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I. INTRODUCTION 

 
1 General Context of Sheep Farming in Algeria 

Shepp farming plays a vital and multidimensional role in Algeria, with far-reaching 

impacts across multiple dimensions: economic, ecological, cultural, and religious, underscoring 

its  deeply  rooted  place  in  rural  Algerian  society  for  centuries.  It is  a pillar 

in the establishment of Algeria's rural and agricultural economy, especially in agro-pastoral 

zones, where it plays a crucial role, such as maintaining food security, generating income, and 

rural employment contributing significantly to the sustainability and resilience of local agro- 

ecosystems. Furthermore, it is a mere source of meat contributing over 50% to the national 

production of red meat and 10–15% to the agricultural gross domestic product (GDP) (Moula, 

2018) 

From an environmental ecological perspective, sheep farming is one of the few systems 

that can sustainably utilize locally available resources in all local agroecosystems. The genetic 

diversity, the rusticity and physiological resilience of the sheep populations in Algeria allows 

them to adapt to a wide range of agro-ecosystems, from arid and semi-arid regions to 

mountainous terrains and coastal pastures (Belkasmi, 2021). They are well adapted to harsh 

climatic conditions and fragile environments and able to value spontaneous annual vegetation 

of natural pastures and rangelands and cereal crops and co-products. Sheep farming can convert 

low-quality forage into valuable animal products, thus contributing to ecosystem balance while 

maintaining productive use of vast, otherwise marginal lands. 

Beyond its economic and ecological roles, sheep farming holds significant sociocultural 

value, by being deeply rooted in cultural identity, religious traditions, and historical practices. 

Ancestral livestock management practices and local knowledge are passed down through 

generations, reinforcing social cohesion and preserving indigenous pastoral heritage. sheep play 

a central role in major cultural and religious events, notably during Eid al-Adha, Ramadan and 

other holidays reinforcing the symbolic and religious role of sheep, associating them with good 

fortune and strong societal values (Kanoun et al., 2013) 

Sheep farming in Algeria is far more than a simple agricultural activity; it is a multifaceted 

system that anchors rural life, sustains local economies, and upholds cultural and environmental 

traditions. Its ability to integrate economic productivity with ecological balance, while 

preserving genetic biodiversity and cultural heritage, makes it an essential component of 

Algeria’s rural development strategy. 
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However, despite its critical role, sheep farming in Algeria remains marginalized compared to the 

bovine and poultry sectors. It receives limited institutional support and investment, often being 

overlooked in favor of more intensive and industrialized forms of animal production. Most sheep 

production systems are still managed extensively or semi-extensively, relying heavily on natural pastures 

and traditional practices. This lack of modernization and structural organization significantly affects 

productivity, limits market integration, and exposes the sector to climatic and economic shocks. 

Without a coherent national strategy to support value chain development, health monitoring, 

genetic improvement, and producer training, the full potential of Algerian sheep farming remains 

untapped wish present the most paradoxical aspects of the current situation: despite the vast natural 

rangelands and the genetic adaptability of local breeds, the meat productivity remains low, and the price 

per kilogram of lamb is the highest. 

The sheep farming sector needs to receive attention in development strategies through targeted 

investments, research, and supportive policies to unlock its full potential for food security, and 

environmental resilience. 

1.1 Sheep breeding systems 

Sheep breeding systems in Algeria are deeply influenced by ecological, socio-economic, 

and cultural factors. These systems can be categorized into extensive, semi-extensive, and more 

rarely intensive models, each with distinct characteristics, challenges, and levels of productivity 

a. Extensive Systems 

 

The extensive system is the most traditional and common in Algeria, particularly in 

steppe and semi-arid and arid regions. This system plays a vital socio-economic role for isolated 

areas where it represents the main source of income and sustains pastoral traditions. However, 

it is highly vulnerable to climate variability, land degradation, and seasonal forage shortages. 

It is characterized by: 

 

 Low-input, low-output operations 

 Dependence on natural grazing with minimal supplementation 

 Use of traditional management practices such as nomadism (Azaba) and transhumance, 

where herds migrate seasonally to exploit pasture availability 

 Large flock sizes managed by families or community units 
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b. Semi-Extensive Systems 

 

In response to growing environmental pressures and changing socio-economic 

conditions, many farmers have shifted toward semi-extensive systems. These systems 

combine: 

 

 Controlled grazing with strategic supplementation (barley, wheat bran, crop residues) 

 Partial sedentarization of herds, reducing mobility while maintaining pasture use 

 Often practiced in semi-arid cereal-producing zones, where integration with crop 

farming helps manage feed supply 

 

Semi-extensive systems are characterized by the strategic use of supplemental inputs to 

improve animal performance and health, while preserving the core elements of traditional 

herding practices. 

 

c. Intensive Systems 

 

Less common, intensive sheep farming is emerging in peri-urban areas and among 

commercial farms. This system is defined by 

 

 Full confinement or very limited grazing 

 Complete reliance on concentrate-based diets 

 Improved genetics 

 

This system is not practiced exclusively by farmers, but also by traders aiming to 

produce market-ready sheep for specific religious celebrations focused on rapid fattening and 

meeting peak market demand during key cultural events. These systems enable higher 

productivity, particularly for meat production, but require significant investment and 

infrastructure. Their development remains limited by access to capital, technical expertise, and 

market stability. 
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Photos 01, 02 and 03: Different kind of sheep systems in Algeria; (A): intensive system, (B): semi 

extensive system, (C): extensive system. 

 

As final point, sheep farming in Algeria has historically been predominantly extensive, 

heavily dependent on natural resources. Traditional systems including seasonal nomadism 

(Azaba) and transhumance, where flocks migrate seasonally to access diverse pastures have 

long characterized the sector (Bencherif, 2011) However, due to increasing sedentary 

populations and environmental degradation, there has been a noticeable shift toward more semi- 

extensive systems (Meziane et al., 2024), combining traditional grazing practices with partial 

settling of herds and increased use of supplemental feeding. This change aims to better manage 

limited forage resources and ensure the economic sustainability of farms in a more challenging 

environmental context. 

This transition has also brought diversification in production systems, ranging from 

nomadic-extensive to semi-sedentary, semi-extensive and fully sedentary models-intensive. 

 

 

 

 

(A) 
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These systems vary in terms of herd size and degree of intensification, depending on local 

environmental conditions and the availability of resources to farmers (Laoun et al., 2015). 

1.2 Nutritional Resources and Feeding Strategies: Reliance on Natural 

Grazing 

Most of the national sheep flock, concentrated between the high cereal-producing 

plateaus and the vast steppe regions (Ouali et al., 2023). This geographic distribution is closely 

linked to the availability of natural forage and has shaped the dominant production systems 

across the country. Extensive and semi-extensive systems prevail in these areas, relying heavily 

on seasonal grazing across natural rangelands. 

Under the different sheep breeding systems in Algeria, the animals' diet depends largely 

on natural grazing, which fluctuates significantly by season and region. While spring and early 

summer offer relatively abundant and diverse pastures; the Autumn and Winter periods are 

characterized by forage scarcity, particularly in arid and semi-arid zones where vegetation is 

scarce, and precipitation is limited. The use of concentrated feed and the integration of sheep 

farming with cereal crop production have become common strategies, particularly in semi-arid 

regions, to compensate for the shortage of natural pastures farmers often rely on feedstuffs such 

as barley, wheat bran, and crop residues, …etc. as observed (Slimani et al., 2022) the Algerian 

steppe. 

For both natural pastures and supplementary feed, the nutritional quality, consistency, 

availability, and balance of are frequently inadequate and can be insufficient to meet the 

nutritional requirements of the flocks, particularly during physiologically demanding periods 

such as late gestation, early lactation, and fattening...etc. 

