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Abstract

This study is based on the microbiological analysis of a common slaughterhouse by-product which is the rumen
content, before and after treatment with HCI 1N, targeting its valorization in domestic animal feeding. A total of
24 rumen content samples were collected in pairs (two series) immediately after slaughter from 12 ruminants
(cattle, sheep and goats). The first series was not treated with HCl (NO = 12), while the second series was treated
with HCI 1N (N1 = 12) to adjust its pH to about 2. Then all samples (series 1 and 2) were subject to a group of
microbiological analyzes targeting identification and enumeration of total aerobic mesophilic flora; fecal and total
coliforms; Clostridium perfringens; Staphylococcus aureus; Salmonella spp. as well as yeasts and molds. The results
revealed that after lowering the pH to about 2, the 2nd series samples were considered of satisfactory quality,
with reference to Algerian microbiological standards for livestock feeds. The reduction rates of germs in the 2nd
series compared to the 1st series were as follows: total aerobic mesophilic flora (86.45%), total coliforms
(96.43%), faecal coliforms (70.41). %), Clostridium perfringens (88.4%), yeast and mold (87.75%). The total
absence of Staphylococcus aureus and Salmonella spp. was registered.
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Forage resources in Algeria consist mainly of cereal stubble, pasture fallow
vegetation, steppe rangelands, forests, maquis and some cultivated fodder
(Kali et al., 2011). Cultivated forage contributes little to the feeding of
herbivores (6.1% of useful agricultural area) compared to spontaneous forage
plants (Bencherchali and Houmani, 2010). This would be due to several
factors. On the one hand, recent years have seen climatic changes in North
Africa and the Greater Maghreb. Also, three quarters of Algeria surface are
subject to climatic influences: hyper-arid, arid and semi-arid, characterized by
a marked summer drought (Nouaceur et al,, 2013). On the other hand, the
application of the agricultural policy of development in the steppe regions has
caused very significant losses in terms of space and pastoral production
(Nedjraoui, 2004).

Therefore, Yousfi et al. (2017) report that the forage deficit in the steppe area
of Algeria (19 governorates) is around 40% on average over the period 2000-
2014. This forage deficit has a negative impact on animal productivity and
resulted in a massive reliance on importations of animal products such as
dairy and meat products (Adem and Ferrah, 2002). According to Algerian
Ministry of Agriculture and Rural Development (MARD, 2014), imports
exceeded 770,000 tons of barley and 13,000 tons of oats for more than 2
million USD. Among the solutions adopted by Algerian authorities to correct
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this deficit, it is the import and the valorization of by-products (Madani et al.,, 2004). However, the good use of by-
products in animal feed requires the control of their conservation, the knowledge of their composition, their
nutritional value and the means likely to improve them (Magnier, 1991).

In Algeria, millions of tons of agro-industrial by-products are discarded, including rumen content (RC) in
slaughterhouses. According to Beranger and Robelin (1978), in cattle, RCs are estimated at about 25 kg per animal
slaughtered with (13.4+0.3 kg) of dry matter (DM). Every year, nearly 9 million sheep and 330,000 head of cattle
are slaughtered in Algeria (Kardjadj and Luka, 2016). Faced with these numbers of slaughtered animals and a simple
calculation, it can be estimated that thousands of tons of RCs would be lost each year.

Indeed, the RC is widely available as a by-product of the slaughterhouse and mainly considered as a waste
creating environmental pollution (Abouheif et al.,, 1999; Cherdthong and Wanapat, 2013). With proper treatment
and use, RCs could be a valuable source of nutrients, when included in diets for various livestock categories
(Abouheif et al., 1999). The recovery of these wastes is justified for two reasons : firstly to unclog the storage areas,
limit the increasing sources of pollution, and protect the population bordering public landfills against the mistrust
of this waste type (Labioui et al.,, 2007; Chennaoui et al., 2012) ; and secondly, to recover a rich source of organic
matter, which is the RC (with more than 39.86 % of DM) and other elements that may be of real interest in the
feeding of livestock or in agriculture (Petersen et al, 2003; Chennaoui et al, 2012). Also, the recovery of
slaughterhouse waste can help us obtain high quality fertilizer products (Chennaoui et al.,, 2012). However, this
process must meet waste management regulations (Raabe et al,, 2001).

