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Abstract

The present study was conducted to find out whether pre-rigor and post-rigor state has significant
impact on quality attributes of chevon. For this 10 Longissimus dorsi muscles from five Black
Bengal goats were collected. Fresh chevon were considered as pre-rigor sample and other five
samples were preserved at 4°C counted as post-rigor samples. Independent t-test was used for
analyses the data. The findings demonstrated that among physicochemical characteristics, rigor
state had no discernible (p>0.05) impact on water holding capacity (WHC) and cooking loss (CL).
However, post-rigor chevon drip loss was substantially higher (p<0.05) than pre-rigor chevon drip
loss whereas pH value was significantly (p<0.05) higher in pre-rigor chevon. Higher CIE a*, b*,
Hue angle values were found in post-rigor than pre-rigor chevon. Post-rigor chevon had
substantially better (p<0.05) flavor, tenderness, texture and general acceptability. On the contrary,
pre-rigor chevon's TVC, TCC and TYMC microbial count values were all substantially higher
(p<0.05) than those of the post-rigor chevon. So, it can be sum up that, there are notable
differences between pre-rigor and post-rigor chevon in a number of physicochemical and sensory
properties. Despite having less drip loss of pre-rigor chevon, post-rigor chevon is more palatable
and less contaminated by microbes.

Introduction

One of the most popular red meats in many parts of the world, including Asia, Africa, and
Hispanic residents in the USA, is goat meat, often known as "chevon" or "chevron," which has
gained increasing appeal globally (Abhijith et al., 2021; Hashem et al., 2013). Due to its distinctive
flavor profile, nutritional richness, and variety in culinary applications, it is growing in popularity
and is a desired option for consumers looking for better and sustainable protein options (Hossain et
al., 2021, 2023a & 2023b). Goats make up about 47% of all ruminant species in Bangladesh and
are well adapted to the tropical monsoon climate (DLS, 2023). For consumers, the quality of the
meat—including its softness, juiciness, and flavor—is of utmost importance because it directly
affects their happiness and plans to make additional purchases (Alam et al., 2011; Sayeed et al.,
2023). The rigor mortis process stands out as a crucial stage in meat production among the many
other elements that affect meat quality, greatly affecting the sensory qualities and customer
acceptability of the finished product (Offer and Knight, 1988; Afroz et al., 2020).

During the pre-rigor phase, meat is relatively flexible and tender, therefore, it is crucial to handle
and process it with care to maintain these desirable qualities. Several alterations take place within
the muscle while in the pre-rigor and rigor phases. Muscle energy depletion is followed by
anaerobic metabolism and lactic acid generation (Alvarez et al., 2019; Islam et al. 2019). The
muscle's ionic strength rises because the ion ATP-dependent pumps cannot operate without ATP
(Greaser, 1986). Finally, the cell cannot maintain lowering circumstances and calcium pumps quit
pumping, inactivating muscular relaxation and triggering rigor mortis (Lonergran et al., 2010;
Azad et al. 2022a).

Post-rigor state, on the other hand, refers to the period when muscles have reached their maximum
stiffness, resulting in a decrease in tenderness and possibly influencing the overall eating
experience. Pre-rigor beef muscle (Sternomandibularis) cooked immediately within around 3 hours
of slaughter to be more tender than post-rigor beef muscle (Akhter et al., 2009; Jahan et al., 2018).
By contrast, in another study, shear values and the sensory panel assessment revealed that pre-rigor
cooked roasts were less tender than post-rigor cooked roasts (Loucks et al., 1984). Before
processing, dressed carcasses are typically refrigerated for at least 24 hours in the commercial
sector in order to facilitate the boning process, yet, this traditional meat processing has several
limitations due to the high cost of power required to cool the meat and the lengthy processing
period (Dzudie et al., 2000).