In sheep farming in the Algerian steppes, supplemental feeding has become essential due 

to the gradual decline of natural pastoral resources. The Algerian steppe, a region primarily 

dedicated to pastoral activities and extending over approximately 20 million hectares, is 

regularly threatened by climate variability as well as the increasing frequency and intensity of 

extreme events (Bensmira et al., 2020b). Indeed, this climatic instability is reflected in 

increased interannual variability of precipitation, a decrease in rainfall, rising temperatures, and 

more frequent droughts. These unfavorable climatic changes have had severe consequences on 

grazing areas, leading to a progressive desertification process characterized by a significant 

regression and depletion of vegetation cover, along with changes in floristic composition, 

caused by drought, overgrazing, and accelerated land clearing (Bensmira et al., 2020b). 
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Natural pastures, which are the main source of food for the herds, vary greatly depending 

on the season and region. They are relatively abundant in spring and early summer but become 

scarce in autumn and winter. This variability forces farmers to use additional feed, such as 

barley and bran, to cover the nutritional gaps during critical periods (Harkat et al., 2024). 

These supplements are often distributed in varying quantities, around 300 g per head per 

day, with a notable increase before breeding periods or sacrificial festivals(500-800g) (Meziane 

et al., 2024). 

This map illustrates the ecological diversity and strategic location of Algeria’s steppe 

zone, which serves as a transitional ecological barrier between the fertile Mediterranean north 

and the arid Sahara in the south. Represented by a green hatched area, the steppe zone includes 

cities such as ‘Djelfa’, ‘Laghouat’, ‘Naama’, ‘Tiaret’, ‘Biskra’, ‘El Oued’, ‘Tébessa’, ‘M’sila’, 

and ‘Béchar’. It is characterized by a semi-arid climate and vegetation adapted to drought, 

reflecting a gradual degradation of natural resources especially vegetation cover and water 

toward the south. This ecological decline directly affects agriculture and livestock farming in 

the region. 

 

Figure 01 : Algerian steppes (Nedjraoui et al., 2008). 
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1.2.1 Zootechnical Consequences of Nutritional Constraints 

Sheep zootechnical performance can be significantly influenced by nutritional 

constraints. Insufficient feeds, particularly in important stages like gestation and lactation, can 

have adverse effects on ewe fertility, conception and lambing frequency as well as metabolic 

disorders in the ewes and slaughter of lambs. Moreover, an unbalanced diet and 

immunodeficiency increases the incidence of illnesses and mortality, especially in young lambs 

(Meziane et al., 2024). 

The result of these nutritional deficiencies and imbalances observed in certain farms 

lead to significant variability in zootechnical performance among groups of sheep. This 

heterogeneity represents a major obstacle to the implementation of genetic improvement 

programs and complicates the technical and economic management of flocks (Houssou et al., 

2021). 

The implementation of optimized management practices becomes necessary, and 

the embracement of innovative technologies aimed at boosting productivity and long-term 

sustainability. 

In this context, understanding the feeding behavior of sheep under different production 

systems becomes essential for designing more effective and sustainable nutritional 

interventions. Feeding behavior defined by parameters such as grazing time, intake rate, 

selectivity, and adaptation to feed types is influenced by various factors including breed, 

physiological state, environmental conditions, and feed availability. Characterizing and 

analyzing these behaviors under Algerian farming conditions is therefore crucial to identify 

current limitations and propose context-specific solutions aimed at improving feed efficiency, 

animal welfare, and overall flock productivity. 

 

2 Feeding behavior of sheep 

2.1 Definition 

Feeding behavior serves as a valuable indicator for developing effective 

management strategies in sheep, enabling appropriate nutritional and health care to 

ensure the animals’ well-being and ultimately enhance flock productivity (Amorim et 

al., 2025). 
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(Boval & Sauvant, 2019) highlight that feeding behavior influences both feed efficiency 

and the robustness of ruminants by reflecting their ability to adapt to a variety of available 

resources. In this context, measuring feeding behavior parameters is associated with identifying 

and classifying the patterns of feeding, rumination, and idleness exhibited by the animals 

(Campos et al., 2018). 

 

According to (Jean-Blain, 2002), feeding behavior in ethology is defined as the set of 

actions through which an animal seeks, selects, and consumes food in adequate quantities to 

meet its energy and nutrient requirements. 

 

Similarly, (Toates, 1980) noted that ruminants, like other livestock species, strive to 

align their food intake with their nutritional needs. While many species depend on forage, few 

are as remarkably adapted as ruminants, which exhibit a unique feeding behavior that combines 

ingestion and rumination. This combination is essential for breaking down food particles and 

maintaining optimal rumen pH levels. Together, these activities play a pivotal role in the lives 

of ruminants. 

 

2.2 Factors influencing feeding behavior 
 

 Sheep grazing behavior is shaped by several pasture and forage factors. When there's 

more forage available and the grass is taller, sheep can take bigger bites, which can 

speed up grazing, but it might also mean they spend more time chewing. The types of 

plants in the pasture and their stage of growth also matter. Sheep are pickier eaters when 

plants are young and tender but become less selective as the plants mature. The quality 

of the forage plays a role too; when the plants are high in fiber, like with more Neutral 

Detergent Fiber (NDF), sheep need to chew and ruminate more to digest it properly. All 

of these factors come together to influence how, what, and how much sheep eat in a 

pasture (Silva & Filho, 2020).

 Animal-related factors, such as genetics and breeds, greatly influence how sheep feed 

and utilize forage. Genetic background and breed can affect their feeding behavior, how 

much they eat, and how efficiently they convert feed into energy (Kaitholil et al., 2023).

 Additionally, age and sex, along with physiological conditions like pregnancy or 

lactation, shape their nutritional needs and grazing patterns. For example, lactating ewes 

require more nutrients and often graze differently compared to dry ewes or young lambs,
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highlighting how individual differences impact overall feeding behavior (Silva & Filho, 

2020b). 

 Environmental and management factors significantly influence how sheep graze and 

digest their food. Weather conditions, especially temperature and humidity, can affect 

grazing habits. Sheep tend to graze less during hot periods and ruminate more during 

cooler times, such as at night. The way pastures are managed, including grazing 

schedules, intensity, and the number of animals per area, also shapes grazing behavior. 

When forage is scarce, sheep may change their feeding strategies to meet their 

nutritional demands. Moreover, providing supplementary feed, like concentrates, can 

impact grazing patterns by affecting digestion and nutrient absorption in the rumen 

(Silva & Filho, 2020b).

 

3 Importance and objective of our study: research of nutritional behavioral 

under limiting conditions 

Sheep farming in Algeria faces major challenges, particularly related to feeding and 

management, which threaten the sustainability of this essential sector. To overcome these 

issues, the use of easy technologies has become increasingly necessary. Among the most 

promising innovations are sensor-based tools are used to study the grazing behavior of animals 

to understand how animals interact with pastures, the amount of food they eat in a specific time, 

the number of meals, how long they eat, grazing time…etc 

By using these technologies, we can understand the grazing behavior and energy balance 

of goats browsing the Algerian steppe (Chebli et al., 2022) this information is crucial for 

understanding how sheep interact with their environment, their nutritional intake, energy 

balance, and adaptation to the harsh conditions of the Algerian steppe. 

 

Our study aims to: characterize grazing behavior under steppe conditions using sensor 

technology, as a step toward smarter and more resilient sheep production systems. 

More importantly, our approach will enable us to design more effective supplementation 

strategies that reduce both nutritional losses and the environmental impact caused by uneven 

grazing patterns. Ultimately, to develop precision livestock farming practices which can 

improve animal productivity, health, and welfare while also lowering costs and promoting the 

long-term sustainability of pastoral systems in Algeria. 
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Figure 2: The geographical location of the study site: satellite photo of the region (Google 

Earth) and a photo of the experimental pasture 

II. MATERIAL AND METHODS 

 

1 Study Subjects 

The primary objective of this study is to deepen the understanding of grazing behavior 

in sheep farming in Algeria, particularly within steppe ecosystems. This is achieved by 

improving the prediction of animals’ maintenance energy requirements and promoting the 

adoption of user-friendly, low-cost technologies. 