Ruminants, through the action of their microbiota, can utilize lignocellulose that is the most abundant carbon
polymer on the planet, with the rumen having a central role in releasing this vast energy store. The rumen ultimately
uses lignocellulose to make products as milk and meat that are then available to humans to consume as a nutrient
dense food source (Matthews et al., 2019). However, contamination of the RC during or after slaughter, by more or
less pathogenic germs, always remains probable, which would require a reduction of this flora using physical or
chemical means, before incorporating the RC in animal feeding.

Several previous studies reported the feeding of animals with RC. In Thailand, Seankamsorn and Cherdthong
(2019) suggested that the use of RC in pellet form could be an alternative strategic supplement for Thai-native,
Wagyu-crossbred cattle to enhance nitrogen balances and microorganisms. According to Mwesigwa et al. (2020),
the use of RC in animal feeding is still low and limited to pigs and layers in Uganda. In Ethiopia, Gebrehawariat et al.
(2016) showed that RC is a potential feedstuff for layers; it is economical and simple to practice and it is a promising
feedstuff particularly during the periods of scarcity and high cost of conventional feeds.

In some contexts, the application of traditional centralized waste management solutions results in high
collection and processing costs. These costs are recorded at the level of equipment and huge means of transport
(Labioui and Cherkaoui, 2009). In order to minimize these costs and in the context of the valorization of
slaughterhouse by-products, our study proposes the attenuation of the bacterial flora of the RC by HCl 1N treatment
with a view to its valorization in animal feeding.

The microbiological quality of the RCs obtained from ruminants’ slaughterhouses located in the governorates of
Biskra and M’Sila was determined with the aim of incorporating them as a supplement in the feed of farm animals
(ruminants, poultry, rabbits, etc.) after proposing a method to reduce their microbial load with a view to their
conservation, especially since RCs are considered to be a favorable environment for microbial development (Labioui
etal, 2007).

MATERIALS AND METHODS
Approach and methodology of study

A total of 24 RCs samples were collected, three times spaced, between February and March 2015. For each
ruminant species (cattle, sheep and goats), eight samples were taken (Table 1). For each animal, two samples were
collected; one of which is considered as a control (not treated with HCl 1N), while the other is treated with
hydrochloric acid (HCI) 1N. The volume of the HCI 1N solution used is on average 0.8 mL/10 g of food.

Table 1. Summary of sampling scheme and microbiological analyzes carried out

Numb Number of |
Animal species .um er p(?r um er ° samp. s per Searched flora
animal species animal species
Total mesophilic aerobic flora (FMAT)
Cattle 4 8 .
Total and fecal coliforms
Clostridium perfringens
Sheep 4 8 Staphylococcus aureus
Yeasts and molds
Goats 4 8

Salmonella spp.

Bulletin of University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Animal Science and Biotechnologies 38



Sampling

Random sampling of fresh RCs was done directly after slaughter and evisceration of the animals. By following
the recommended aseptic rules (Konte et al., 1990), each RC sample collected was homogenized by rumen rotation
movements immediately after slaughter. Then, the immediate identification of samples is carried out using an
indelible marker.

The samples have been taken between 7:00 and 8:30 AM and then forwarded directly into an insulated cooler
at the laboratory of microbiology and biochemistry in University of M’Sila, where they undergo microbiological
treatments and tests immediately.

Protocol and standards for microbiological analyzes

In the laboratory, the pH of RCs samples was measured by a pH meter previously calibrated on 10 g of sample
(semi-liquid medium). Reading was carried out directly on the graduated scale of the apparatus. Subsequently, the
dilution of the appropriate HCl to stabilize the pH to a value (pH < 2) was determined, in order to attenuate the load
of the possible pathogenic microorganisms and to ensure a sufficiently acidic environment and unfavorable to the
microbial development. After recording the pH of each sample before and after treatment, it was found that the
diluted solution of HCI 1N is the most effective in reducing the acidity to the desired value (pH < 2).

