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Abstract

Meat production generates substantial slaughterhouse waste that, if poorly managed, poses
environmental and health risks while representing a loss of potentially valuable resources. This
study assessed the economic valorization potential of slaughterhouse waste at Tahoua abattoir
(Niger). Major by-products - blood, gastrointestinal content, horns, hooves, bile, and cranial
bones - were weighed in 30 cattle, 20 camels, 100 sheep, and 100 goats, and willingness to pay
for their utilization was estimated among 150 potential users. Gastrointestinal content was the
largest waste fraction: 23.5 kg in cattle, 35.9 kg in camels, 3.95 kg in sheep, and 1.0 kg in goats,
followed by blood. Age significantly influenced gastrointestinal content in camels. Sex, breed, and
categoryaffected certain fractions, particularly gastrointestinal contentand horn structures, while
other fractions showed minor variations. Economic analysis indicated that only use as fertilizer
elicited a positive willingness to pay. These results provide a basis for optimizing the valorization
of high-value by-products and improving sustainable slaughterhouse waste management.

Keywords: Animal by-products, Preference model, Economic valuation, Urban slaughter-

house, Niger

INTRODUCTION

Meat production inevitably generates large amounts of
slaughterhouse waste, including blood, gastrointestinal
content, bones, horns, and other animal by-products
unfit for human consumption (Omole et Ogbiye, 2013).
These residues represent significant organic by-products
that can be valorized as fertilizer (Labioui et Cherkaoui,
2009; Letah Nzouebet et al., 2025), soil amendments
(Farinet, 2017; Afilal et al., 2019), or, in some cases, as
animal feed (Ozdemir et Yetilmezsoy, 2020). In many
African contexts, waste management systems remain
insufficient, with direct discharge into the environment
causing soil and water pollution, odor nuisances, and
health risks for local populations.

Beyond environmental concerns, the sustainable valori-
zation of slaughterhouse waste represents an opportunity
for circular economy practices, enabling the production
of value-added resources such as renewable energy
(biogas) through anaerobic digestion or organic amend-
ments via composting (Habchi et al., 2024; Ouahabi,
2024). These approaches have been extensively reviewed,
highlighting the techniques, economic benefits, and en-
vironmental implications of converting slaughterhouse
waste into marketable products (Ashilenje et al., 2026).

In Sahelian areas like Niger, where both regulated and
unregulated slaughtering are common and often as-
sociated with rudimentary by-product management
(Montcho et al., 2025; Omole et Ogbiye, 2013; Muyima
et al., 2025), quantitative data on waste generation and
itseconomic valorization potential remain limited. How-
ever, similar initiatives in West Africa, such asin Senegal,
have demonstrated that methanization and composting
of solid waste can yield economically viable results while
reducing negative environmental impacts (Farinet et
Hurvois, 1991; Farinet, 2017).

©Moroccan Journal of Agricultural Sciences o e-ISSN: 2550-553X
https://doi.org/10.5281/zenodo.23118979

Within this context, the present study aims to quantitatively
assess slaughterhouse waste production in Tahoua (Niger)
and to analyze its potential economic valorization through
users’ willingness to pay, thereby providing essential data
for sustainable integrated management and recommenda-
tions to optimize valorization chains in the region.

MATERIALS AND METHODS

Sampling and data collection

This study was conducted at the Tahoua abattoir (Niger)
using a sample of 30 cattle, 20 camels, 100 sheep, and 100
goats. This sample represents 15% of large ruminant (cattle
and camels) slaughter, 27% of sheep, and 20% of goats.

The quantification of offal components was performed
using two pre-calibrated weighing systems. High-mass
items were measured with an ACS electronic scale, with
a maximum capacity of 40 kg and an accuracy of 200 g.
Low-mass items (horns, hooves, bile) were weighed with
a precision scale with a maximum capacity of 1 kg and a
sensitivity of 10 g. Prior to each data collection session, the
proper functioning and accuracy of the scales were veri-
fied according to the manufacturer’s recommendations.