 

This work directly addresses a major challenge in Algerian livestock systems: the limited 

knowledge of actual feed intake by animals, even during grazing. This lack of precise 

information often leads to supplementation practices that are based on empirical or traditional 

methods rather than scientific evidence. As a result, nutritional management tends to be 

inefficient, potentially compromising animal performance and resource use. By generating 

accurate data on grazing intake, this study aims to support more rational and science-based 

supplementation strategies, adapted to extensive and semi-extensive production systems. 

 

2 Study area 
Our study was conducted on the commercial farm located in the province of M’sila, in 

the southern part of the country (35° 37′ 49″ N, 4° 10′ 36″ E), this farm is situated in a steppe 

region with a semi-arid climate which serve as a transition zone between the Tellian Atlas to 

the north and the Sahara to the south. It is considered a representative site of steppe ecosystems, 

which cover a significant portion of Algeria’s pastoral lands (figure 02). 

Small ruminant farming, particularly sheep, is the predominant agricultural activity in 

the region, reflecting both the ecological suitability and the socio-economic reliance of local 

populations on pastoralism (Zemour & Sadoud, 2021). 
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2.1 Soil and Climatic Characteristics of the Study Area 

2.1.1 Climatic Conditions 

The region exhibits a semi-arid climate, characterized by low and irregular annual 

precipitation, which averages less than 250 mm. Seasonal climatic extremes are typical: 

 Winters are cold and dry, with average temperatures around 4°C and minimal rainfall.

 Summers are long, dry, and very hot, with maximum temperatures frequently exceeding 

39°C.

These harsh conditions strongly influence forage availability, vegetation dynamics, and 

animal nutritional behavior, making the area a pertinent site for studying grazing patterns, feed 

intake, and adaptive management strategies in extensive sheep production systems. 

a. Temperature 

Temperature represents a limiting factor of utmost importance, as it controls all 

metabolic processes and thus determines the distribution of all plant species and communities 

of living beings in the biosphere (Ramade, 2009). 

This fundamental role of temperature becomes even more evident when considering its 

direct influence on vital physiological phenomena, such as photosynthesis, respiration, and 

digestion follow Van’t Hoff’s law, which states that the rate of a reaction is a function of 

temperature. 

 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Average temperature 

(°C) 
7,7 8,8 13,1 17,1 21,8 27,5 31,2 30,2 24,8 19,6 12,4 8,4 

Min Temperature 

(°C) 
3,4 3,8 7,2 10,7 14,8 19,8 23,3 23 19,9 14,4 8,2 4,4 

Max temperature 

(°C) 
12,7 14,2 19,1 23,4 28,3 34,4 38,2 37 30,8 25,2 17,3 13,2 

Table 1: Monthly Average, minimum (min) and maximum(max) temperatures at Khettouti Sed El 

Djir Area (1991 - 2021) Resource: tutiempo.net 

 

 

b. Precipitation and Humidity 

Precipitation and humidity are two essential climatic factors that directly influence plant 

growth and ecosystem dynamics and the well-being of livestock animals by affecting forage 

availability, water resources, and thermal comfort. 
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Precipitation provides the necessary water for soil and vegetation, while humidity 

controls evaporation and transpiration. Together, they regulate the water cycle and contribute 

to the water balance of many natural environments. Low humidity coupled with reduced 

precipitation can lead to significant water stress. These two parameters are therefore 

fundamental to the functioning of terrestrial and aquatic ecosystems (Brutsaert, 2005) 
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 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Precipitation 

(mm) 

26 21 27 30 24 9 5 9 25 24 26 23 

Humidity 

(%) 

71 64 52 45 39 30 26 30 44 52 67 74 

 

Figure 3: Monthly average of humidity and precipitation in M’sila (1991 – 2021) 

Source: climate-data.org 

 

 

The study area is characterized by a marked deficiency in both precipitation and 

humidity. This scarcity of moisture significantly limits plant growth, reducing the availability 

and diversity of natural forage resources. Consequently, livestock in this region are frequently 

exposed to nutritional stress, which can affect their health, behavior, and productivity. 

2.1.2 Topographical and Physical Characteristics 

Steppe soils are characterized by low organic matter content which limits their fertility 

and reduces their capacity to retain moisture and nutrients, high vulnerability to erosion and 

deterioration, and the presence of calcareous deposits that reduce the depth of usable soil 

(Khaldi, 2014). 
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Most of the steppe zone is located between the Tellian Atlas and the Saharan (or pre- 

Saharan) Atlas as shown in figure. 

 

 

Figure 4: The topographic characteristics of Algerian steppe (Gaci, 2022) 

This area forms high plateaus ranging from 900 to 1200 m in elevation, constituting the 

Maghrebian steppe domain, which is broadly referred to as the High Plains (Khenioui et al., 

2023). 

 Soil characteristics

Soil is an essential component of the environment, serving as the direct support for 

numerous human activities and most continental ecosystems (Larabi, 2018). In the study 

region, soil types vary with geomorphology. Mountainous areas have shallow lithosols and 

rendzines on hard rocks, while softer substrates host regosols and calcareous brown soils. On 

glacis with calcareous-gypsum crusts, poorly developed xeric calcimagnesic soils dominate, 

typical of arid steppe and Saharan zones. Flood-prone areas like "Faidhs" and "Dayas" feature 

deep sierozems and recent alluvial soils rich in silt, clay, and organic matter. Slopes with sand 

accumulations contain raw mineral soils of alluvial or aeolian origin, low in organic content 

(Bendib et al., 2019). Finally, Halomorphic soils, including saline (Solonchaks) and sodic 

types, are characterized by high sodium content and low organic matter. They are typically 

found in deep depressions like "Chotts" and "Sebkhas. (Ben Hamouda et al., 2017). 

2.1.3 Ecological characteristics 

The landscape is primarily open rangeland, dominated by native grass and shrub species, 

and is traditionally used for extensive livestock grazing. 
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The steppe ecosystem is home to a variety of forage species that are essential for 

sustaining livestock under arid and semi-arid conditions. These plants have adapted to harsh 

environmental constraints such as low rainfall, high temperatures, and poor soil fertility. The 

following table presents some of the principal forage species commonly found in steppe 

regions, highlighting their botanical characteristics, palatability, and seasonal availability for 

grazing. 

 

 

 

 

 

 

 

Anabaisis articulata 

(Adjram ) 

Artimisia campestris 

(Wormwood) 
Stipa tenacissima 

(Alfa grass) 

 

 

 

 

 

Atriplex halimus 

(Gtef) 

Retama raetam 

(ar-rotm) 
Ziziphus litus 

(Sedra) 

 

 

 

 

 

 

Astragalus spinosus 

(Astragale épineuse) 

Salvia rosmarinus 

(Romarin) 

Thymelaea hirsuta 

(Mithnan) 

 

Table 2: Visual reference table on the main forage plants in the Steppe. 
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2.2 Crop and Livestock Production Activities in the study area 

2.2.1 Crop Production 

All livestock farmers practice cereal cultivation. The choice of crop species varies 

depending on the year and the objectives of the agropastoral. Most large-scale 

agropastoralists prioritize barley cultivation to meet the needs of their herds, regardless of 

the year. Others prefer to grow durum wheat in good years and usually purchase barley, 

which is generally less expensive. Small-scale agropastoralists cultivate both cereals to meet 

the household’s food needs and provide fodder for their small herds (Bencherif, 2011). 