The microbiological analyzes carried out (Table 1) in three dilutions in buffered peptone water were:

Total mesophilic aerobic flora (FMAT): whose enumeration was carried out after inoculation on ordinary
nutrient agar (GNO) and incubation at 30 °C for 72 hours (AFNOR, NF 08-051, 1991).

Total coliforms (TC) and fecal coliforms (FC): The count is performed on VRBL agar after 48 h incubation at
37 °C for TC and 44 °C for FC (AFNOR, NF 08-060, 2009).

Clostridium perfringens (CP): in sterile tubes, 1 ml of stock solutions and decimal dilutions have been
introduced. These tubes were placed in a water bath for 15-20 min at 70-75 °C to destroy any vegetative forms that
may be present and possibly activate the sporulated forms. Immediately at the outlet of the water bath, these tubes
were cooled under tap water. Subsequently, a quantity of 18 to 20 mL of Mande Liver agar was melted and then
cooled to 45+1 °C, it was then supplemented with 0.2 mL of iron Alum and 0.5 mL of sodium sulphite 5%; this
mixture was added to each test tube. Thus, the prepared media mixed with the inoculum were gently agitated to
prevent the formation of air bubbles. After solidification on bench, the tubes were incubated at 37 °C for 48 hours
(AFNOR, NF 08-056, 1994).

Staphylococcus aureus: isolated on Baird Parker selective medium supplemented with potassium tellurite and
egg yolk, and incubated at 37 °C for 48 hours. Black colonies, shiny, curved and surrounded by an opaque zone and
a clear halo were also taken into consideration (AFNOR, NF 08-057, 2004).

Salmonella spp.: pre-enrichment was achieved by the addition of 25 g of the sample to 225 mL of sterile buffered
peptone water in a 250 mL Erlenmeyer flask. The flask was incubated at 37 °C for 24 hours. The enrichment was
carried out on 10 mL of sodium selenite broth (SFB) to which 1 mL of pre-enrichment medium was added. The tubes
were incubated at 37 °C for 24 hours. The isolation was carried out on Hecktoen agar and incubated at 37 °C for 24
hours (AFNOR, NF 6579, 2002).

Yeasts and molds: by counting colonies grown after surface seeding and incubation at 25 °C for 2 to 5 days, on
OGA medium (AFNOR, NF 08-059, 2002).

Results interpretation
The interpretation was based on a classification into two categories: satisfactory and unsatisfactory, from a
microbiological point of view and depending on a limit value "m = M". In some cases, the presence of a single

organism, such as Salmonella spp., is unacceptable (Di Bartolomeo, 2011). Colony count and results expression were
performed according to the standard (AFNOR, NF, XP V08-102, 1998).

Statistical analyzes

Statistical analyzes were performed using the IBM SPSS Statistics software version 21 (2011). The mean,
standard deviation (SD), minimum and maximum were first calculated. Then a non-parametric test (Kruskal-Wallis
test) (P < 0.05) was performed for comparison between animal species before treatment, and a Wilcoxon test (P <
0.05) for the comparison of microbiological quality before and after treatment. The criteria for the microbiological
assessment of the results obtained come from the Algerian standards defined by the circular of March 30, 1990
(MARD, 1990) relating to the control of animal feeds.

RESULTS AND DISCUSSIONS
pH of RCs samples
RC samples have slightly acidic to neutral values, in the interval (5.96-7.05). The average pH value of RCs samples
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is (6.61%0.57). It is comparable to that reported by Labioui et al. (2007) (6.72+0.23) for ruminants’ RCs obtained
from slaughterhouses in Morocco. The development of rumen microorganisms is directly dependent on the
physicochemical conditions of the environment. The rumen pH value is slightly acidic, generally between (6.0 and
7.0) (Kinet, 2011). The average pH values obtained during this present study prove that rumen microorganisms
before slaughter grow and ferment properly (microbial ecosystem in equilibrium), and this allows us to deduce that
there is a good degradation of ingested food and therefore a good synthesis of microbial proteins and vitamins.