Furthermore, another major drawback of pre rigor processing is a reduction in tenderness induced
by pre rigor cooling and consequent cold shortening (Marsh et al., 1968). However, microbial
loads of meat cuts tend to be affected by the duration of retail display time.
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Studies regarding the effects of rigor state particularly on goat meat in Bangladesh are limited. In Bangladesh chevon is sold as
fresh meat. After buying consumers cooked and eat. If there is access meat as fresh they keep at -18°C but never kept on 4°C for
chilling or aging which is very important for conversion of muscle to meat. This practice is never followed in Bangladesh at
household level. With this view in mind present study has been conducted to investigate the effect of pre-rigor and post rigor
state on the physicochemical, sensory attributes and microbial load of chevon.

Materials and Methods

Experimental animal and sample collection

To conduct the experiment, Longissimus dorsi muscle of five wether Black Bengal goat of one year of age was purchased from
Ganginar Par Market, Mymensingh. After that, the samples were carried to the Animal Science Laboratory, Bangladesh
Agricultural University, Mymensingh.

Methodology
Experimental design

Collected Longissimus dorsi muscle from five wethers was prepared for experiments and divided in two groups having five
replications each. Each sample was 250 g in weight. Among them five samples were used as pre-rigor and another 5 samples
were used as post-rigor. Pre-rigor samples were analyzed within 1 h of slaughtering. Another five samples were then refrigerated
at 4°C for 24 h and then different tests were performed which was counted as post-rigor.

Physicochemical attributes

Determination of pH

The pH of the pre- and post-rigor chevon was taken by using HANNA Meat pH Meter according to its operating manual.
Water holding capacity

The sample's WHC is stated as the ratio of the sample's weight after centrifugation to its initial weight, using the following
formula:

Water holding capacity (%) = | Sample weightafter centrifugation (g) %100
Sample weight beforecentrifugation (g)
Cooking loss
Cooking loss of chevon was measured according to the method as reported by Kondaiah et al. (1985) by using the following
formula.

Cooking loss % = Actual weight- Cookedmass weight <100

Actual weight
Above procedure was done in 0 hour and after 24 hour to determine the cooking loss of pre-rigor and post-rigor chevon.

Drip loss

Samples were stored in refrigerator at 4°C for 24 hours for measuring drip loss. Meat samples were suspended in tightly sealed
plastic bag filled with air and kept at 4°C for 24 h (Honikel, 1998) . Drip loss was calculated as a percentage of the weight loss
after suspension.

Drip loss was estimated by using following calculation:

Drip loss % = Initial weight of the sample - Final weight of the sample 5
Initial weight of the sample

100

Same procedure was done after 24 hour to determine the drip loss of post-rigor chevon.
Instrumental color value

Instrumental color values (CIE L¥*), redness (CIE a*), and yellowness (CIE b*) were determined by using Konica Minolta
colorimeter.

Sensory evaluation

Different sensory characteristics were looked at. The serving order was randomized, and the samples were coded. Ten panelists
examined each sample. The sensory questionnaires examined the intensity of the following qualities: color, flavor, texture,
tenderness, and overall acceptability on a 5-point balanced semantic scale (weak to strong). The judges assessed the samples in
accordance with the stated standards. Ratings are as follows: 1 for bad, 2 for fair, 3 for good, 4 for very good and 5 for excellent
(Disha et al., 2020).

Microbial Count of pre-rigor and post rigor chevon

Following ISO (1995), total viable count (TVC), total coliform count (TCC) and total yeast mold count (TYMC) were
determined. The total microorganism count values were presented as CFU/g of meat sample. By using log value results were
then calculated.

Statistical analysis

Using the SAS Statistical Discovery Software, NC, USA tool, the data were analyzed. Independent t-test was used for analyses
the data. The significance of differences between the pre-rigor and post-rigor chevon groups was assessed using the DMRT test.
The data were presented as the mean £ SEM, and the 5% level of significance was used to determine the level of significance.



Results and discussion
Pre-rigor and Post-rigor Physical Properties
pH

Pre-rigor and post-rigor pH of chevon represented in Table 1. It was observed that pH of the pre-rigor chevon (6.19) was
significantly higher (p<0.05) than the pH of post-rigor chevon (5.68). Present finding in pH is the agreement to the findings of
Kujero et al. (2020) in which they have also found significant differences in the pH of pre-rigor and post-rigor meat.