Animals were randomly selected in the bleeding hall to
minimize selection bias. For each individual, data on the
quantity and weight of the waste generated were recorded
on a standardized form (Appendix). Recorded parameters
included horns, cranial bones, hooves, gastrointestinal
content, blood, and bile. Data were collected every two days
on a sample consisting of three cattle, one camel, six sheep,
and five goats, according to the established sampling plan.
Measurement procedures were adapted to the nature of
each waste type. Blood was collected during bleeding
in a 20-liter graduated container and weighed immedi-
ately to prevent loss from coagulation or evaporation.
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Gastrointestinal content was collected after evisceration
and weighed without delay. Hooves were counted on-
site and weighed in the workshop after separation of the
distal ends. Horns and cranial bones were counted and
weighed individually. Finally, bile was collected during
evisceration and weighed directly.

Statistical analyses

An analysis of variance was performed using R software
(R Core Team, 2024) to compare the different categories
of slaughterhouse waste (blood, gastrointestinal content,
horns, hooves, cranial bones, and bile) according to ani-
mal species and associated intrinsic characteristics (sex,
breed, category, and age). Multiple mean comparisons
were conducted using Tukey’s test when differences were
significant at the 5% level.

The value chain analysis of slaughterhouse by-products
was conducted using the willingness-to-pay (WTP) con-
cept, estimated with R software. Thisapproach isbased on
microeconomic theory of value, according to which us-
ers preferences for a good or service can be inferred from
the maximum amount they are willing to pay to obtain
it. Willingness to pay thus corresponds to the maximum
price an individual agrees to pay for a given quantity of a
good and serves as a relevant indicator to guide pricing
decisions and optimize revenues or margins.

The analysis relies on a random utility model. The total
utility Uij that an individual i associates with an alterna-
tive j is decomposed into two components: a determin-
istic part Vij which is observable and depends on the
product attributes, and a random component ¢ij, which
captures unobserved factors. Formally:

Uij = Vij + €ij

The deterministic component is specified as a linear
function of the price and the various attributes of the
by-products:

Vij = Bj+aj(Price) + 1 pharmacy+{2 ani-

mal feed+P3 crafts+...+p15 camel,

where B1, 32, 33,..., Pn are the coefficients of the attributes.
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The willingness to pay (WTP) for a given attribute is then
calculated as the ratio between the coefficient of that at-
tribute and the price coefficient, using the formula:

WTP=-fn/a

This expression represents the amount that users are willing
to pay to obtain a specific attribute, all else being equal. There-
fore, estimating WTP allowsidentification of the by-products
or uses with the highest perceived value and guides economic
valorization strategies within the studied value chain.

RESULTS

Slaughterhouse waste production in goats

The analysis of slaughterhouse waste productivity in
goats shows that the digestive tract content constitutes
the main component of the waste, whereas bile represents
only a marginal fraction (Table 1). The other elements
(blood, horns, and hooves) occupy an intermediate posi-
tion with relatively limited variation.

Age appears to be a determining factor, with a progres-
sive increase in the total weight of waste in older animals,
a trend particularly marked for the blood fraction. In
contrast, horns, hooves, and bile remain only slightly
influenced by this factor. The effect of breed is gener-
ally weak, with significant differences observed only for
digestive tract content, without a notable impact on the
overall waste production.

Sex influences overall waste production, with females
generating higher quantities of waste than males, mainly
due to a greater digestive tract content. Finally, the
physiological category confirms this hierarchy, as adult
animals produce more waste than younger individuals.

Slaughterhouse waste productivity in sheep

The productivity of slaughterhouse waste in sheep is
mainly dominated by the digestive tract content, followed
by blood, while horns, hooves, and bile contribute only
marginally to the total waste mass (Table 2). Age appears
to be the most determining factor, as animals older than

Table 1: Variation of slaughterhouse waste components in goats according to age, breed, sex, and category at the

Tahoua abattoir (Niger)

