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Abstract: Meat contamination by microorganisms could occur during numerous processes linked to
game meat animal slaughter. These contaminants could pose a risk to product quality and consumer
health. Contamination often occurs around the wound caused by shooting. Animal slaughter
plants are given a responsibility to identify, evaluate and control the occurrence of hazards in their
processing plant. To improve this control plan, the effectiveness of lactic (LA) and acetic acids (AA)
for reducing the microbiological load directly around the wound was investigated. After killing by
means of an aerial (helicopter) shotgun (n = 12) firing lead pellets and land-based rifle bullet shots
(n = 36), samples of the flesh directly around the wounds of impala (Aepyceros melampus) were taken
immediately after dressing (AD) before any treatment was conducted. Thereafter, at the step where
carcasses are typically washed with potable water, the flesh directly around the wound was subjected
to a wash with either ≈5 mL potable water (T1), 5% LA solution (T2) or 5% AA solution (T3) and
then chilled overnight. Samples of the flesh directly around the wounds were also taken after chilling
(AC). The aim of the study was to determine the effectiveness of each organic acid in reducing the
microbiological load (total plate count; E. coli; coliforms and Salmonella) present in the flesh directly
around the wounds of impala carcasses. The study found that shotgun pellets caused less body
damage with fewer microorganisms recorded compared to samples from rifle-killed carcasses. LA
reduced the occurrence of Salmonella during slaughter. The results of the other microorganisms
revealed inconclusive outcomes on whether the application of water, 5% LA or 5% AA was effective
in the reduction of the microbial organisms on the flesh directly around the wounds.

Keywords: organic acids; lactic acid; acetic acid; Aepyceros melampus; decontamination; wildlife meat

1. Introduction

Generally, the slaughter of wildlife/game meat animals presents eminent risks of
the contamination of carcasses during in-field killing, evisceration and further dressing
processes [1,2]. Species of impala (Aepyceros melampus) are predominantly hunted because
of their abundance in most game meat producing countries such as South Africa, Namibia,
Zimbabwe and other game meat producing countries in Africa. Researchers, such as
Taylor et al., reported that out of all small game animals hunted for meat production
between 2013 and 2015, approximately 41% were impala [3]. This species of game is listed
by the International Union for Conservation of Nature (IUCN) as of least concern and
not endangered [4]. Different from domestic animal slaughter, the two most common
methods employed to kill or harvest game include killing with a single projectile such as
a 30.06 rifle (150 g Nosler Accubond Points) or killing with a shotgun utilizing numerous
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pellet sizes (such as 12-gauge that utilizes 35-g cartridges with a diameter of 5.2 mm per pel-
let, firing 44 pellets per round) [5,6]. Coupled with open wounds and related bruising
caused by bullet entry and exit, these killing processes could potentially cause the microbial
contamination of game carcasses that is further exasperated during exsanguination (neck
slitting and/or thoracic sticking) for bleeding purposes, evisceration and final dressing
of the carcass, which may or may not be performed in a registered abattoir. Other factors
contributing to microbial contamination include carcass-to-carcass contact, contamina-
tion from faecal material, the paunch and hide, processing tools and equipment. Facility
structure, human contact and the abattoir environment are also key points of potential
contamination [7,8]. As a result, many researchers have highlighted the need for microbio-
logical decontamination strategies [9–11]. The benefits of an effective decontamination plan
include meat safety, and improved meat quality and shelf life. Available decontamination
methods, single or in combination, include chlorinated/potable water (±50 ppm), steam
(82–99 ◦C), tri-sodium phosphate (8–12% concentrations), pulsatile light exposure, pulsed
electric fields or ionizing radiation and organic acids (OAs) such as LA (2–5%), AA (2–5%)
and citric acid (2–5%) [12–16]. However, in the context of killing game in the field, it is not
viable to use complex methods that require expensive equipment, skills and knowledge.
The use of OAs as an added step in the slaughter processes to decontaminate carcasses
appears to be more viable [17,18].