 

Crop 

production 

Cereals Fodder 

Crops 

Fruits Olives Market 

Gardening 

Cultivated 

Area (Qx) 

324,200 1,278,400 852,930 111,270 2,829 

Table 3: Main Crop Yields (in Quintals) in the M’Sila Region (Source: DSA 2016) 

2.2.2 Animal Production 

Traditionally, the steppe has been dedicated to the extensive farming of sheep, 

goats, and dromedaries, with occasional cereal cultivation as a supplementary activity 

(Aïdoud et al., 2006). Current livestock systems in the steppe are mainly centered 

around sheep, often raised alongside goats. 

 

While national statistics provide an overview of herd size and species 

distribution across the country, data at the steppe level offer a more precise 

understanding of the dynamics specific to arid and semi-arid zones. The following table 

(or section) compares livestock numbers nationally and within steppe zones, 

highlighting the importance of this sector in fragile ecosystems. The table below, 

summarizes the livestock population at the national level and within the steppe region. 
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Livestock 

Numbers (Head) 

Sheep Goats Cattle Camels Horses 

National total 

(Head) 

29,428,929 4,986,116 1,780,591 416,519 151,516 

Steppe total 
(Head) 

18,360,916 2,369,048 188,743 33,871 32,525 

Percentage in 

steppe (%) 

62 47.5 10.6 8.1 21.5 

Table 4: Comparative Trends in Livestock Populations: Steppe vs. National Contexts 

(Source: MADR, 2019). 

 

3 Animals, experimental design, and management 

3.1 Animal Material 

26 ewes were used for the experiment, including three age groups: lambs of 1 year old, 

adult ewes aged 1 to 8 years, and older than 5 years including primiparious and multiparious. 

 

The animals identified were allocated into two groups according to their weight (BW) 

and body condition score (BCS), heavy and light ewes two weeks before the experimentation 

to attend two homogenic nutritional statue between groups. This sampling aimed to establish 

two nutritionally homogeneous groups. Each group was then subjected to a specific dietary 

supplementation treatment. 

 

The animals were managed on spontaneous steppe and were supplemented with straw 

and barley grains. The ewes graze for about 6 hours per day. 

3.2 Experimental Design 

The study was designed using a factorial approach, incorporating two main factors. Two 

paddocks were set up with electric fencing to accommodate the two groups of animals. 

The animals were evenly divided into two groups of 13 ewes each, balanced for age, 

BCS, and BW. The groups received two different supplementation levels: a high level 

(approximately 600 g of barley grains) and a low level (200 g of barley grains). 
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Diagram 01: Experimental Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 2: Parameters Monitored During the Experiment 

Treatment 01 Treatment 02 

PADDOCK 01 

 

Heavy 
 

Light 

 

Heavy 

 

Light 

PADDOCK 02 

Hight Nutritional Plan Low Nutritional Plan 

Low Nutritional 

Plan: 200g/d 

Hight Nutritional 

Plan:600g/d 

26 Ewes assigned with 

homogenic groups 

2 Body weight and 

profiles 

1 Body condition score 

(BCS) and profiles 

3 
Heart rate and Heat 

production 
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4 Measures 

4.1 Diet Analysis 

During the experiment, ewes had access to the allocated pastures; a steppe pasture, then 

they receive a concentrate ration consisting of barley and mineral and a vitamin mixture. Two 

types of supplementations were utilized, a low nutritional plan (LNP) with low 

complementation of 200 g per day per head and a high nutritional plan (HNP) with 600 g per 

day per head.; ewes also had access twice a day to fresh drinking water. 

◊ Body weight and body condition score 

 

During the experiment, BW was measured once a month using a portable digital 

weighing scale. 

The BCS was assessed following the method described by (Russel, 1984) 

 

performed by palpation of the dorsal spines and the transverse processes of the lumbar 

vertebrae. The scoring is done on a scale from 0 to 5. (Table 07) and was evaluated by one 

technician, every month. 

 

Description of Animal 

Condition 

Assigned BCS 
 

Figure 

Cachectic state: animal in danger, 

unfit for work. Unable to prolonged 

effort, requires frequent and long rest. 

0–1  

 

Animal with low endurance 2–3  

 

Animal fit for work 3–4  

Plethoric animal (overly fat). 
Lacks endurance for work. 

5  

Table 5: Body condition scoring 
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5 Behavioral Observations 

Behavior was characterized by: 

 

5.1 Heat Production 

for measurements of Heart rate rating of Heat energy to HR to measure the energy 

expenditure. 

Energy expenditure in sheep can be estimated by monitoring their heart rate (HR) 

combined with movement activity. In this method, each sheep is fitted with a specialized belt 

device that continuously records both heart rate and physical activity data throughout the 

observation period. 

The heart rate sensor detects the beats per minute, which correlates with the animal’s 

metabolic rate, to provide a more accurate estimation of the animal’s total energy expenditure. 

This approach allows us to monitor the metabolic energy and animal behaviors under 

grazing conditions. 

 

Photo 04: Instrumented animals wearing heart rate measurement devices. Data Analysis 

 

The data collected during the experiment included nutritional, behavioral, and metabolic 

parameters. For each parameter, three to four repeated measurements were recorded to assess 

their dynamics over time. Statistical analysis was performed using the General Linear Model 

(GLM) with the repeated measures procedure, after verifying the assumptions of application, 

particularly sphericity (tested using Mauchly’s test). In the event of a violation of the sphericity 

assumption, correction was applied using the Greenhouse-Geisser method. 

In addition to the effect of the trial period, the models included fixed effects related to 

the nutritional plan level, the subjects’ initial body condition, and their starting weight, in order 

The Belt 
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to assess their influence on the parameters studied. Post-hoc analyses were conducted to 

compare means between the different experimental groups in cases of significant differences. 

To clearly visualize the trends, graphs showing the temporal evolution of the parameters 

based on the variation factors were generated. All analyses were performed using Statistical 

Package for the Social Sciences (SPSS) version 26, with a significance threshold set at p < 0.05. 
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III. RESULTS AND DISCUSSION 

 

1 Effect of dietary supplementation on body condition and body weight 

dynamic 

The effect of the different treatments on Body Condition Score (assessed every two 

weeks) and Body Weight (measured monthly) throughout the experimental period was 

examined. The results are as follows: 

1.1 Effect on body condition dynamic 

The evolution of BCS throughout the experimental period revealed moderate variations 

across the different time points (p ≈ 0.07), with no significant effect of individual factors when 

considered separately (p > 0.05). However, a common trend was observed across all 

experimental groups. (Table 6) 

 

Source of Variation Dynamic (Sig) Level (Sig) 

Factors Period 0,073  

NLP 0,411 0.710 

SBCS 0,245 0.002 

<0.001 

Parity 0,868 0.398 

Interactions Parity * NLP 0,421 0.519 

SBCS * NLP 0,495 0.413 

Table 6: Effect of dietary supplementation on body condition (NLP: Nutritional Level 

Plan, BCS: Body Condition Score, Sig: significance at p<0.05) 

 

 The BCS dynamic profile 

The overall trend in BCS across the experimental period, measured every month during 

the experiment, was presented in the figure below. Initially, animals show a relatively high 

average BCS of around 2.6, but a noticeable decline is observed in week 4, dropping to 

approximately 2.3, a slight recovery occurs in week 8, yet the BCS continues to fall by week 

12, reaching around 2.2. 
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Figure 05: Body condition score evolution profiles (SE: start of the experiment) 

 

 Effect of the initial BCS 

Animals with different initial BCS levels (High BCS vs. Low BCS) trend differently 

over time at p<0.05. Animals classified under the High BCS group start, as shown in the figure 

below, with a much higher average BCS (around 3.3), but show a steady decline across the 12 

weeks, ending at approximately 2.7. In contrast, the Low BCS group begins with a lower BCS 

(around 1.8) and shows minimal change over time, with slight fluctuations but no significant 

upward trend. This suggests that while animals with higher reserves lose more condition over 

time, possibly due to greater mobilization of fat stores those starting at a lower BCS fail to 

recover or improve their condition significantly. The differences between the two groups remain 

consistent throughout, highlighting the importance of initial BCS in managing animal health 

and productivity. 