After slaughter and evisceration of the digestive tract, the internal balance of the rumen is interrupted and the
medium becomes aerobic by promoting the multiplication of pathogenic germs, which is affirmed by Cuq (2007),
reporting that the majority of pathogen microorganisms are neutrophils. Therefore, to limit their development, the
chemical treatment via HCl 1N of the RCs was carried out to decrease the pH value to (< 2). A similar study done by
Labioui and Cherkaoui (2009), affirms that the acidification of the medium (RC) by bacteriocins produced by lactic
acid bacteria, allows the destruction of pathogenic germs (FC, Salmonella spp. and Clostridium spp.) during the first
week of fermentation.

Microbiological quality of RCs before treatment with HCI 1N
Table 2 and Figure 1 summarize the microbiological quality of 12 RCs samples not treated with HCI 1N.

Table 2. Statistical parameters of microbial flora detected in RCs samples not treated with HC1 1N (CFU/g)

Microbial flora Min Mean Max SD
FMAT (x 103) 3,65 8,86 37 9
TC (x 103) 1,94 3,93 5,5 1,1
FC (x 103) 0,19 2,67 4,4 1,27
Clostridium perfringens (x 102) 0,9 7,52 22,5 7,27
Staphylococcus aureus 0 0 0 0
Yeasts and molds (x 103) 0,2 0,98 2,1 0,53
Salmonella spp. 0 0 0 0

CFU: Colony Forming Unit, FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Faecal coliforms, Min: Minimal, Max: Maximal, SD:
Standard deviation.

The RCs’ level of contamination by (FMAT) was about 8.86 x 103 CFU/g, with a maximum of 37 x 103 CFU/g and
a minimum of 3.65 x 103 CFU/g. Thus, our product is considered according to our two-class sampling plan:
satisfactory or of good microbiological quality, that is lesser than the MARD specification for animal feeds, which is
<3x 10 CFU/g.

The TC ranged from 1.94 x 103 to 5.5 x 103 CFU/g with an average of 3.93 x 103 CFU/g. This value is higher than
that set by MARD for animal feeds <3 x 103 CFU/g and in this case the food is considered as: unsatisfactory.

The FC were estimated at mean of 2.67 x 103 CFU/g.

Staphylococcus aureus and Salmonella spp., are absent in RCs samples.

CP was present on average by 7.52 x 102 CFU/g, and a maximum of 22.5 x 102 CFU/g. This value is higher than
that fixed by the Algerian standards for animal feeds <102 CFU/g.

Yeasts and molds are estimated at an average of 0.98 x 103 CFU/g, this threshold is satisfactory by referring to
Algerian standards for animal feeds (<103 CFU/g).

10°CFU/ g
10 -
8 .
6 .
4 -
M RN
0 ' T T T T T T 1
FMAT TC FC CP SAR Y-M SAL

FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Fecal coliforms, CP: Clostridium perfringens,
SAR: Staphylococcus aureus, Y-M: Yeasts and molds, SAL: Salmonella spp.
Figure 1. Means of microbial flora detected in CRs samples not treated with HCl 1N
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For the microbiological quality of RCs before treatment with HCl 1N, RCs samples were considered satisfactory,
because the culture results were lower than the MARD specifications for animal feeds. For comparison, our results
were inferior to those found by Labioui et al. (2007) (15 x 107 CFU/g) and Labioui and Cherkaoui (2009) (15 x 108
CFU/g). The TC value is greater than that set by MARD for animal feeds (<3 x 103 CFU/g) and in this case the feed is
considered unsatisfactory. The value obtained for Clostridium perfringens is higher than that set by the Algerian
standards for animal feeds (<102 CFU/g). Clostridium perfringens is a soil bacterium widely distributed in the
environment that can contaminate forage and silage (Collins and Gracey, 1992).