In most developed countries, the use and efficiency of OA on meat have been in-
vestigated in the past [9,19,20]. It is noted that most of these studies were conducted on
processed meat products and poultry, and a few on raw domestic red meat carcasses [21].
The usage of OAs on fresh carcasses, including game carcasses during slaughter still needs
to be investigated as it presents an added benefit of meat safety assurance [22,23]. Few
developed and developing countries endorse the use of decontamination. For example,
the United States of America (USA) allows for carcass decontamination plans, while some
European countries do not fully approve the use of decontamination as a form of improving
the safety of meat products with an exception for LA and chlorinated water [20,24]. In
South Africa, no method of the decontamination of fresh red meat is allowed, except for
the use of potable water for the rinsing of fresh carcasses after slaughter before chilling,
except with the approval of a provincial executive officer of Veterinary Services [25].

South Africa is an important meat producer for the local and export markets. Meat
that is exported is mostly frozen after deboning, and in the countries of destination it is
normally defrosted and sold as “fresh” meat [26–28]. It is therefore in the interest of South
Africa and other receiving countries to obtain more scientific information that will inform
the current reservations among policy makers and the game meat industry. While there are
many OA used for carcass decontamination interventions, LA and AA have predominantly
been adopted in meat products and carcasses in developed countries; mainly because of
their availability in many regions of the world [6,24]. This paper, therefore, investigated the
decontamination effect and efficiency of potable water typically used for washing carcasses
in comparison to the use of LA and AA as decontaminants of wound areas caused during
the killing of impala at a commercial game abattoir in South Africa.

2. Materials and Methods

During a commercial game harvesting process that formed part of their game manage-
ment plan, 48 impala (Aepyceros melampus) were shot at a game farm located in Mokopane,
South Africa. Shooting was from a hunting vehicle by a proficient hunter with a 30.06 ri-
fle (150 g Nosler Accubond Points) targeting the thorax (n = 36), and aerial (helicopter)
shotgun (12-gauge, 35-g cartridges with a diameter of 5.2 mm per pellet, firing 44 pellets
per round) targeting the head and neck (n = 12). The approximate distances for land-based
rifle bullet shots ranged between 40–100 m and shotgun shots ranged between 15–20 m
high. Immediately after in-field exsanguination, the temperature and pH were measured
in the hind leg. A Mettler Toledo pH meter was calibrated using buffers pH 7 and pH 4.
In addition, using a Testo 106-T1/T2 thermometer, the temperatures were also measured



Microbiol. Res. 2022, 13 742

in the hind leg after overnight chilling. The shot and bled animals were transported on
an open pickup (traditional method) to a registered game abattoir (registration number
2/4G) located on the same farm from where the animals were harvested, where slaughter
(evisceration, dressing, meat inspection, weighing, chilling) was conducted.

2.1. Sampling in Relation to Treatment

The 36 thoracic shot carcasses rendered 67 bullet wounds, consisting of 36 entry and
31 exit wounds, while the shotgun pellets rendered multiple small entry points around
the head and neck. Because of the small size of the aerial (helicopter) shotgun wounds,
samples were pooled from 3 pellet entry points. From the land-based rifle bullet shots
(n = 36) and aerial (helicopter) shotgun-killed animals (n = 12), the carcasses were randomly
divided into three groups of 12 and 4, respectively. In each group, using sterile scalpels,
samples of the flesh directly around the wound were taken immediately after dressing (AD)
before any treatment was applied and placed into prelabelled sterile Whirl-Pack (Merck
Pty Ltd., Modderfontein, South Africa) bags. Thereafter, at the step where washing of the
carcasses with potable water typically occurs, the flesh directly around the wounds was
subjected to five squirts (≈5 mL) from one of three different hand spray bottles containing,
at an ambient temperature, potable water (±50 ppm chlorine) from the abattoir (T1), 5%
LA solution (T2) or 5% AA solution (T3), whereafter the carcasses were chilled overnight.
The solutions were made up by mixing LA and AA with commercially bought distilled
water. The pH of the two acid solutions ranged between pH 3.3–3.5 at a temperature of
±21 ◦C. After chilling (AC), samples of the flesh directly around the wound were again
taken. Samples were frozen at −18 ◦C and transported frozen to the laboratory where they
were maintained in the same state until analysis [29]. The total number of wound samples
from rifle thorax shots was 134, and 24 from aerial (helicopter) shots.