 

Figure 06: Body condition score profiles according to the initial ewes’ BCS 
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1.1.1 Change in body condition between the start and end of the 

experiment 

The boxplot below compares the change in BCS between the L-NLP and the H-NLP. In 

both groups, the median BCS change is negative, indicating an overall loss of body condition 

over time. However, H-NLP exhibits a slightly greater decrease in BCS than L-NLP, and both 

have moderate interquartile ranges. This result suggests that increased nutritional intake did not 

necessarily prevent condition loss and may reflect higher metabolic demand in animals fed 

more intensively. 

 

Figure 7: Change in BCS between the start and the end of the experiment 

 

 

Therefore, when animals were separated by initial BCS: high BCS and low BCS. The 

most striking result was seen in high-BCS animals under H-NLP, which show a large median 

drop in BCS with relatively small variability, suggesting consistent fat mobilization in this 

group. In contrast, low-BCS animals on H-NLP tend to gain condition or maintain it, as 

indicated by a slightly positive or neutral median. L-NLP groups show similar trends but with 

more variation. This indicates that initial condition strongly influences how animals respond to 

diet. 

 

 

 

 

 

 

 

 

 

 

Figure 8: Change in Body Condition Score (BCS) According to Nutritional Plan 

and Initial BCS Category 
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1.2 Effect on BW dynamic 
 

Source Dynamic 

(Sig) 
Level (Sig) 

Factors Period 0,001  

NLP 0,002 0.520 

SBW 0,483 0.030 

Parity 0,001 0.020 

Interactions NLP *Parity 0,480 0.561 

NLP * SBW 0,509 0.740 

 
Table 7: Effect of dietary supplementation on body weight (NLP: Nutritional Level Plan, BW: 

Body weight, Sig: significance at p<0.05) 

 

 Body weight profile 

The overall BW trend across different time points, presented in the graph below, from 

the start of the experiment then weeks 4, 8, and 12. 

At the start, the average BW was just above 45 kg. There is a noticeable decline in week 

4, with the average weight dropping slightly below 45 kg. However, from week 4 to week 12, 

the BW gradually increases, approaching the initial value by the end of the study period. 
 

Figure 9: Body weight evolution profiles 
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 Effect of Nutritional plan treatments 

 

The effect of the two different nutritional level plans (L-NLP and H-NLP) on BW over 

the experiment timeline was presented in the graph below. Both groups show a decline in BW 

at week 4. However, the H-NLP group demonstrates a clear and consistent increase in BW from 

week 4 to week 12, ultimately surpassing its initial weight. In contrast, the L-NLP group 

remains relatively flat after the initial drop, showing minimal recovery. This suggests that the 

nutritional intervention provided under H-NLP is more effective in supporting weight 

maintenance and gain during the study period. These results imply that higher or more balanced 

nutritional support contributes positively to BW recovery and management. 

 

 

Figure 10: Effect of nutritional level plan on body weight profile 

 

 Effect of initial Boy weight 

The initial body weight had a significant effect on the body weight profile during the 

experiment period. The graph below compares animals categorized by their initial BW: Light 

BW and Heavy BW. The Heavy BW group consistently shows higher BW profile compared to 

the Light BW group. Both groups experience a drop in weight at week 4, but the Heavy BW 

group demonstrates a more noticeable recovery over time. This indicates that heavier animals 

are better able to maintain or regain their BW. 
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Effect of parity 

 Yearling  

 

 

Figure 11: Effect of Initial BW on the body weight profiles 

 

 

 Effect of parity 

 

Parity had a significant effect on the evolution of the ewes’ BW. The groups represent 

yearling, primiparous, and multiparous. 

The multiparous, as shown in the below figure, maintained the highest BW across all 

period timelines. All groups show a dip in weight at week 4, but the multiparous group 

demonstrates a more robust recovery by week 12. The other two groups remain at lower BW 

throughout the study, with only modest recovery after the initial drop. 

 

 

Figure 12: Effect of parity 
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Yearling 

 Yearling 

 

The BW evolution of yearling under two nutritional levels: L-NLP and H-NLP are 

represented in the figure below. We observed that regardless the nutritional treatment, the 

yearlings showed a decrease in BW by week 4, with a steeper drop for the LNLP. From week 4 

onward, the HNLP group begins to recover significantly, ending the study with higher BW than 

they started with. In contrast, the L-NLP group remains relatively flat after week 4, with a much 

smaller increase by week 12. 

 

Figure 13: Effect of nutritional Plans on body weight 

profiles - Yearling - 

 Primiparous 

Among primiparous, both nutritional groups begin with similar BW and show a decline 

by week 8. However, the H-NLP group displays a more pronounced recovery from week 8 to 

week 12 compared to the L-NLP group, which remains nearly flat. 

 

Figure 14: Effect of nutritional Plans on body weight profiles - Primiparous 27 
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 Multiparous 

 

The multiparous ewes in the H-NLP group not only start with higher BW but also shows 

a consistent upward trend throughout the study period, peaking at week 12. The L-NLP group 

of ewes, on the other hand, experiences a dip in week 4 and only a modest recovery afterward. 

The divergence between the two groups becomes more pronounced over time, indicating that 

multiparous respond strongly to enhanced nutrition. 

 

Figure 15: Effect of nutritional Plans on body weight profiles - 

Multiparous – 

 Initial body weight 

 Light ewes 

 

The ewes starting the experiment with a light BW, showed (figure below), both the 

LNLP and HNLP groups, similar body weight profiles. There is a drop in weight by week 4 for 

both groups, followed by a slight recovery through week 12. However, the difference between 

nutritional planes is minimal. This suggests that lighter animals may not show a pronounced 

benefit from higher nutritional supplementation. 
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Figure 16: Effect of different nutritional Plans on body 

weight profile- Light ewes 

 

 Heavy ewes 

Heavy BW animals show the most distinct response to nutritional intervention. The 

HNLP group begins with higher BW and maintains a strong upward trajectory after the initial 

decline at week 4. By week 12, this group shows a marked gain in weight compared to the 

LNLP group, which remains relatively stable after week 4. The widening gap between the 

groups over time highlights that heavier animals benefit significantly from enhanced nutrition, 

allowing for better weight retention and sustained gain. 
 

Figure 17: Effect of different nutritional Plans on body weight 

profile- Heavy ewes 
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Yearling 

1.2.1 Change in body weight between the start and end of the experiment 

 Nutritional plan

The change in BW between animals with high and low (BCS) under L-NLP and H-NLP 

is shown in the figure below. Under L-NLP, both BW groups lose weight, however, the low BW 

group experienced a much greater weight loss, nearly –10 kg, while the high BW group loses 

less than –5 kg. In contrast, under H-NLP, both groups gain weight, with the high BW group 

gaining slightly more than the low BW group. 
 

 

Figure 18: Change in BW by nutritional plan 

 Parity

Change in BW for yearling, primiparous, and multiparous under LNLP and HNLP were 

set up; the results were presented in the following figure. 