Variables Category N Blood Dlgizt;::nt: act Horns Hooves Bile Total
Overall mean 100 0.53+£0.26 | 1.00+0.53 ]0.09+0.09| 0.04+0.01 | 0.01+£0.01 | 1.70+0.70
10—6 months[ 22 045+0.27* | 0.85+0.38* |0.06+0.07¢ 0.05+0.022 | 0.01 £0.05* | 1.44 £0.622
Age ]6—12 months[ | 72 0.53+0.21* | 1.02+0.522® |0.10+ 0.09% 0.05+0.01* | 0.01 £0.05* | 1.72 £ 0.65*
>12 months 6 0.75+0.53> | 1.40+1.00* |0.10+0.092 0.05+0.01* | 0.01 £0.05* |2.32+1.11°
p-value 0.04 0.079 0.22 0.70 0.73 0.01
Sahelian 89 0.53+0.27* | 1.00+0.54* |0.10+0.092| 0.05+0.01* | 0.016 +0.005* | 1.72 £ 0.70?
Breed Red (Rousse) 11 042+0.122 | 0.99+0.55* [0.04+0.02 0.05+0.07* | 0.01 £0.004* | 1.53 £ 0.63*
p-value 0.92 0.041 0.93 0.51 0.39 0.17
Male 58 0.52+0.29* | 0.80+0.332 |0.09+0.07¢ 0.05+0.01* | 0.01 £0.00® | 1.50 £ 0.552
Sex Female 42 0.54+0.19* | 1.26+0.65* |0.10+0.112| 0.04+0.01* | 0.01 £0.00* | 1.97 £0.78
p-value 0.78 0.001 0.83 0.27 0.73 0.001
Doe 41 0.52+0.20* | 0.25+0.67* |0.09+0.112| 0.04+0.01* | 0.01 £0.00* | 1.94 + 0.83%
Catego- Kid 10 0.50+0.28 | 0.72+0.34* [0.09+0.11*) 0.05+0.02* | 0.01£0.00* | 1.33+0.50
ries Buck 49 0.54+0.29* | 0.85+0.33* |0.10+0.07¢ 0.05+0.01* | 0.01 £0.04* |1.57 £ 0.54%°
p-value 0.81 0.001 0.18 0.30 0.54 0.001
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24 months exhibit a significantly higher total waste pro-
duction, primarily due to a greater digestive tract content.
In contrast, the effect of breed remains generally limited,
with significant variations observed only for certain spe-
cific fractions, particularly hooves. Similarly, physiological
categories and sex influence some individual components
(blood and hooves), without leading to significant dif-
ferences in the overall waste production. Therefore, the
overall variability in slaughter waste production in sheep is
mainly associated with age and the predominant contribu-
tion of the digestive tract content.

Slaughterhouse waste productivity in cattle

The analysis of slaughterhouse waste production in cattle
indicates that digestive tract content (DTC) is the domi-
nant component of total waste, followed by blood, while
horns, bones, hooves, and bile contribute smaller propor-
tions (Table 3). Age significantly affects certain fractions,
particularly DTC, horns, and hooves, with higher values
observed in animals older than five years, although no
significant difference is observed in total waste produc-
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tion. Breed appears as the main source of variability, sig-
nificantly influencing several components and the total
waste weight. In contrast, sex shows no significant effect,
while physiological category mainly affects horn weight.
Overall, slaughter waste variability in cattle is primarily
driven by breed and, to a lesser extent, age.

The analysis of slaughter waste productivity in camels
(Table 4) shows that the digestive tract content (DTC)
constitutes the dominant component of the total waste
weight, followed by blood, whereas hooves, bile, and other
by-products (OB) represent relatively small fractions.
Age significantly influences the quantity of digestive tract
content, with animals older than 10 years showing higher
values than those aged between 5 and 10 years. In con-
trast, no significant differences are observed for the other
components. Consequently, although a tendency toward
higher total waste production is observed in older camels,
this variation remains statistically non-significant. Overall,
these results indicate that the variability in slaughter waste
production in camels is mainly driven by fluctuations in
digestive tract content.