2.2. Sample Preparation and Analysis

Samples were defrosted overnight in a fridge at 4–6 ◦C [30]. Samples taken AD and AC
were analysed for the presence of total plate count (TPC), coliforms, Escherichia coli (E. coli)
and Salmonella. To obtain a 1:10 dilution, ten grams of the samples was weighed aseptically
and homogenised in 90 mL sterile buffered peptone water (Merck Pty Ltd., Modderfontein,
South Africa) with a stomacher for 60 s (BagMixer 400CC, Interscience, Saint Nom la
Brétèche, France). Series dilutions were then prepared in buffered peptone water, and
0.1 mL of each dilution was transferred to duplicate petri dishes for the enumeration of TPC
(Plate Count Agar, Merck), and the simultaneous detection and enumeration of coliform
bacteria and E. coli (Chromocult® Coliforms Agar Sigma-Aldrich, St. Louis, MI, USA). The
inoculated plates were then incubated at 35–37 ◦C/24–48 h. For Salmonella, a tube with
enrichment broth (Rappaport-Vassiliadis Oxoid, Hants, England) was inoculated (0.1 mL),
and after incubation at 37 ◦C for ±24 h, 0.1 mL was transferred to duplicate plates of
Xylose Lysine Deoxycholate Agar (Sigma-Aldrich). Control plates were poured to confirm
sterility of media. After incubation, TPC, coliform and E. coli colonies on the plates were
manually counted. Salmonella was regarded as presumptive positive when black colonies
with a pink periphery were formed due to its ability to produce hydrogen sulphide (H2S)
on the XLD agar.

2.3. Data Analysis

Colony counts for each dilution (including duplicates) of the two process positions
(AD and AC) were captured on an Excel spreadsheet. Using Excel formula function, the
averages between the actual sample and the duplicate were calculated to represent the
number of microorganisms in a sample, whereafter the related logs were calculated for
each sample. A t-test for comparison between means was performed to determine whether
there was a difference between the means of treatment methods applied AD and AC for
both killing methods using Excel data analysis tools [30]. Results of p < 0.05 (CL = 95%)
were regarded as significant.
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3. Results
3.1. Characterization of Wound Areas

The affected areas caused by the shotgun and rifle bullets varied in sizes and shape.
Figure 1 depicts examples of damage caused on carcasses. Aerial (helicopter) shotgun pel-
lets caused smaller but multiple entry points with minor damage and bruising (Figure 1a).
The effect of entry and exit points caused by bullets ranged from small (Figure 1b) to
extensive (Figure 1c,d).
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Figure 1. Wound images caused by (a) shotgun pellets (b,c) land-based rifle bullet shots entry
(d) land-based rifle bullet shots exit.

The mutilation was irregular in shape; in some superficial and in others deeper in
muscle tissues. With rifle shots, substantial contamination was often caused by contact of
the open entry and exit wounds with the ground and pickup surfaces that the dead animal
was lying on; punctured organs such as the intestine walls; during the killing and dressing
of the carcasses (Figure 1d).

3.2. Microbiological Analysis

The results are presented for all targeted microorganisms AD and AC. Generally, the
counts from aerial (helicopter) shotgun wounds were lower than those from land-based
rifle bullet shot-inflicted wounds. As depicted in Table 1, 33.2% (helicopter) and 28.4%
(rifle) of TPC samples, 20.9% (helicopter) and 44% (rifle) of coliform samples and 66.6%
(helicopter) and 59% (rifle) of E. coli samples were excluded for being either too low (<10)
or too high (>300) to count. This resulted in uneven p-values where, in other instances,
bigger differences from the counts resulted in no statistical differences (depending on the
average count), and irregular standard deviations (s.d.) where the number close to zero
meant that majority of the data were clustered near the mean.

Table 1. Summary of wound sample results counted (10–300) and those not counted (<10 and >300).