In L-NLP, all groups lose weight, with primiparous animals experiencing the most 

severe loss (nearly –12 kg), followed by yearling and multiparous. Under H-NLP, however, all 

groups either maintain or gain weight. Multiparous benefits the most from improved nutrition, 

showing the highest weight gain (~7 kg), followed by yearling and primiparous. 
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 BCS

 

Here, the change in BW is compared between high and low BCS yearling under both 

nutritional planes. In LNLP, the low BW group shows substantial weight loss (~ –8 kg), while 

the high BWW group shows less weight loss (~ –4 kg). Under HNLP, both groups gain weight, 

with the high BCS animals gaining slightly more. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Change in BW change according to BCS for the 

different treatments 

 

 

In primiparous, low BCS animals on LNLP lose significant weight (approaching –13 

kg), while high BCS animals lose less (~ –6 kg). Under HNLP, both groups have minimal 

changes in weight. This suggests that HNLP helps stabilize weight but doesn’t necessarily 

promote significant gain in primiparous. 

Change in BW in Primiparous 
 

Figure 21: Change in BW in Primiparous 

Yearling 
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Finally, in multiparous both high and low BW groups lose weight under L-NLP, but low 

BW animals lose much more (~ –12 kg). Under H-NLP, both groups gain weight, and the gains 

are similar (~5–6 kg), indicating strong positive response to improved nutrition regardless of 

starting BCS. Multiparous clearly shows the most robust gain under high nutrition and less 

vulnerability compared to other parity groups. 

 

Figure 22: Change in BW in Multiparous 

 

2 Effect of dietary supplementation on heat production 

The effect of the different dietary treatments on heat production was explored and the 

results of the effect of some fixed factors and their interaction were resumed in the following 

table. 
 

 

Source of variation Dynamic 

(Sig) 

Level (Sig) 

 

 

 

Factors 

Period 0,002  

Parity 0,985 0.824 

NLP 0,142 0.020 

SBCS 0.742 0.122 

SBW 0.032 0.362 

Table 8:Effect of dietary supplementation on heat production (NLP: Nutritional Level 

Plan, BCS: Body Condition Score, BW: body weight, Sig: significance at p<0.05) 
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 Heat production trends 

The figure below illustrates the trend of HP (in Kcal) over four time points of the 

experiment. There is an initial decline in HP from the start of the experiment to week 4, reaching 

the lowest point at week 4. This is followed by a sharp increase, peaking at week 8, and then a 

moderate decline by week 12. 

 

Figure 23: Heat production evolution of ewes (SE: star of experiment) 

 

 Effect of parity 

To outline HP across different parity groups, the profiles of HP according to these groups 

are presented in the figure below. All groups exhibit a similar trend, an initial dip at week 4, a 

peak at week 8, and a decrease by week 12. Notably, the Multiparous group shows the highest 

HP at week 8, suggesting a heightened metabolic response. Conversely, the yearling group 

records the lowest HP at week 12, potentially indicating lower metabolic reserves or energy 

mobilization capacity. These patterns imply that parity influences energy metabolism. 

Yearling 
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 Effect of nutritional plan 

The different trends of HP according to the nutritional treatments are presented below. 

Across all time points, the H-NLP group consistently shows higher HP. The L-NLP group 

experiences a pronounced decline in week 4 and a gradual recovery thereafter. The peak at week 

8 in the HNLP group is particularly prominent, reinforcing the notion that higher nutritional 

intake supports sustained metabolic activity. 

 

Figure 25: Effect of nutritional level plane on heat production trends 

 

 

 Effect of BCS 

This graph displays HP trends among animals according to BCS. High BCS animals 

show relatively stable and elevated HP, peaking at week 8. In contrast, Low BCS animals 

display a sharp drop at week 4 and a modest increase at week 8. This indicates that animals with 

greater body reserves (high BCS) are better able to maintain metabolic activity over time, while 

those with low BCS may lack the necessary reserves, resulting in decreased HP during energy- 

deficient periods. 
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 Effect of body weight 

The effect of body weight on the heat production trends are shown in the below figure. 

Initially, Light BW animals exhibit higher HP, but their output drops sharply by week 4, 

rebounds in week 8, and drops again in week 12. In the other hand, Heavy BW animals have a 

more stable metabolic curve, with a modest but clear increase in heat production by week 8. 

These findings suggest that lighter individuals may experience more pronounced metabolic 

fluctuations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Heat production trends according to the initial ewes’ body 

weight 

3 Discussion: 

3.1 Effect of dietary supplementation on body condition score BCS 

Ewes receiving different levels of dietary supplementation exhibited distinct patterns of 

BCS evolution throughout the experimental period, reflecting underlying differences in 

metabolic status, as also described by Caldeira et al.,2007. These variations indicate that 

energy requirements are closely linked to body condition, with BCS serving as a key indicator 

of the animal's ability to mobilize or store energy under varying nutritional conditions. 

Our results regarding the evolution of BCS under nutritional stress are consistent with 

those reported by (Macé et al., 2019) in their analysis of intra-flock variability in meat sheep. 

In their work, they observed a general decline in BCS during the early weeks of dietary 

restriction, followed by stabilization, which aligns closely with the pattern observed in our trial. 

Similar to our results, they found that initial body reserves play a critical role in shaping 

individual responses to feed restriction; ewes with higher initial BCS exhibited a greater 

decline, suggesting higher metabolic demands and a greater ability to mobilize fat reserves. 
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Furthermore, both studies (our and Macé et al., 2019) highlighted that multiparous ewes 

are more sensitive to dietary restriction than primiparous ones, likely due to cumulative 

physiological burdens from previous reproductive cycles. The observed stabilization phase in 

both studies also reflects the capacity of sheep to physiologically adapt to prolonged nutritional 

challenges. 

These parallels reinforce the significance of individual variability in body reserve 

dynamics and support the need for precision feeding strategies that consider parity and initial 

BCS to optimize flock resilience and productivity. 

3.2 Effect of dietary supplementation on body weights 

Meat production from sheep represents a key economic component of overall 

productivity. In situations of nutritional stress, particularly when animals rely on poor-quality 

pastures, dietary supplementation plays a critical role in maintaining body weight and 

supporting growth, making it an essential management tool for sustainable meat production. 

Our results showed that nutritional treatments have a significant effect on the body 

weight trends. The body weight profiles also were affected by parity, initial body weight with 

better trends for multiparous and heavy ewes. 

Nutritional stress has been shown to negatively impact the oxidative status of sheep and 

trigger physiological responses such as weight loss according to Chauhan et al., 2014; who 

suggest that it can be mitigated through appropriate dietary supplementation which can explain 

the superiority of the HNP ewes. Additionally, multiparous ewes tend to manage their body 

reserves more efficiently over time, possibly due to physiological memory from previous 

reproductive cycles, leading to improved long-term weight gain (Menni et al., 2017). 

Our findings agree with Nageye & Koyuncu, 2024b in Kıvırcık sheep. Their research 

highlighted that ewe with higher live weights and optimal BCS exhibited significantly improved 

performances. This supports our observation that multiparous ewes, which maintained the 

highest average BW (~55 kg) and responded best to HNLP, are physiologically better positioned 

to support reproductive functions. Conversely, yearlings, which started with lower BW and 

showed greater weight loss under LNLP, likely face greater metabolic stress, potentially 

reducing their reproductive success. 

Furthermore, our results confirm that nutritional strategies play a critical role in 

modulating body weight responses, particularly in heavier ewes, aligning with the notion that 
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fertility outcomes are closely linked to the animal’s nutritional status and metabolic reserves. 

These parallels suggest that the interaction between live weight, parity, and nutrition must be 

carefully considered in reproductive management programs to optimize fertility performance 

in sheep. 

3.3 Effect of dietary supplementation on heat production 

Our study identified a biphasic pattern in HP in sheep, marked by an initial decrease 

from the starter phase to week 4, followed by a peak at week 8, and a subsequent decline by 

week 12. These variations reflect shifting metabolic demands, influenced by physiological 

processes such as tissue accretion, maintenance, and dietary adaptation. Notably, sheep with 

higher BCS, greater body weights, and those on HNLP exhibited increased HP, particularly at 

week 8, suggesting heightened metabolic activity. 

