were performed for any
significant main effect term in the model to evaluate
differences among the levels within each factor. Stata 16.1
was used for data analysis. P-value <0.05 criterion was
taken into consideration in all statistical decisions. In gene
expression analyzes, delta-delta Ct values obtained from
the groups were evaluated with Student’s t-test and
obtained values from the comparisons between groups
were examined. In the calculation of fold change, a
previously proposed model was used (37). Each result
represents the mean of 10 independent determinations.

Resuits

The glycogen values were found to be the lowest,
especially in the groups with high lairage time (LT-4) and
C, 4.33 and 4.21 respectively, whereas LT, group, the
highest glycogen level was recorded with 5.62 (Table 3).
The lowest pH values were determined in the LT24 and C
groups, 7.20 and 6.99 respectively (P<0.001). Besides, in
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correlation with the glycogen level, pH values continued resulted as 6.15, 5.34, and 4.14 on the days 2", 5" and
to decrease with the longer storage time (P<0.001). 10" days, respectively (Table 3).

SF values were low in the LTz and C groups The pH level at 24™ hours storage time of LT24 and
(P<0.001), and decreased during the aging period with a C groups was on average 5.67 whereas in LT and LT1,
similar deviation among groups (P<0.001). SF analyses groups pH level at 24" hours was on average 6.10 (Table 4).

Table 3. Mean values, standard errors, and significant interactions of biochemical, histological, and quality characteristics of sheep

meats subjected to short-term transportation and lairage time.

Attribut Time C LTo LT LT24 Significance
ripute
(day) Mean+SE Mean+SE Mean+SE Mean+SE LSMean+SE G T GxT
2 39.14+0.79 39.12+093 39.15+0.66 39.05+055 39.11+0.39
5 39314085 39.47+0.74 3927+094 3937+087 3935+£039 . ., .,
CL zZ =z 2
10 39.57+0.67 39.59+0.79 39.61+0.74 39.59+0.69  39.59 +0.39
LS Mean+SE 39.34+0.45 39.39+045 39.35+045 39.33+0.45
2 3642+ 1.48 36.46+1.65 36.44+1.54 36.43+0.77 36.44+0.69 2
5 28.73+1.89 28.76+1.75 28.75+1.54 28.74+129 28.74+0.69° P
10 2275+0.95 2273+120 2271+083 22.78+1.13 22.74+0.69° i
LSMean+SE  293+0.8 293208 29308 29.3 +£0.8
2 237402 2944036 277+043  239+022  2.62+0.18°
Glycogen 5 1924026 245+0.32 228+045 1.93+0.19  2.15+0.18 § é‘ ”
value 10 1524012 224034  193+025 156+0.16 181+018¢ oS © =
LSMean+SE 251+0.188 3.30+0.18” 3.01+0.18”B 255+0.188
2 2125+0.67 21.30+043 2133+1.03 21.12+042 21.25£0.42°
5 28.68 +0.82 28.63+0.47 27.74+1.18 28.58+0.48 28.41+0.42°2 3
L 2 8 2
10 27.92+0.63 27.89+0.89 27.89+147 27.89+0.87 27.90 +0.422 g
LSMean+SE 25.95+0.49 25.84+049 25.65+049 2586 +0.49
2 1553 +£0.49 1551+0.37 15554035 1558+0.51 15.54+0.19°
. 5 15.5840.23 15.65+041 1564035 156+0.11 15.62+0.19% é‘ *
a )
10 1651£021 1653+052 1649+047 1655+03 16520192 = © <
LSMean+SE 15.86+0.22 15.90+0.22 15.89+0.22 15.91+0.22
2 6.29+046 633+034  632+08  627+033  630£0.33°¢
5 10.1+£0.39 10.13+0.84 10.1+0.56 10.12+0.48 10.11+0.33° 3
b* 2 g 2
10 114+0.76 1139+1.15 1139+0.61 114+0.72 11.4+0332 i
LSMean+SE 9.26+0.38 9.29+0.38 9.27+0.38 9.26 +0.38
2 509+0.16 731+0.19  6.62+0.21 558+02  6.15+0.12°¢
5 455+0.11 6.03+032 587+031 491+025 534+012° 3 3
SF S S 2
10 3.74+0.09 481+028 424028 3.8+0.27 414+0.122 Q ¢
LSMean+SE 4.46+0.148 6.05+0.14~ 5.56+0.14”~ 4.76+0.148
2 137+0.04 128+0.05 1.3+0.02 138+0.07 1.33+0.02°
5 1.55+£0.02 1.46+0.03 1.49+0.01 1.5+0.01 1.5+0.022 3
SL %) 3 %
10 1.51+0.02 1.52+0.03 1.51+0.03 153+0.02 1.52+0.02° <