The results obtained for the yeasts and molds in our present study, are satisfactory and in concordance with the
Algerian standards of animal feeds (<103 CFU/g). Comparatively, in a study conducted by Bouali (2010), Salmonella
spp., Clostridium spp., yeasts and molds were totally absent in plant-based raw materials for the manufacture of
livestock feed as well as finished products. In fact, the presence of molds and/or mycotoxins in animal feeds has
several detrimental effects: altering the organoleptic and nutritive qualities of the fodder leading to a reduction in
zootechnical performances (growth, milk yield, etc.), occurrence of various diseases (mycosis, allergies, etc.), acute
or chronic intoxications related to the ingestion of mycotoxins (Boudra, 2009). In all cases, if the microorganism
content (at least one microbial group) is superior to the food quality specifications, this food is considered moldy
(Gafner, 2012). Thus, the RCs samples for this study, before treatment with HCI 1N were considered unacceptable.

Comparison of the microbiological quality of RCs according to animal species

It is obvious on Table 3 and Figure 2 below that there is dominance in number of FMAT, yeasts and molds in
goats’ RCs. The number of FMAT (136.62 x 102 CFU/g) recorded in goats is greater (almost double) than that of
cattle’s (76.5 x 102 CFU/g) and sheep’s (52.75 x 102 CFU/g) RCs. The mean of yeasts and molds recorded in goats’
RCs (14.35 x 102 CFU/g), is higher than that of cattle (10.22 x 102 CFU/g) and sheep (5.04 x 102 CFU/g). However,
TC and Clostridium perfringens have higher mean values in cattle’s RCs compared to sheep and goats.

Table 3. Statistical parameters and application of Kruskal-Wallis test (P < 0.05) on microbial flora detected in RCs
samples not treated with HCI 1N in different animal species (CFU/g)

Cattle (x102) Sheep (x10?) Goats (x102)
Microbial flora Sig.
Mean SD Mean SD Mean SD

FMAT 76.5 19.63 52.75 11.84 136.62 155.73 0.365
TC 44.62 10.57 38.5 7.94 34.85 14.60 0.472
FC 32.38 8.5 29.25 8.91 18.7 17.43 0.779
Clostridium perfringens 12.47 8.86 3.76 5.5 6.34 5.65 0.356
Staphylococcus aureus 0 0 0 0 0 0 /
Yeasts and molds 10.22 1.36 5.04 3.56 14.35 5.61 0.035%*
Salmonella spp. 0 0 0 0 0 0 /

FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Fecal coliforms, Sig: Statistical significance, *Correlation is significant at P < 0.05.

10CFU/ g
160 -

140 -
120 -~

100 - m Cattle

80 - ® Sheep
60 i Goats
40 -

o . 1

0 - , , S .=

FMAT TC FC CP SAR Y-M  SAL

FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Fecal coliforms, CP: Clostridium perfringens, SAR:
Staphylococcus aureus, Y-M: Yeasts and molds, SAL: Salmonella spp.

Figure 2: Means of microbial flora detected in RCs samples not treated with HCl 1N in
different animal species (CFU/g)
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Kruskal Wallis test (P <0.05) shows that the animal species had no significant effect on the microbiological
quality of RC. Consequently, RCs of the three animal species (cattle, sheep, goats) were recoverable without
distinction. Nevertheless, in order to ensure better conservation, we should ensure a good drying of RCs in the open
air, just after evisceration, and then treat it with HCl 1N. In fact, the very high rate of microbial mortality observed
during RCs’ dehydration is due, in large part, to the decrease in water activity (Cuq, 2007).

Microbiological quality of RCs after treatment with HCl 1N

After treatment with HCI 1N, the microbiological quality of RCs seems to be satisfactory compared to Algerian
standards for livestock feeds (Table 4).