Table 2: Effects of age, breed, sex, and production category on the quantity of slaughterhouse waste components in sheep

Digestive

Variables Category N Blood tract content Horns Hooves Bile Total

Overall mean 100 | 1.06+0.35 | 3.95+1.05 | 0.09+0.07 | 0.08+0.10 | 0.02+0.01 | 522+ 1.12

1024 months[ | 8 | 1.05+0.36* | 3.74+0.92* | 0.08 + 0.10* | 0.09 +0.06* | 0.02 + 0.00* | 5.00 + 1.00*

Age > 24 months 15 | 1.10+£0.30* | 5.10+0.90* | 0.10+0.00* | 0.00+0.10* | 0.00 £ 0.00* | 6.50 + 0.90®
P-value 0.41 0.001 0.87 0.46 0.15 0.001

Bali-Bali 42 | 1.10+£0.30° | 3.90+1.10* | 0.00 £ 0.00** | 0.00 +0.00* | 0.00+0.00* | 520+ 1.10¢

Oudah 29 | 1.00+0.30® | 3.90+ 1.00* | 0.10 +0.00%> | 0.10 £ 0.10%> | 0.00 £ 0.00* | 5.20 + 1.10*

Breeds Ara-ara 21 1.00+0.40 | 4.00 +0.90* | 0.00 + 0.00* | 0.00 +0.00* | 0.00 £ 0.00* | 5.20 + 1.10?

Koundoum 8 0.70 +£0.30* | 3.80+£0.90* | 0.10+0.00® | 0.10+0.10® | 0.00 £+ 0.00* | 4.90 + 0.80?
P-value 0.10 0.95 0.13 0.001 0.28 0.89

Ewe 59 | 1.10+0.30* | 4.00+1.10* | 0.00+0.00* | 0.00+0.00* | 0.00 +0.00* | 5.30 + 1.20°

Categories Ram 41 | 0.90+0.31* | 3.89+0.92* | 0.08 +0.07* | 0.14+0.08* | 0.02 +0.00* | 5.06 £ 0.97¢
P-value 0.001 0.69 0.85 0.001 0.15 0.22

Male 49 | 0.90+0.30* | 3.80+0.80* | 0.00+0.00* | 0.10+0.00* | 0.00 £+ 0.00* | 5.00 £ 0.90°

Sex Female 51 | 1.10+0.30* | 4.00+1.20* | 0.00£0.00* | 0.00+0.00* | 0.00 + 0.00* | 5.30 + 1.20°
P-value 0.001 0.33 0.51 0.001 0.001 0.26

Table 3: Variation in slaughterhouse waste components in cattle according to age, breed, sex, and production category

Variables | Category N Blood tr!l)citggztri&’:nt Horns Hooves Bile Bones Total
Overall mean 30 |6.86+1.41] 23.54+6.62 | 1.47+0.50 |0.36 £0.20 0.41 +£0.12 |1.36 =0.39|34.00 + 7.90
1-5 years 10 | 6.7+14* | 19.1+£3.6* | 1.0£0.1*> | 0.24+0.0* | 0.4+0.1> | 1.2+0.1* | 28.7£4.7
Age > 5 years 20 | 6.9+1.3* | 257+6.7* | 1.6+£0.5* | 0.4+02> | 0.4+0.1> | 1.4+04* | 36.6+7.9
P-value 0.65 0.001 0.03 0.001 0.70 0.24 0.24
Azawak 20 | 6.7+14> | 21.1+48 | 1.2+0.2* | 0.3+0.2* | 0.3+£0.1> | 1.14£0.2* | 30.9+5.4
Breed Bororo 9 72+142 | 295+65 | 2.1+0.1> | 0.4+0.00 | 0.5+0.00 | 1.8+0.32 | 41.7+7.0°
P-value 0.62 0.001 0.27 0.001 0.001 0.001 0.001
Male 6 7.7+£2.00 | 27.4+6.20 1.6+0.6* | 0.3+0.1* | 04+0.1* | 1.3+0.3* | 39.0+8.32
Sex Female 24 | 6.6+1.1* | 22.5+£6.4° 14+04* | 0.3+£0.22 | 04+£0.1* | 1.3+£04* | 32.7+7.4
P-value 0.07 0.10 0.30 0.49 0.33 0.88 0.08
Cow-Bull 22 16.87 +1.29%24.85+7.032| 1.61 £0.5" |0.40 +0.22*/ 0.40+0.112|1.4+0.44* | 35.5+8.32
Categories Heifer 4 6.3+0.32 | 18.8+1.5 | 1.04+0.09* |0.26 = 0.092 0.44 £ 0.15*|1.25 +£0.25* 28.11 £ 1.2»
g Calf 4 6.4+0.00 | 155+0.00 |1.14+0.24*0/0.21 £0.01#/0.34 £ 0.142|1.21 £ 0.19231.33 £ 6.79*
P-value 0.57 0.18 0.01 0.16 0.46 0.58 0.17
Tableau 4 : Mean production (kg) of slaughterhouse waste according to age in camels
- DTC (Digestive .
Variability Category | N Blood Tract Content) Hooves Bile (01 Total
Overall mean 30| 840+1.20 | 359+7.03 0.86+0.14 | 0.53+0.23 | 1.49+0.32 | 47.17+£8.11
15-10years[ | 11 | 8.6+ 1.22 32.7+£8.22 0.8+0.12 0.4+0.22 14+£032 | 44.1+£9.9
Age >10years | 9 8.1+0.5° 39.6 £ 1.7¢ 0.9 £0.02 0.6 £0.12 1.5£032 | 50.9+2.0°
P-value 0.40 0.02 0.09 0.13 0.68 0.06
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Willingness to pay for slaughterhouse waste at-
tributes