LSMean+SE 1.40+0.02 1.35+0.02 1.38 £ 0.02 1.39 +0.02

ab.c; Different letters in the same column represent statistically significant difference (P<0.05).
A B, C: Different letters in the same column represent statistically significant difference (P<0.05).
NS: Not significant.

C: Control (Animals slaughtered after 1 week of lairage).

LTo: Immediate slaughter (O lairage time).

LT1,: Animals slaughtered after 12 hours of lairage.

LT,4: Animals slaughtered after 24 hours of lairage.

G: Group, T: Time, G x T: Group x Time, LS: Least Square.

L*: (lightness, a*: redness, b*: yellowness.

DOI: 10.33988/auvfd.1061335
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Table 4. Mean values, standard errors, and significant interactions of pH and temperature changes of sheep meats subjected to short-
term transportation and lairage time.

Attribute Time C LTo LT LT2a Significance
(hour) Mean+SE  Mean + SE Mean + SE Mean+SE LSMean+SE G T GxT
1 6.99+0.082C 7.46+0.082A 7.33+0.052A8 7.20+003°8  7.24+0.03
3 6.83+£0.07°2°C 7.34+0.06°A 7.31+0.082A8 7.05+0.08°8  7.13+0.03
- 6 6.65+0.03°8 7.08+0.06°A 699+002°4 692+004°A 6914003 3 3
e 12 6.09+0.03°8 654:002°A 632+007°8 6.00£003°® 624£003 © ¢ =
24 570+0.03 98 6.14+0.0294 6.07+0039A 5640038 589003
LSMean+SE  6.45+0.02  6.91+0.02  6.81+0.02  6.56=0.02
) 1 37.11+£0.03 37.1+003 37.08+003  37.14+005 3711032
< 3 26684263 294+026  2939+026  2929+027  28.69+0.3°
E 6 21074009  211+0.18  2111£012  2L11£017  211£03° 4 3
g 12 11.74£0.12 11701  11.73£0.1 11702007 11.72£03¢ < o <
g 24 16006  1.6+0.06 1.6+0.04 159007  1.60+0.3°
E  LSMean+SE 19.64+0.27 20.18+0.27 20.18+0.27  20.17+0.27

ab.ede Different letters in the same column represent statistically significant difference (P<0.05).
AB.C; Different letters in the same column represent statistically significant difference (P<0.05).
NS: Not significant, C: Control (Animals slaughtered after 1 week of lairage).

LTo: Immediate slaughter (O lairage time).

LT1,: Animals slaughtered after 12 hours of lairage.

LT2s: Animals slaughtered after 24 hours of lairage.

G: Group, T: Time, GXT: Group x Time, LS: Least Squares.

-

Bar: 10 pm.

DOI: 10.33988/auvfd.1061335
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Conventional light microscopy results were revealed
that intercellular space among myofibrils were getting
larger towards the day 10 (Figure 1 and 2). Transverse and
longitudinal sections of the fibra muscularis were also
evaluated with a scanning microscope. According to these
results, same as in light microscopy, no change was
observed between groups on day 0. In all groups, it was
found that the myofibrils homogeneously covered the
entire sarcoplasm. On day 2 of maturation, it was noticed
that in the cross-sections of the fibra muscularis,
intercellular spaces were beginning to be visible among
the cells (Figure 3). On day 5, the most remarkable finding
was the increase in the number of fat droplets passing
outside the cell sarcoplasm (Figure 4). In addition, it was
noticed that the myofibrils have lost their homogeneous
distribution and started to be separated from each other.
As of day 10, it was determined that myofibrils was filled
the entire sarcoplasm, and the homogeneous appearance
of myofibrils were disappeared due to myofibrillar
denaturation and shortening. In addition, the expansion of
the intercellular space was confirmed by SEM (Figure 4).

Organoleptic evaluation of the meat samples by the
panelists in terms of parameters examined, highest and
statistically significant values were obtained for the
groups LT and C (Table 5).