Table 4. Means and SD of microbial flora detected in total RCs samples after treatment with HCI 1N compared to
Algerian standards for livestock feeds (CFU/g)

Microbial flora Reference of analytical Specification of Algerian Mean and SD after treatment
method norm (UFC/g) with HCI 1N (UFC/g)

FMAT AN 1207 <3x108 1.2 x 103 (+1.1)

TC AN 2812 <3x103 0.14 x 103 (+ 0.1)

FC AN 2812 <3x103 0.79 x 103 (+1.3)

Clostridium perfringens AN 2816 < 10? 0.87 x 10?2 (+1.38)

Staphylococcus aureus AN 2813 <10° -

Yeasts and molds AN 2817 <103 0.12 x 103 (+0.6)

Salmonella spp. AN 1203 Absencein25g -

FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Fecal coliforms, SD: Standard deviation, AN: Algerian Norm

The comparison of RCs’ microbial quality before and after treatment, shows that the use of the HCI 1N solution
reduces the number of microorganisms to a percentage ranging from 70.41% to 96.43% (Table 5).

Table 5. Means of microbial flora detected in total RCs samples and application of Wilcoxon test before and after
treatment with HCI 1N and microbial’s decrease rates (%)

Microbial flora Mean before treatment Mean after Decrease sig.
(CFU/g) treatment (CFU/g) rate (%)

FMAT (x 103) 8.86 1.22 86.23 0.002**
TC (x 103) 3.93 0.14 96.43 0.002**
FC (x 103) 2.67 0.79 70.41 0.003**
Clostridium perfringens (x 102) 7.52 0.87 88.43 0.002**
Staphylococcus aureus - - - -
Yeasts and molds (x 103) 0.98 0.12 87.75 0.002**

Salmonella spp. (absence in 25g) - - - -

FMAT: Total mesophilic aerobic flora, TC: Total coliforms, FC: Fecal coliforms, Sig.: Statistical significance, **Correlation is significant at P < 0.01.

Wilcoxon test for two linked samples shows that there is a highly significant difference at (P < 0.01) between
RCs before treatment and after treatment with HCl 1N. This demonstrates the effectiveness of HCl 1N in attenuating
the bacterial load of RC by aiming to its valorization in animal feeding.

Many studies reported the possible valorization of ruminants’ RCs. According to a study conducted by Bakrie et
al. (2018), the crude protein content of fermented goat’s RC is much better than the rice straw, field grass, elephant
grass or sugar cane top. Therefore, the fermented goat’s RC, may be used as substitute for various type of forages or
as an ingredient in the concentrates for various types of animals. Furthermore, the same authors reported that the
cow’s RC have been successfully used as feeds for cattle, goats, chickens, rabbits and fish. Also, Utomo et al. (2016)
reported that the use of RC as substitute for forage (Napier grass) to ruminants decreased feed intake, increased
average daily gain, and resulted in better feed conversion. However, using RC up to 67% in the diet resulted in the
greater carcass percentage. Thus, authors concluded that the optimum use of RC silage is up to 67% in the diet.

Furthermore, in a study done by Makinde et al. (2017), authors concluded to the potential use of camel’s RC in
the diet of broilers. The result of this study showed that up to 15% use of camel’s RC could be included in the diet
of broilers to replace maize and groundnut cake. Beyond this level, growth parameters may be affected.

Moreover, results of an experimental study conducted by Moningkey et al. (2016) revealed that RC and sludge
mixture fermented at the bacteria (Cellulomonas sp.) concentration of 107 CFU/g DM and 8-day incubation gave an
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optimal outcome based upon its nutrient content for rabbit feed. According the same authors, the use of these
wastes (RC) could also solve quality and sustainable feed availability problems and reduce environmental pollution
impacts.

CONCLUSIONS

This study has shown that the attenuation of the bacterial load of the RC via HCl 1N with a view to its valorization
in animal feed, is feasible at least for the three species of domestic ruminants: cattle, sheep and goats. In addition, it
appears that the lowering of the pH by a simple chemical treatment (HCI 1N) is inexpensive and easily applicable
and would allow the valuation of a by-product always available at slaughterhouses, in feeding of domestic animals.
Also the obvious positive economic impacts of our study are: the lowering of feeds’ imports monetary charges for
Algerian authorities, the coverage of summer and drought periods in animals’ foods intake. In order to successfully
carry out the RC valorization project in animal feed (ruminant or monogastric), it would be ideal to set up recycling
units close to the slaughterhouses while taking into consideration the possibility of including RC of camelids reared
in steppe and Saharan regions.
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