These results are aligned with those reported by Goetsch (2023), who observed that 

grain-supplemented grazing ewes showed increased heat energy expenditure due to enhanced 

basal metabolism and tissue synthesis. Similarly, our study found that well-nourished sheep and 

those with higher BCS had elevated HP, especially during growth-intensive phases, reinforcing 

the impact of energy intake on metabolic output. 

Moreover, Goetsch’s findings show that HP rises with improved nutrition and declines 

under forage restriction align with our results, where HNLP groups consistently exhibited 

higher HP in early stages. However, the diminishing differences between groups by week 8 may 

indicate metabolic adaptation or a plateau effect, suggesting that while increased nutrition 

initially boosts metabolic activity, its influence may stabilize over time. 

The association between (BCS/BW) and HP further supports Goetsch’s conclusions, as 

sheep with greater body mass showed higher energy expenditure, likely due to the increased 

cost of maintaining larger tissue mass. This highlights the vital connection between body 

composition and metabolic function in grazing systems. 



 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 



CONCLUSION 

38 

 

 

IV. CONCLUSION 

 

Based on our study conducted in Steppe, we draw the following conclusions regarding 

the impact of dietary restriction on BCS, BW, and HP in ewes: 

First, we found out that BCS loss is more pronounced in animals with substantial initial 

reserves. Ewes with a high BCS exhibit a greater ability to mobilize fat reserves, leading to a 

more significant decline in BCS under nutritional restriction. This effect is particularly evident 

in primiparous ewes, as their elevated energy demands make them more vulnerable to dietary 

limitations compared to other groups. 

Second, the results highlight the importance of tailoring feeding plans not only based on 

initial weight but also according to BCS and parity. This ensures optimal physical condition and 

productivity for ewes. Additionally, ewes with low BCS are particularly susceptible to 

nutritional restrictions, which can negatively impact their reproductive performance and overall 

well-being. Consequently, well-structured nutritional interventions are essential to maintaining 

their physiological balance. 

Regarding HP, our findings highlight the importance of body weight as a key factor 

influencing metabolic dynamics and suggest that energy management strategies in growing 

sheep should be tailored according to weight class: our results reveal distinct metabolic patterns 

between lightweight and heavyweight sheep over the course of the study. Lightweight sheep 

exhibited higher HP during the starter phase reflecting greater relative energy demands for 

physiological adaptation followed by a decline, suggesting a transitional phase in metabolic 

regulation or improved feed efficiency. In contrast, heavyweight sheep started with lower HP 

values during the early stages but showed a sharp increase later. 

We concluded that our results highlight how initial physiological status including body 

weight, body condition, and parity interacts with nutritional strategies to influence both energy 

reserves and metabolic responses in ewes. Heavier animals with better initial condition 

maintained more favorable profiles, although they also exhibited greater absolute losses in BCS, 

suggesting higher mobilization potential. In contrast, lighter animals were more sensitive to 

nutritional constraints. The observed effects of nutritional treatment on BW and the influence 

of parity and BW on heat production further emphasize the need for precise and adaptive 

feeding strategies to optimize flock resilience and overall productivity. 

Finally, in pasture-based systems, where individual feed intake is often unknown and 

difficult to monitor, such adaptive management becomes even more critical. The integration of 
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sensors to monitor heat production and estimate energy expenditure can offer a powerful tool 

to bridge this gap. By providing real-time insights into the animals’ metabolic status, sensors 

can inform better decisions on supplementation levels, tailored to both individual needs and 

environmental conditions. This technology-driven approach has the potential to significantly 

improve nutritional efficiency, animal welfare, and overall system sustainability in extensive 

sheep production. 



 

 

REFERENCES 

Aïdoud, A., Le Floc’h, É., & Le Houérou, H.-N. (2006). Les steppes arides du nord de 

l’Afrique. *Science et changements planétaires/Sécheresse, 17*(1-2), 19–30. 

Amorim, M. D. N., Costa, D. D. S., Harada, É. D. S., Da Silva, W. P., & Turco, S. H. N. 

(2025). Performance of electronic device and different visual observation intervals in 

assessing feeding behavior in sheep. Computers and Electronics in Agriculture, 231, 

110053. https://doi.org/10.1016/j.compag.2025.110053 

Belkasmi, F. (2021). Modeling of reproduction growth and productivity performances of sheep 

farming in the semi-arid region of Algeria. http://dspace.univ- 

setif.dz:8888/jspui/handle/123456789/3846 

Bendib, M., & Sahraoui, H. (2019). Inventaire des nématodes phytoparasitaires de l’alfa dans 

la région de M’sila. Université Mohamed Boudiaf. 

Ben Hamouda, S., & Hamoudi, I. (2017). Etude d’aménagement des parcours steppiques 

dans la zone de M’Sila. Université Mohamed Boudiaf. 

Bencherif, S. (2011). L'élevage pastoral et la céréaliculture dans la steppe algérienne : 

évolution et possibilités de développement. AgroParisTech. 

Bensmira, Z., Bouju, S., Benchaben, H., Bensmira, M., Penin, M., & Noûs, C. (2020). 

Climate change adaptation strategies of agro-pastoralists in the Algerian steppe (case of 

Ras    El    Ma    area). Cahiers    d’Outre-Mer,    LXXIII(282),    205– 

236. https://doi.org/10.4000/com.12259 

Boval, M., & Sauvant, D. (2019). Ingestive behaviour of grazing ruminants: Meta-analysis of 

the components of bite mass. Animal Feed Science and Technology, 251, 96– 

111. https://doi.org/10.1016/j.anifeedsci.2019.03.002 

Brutsaert, W. (2005). Hydrology: An introduction. Cambridge University Press. 

Chauhan, S. S., Celi, P., Leury, B. J., Clarke, I. J., & Dunshea, F. R. (2014). Dietary 

antioxidants at supranutritional doses improve oxidative status and reduce the negative effects 

of heat stress in sheep. Journal of Animal Science, 92(8), 3364-3374. 

Campos, D. P., Abatti, P. J., Bertotti, F. L., Hill, J. A. G., & Da Silveira, A. L. F. (2018). 

Surface electromyography segmentation and feature extraction for ingestive behavior 

recognition in ruminants. Computers and Electronics in Agriculture, 153, 325– 

333. https://doi.org/10.1016/j.compag.2018.08.033 

Chebli, Y., Otmani, S. E., Hornick, J., Keli, A., Bindelle, J., Cabaraux, J., & Chentouf, M. 

(2022). Forage availability and quality, and feeding behaviour of Indigenous goats 

grazing  in  a  Mediterranean  silvopastoral  system. Ruminants,  2(1),  74– 

89. https://doi.org/10.3390/ruminants2010004 

Goetsch, A. L. (1998). Heat production by grazing ewes with low forage mass and 

supplemental  grain. Journal  of  Applied  Animal  Research,  13(1–2),  61– 

79. https://doi.org/10.1080/09712119.1998.9706673 

https://doi.org/10.1016/j.compag.2025.110053
http://dspace.univ-setif.dz:8888/jspui/handle/123456789/3846
http://dspace.univ-setif.dz:8888/jspui/handle/123456789/3846
https://doi.org/10.4000/com.12259
https://doi.org/10.1016/j.anifeedsci.2019.03.002
https://doi.org/10.1016/j.compag.2018.08.033
https://doi.org/10.3390/ruminants2010004
https://doi.org/10.1080/09712119.1998.9706673


 

 

Harkat, S., Laoun, A., Yabrir, B., & Lafri, M. (2024). Morphological characterization of 

sheep in Djelfa province (Algeria). Revista Científica de la Facultad de Ciencias 

Veterinarias, XXXIV(3), 1–10. https://doi.org/10.52973/rcfcv-e34496 

Houssou, H., & Houssou, H. B. (2021). Analyse des performances zootechniques des 

ovins. https://www.univ-soukahras.dz/wpuploads/eprints/2021-631-0db20.pdf 

Jean-Blain, C. (2002). Introduction à la nutrition des animaux domestiques. 