Killing
Method TPC Coliform E. coli

Helicopter
Wounds <10 10–300 >300 <10 10–300 >300 <10 10–300 >300

AD (n = 24) 3 (12.5%) 21 (87.5%) 0 1 (4.2%) 23 (95.8%) 0 8 (33.3%) 16 (66.7%) 0

AC (n = 24) 5 (20.7%) 19 (79.1%) 0 3 (12.5%) 20 (83.3%) 1 (4.2%) 8 (33.3%) 16 (66.7%) 0

Rifle Wounds <10 10–300 >300 <10 10–300 >300 <10 10–300 >300

AD (n = 134) 4 (3%) 115 (85.8%) 15 (11.2%) 10 (7.5%) 106 (79.1%) 18 (13.4%) 28 (20.9%) 96 (71.6%) 10 (7.5%)

AC (n = 134) 7 (5.2%) 115 (85.8%) 12 (9%) 20 (15%) 103 (76.9%) 11 (8.1%) 37 (27.6%) 93 (69.4%) 4 (3%)

3.2.1. Total Plate Count

None of the helicopter wound samples had TPC > 300 colonies, while 20.2% (AD 11.2%;
AC 9%) from rifle-inflicted wound samples had TPC > 300 and were thus not counted
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(Table 1). However, 33.2% (AD 12.5%; AC 20.7%) of the helicopter and 8.2% (AD 3%;
AC 5.2%) of the thoracic shots had low TPC (<10) counts, indicating a large variation
in potential carcass (wound) contamination found between the various killing methods.
Out of the eight excluded samples, three were from AD and five from AC. Total plate
counts presented contrasting results on the efficiency of potable water, LA and AA on the
reduction of TPC on shotgun pellet- (Figure 2) and rifle bullet- (Figure 2) inflicted wounds
from AD (no treatment) to AC. All treatments of wounds caused by shotgun pellets had
a reduction in counts from AD to AC with the biggest reduction caused by the potable
water (1.6 log), while wounds caused by rifle bullets showed little change between AD and
AC (±s.d. = 0.7). Considering killing methods and treatments, the mean results obtained
from AD and AC were within the VPN 15 limit of 5.7 logas prescribed by the South African
Veterinary Procedure Notice (VPN 15) on microbial limits in game raw meat standards used
for export purposes [31]. One sample AD from the helicopter was above 5.7 log(log 6.1)
but reduced to log 4.4 AC. The rifle killing showed the same results, where water (AD) had
one sample with log 6.4, which stayed the same AC; LA (AC) had one sample above 5.7;
and AA (AD) had two samples above 5.7 of which AC, one was reduced to log 6.3 and the
other to log 5.4. In none of the instances were the mean differences between AD and AC
significant (p > 0.05) (Figure 2). Of note is that there was a decrease (Table 1) in the number
of TPC > 300 colonies that reduced from 15 AD to 12 AC, and a horizontal movement and
reduction in three samples from >300 to 10–300 to <10.
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3.2.2. Coliforms

Similar to TPC, a large variation was caused by the differences between the num-
ber samples excluded from helicopter and rifle wounds. Of the helicopter AD samples,
23 (95.8%) were included and one (4.2%) was excluded from the results; and AC three
(12.5%) were excluded (<10) and one (4.2%) was excluded based on the counts being >300.
Conversely, rifle wound samples had larger numbers of <10 (AD 7.5%; AC 15%) and >300
(AD 13.4%; AC 8.1%). Similar to the TPC, mean coliforms counts (Figure 3) presented
different results on the effect of water, LA and AA on the reduction of shotgun pellet- and
rifle bullet-inflicted wounds from AD (no treatment) to AC after chilling. Similar to TPC,
samples with >300 colonies were reduced from 18 AD to 11 AC; with an increase in samples
with <10 from 10 AD to 20 AC (Figure 3). The South African Veterinary Procedure Notice
(VPN 15) does not make provision for coliform limits.
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3.2.3. Escherichia coli