The decline in pH is related to the accumulation of lactic acid in the muscle during post-mortem glycolysis (Lawrie, 1991). The
pH scale, which measures how acidic or alkaline a solution is, is a key element in determining the quality of meat and runs from
roughly 5.2 to 7.0. The pH range of the greatest grade items often tends to be between 5.7 and 6.0, according to (Lonergan and
Lonergan, 2005). The postmortem muscular energy metabolism that caused a pH fall due to the buildup of H+ in the post-rigor
state may be the cause of the lower pH values observed (England et al., 2013). As rigor mortis progresses within the muscle
tissues, energy reserves deplete, which culminates in the chilling process and termination of blood flow, which lowers the pH
and temperature of the muscle (Strydom et al., 2016). The muscle's anaerobic glycolysis produces lactate, which builds up and
lowers the intracellular pH of goat meat.

Water holding capacity (WHC)

The water holding capacity of chevon is not substantially affected by rigor state (p>0.05). However, the value of water holding
capacity was slightly better in pre-rigor state (98.06%) than that of post-rigor (95.88%). This finding is an agreement to the
findings of Ezgi and Serdaroglu (2018). Post rigor meat has decreased spacing between filaments and decreased protein
functionality; therefore, less free water was retained. The minor difference in the free water contents of the samples in this study
may be due to the difference in the pH values of the samples.

Pearce et al. (2011) stated that WHC of meat may be impacted by the magnitude and rate of pH drop postmortem. Myofibrillar
proteins' ability to bind water molecules is reduced in the rigor mortis phase due to a decrease in the pH near their isoelectric
point and the net charges between myofibrillar proteins, which causes an increase in free extra-myofibrillar water in the muscle
(ljaz et al., 2020).

Table 1. Effect of pre and post-rigor state on physical properties of chevon

Pre-rigor Post-rigor Level of
Parameter (Mean ig SE) (Mean igSE) Significance
pH 6.197+0.04 5.68°+0.21 0.05*
Water Holding Capacity (%) 98.06%+ 0.55 95.88% 0.13 0.93MNs
Cooking Loss (%) 18.69%+2.89 15.70°+ 2.28 0.73"S
Drip Loss (%) 5.15°+0.23 6.18%+1.44 0.04*

b Mean values with different superscripts within the same row differ significantly ; NS = Non significant (P>0.05), * = Significant (P<0.05).
Cooking loss

Although it was found that cooking loss in pre rigor meat is slightly higher (18.69%) in compare to post rigor meat (15.70%) but
the difference was not statistically significant (p>0.05). Cooking loss is a combination of liquid and soluble matters lost from the
meat during cooking. According to Santos et al. (1994), the early onset of rigor mortis and high carcass temperatures in PSE
pork resulted in the denaturation of muscle sarcoplasmic and contractile proteins, which left the meat with a poor ability to retain
water. This was demonstrated by higher drip loss and cooking losses.

Drip loss

Drip loss of goat meat in pre and post-rigor state depicted in Figure 1. It denotes that rigor state has significant impact (p<0.05)
in the drip loss of chevon. Post-rigor chevon has the higher drip loss (6.18%) than that of the pre-rigor chevon which has
comparatively lower drip loss (5.15%).

Current findings is an agreement to the findings of Devine et al. (2014) and they stated that during rigor mortis and resolution,
the amount of free water increased, which led to an accumulation of water on the cut surface and higher drip loss.

Pre-rigor and post-rigor instrumental color

Instrumental color value in the scale of lightness (L*), redness (a*) and yellowness (b*) depicted in Figure 2 which is discussed
below under the following subheadings:

CIE L* (Lightness)

Although, it was found that post-rigor chevon was slightly lighter in color than pre-rigor chevon but there was statistically
significant difference (p<0.05). The value for L* was 34.69 and 37.43 in pre-rigor and post-rigor chevon, respectively. L* values
in this study gradually increased from pre-rigor to post-rigor. Pre-rigor cuts had lower L* values than rigor mortis and post-rigor
cuts. According to Ertbjerg and Puolanne (2017) and Pearce et al. (2011), extracellular space formation, transverse muscle fiber
shrinkage, and an increase in light scattering could all be factors in the increase of L*. This investigation was consistent with
Offer and Cousins' (1992) observation that the gaps between beef sternomandibularis muscle fibers developed and grew at 24 to
48 h post mortem.