The analysis of willingness to pay (WTP) reveals strong
differentiation depending on the uses and types of slaugh-
terhouse by-products (Table 5). Amongthe outlets studied,
only the use of waste as fertilizer shows a positive and sta-
tistically significant WTP, indicating a genuine willingness
among stakeholders to pay for this form of valorization. In
contrast, uses related to pharmaceutical, artisanal, and cos-
metic purposes, as well as the valorization of certain spe-
cific by-products (digestive tract content, horns, hooves,
bile, and cranial bones), exhibit negative and significant
WTP values, reflecting low economic value or a lack of
interest from users. Uses for animal or human consump-
tion show non-significant results, suggesting an uncertain
perception of their economic potential. Furthermore,
WTP varies according to animal species: the highest values
are observed for cattle and sheep, followed by camels and
goats, indicating that willingness to pay is influenced by the
economic importance and the volume of waste generated
by each species. Overall, the results indicate that slaugh-
terhouse waste valorization is primarily oriented toward
its use as organic fertilizer, while other transformation
pathways remain economically less attractive.

Table 5: Willingness to pay (WTP) for slaughterhouse
by-products by use and animal species

Attributes WTP 2.5% 97.5%
Pharmaceutical -970.9 | -1822.2 -529.3
Animal feed 340.8 -138.2 529.3

Artisanal -984.5 | -1857.8 -507.9
Fertilizer 1748.5 941.4 4298.8
Human consumption -380.8 -890.1 167.4

Cosmetic -604.0 | -1195.1 -87.3

Digestive tract content -711.4 | -1578.3 -343.4
Horns -1093.2 | -2311.2 -654.0
Hooves -1412.9 | -2943.4 -887.8
Bile -2112.0 | -4454.5 -1364.9
Cranial bones -1178.0 | -2488.5 -719.2
Goat 1686.4 1128.8 2902.3
Sheep 2491.6 1784.8 44499
Cattle 2577.1 1855.0 4618.0
Camel 2387.7 1712.1 4234.7

DISCUSSION

This study highlights a substantial production of slaugh-
terhouse waste in Tahoua, confirming that animal by-
products constitute a significant fraction of biomass
generated by livestock systems. These findings align with
Omole and Ogbiye (2013) and other studies in Africa
and Asia, showing that solid and liquid abattoir wastes
represent a notable proportion of live weight and a major
source of organic biomass (Muyima et al., 2025; Montcho
et al., 2025). Al-Gheethi et al. (2023) further emphasize
that high organic loads in slaughterhouse waste are a
major pollution factor where management systems are
inadequate, a situation frequent in developing countries.