Day 0

http://vetjournal.ankara.edu.tr/en/

Measurable gene expression was determined for all
genes examined in the groups on days 0 and 2" (< 30Ct).
But, due to the rapid degradation of RNA and samples on
days 5 and 10, were not included in the molecular
analyzes.

B il e
Figure 2. M. longissimus dorsi histomorphology on day 10.

Increase in intercellular space (double headed arrow), Myofibril
denaturation (arrows), Masson's trichrome staining, Bar: S0pum.

Day 2

LT,

T,

LT24

Figure 3. Scanning Electron Microscopy of myofibrils on days 0 and 2. Each circle indicates muscular fibrils, Bar: 10um.

DOI: 10.33988/auvfd.1061335
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Table 5. Mean values, standard errors and significant interactions of sensorial characteristics (color intensity, color hue, odor intensity,
tenderness, chewiness, juiciness, flavor intensity, flavor quality, and overall acceptability) of sheep meats subjected to short-term

transportation and lairage time.

Time C LT, LTy LTy Significance
Attribute
(day) Mean + SE Mean + SE Mean + SE Mean + SE LS Mean + SE G T GxT
2 5.61+0.08 494+0.19 6.7+0.18 6.03+0.12 5.818+0.11 2P
Color 5 5.58+0.18 5.54+0.36 6.75+0.5 6.54+0.17 6.104 £0.11 2
. . <0.001 0.001 0.144
intensity 10 54+0.15 5.2+0.06 5.8 +0.06 5.67+0.12 5517+0.11°
LSMean+SE 5.53+0.127% 5226+0.127% 6.416+0.127" 6.079+0.127*
2 5.97+0.15 5.33+0.03 6.97 £0.32 6.12+0.2 6.099 +0.133
5 55+0.24 5.43 +0.41 6.46 + 0.48 6.13+0.2 5.877 +0.133
Color hue <0.001 0.153 0.467
10 5.13+0.19 4.87+0.19 6.74 +0.09 6.2+0.32 5.736 +0.133
LSMean+SE 5.536+0.153% 5208+0.153% 6.723+0.153~ 6.149 £0.153 *
2 5.9 +0.08 5.76 +0.06 5.82 +0.05 5.97+0.13 5.861+0.06 ¢
Odor 5 6.67+0.23 6.46+0.11 6.5+0.13 6.79+0.12 6.606 = 0.06 2
. . 0.013 <0.001 0.982
intensity 10 6.47+0.03 6.13+0.2 6.27+0.08 6.47+0.03 6.333 +£0.06°
LS Mean+ SE  6.346 £ 0.069 “B 6.117 £ 0.069 ® 6.196 + 0.069 & 6.408 + 0.069 *
2 7.06+0292A  6.09+02328  6.76+023%A  691+0.07%~  6.705=0.079
5 6.17+£025°  513+0.03°® 520+0.02°® 6.17+0.06°"  5.688+0.079
Tenderness <0.001 <0.001 0.016
10 453+0.13°A  426+0.08°A 43+0.09°"  44+0.12°A 4.373 £0.079
LSMean+SE  5.921£0.091 5.158+0.091 5.449+0.091  5.826 + 0.091
2 6.39+0.13%AB  594+£0.03%8 6.76+0.08** 6.61£0.06°"  6.424+0.076
5 525+0.19°A  4.17+022P® 488+038°A 538+0.02°4  4.917+0.076
Chewiness <0.001 <0.001 0.04
10 5.16+0.05°A  4.02+0.06°® 4.66+0.09°® 524+0.07°A 4.77+0.076
LS Mean+SE  5.601+0.087 4.709+0.087 5.431+0.087  5.74 +0.087
2 6.18+0.3 5.55+0.15 6.33+0.04 6.76 +0.13 6.204 + 0.087
5 5.63+0.38 5+0.06 5.42+0.11 5.75+0.06 5.448 +0.087 P
Juiciness <0.001 <0.001 0.701
10 5.53+0.13 4.89+0.03 533+0.21 5.62 +0.09 5.346 + 0.087
LS Mean+SE 5.781+0.101 * 5.146+0.101° 5.693+0.101* 6.044 +0.101
2 6.46 +0.28 6.08 +0.36 6.09 +0.23 6.94+0.14 6.393 + 0.087
Flavor 5 6.13+0.11 5.64+0.16 6.04 +0.12 6.58 £0.02 6.097 + 0.087 2°
. . <0.001 0.001 0.775
intensity 10 6+0.06 5.43 +0.04 5.98+0.15 6.31+0.06 5.931 +0.087°
LSMean+SE  6.194+0.1% 5718+0.1° 6.038+0.15¢  6.611+0.1"
2 6.94+0.1 5.94+0.12 6.27 +0.07 6.67 +0.09 6.454 + 0.058 2
Elavor 5 6.92+0.1 5.96 +0.09 6.33+0.21 6.54 +0.02 6.438 +0.058 2
i <0.001 0.043 0.964
quahty 10 6.73+0.1 5.86+0.11 6.12+0.2 6.35+0.04 6.264 + 0.058 ©
LS Mean+SE  6.863+0.067* 5.919+0.067° 6.241+0.067C 6.518 +0.067 ©
2 6.24+0.21 5.79+0.15 6.49 +0.06 7.06+0.1 6.393 +£0.125°
Overall 5 5.38+0.22 454+0.16 521+02 6.25+0.18 5344 +0.125°
i <0.001 <0.001 0.827
acceptability 10 5.53+0.59 4.47+0.07 5.33+0.12 5.93+0.38 5.317+0.125°
LS Mean+SE 5.716+0.144% 4.932+0.144C 5.676+0.144% 6.414 +0.144~