CIE a* (Redness)

Rigor state insignificantly (p>0.05) increases the redness (a*) of goat meat. The reading for redness in colorimeter was 14.33 in
0 hr (pre-rigor state) and 15.56 in 24 hr (post-rigor state) meat. The current result is consistent with Ge et al. (2021), which
reported a comparable outcome in terms of a* value in lamb meat from both pre- and post-rigor. The improvement in L* and a*
over storage agrees with previous findings in chevon (Karami et al., 2011) and beef (Liu et al., 2015).



CIE b* (Yellowness)

Rigor state has a significant effect on the yellowness (b*) of goat meat. With the advancement of storage period b* value
significantly increases (p<0.05). Therefore, higher value of b* was recorded in post-rigor state (8.67) while it was lowest in pre-
rigor state (5.02) of meat (Table 2). This difference helps to separate pre-rigor and post-rigor chevon by its appearance.

Current result is an agreement to the findings of Ge et al. (2021) in which have found similar result in term of L* value in pre-
rigor and post-rigor meat of lamb

Table 2. Effect of pre- and post-rigor state on instrumental color of chevon

Parameter Pre-rigor Post-rigor _Le_v_el of
(Mean + SE) (Mean + SE) Significance
CIE L* (Lightness) 34.69°+0.78 37.432+1.06 0.12%
CIE a* (Redness) 14.33°+1.32 15.56°+ 0.93 0.61NS
CIE b* (Yellowness) 5.02°+ 0.51 8.67%+0.18 0.008**
Hue Angle (HA)/Chroma 19.32"+1.16 44.79° + 1.66 0.037*
Saturation Index (SI) 15.20% + 1.38 17.82% +0.89 0.3

&5 Mean values with different superscripts within the same row differ significantly (P<0.05); NS = Non significant (P>0.05), * = Significant
(P<0.05) , **= Significant (P<0.01).

Hue Angle (HA)

Hue angle of chevon in pre-rigor and post-rigor state is shown in Table 2. It was observed that hue angle is significantly
increased (p<0.05) in the post rigor state (44.79) from pre rigor state (19.32). High hue angle in post rigor state denotes that the
color of post rigor meat was more reddish than that of the pre-rigor state meat.

According to research by Jeong et al. (2009) and Suman and Joseph (2013), metmyoglobin buildup and myoglobin oxidation,
which were linked to the brown and unappealing color of meat, may have contributed to the increase in b* and hue angle values
from pre-rigor to post-rigor in this study. High levels of b* and hue angle values in post-rigor cuts could result in a deviation in
the red hue and a less aesthetically pleasing color of the meat.

Saturation Index (SI)

Rigor state has not the significant effect on saturation index of chevon color. The value of saturation index in post rigor state was
17.82 which is slightly but not significantly higher (p>0.05) than the value of pre-rigor state (15.20).

Pre-rigor and Post-rigor sensory evaluation of Chevon

Parameters of sensory evaluation of chevon are presented in Table 1. Sensory parameters of chevon in pre-rigor and post rigor
state described below:-

Color

Color of chevon in pre-rigor and post rigor state is presented in Table 1. The data shows that there was significant differences
(p<0.05) in the color of pre-rigor and post rigor chevon that implies rigor state has insignificant effect on chevon color. The
value of scoring color of pre-rigor chevon was 4.6 and post rigor chevon was 4.0.

Increase lightness or comparatively pale color meat was found in post-rigor state may be due to the denaturation of sarcoplasmic
proteins, as well as an increase in free water under a low pH (Hughes et al., 2020; ljaz et al., 2020) and light scattering and
reflectance. Dai et al. (2013) also found that the denaturation and precipitation of sarcoplasmic proteins to the myofibrils caused
the Longissimus dorsi muscle to increase its lightness.