Comparative analyses of average waste production in
goats, sheep, and cattle reveal substantial inter- and
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intraspecific variability, dominated by digestive tract
content (DTC), the largest mass fraction of non-carcass
residues. This predominance of digestive viscera is well
documented (Owens et al., 1993; Ferrell et Jenkins, 1998)
due to their metabolic function and diet-related variabil-
ity. Higher values in cattle versus sheep and goats reflect
live weight and body size effects, an established allometric
relationship (Owens et al., 1993), consistent with obser-
vations by Ragasri and Sabumon (2023), Montcho et al.
(2025). Recent reviews also stress the need for reliable
quantitative data to guide circular economy strategies
(Ashilenje et al., 2026; Ozdemir et Yetilmezsoy, 2020).

Age significantly affected DTC and total weight, particu-
larly in adult goats and sheep, supporting Greenwood and
Thompson (2007) on physiological maturity and organ de-
velopment. Significant breed differences in cattle (Bororo
vs Azawak) and, to a lesser extent, sheep, confirm that
genetic variation influences tissue distribution and ancil-
lary component proportions (Prieto et al., 2009; Navajas et
al., 2010). Limited sex effects further indicate that sexual
dimorphism mainly matters when live weight or body
composition differences are pronounced (Owens et al.,
1993; Greenwood, 2007).

Environmentally, the large volumes of blood and DTC
confirm the high pollutant potential of untreated effluents
(Al-Gheethi et al.,2023). In many African contexts, lack of
proper treatment is linked to increased health risks (Muyi-
ma et al., 2025; Montcho et al., 2025). Anaerobic digestion
is a relevant option for energy recovery from organic-rich
waste, demonstrating high methanogenic potential, espe-
cially with co-digestion (Habchi et al., 2024; Ripoll et al.,
2023; Quelal et Hurtado, 2023). Small-scale digesters have
proven feasible in West Africa (Afilal et al., 2019; Farinet et
Hurvois, 1991; Farinet, 2017), and integrated biogas units
can reduce pollution and be economically viable (Sanchez
et al., 2023). In the Sahel, digestates improve soil fertility
and crop production, corroborating Labioui and Cherka-
oui (2009), Letah Nzouebet et al. (2025).

Willingness-to-pay (WTP) results reveal selective eco-
nomic valuation of by-products. Positive WTP for fertil-
izer reflects recognition of agronomic value due to nitro-
gen, phosphorus, and organic matter content (Salemdeeb
et al., 2017; Bernstad et la Cour Jansen, 2012). Negative
and significant WTP for pharmaceutical, cosmetic, arti-
sanal uses, and some specificby-products (horns, hooves,
bile, cranial bones, DTC) reflectslow perceived economic
attractiveness despite technological potential (Makkar et
al., 2014; Lynch et al., 2017). Non-significant WTP for
animal feed and human consumption suggests ambiva-
lent perceptions, potentially linked to health and socio-
cultural factors (Makkar et al., 2014). Positive WTP for
goat, sheep, cattle, and camel chains, favoring cattle and
sheep, confirms that willingness to pay correlates with by-
product volume and economic importance (Wilkinson,
2011; Herrero et al., 2013). Overall, in Sahelian contexts,
slaughterhouse waste valorization is oriented toward
simple, locally manageable, and immediately profitable
uses, while high-value pathways remain constrained by
structural, technological, and institutional limitations.
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CONCLUSION

This study highlights the quantitative importance and
composition of slaughterhouse waste at the Tahoua
abattoir for goat, sheep, and cattle species. Overall, the
digestive tract content constitutes the main component
of the waste, followed by blood, while horns, hooves, bile,
and bones represent secondary fractions. The observed
variability is mainly associated with biological factors
such as age and, in some cases, breed—particularly in
cattle—whereas the effects of sex and physiological cat-
egory remain generally limited on total waste production.

The results regarding willingness to pay indicate that agri-
cultural valorization, particularly as organic fertilizer, is the
economically most attractive option for local stakeholders,
while other potential uses remain underutilized. These
findings underscore the still untapped potential of slaugh-
terhouse waste within a circular economy perspective.

From a public policy standpoint, the implementation of
integrated systems for the management and valorization
of slaughterhouse waste appears essential to reduce envi-
ronmental and health risks while creating new economic
opportunities. Future research should focus on quantify-
ing waste flows on a larger scale and evaluating the ag-
ronomic, energetic, and economic potential of different
valorization pathways adapted to Sahelian contexts.
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