Of the helicopter AD and AC samples, respectively, 16 (66.6%) were included and eight
(33.3%) were excluded from the results (<10). None of the samples were >300. Contrariwise,
rifle wound samples had larger numbers of <10 (AD 20.9%; AC 27.6%) and >300 (AD 7.5%;
AC 3%). The results show lower occurrences of E. coli on helicopter wounds and rifle bullet-
inflicted wounds as compared to TPC and coliforms. Samples from helicopter wounds
treated with LA showed a reduction of 0.5 logs and 1.7 logs from AA, while for wounds
caused by rifle bullets, a reduction in counts was observed from AD to AC (0.5 logs from
LA and 1.1 logs from AA) (Figure 4). The LA treatment of wounds related to both killing
methods differed significantly (p < 0.05). Six (25%) of the twenty-four helicopter samples
had counts above the VPN limit of log 2.7 log, of which four (16.7%) were from AD samples
and two (8.3%) were from AC, representing a 50% reduction. Of the included rifle bullet-
inflicted wound samples, 35 (26.1%) samples were above the VPN limit of 2.7 log of which
21 (60%) samples were from AD and 14 (40%) were from AC. Similar to TPC and coliform,
there was a decrease (Table 1) in the number of TPC > 300 colonies that reduced from 10 AD
to 4 AC, signifying a 40% reduction as these 4 carcasses were from the same 10 that had too
many to count AD. In general, a horizontal movement and reduction in samples from >300
to 10–300 to <10 was observed.
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3.2.4. Salmonella

With respect to the aerial (helicopter) shotgun pellet- and land-based rifle bullet shot-
inflicted wounds, presumptive Salmonella was recorded in only 4 of the 24 (11.1%) and 20
of 134 (10.7%) samples, respectively (Table 2).

Table 2. Salmonella positive samples, position and treatment.

Aerial Helicopter Shotgun Pellet Wounds Land-Based Rifle Bullet Shot Wounds

Position Potable
Water Lactic Acid Acetic Acid Potable

Water Lactic Acid Acetic Acid

AD 1 1 0 4 4 4

AC 1 1 0 4 1 3

Total 2 2 0 8 5 7

3.3. Meat Traits, Carcasses’ pH and Temperature

An initial darkening of LA-treated areas was observed while areas exposed to AA had
a pungent vinegar smell after treatment. This darkening and strong smell disappeared after
overnight chilling. The initial pH and temperature of aerial (helicopter) shotgun-killed
carcasses (measured immediately post exsanguination) ranged between pH 6.19 to 6.75
(average pH 6.6) and 32.7 ◦C to 36.4 ◦C (average 35 ◦C), respectively. After overnight
chilling the pH dropped to between pH 5.65 and 5.85 (average pH 5.7) and the temperature
dropped to between 4.5 ◦C and 5.3 ◦C (average 4.8 ◦C). The same pattern was observed
with land-based rifle bullet shot-killed carcasses, where post exsanguination, the pH ranged
between pH 6.2 and 7.52 (average pH 6.55) after killing and between 5.55 and 6.89 (average
pH 5.7) after chilling, while the carcass temperature dropped from between 25.6 ◦C and
37.9 ◦C (average 32.3 ◦C) after killing to between 4.5 ◦C and 7.9 ◦C (average 5.4 ◦C) after
chilling. The initial pH of all the aerial shotgun carcasses measured >6, of which all dropped
to <6 after chilling, while the land-based rifle bullet shot-killed carcasses all had an initial
pH > 6, but with the exception of two carcasses (6.08 and 6.89), all others also dropped
to <6.

4. Discussion

The appearances of the mutilations around the bullet wounds or points of impact were
consistent with those described where different animals were hunted for human consump-
tion [31]. The type and severity of mutilation determines the distribution and the number
of microorganisms at that particular site [32,33]. At 5%, OA mixtures are still acceptable in
the food industry; hence, this concentration was selected for this experiment [6,34–36]. The
use of indicator microorganisms, such as total aerobic plate count (APC), coliform count
and Escherichia coli count could be used for raw meat safety and quality monitoring [37].

4.1. Effect of Treatment Methods on Microbiological Counts

Carcass contamination could occur during uncontrolled slaughter [8,38]. In general,
wound samples derived from aerial helicopter shotgun killing presented lower microbi-
ological growth than that of samples obtained from land-based rifle bullet shot-inflicted
wounds, where carcasses were frequently contaminated with blood, faecal matter and other
contaminants as seen in Figure 1 and noted by others [39]. From a systematic review, it
was observed that in most studies on fresh meat treatment, the concentrations of OA were
between 1–3% and are acceptable in the food industry [6]. Given the general contribution
of AA and LA concentration change in the food industry [37,38].As a result of the contri-
bution of AA and LA concentration change [40,41], a concentration of 5% as used in this
study was expected to provide better results. While some traces of microbial reduction
were observed around the gunshot pellet- and rifle bullet-inflicted wound areas, neither
the water, 5% LA or 5% AA treatments proved to cause a meaningful reduction in the
targeted microorganisms around the bullet wounds from the two killing methods. This
could have been influenced by factors such as additional cross-contamination between AD
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and AC from the environment, carcass dressing, inter-carcass contact and manual handling
resulting in an uneven distribution of microorganisms [42].