Flavour

Table 3 shows that rigor state has significantly (p<0.05) effects on the flavor of chevon. The flavor score of pre-rigor chevon was
substantially lower (3.8) than that of post-rigor chevon (4.4) but that was not statistically significant (p>0.05). Olfactory organ's
perception of specific volatile chemicals results in the scent or odor of meat (Cross et al., 1986; Hashem et al., 2023; Khatun et al.,
2022).

Table 3. Effect of pre and post-rigor state on sensory attribute of chevon

Parameter Pre-rigor Post-rigor Level of Significance
(Mean + SE) (Mean + SE)
Color 4.6+ 0.37 4.0+ 0.51 0.02*
Flavour 3.8°+0.45 4.4°+0.40 0.03*
Tenderness 3.6°+0.51 4.4°+0.40 0.03*
Texture 3.8°+0.41 4.2°+0.41 0.05*
Juiciness 3.8°+0.58 4.0°£0.45 0.34N®
Overall acceptability 3.6"+0.37 4.4°+0.24 0.002**

&b Mean values with different superscripts within the same row differ significantly (P<0.05); NS = Non significant (P>0.05), * = Significant
(P<0.05) , **= Significant (P<0.01).

Tenderness

Table 3 denotes that chevon preserved for 24 hours (post-rigor) had a significantly high (p<0.05) tenderness value than that of
fresh chevon (pre-rigor) and the values were 3.6 and 4.4 in pre-rigor and post-rigor state, respectively. Meat tenderization is
caused by the toughening of the meat at the start of the rigor mortis due to the shortening of the sarcomere. The main factors that
affect meat tenderness are the connective tissue, the sarcomere length, and the myofibril breakdown. Shrinkage in muscle fibers
was associated with an increase in the number of Myofibrillar Proteins (myofibrils) and Collagen per unit area of shear, resulting
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in toughened meat (Fabre et al., 2018). According to Chaosap et al. (2020), sarcomere length is a key predictor of meat
tenderness; it decreases when meat becomes tougher. According to Hertzman et al. (1993), the tenderizing phase is caused by the
breakdown of myofibrils.

Texture

Texture of chevon presented in table 4.3. It was observed that the score of texture for post-rigor chevon (4.2) was significantly
better (p<0.05) than pre-rigor chevon (3.8). Better texture in post rigor muscle may be caused as sarcomeres are longitudinally
shortened and myofibrils are laterally shrunk as a result of postmortem glycolysis and pH drop (Ertbjerg and Puolanne, 2017;
Hughes et al., 2020; Lana and Zolla, 2016).

Juiciness

Rigor state has not significant effect (p>0.05) on the juiciness of chevon. The score for juicines of chevon counted as 3.8 in pre-
rigor state and 4.0 in post-rigor state.

Overall acceptability

Although there was not significant difference in few sensory parameters of pre-rigor and post rigor chevon, there was significant
difference (p<0.05) in overall acceptability between two types of chevon given by the panelists and the score was 3.6 and 4.4 in
of pre-rigor and post-rigor chevon, respectively.

Pre-rigor and Post-rigor Microbial Count
Total Viable Bacterial Count (TVC)

Table 4 represents total viable count of pre-rigor and post-rigor chevon. It was found that total viable bacterial count of chevon
in pre rigor state was significantly (p<0.05) higher (6.45 £ 0.63 log cfu/g) than that of chevon of pre-rigor state (4.92 +0.42 log
cfu/g). The International Commission on Meat and Meat Tissue (ICMSF) (1985) suggested that the average total viable count of
fresh meat tissues should be less than log 6.0 per gram. Present findings of TVC in pre-rigor state are above safety limit and
post-rigor chevon has within safety limit total viable count. This findings is nearly similar to the findings of Haque et al. (2008)
in which they have found a TVC of ranged from 5.85-6.24 log cfu/g in different goat meat market of Mymensingh. Parvin et al.
(2017) has also found similar result in terms of TVC (5.94-6.64 log cfu/g) from the raw chevon collected from different
slaughter yard of Mymensingh. However, post-rigor chevon had comparatively low TVC value most probably due to the
reduction of microbial counts by low temperatures which slow down or inhibit the growth and reproduction of microorganisms,
including bacteria, yeasts, and molds.