ab.c: Different letters in the same column represent statistically significant difference (P<0.05).

A.B.C.D: Different letters in the same column represent statistically significant difference (P<0.05).
C: Control (Animals slaughtered after 1 week of lairage).
LTo: immediate slaughter (O lairage time).

LT1,: Animals slaughtered after 12 hours of lairage.

DOI: 10.33988/auvfd.1061335



N Bilgen et al.

a09 |

http://vetjournal.ankara.edu.tr/en/

Figure 4. Scanning Electron Microscopy of myofibrils on days 5 and 10. Black arrow: Oil droplets, Arrowhead: Myofibrillar

denaturation and myofibrillar shortening, White arrow: Expansion of the intercellular space, Bar: 10um.

Discussion and Conclusion

The glycogen values difference between the groups were
found to be statistically significant (P<0.001). A similar
positive effect of lairage time was reported previously by
Diaz et al. (12). Also, glycogen values decreased
significantly during aging as expected (P<0.001).

The pH values were determined lowest in the longer
storage time. These findings were similar to previous
publications (18, 28, 35). Significant differences were
found between measurements in different control times.
The average pH level was different between groups.
Similarly, Li et al. (32) and Tomovic et al. (42) reported
pH deviations between 5.3-5.7. A recent article has
reviewed the pH values and long-term aging positive
effects on meat tenderness (38). Cold shortening is
described as rapid chilling of the carcass to 10-16°C
before pH reaches 6.2 (rigor mortis) (4). In the present
study, optimum conditions were determined in Lys and C
groups (pH 6.2, temperature above 11°C).

The lairage time had no impact on CL and WHC
values. No statistically significant difference was found
between groups (P>0.05). However, only WHC showed

improvement during the aging period, especially on the
10" day, and this was statistically significant (P<0.001).
This is validated by earlier studies (7, 11, 30, 40). On the
other hand, studies conducted on the effect of lairage time
in Kivircik lambs revealed significant differences in WHC
and CL values (13, 28). In this study, WHC (more water
expelled) decreased with storage in all groups. This is due
to the increase in drip loss during storage which resulted
in free water available for expression.

SF values findings were in correlation with previous
studies (13, 26, 36). On the contrary, Ferguson and Warner
(14), Ferreira et al. (15), Maria et al. (34) have found no
differences between the groups.

Initial color parameters were not affected by PS
(P>0.05), however, color values improved in accordance
with the aging time (P<0.001) in all groups. Similar to
those was found by Kadim et al. (28). However, Ferreira
et al. (15) reported that the a* values increased in the
groups with high lairage time.

SL values were highest to lowest C, LT4, LT12, and
LT, groups, respectively. Despite the relatively positive
effect of lairage time on the SL, a significant increase in
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SL was started with the maturation process of meat
(Figure 1). However, the notable alterations at the
microscopic level related to the maturation process of the
meat started on day 5 and were completed on day 10. In
other words, on days 5 and 10, myofibril denaturation and
expansion of the intercellular space among the fibra
muscularis were significantly (P<0.001) increased
compared to day O (Figure 2).