For TPC, this study found that although the use of water, LA and AA caused, to some
extent, a drop in the log counts, the results were not conclusive in rifle-inflicted wounds
where bruising was extensive and the colony count increased by 0.2 logs. This contrasts
with the results of Saad and Hassanin [40], where it was suggested that the use of AA at
1–3% could be used effectively to reduce TPC on fresh carcasses compared to LA. Other
studies rated LA (2%) as the most effective when applied on fresh meat to reduce the TPC
compared to AA and water [9,11]. Kocharunchitt and Mellefont [43] concluded that LA
(2%) alone may not provide sufficient TPC log reduction on carcass surfaces, unless it is
used in combination with other OAs such as AA.

Irrespective of the treatment methods, the occurrence of coliforms on rifle bullet-
inflicted wounds did not exceed log 5.3 (AD) and log 5.4 (AC). Nonetheless, the reduction
potential of LA and AA in reducing coliform colonies was not clear from both killing
methods. Although, the monitoring of coliforms as an indicator for hygiene slaughter
remains important during slaughter [44], the application of these OA’s did not provide any
difference (p > 0.05) in the reduction in coliforms between AD and AC. In the South African
context, there are no limits of coliforms in the South African raw meat export standard.

The results in this investigation were consistent with conclusions [40] that a concentra-
tion of between 2.5 and 5% LA or AC could bring about some reduction in E. coli growth
on fresh carcasses. Where reduction occurred, especially with rifle bullet-inflicted wounds,
it was recorded AC (ave 0.5 logs) for LA and (ave 0.2 logs) for AA, where the carcass was
dry and at low temperatures of between 1 and 5 ◦C. The results of this investigation show
unexpected statistical differences (p < 0.05) on values, especially with regards to LA; the
reasons for these differences could have been caused by the varying counts of samples
that were included and excluded (Table 1) as noted by others [44]. E. coli is used as an
indicator for the presence of faecal material from warm-blooded animals [17]. However,
the consumption of food contaminated with pathogenic E. coli (Shiga toxin-producing E.
coli-STEC) can cause serious gastrointestinal diseases, and it is therefore important to take
appropriate hygienic measures to prevent contamination during slaughtering, processing
and/or handling [27].

Others have reported the potential reduction in Salmonella on fresh carcasses when
using LA and AA as being inconclusive [45]. It is further argued that to have a meaningful
reduction in Salmonella, it could be beneficial to combine LA and AA and apply these
OAs as a hurdle sequence during slaughter operations [46,47]. It is known that Salmonella
strains could adapt to acidic environments at pH 5.0 to 6.0, which may lead to lower
ineffective decontamination results [48].

4.2. Carcasses’ pH and Temperature

In this study a change in meat colour was observed in LA-treated carcasses, while
carcasses exposed to AA had a strong vinegar smell after treatment. However, both quality
trait changes were negated after overnight chilling similar to research conducted on fresh
carcasses [49]. However, the appearance or colour change was not far from ordinary
as game muscle carcasses tend to be much darker in general [50,51]. As expected, the
initial pH measured immediately post exsanguination for helicopter (average pH 6.60)
and rifle shot carcasses (average pH 6.55) were above >6, where the normal physiological
pH is 7.1. Moreover, AC (helicopter), the pH measurements were all <6, and with the
exception of two rifle shot carcasses that were within the typical Dark Firm Dry (DFD)
range (pH > 6.09) [52]), all other pH measurements were <6. The two animals with AC
pH > 6 could therefore have been exposed to stress, as shown by Carrasco-García and
Pardío-Sedas [53] during the selection of specific animals (age, gender, etc.) as part of
a game management plan. DFD is not only associated with quality aspects such as higher
shear force, glycolytic potential and water-holding capacity [54], but also allows the growth
of organisms [55]. The two carcasses with pH within the typical DFD range had TPC and
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coliform counts > 300, confirming the results of a study on black wildebeest (Connochaetes
gnou) showing that DFD meat reached the microbial spoilage limit of 7 log cfu/g sooner
than that of normal pH (pH ≤ 5.70) samples [29]. Similar to results obtained by others [56],
it was evident that chilling played a role in the reduction in microbiological colonies.
Factors such as carcass size, fatness of the carcass, chiller temperature, relative humidity
and flow pattern of air influences the carcass chilling rate [57,58]. In relation to the use of
organic acids such as LA and AA in a decontamination plan, the temperature of the OA
mixture and the carcass temperature may influence the efficiency of the treatment [6].