During freezing osmotic stress changes the intracellular pH and ion strength, which stops enzymes from working, degrades other
proteins, and messes with metabolism. The membranes and membrane transport systems can be totally destroyed, and bacteria
can become more vulnerable to oxidative stress as a result bacterial death occurs (Farkas, 2007). Despite the analysis of fresh
meat showing the presence of more viable bacteria, proper cooking methods and hygiene could significantly lower the microbial
load to a safe level (Azad et al., 2022b; Das et al., 2022; Sarker et al., 2021).

Total Coliform Count (TCC)

The rigor state significantly affects the chevon's total coliform count (p<0.05). Table 4 shows that the total coliform count of the
chevon was substantially higher in the pre-rigor condition (2.78 +0.49 log cfu/g) than in the post-rigor state (1.67+0.12 log
cfu/g).

Coliform is a type of bacteria that lives in the intestines and can grow quickly in meat. TCC reveals the meat's sanitary state
(Ahmad et al., 2013). The 2016 Compendium of Microbiological Criteria for Food states that meat with coliforms greater than
log 2 cfu/g is unsatisfactory and may result in pathogenic conditions. Present findings of coliform count in goat meat in pre-rigor
state was above safety limit (2.78 £0.49 log cfu/g) while post-rigor meat was within the safety limit (2.78 £0.49 log cfu/g). The
presence of coliform bacteria in the fresh chevon sample indicates faecal contamination of the meat, which may have resulted
from the handling of the meat in an unhygienic manner during slaughter and processing or from potential contamination from the
handlers' skin, mouth, hands, or noses that may have been introduced directly into the meat (Schroeder et al., 2005).

Table 4. Effect of pre- and post-rigor state on microbial count of chevon

Parameters Pre-rigor Post-rigor Level of Significance
(Mean + SE) (Mean + SE)
TVC (log cfu/g) 6.45+0.07 4.92"+0.00 0.0001***
TCC (log cfu/g) 2.78%+0.07 1.67°+0.09 0.002**
TYMC (log cfu/g) 3.25%+0.52 2.19°+0.35 0.05*

&5 Mean values with different superscripts within the same row differ significantly (P<0.05); NS = Non significant (P>0.05), * = Significant
(P<0.05) , **= Significant (P<0.01), ***= Significant (P<0.001).

It looks like the results from Parvin et al. (2017) are pretty much the same when it comes to the TCC of raw chevon from
different slaughter yards in Mymensingh. They found the nearly same results, with the TCC ranging from 1.41 to 2.63 log cfu/g.

Total Yeast Mold Count (TYMC)

Total Yeast Mold Count of pre-rigor and post rigor chevon is represented in figure 3. It reveals that the colony forming unit in
per ml (cfu/ml) of sample in pre-rigor chevon was 3.25 + 0.52 log cfu/g which is significantly higher (p<0.05) than that of post-
rigor chevon which value was counted as 2.19 + 0.35 log cfu/g. Any food item's overall quality and safety can be determined by
looking at the amount of yeast mold present. It has been utilized in numerous food standards, including those of Australia and
New Zealand. Foods can deteriorate and decompose to varying degrees due to mould and yeasts. At any time, they can infiltrate
and begin to grow on almost any kind of food (Parvin et al., 2017). The interruption of yeast and mold growth by freezing
temperature is the cause of the decrease in the amount of YMC in post-rigor chevon.



Conclusion:

From current study it can be concluded that, yes, there is significant difference in physicochemical and sensory attributes
between pre-rigor and post-rigor chevon. Although, pre-rigor chevon has less drip loss and slightly better in color, post rigor
chevon is comparatively more tender, acceptable and hygienic to consume.
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