Although SL and SF showed an inverse ratio, the
time x group interaction of these values did not show any
significance. A significant relationship, between SF
values and SL values, is previously reported (20, 22) and
as the SL increases, SF values decrease. Our results were
similar to a study conducted on cattle (15), whereas in a
sheep study higher SL values of longissimus thoracis
muscle were determined in longer lairage time (28). Thus,
we speculate that the different species and different
muscle types, with additional applications to the expanded
lairage time, could have different SF and SL values.

With the increased lairage time (LT12, LT24, and C)
the sensation of consistency detected from the product
also increased in the direct proportion. Similarly, an
increase was observed in the appreciation values
perceived by the panelist as a result of increased resting
time in flavor intensity and flavor quality. As a result of
all these evaluations, panelists determined the general
acceptability ranking as LT24> C> LT1,> LTo. Although
Ferguson and Warner (14) reported longer transportation
time and stress effect on meat tenderness is an indistinct
feature, our panelist reported a better sensation in the LT 24
group than the C group. Similarly, other studies with
different lairage time resulted with showed non-
significant sensorial findings (36, 48, 49).

The calpain/calpastatin system; CAPN1, CAPNS3,
and CAST expression measurable for all genes examined
in the groups on days 0 and 2™ (< 30Ct). However, on days
5 and 10 expression levels could not be measured. This
was thought to be related to the rapid degradation of RNA.
Contradictory studies on post-mortem RNA integrity are
found in the literature (6, 17). However, studies have also
proven that RNA can remain without degradation when
preserved under appropriate storage conditions (16). In a
study, ante and postmortem samples were compared and a
series of transcriptional events that started with the death
of the organism were determined. Also, the effects of
postmortem gene expression changes of CAST, CAPN1,
and CAPN3 on meat quality in pigs could be examined
(19). In pigs higher CAST and CAPN3 expression was
found in correlation with high SF (P<0.2) and CAST
affected the activation time of calpain and drip loss (19).
Higher CAST expression was associated with poor
tenderization (P=0.0563) (3). However, in our study RT-
PCR results showed that transportation and lairage time

Ankara Univ Vet Fak Derg, 70 e 4, 2023

did not change expression levels of CAPN1, CAPN3 and
CAST.

In a study conducted on cattle, higher plasma
HSPA1A was associated with an in long-time
transportation process (8). The transportation duration is
one of the most important stress factors for animals.
Because the transportation time was set at 3 hours in all
groups, the stress marker HSPA1A expression didn’t show
a significant difference between groups. However,
HSPA1A expression showed significant differences
between groups with passing time in the aging process
(P<0.5). Different lairage times have different effects on
HSPA1A levels in plasma; in a study, 18 hours lairage time
had higher results than 24 hours lairage time (8). In
correlation with these findings, a fivefold increase in
expression was measured especially in the C and LT1
groups. HSPA1A protects the cell against destruction by
preventing protein degeneration (10) but with our study
results, it is not clear whether this increase is due to the
deactivation of gene silencing mechanisms associated
with cell death or due to the final protection effort of the
cell due to the stress caused by cell damage. The high
HSPA1A plasm level was correlated negatively with SF;
positively with pH and meat temperature (8).

The results of this study showed that pH, glycogen,
and SF values were found to be lower in groups with
higher lairage time (LT2s) and control (C). It has been
determined that the results obtained with organoleptic
evaluations are consistent with the higher effect of lairage
time. In contrast, there were no differences between the
groups in terms of temperature, CL, color, WHC, and SL
values. According to histological evaluations, SL was
found to increase starting from day O depending on
exposure time. However, it was observed that the period
of maturation of the meat started with the fifth day.
Furthermore, it was determined that the difference
between CAPN1, CAPN3, and CAST expressions was not
significant, while it was significant for HSPA1A
expression. Considering that gene expression changes are
also affected by variations in the DNA level, it is
suggested to design a genotype/phenotype correlation
study by larger samples including different strains with
additional analyzes, such as determination of genotype,
gene expression, and final product proteins, and
measurement of enzyme activity at certain intervals.
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