4.3. Meat Safety

South Africa often export game meat to various countries and therefore have set criteria
for the export of game meat in so-called Veterinary Procedural Notices (VPN 15) [59]. As
indicated in Figure 2, the mean TPC counts were within the set limit of log 5.7/g, while
for E. coli, some of the results exceeded the set limit of log 2.7/g (Figure 4). No limits are
specified for coliforms. Despite the fact that LA and AA have potential to reduce organisms,
it has been proven that acid-adapted cells are more resistant under stress conditions [60].
The microbiological counts in this study highlight the importance of good hygiene practices
during harvesting (killing method and shot placement; bleeding), the transport of carcasses
to the slaughter facility, slaughter (dressing. inspection) and chilling [61,62].

4.4. Limitation and Future Direction

The usage of OA as a microorganism decontaminant on fresh meat and other food
products presents an opportunity to the meat industry [6]. However, the adoption of
this intervention strategy should be carried out in a responsible manner so as to prevent
the development of resistant strains of microorganisms. As confirmed by others [45],
decontamination could be used as an added step of ensuring safer meat production. To
ensure sustainable decontamination strategies, further investigations on the efficiency of
using other physical decontaminants are required. Other researchers have identified the use
of hot steam during slaughter, controlled chlorine usage, improved trimming, controlled
pressured water at the final wash during slaughter and the training of slaughter operators
on hygiene application during slaughter; their suitability on game carcasses should be
evaluated further [63,64].

5. Conclusions

The use of OA could be as an added step on less contaminated carcasses. Severely
contaminated carcasses should still be subjected to trimming at meat inspection before
chilling. The study found that, as expected, shotgun pellets caused less body damage (as
they targeted the head/higher neck region) with fewer microorganisms recorded compared
to samples from rifle-killed carcasses that targeted the chest region. LA could be used to
reduce the occurrence of Salmonella during slaughter. Various research reports suggest that
the decontamination of carcasses at abattoirs by the use of LA could be a good introduction
in meat production processes as the future for ensuring a much safer meat. Decontamina-
tion plans should be improving or adding a hurdle to control microbiological contamination
during slaughter and growth. This is of importance with game animal slaughter where
animals are killed in the field by using different killing methods, and carcasses, especially
open wound areas, are exposed to contaminants during killing and slaughter. Contrary to
what was expected, the results of this study were inconclusive on whether the application
of water, 5% LA and 5% AA were effective in the reduction in TPC and coliforms. However,
E. coli and Salmonella counts and occurrences were reduced by both OAs after chilling.
Further investigations are required, which should consider different game species (smaller
and larger animals); the use of different rifle calibres to try and reduce carcass damage and
contamination, bruising and subsequent contamination; improved slaughter techniques
(in-field and at the abattoir); organic acids other than the ones used for this study (single
and in combination and at various concentrations); microbiological contamination before
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and after trimming of the affected parts of a carcass; organic acids’ exposure time; the
effect of chilling; the relative humidity and air speed in chillers; the sensory effect of the
addition of organic acids; microbiological shelf life and the use of treated meat in processed
products. In addition, the assurance of proper hygiene training of proficient hunters, and
slaughter and other supplementary staff on aspects such as personal hygiene, prevention
of cross-contamination during slaughter and the preparation and application of OAs is
of utmost importance in ensuring the safety of meat. Food industries including abattoirs
should develop microbial monitoring programs by adopting and implementing hazard
analysis programs. These should be coupled with the use of hygiene indicator organisms
as a part of these monitoring systems.
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