Kaitholil, S. R. C., Mooney, M. H., Aubry, A., Rezwan, F., & Shirali, M. (2023). Insights 

into the influence of diet and genetics on feed efficiency and meat production in 

sheep. Animal Genetics, 55(1), 20–46. https://doi.org/10.1111/age.13383 

Kanoun, M. (2016). Adaptation des éleveurs ovins face aux multiples changements d'ordre 

environnementaux et socioéconomiques dans les territoires steppiques : cas des 

agropasteurs de la région d'El-Guedid Djelfa. https://agritrop.cirad.fr/583728/ 

Kanoun, M., Huguenin, J., Meguellati-Kanoun, A., Julien, L., Taugourdeau, S., & 

Bellahrache, A. (2015). Pratiques d'alimentation pour l'engraissement des agneaux dans 

des systèmes d'élevage agropastoraux de la région d'El-Guedid-Djelfa. Livestock 

Research for Rural Development, 

27(10). https://www.lrrd.org/lrrd27/10/kano27211.html 

Khaldi,   A.   (2014).   La   gestion   non–durable   de   la   steppe 

algérienne. VertigO. https://doi.org/10.4000/vertigo.15152 

Khenioui, A., Boukhalfa, S., & Bougherara, A. (2023). The use of remote sensing and 

Geographic Information Systems in monitoring drought in the Algerian 

steppe. Technium Social Sciences Journal, 39, 644– 

658. https://doi.org/10.47577/tssj.v39i1.7955 

Laoun, A., Harkat, S., Benali, R., Yabrir, B., Hakem, A., Ranebi, D., Maftah, A., Madani, 

T., Da Silva, A., & Lafri, M. (2015). Caractérisation phénotypique de la race ovine 

Rembi d’Algérie. Revue d’Élevage et de Médecine Vétérinaire des Pays Tropicaux, 

68(1), 19–26. https://revues.cirad.fr/index.php/REMVT/article/view/20572 

Larabi, S. (2018). Analyse de la diversité pédologique. Cas de la carte des sols FAO-UNESCO 

du Nord de l’Algérie. Université d’Abou Baker Belkaid. 

Macé, T., González-García, E., Carrière, F., Douls, S., Foulquié, D., Robert-Granié, C., & 

Hazard, D. (2019). Intra-flock variability in the body reserve dynamics of meat sheep 

by analyzing BW and body condition score variations over multiple production 

cycles. Animal, 13(9), 1986–1998. https://doi.org/10.1017/S175173111800352X 

Menni, C., Migaud, M., Kastenmüller, G., Pallister, T., Zierer, J., Peters, A., ..... & Valdes, 

A. M. (2017). Metabolomic profiling of long‐term weight change: role of oxidative 

stress and urate levels in weight gain. Obesity, 25(9), 1618-1624. 

Meziane, R., Mouss, A. K., Hammouche, D., Boughris, M., & Boughris, F. (2024). Practical 

management of sheep farming in Eastern Algeria: Situation, constraints and 

perspectives. World's Veterinary Journal, 14(3), 389– 

399. https://doi.org/10.54203/scil 2024.wvj46 

https://doi.org/10.52973/rcfcv-e34496
https://www.univ-soukahras.dz/wpuploads/eprints/2021-631-0db20.pdf
https://doi.org/10.1111/age.13383
https://agritrop.cirad.fr/583728/
https://www.lrrd.org/lrrd27/10/kano27211.html
https://doi.org/10.4000/vertigo.15152
https://doi.org/10.47577/tssj.v39i1.7955
https://revues.cirad.fr/index.php/REMVT/article/view/20572
https://doi.org/10.1017/S175173111800352X
https://doi.org/10.54203/scil.2024.wvj46


 

 

Moula, N. (2018). Caractérisation de la race ovine algérienne Tazegzawth. Tropicultura, 36(1), 

43–53. https://hdl.handle.net/2268/220745 

Nageye, F. İ., & Koyuncu, M. (2024). Effect of age, live weight and body condition score on 

fertility in estrous synchronization of Kıvırcık sheep. Uludağ Üniversitesi Ziraat 

Fakültesi Dergisi, 38(1), 67–87. https://doi.org/10.20479/bursauludagziraat.1418005 

Ouali, M., Belhouadjeb, F. A., Soufan, W., & Rihan, H. Z. (2023). Sustainability evaluation 

of pastoral livestock systems. Animals, 13(8), 

1335. https://doi.org/10.3390/ani13081335 

Ramade, F. (2009). Éléments d’écologie : Écologie fondamentale (4ᵉ éd.). Dunod. 

Russel, A. (1984). Body condition scoring of sheep. In Practice, 6(3), 91– 

93. https://doi.org/10.1136/inpract.6.3.91 

Silva, T. P. D. E., & Filho, A. L. A. (2020). Sheep and goat feeding behavior profile in grazing 

systems. Acta Scientiarum Animal Sciences, 43, 

e51265. https://doi.org/10.4025/actascianimsci.v43i1.51265 

Slimani, A., Huguenin, J., Bairi, A., Bensouiah, R., & Allaoua, A. (2022). Sheep feeding 

strategies in the face of declining steppe fodder resources in Tebessa 

region/Algeria. Annals of Arid Zone, 60(1–2), 33– 

43. https://epubs.icar.org.in/index.php/AAZ/article/view/131410 

Toates, F. M. (1980). Animal behaviour: A systems approach. John Wiley & Sons. 

https://hdl.handle.net/2268/220745
https://doi.org/10.20479/bursauludagziraat.1418005
https://doi.org/10.3390/ani13081335
https://doi.org/10.1136/inpract.6.3.91
https://doi.org/10.4025/actascianimsci.v43i1.51265
https://epubs.icar.org.in/index.php/AAZ/article/view/131410


 

 

Abstract: 

The study was designed to investigate the effect of dietary supplementation on body reserve mobilization, assessed through body condition 

score (BCS) and body weight (BW), with the aim of improving animal performance under low-input, pasture-based sheep production systems 

in the Algerian steppe. For this purpose, 26 ewes aged between 1 to 8 years were used and allocated into four groups according to two factors: 

dietary treatment (high nutritional plan vs. low nutritional plan) and the initial body condition score (BCS). Body condition score and body 

weight were recorded monthly throughout the study. Additionally, heat production was calculated to assess the metabolic response of the 

animals under the different nutritional regimens. Our results showed that BCS and BW dynamics were significantly influenced by dietary 

supplementation, parity, and initial physiological status. Ewes with high initial BCS experienced greater losses in body condition, suggesting 

enhanced fat mobilization. In contrast, those with low BCS struggled to improve their condition. Similarly, ewes on the high nutritional plan 

demonstrated better BW recovery, especially among multiparous and heavy animals. Heat production patterns revealed that animals with higher 

BW and better nutrition showed elevated metabolic activity. These findings underscore the importance of individualized feeding strategies 

tailored to body reserves and parity to enhance productivity and resilience in extensive systems. In conclusion, targeted nutritional management, 

considering initial BCS, BW, and parity, is essential for optimizing energy balance, maintaining body condition, and improving metabolic 

responses in ewes grazing under harsh steppe conditions. Implementing precision feeding approaches and integrating sensor-based monitoring 

can further support sustainable sheep production in low-input environments. 

Keys words: Ewes, Steppe, Nutritional plan, Dietary supplementation, Body condition score, Body weight, heat production 

 
Résumé 

Cette étude a été élaborée pour évaluer l'effet de la supplémentation alimentaire sur la mobilisation des réserves corporelles, à travers le suivi 

de l'état corporel (BCS) et du poids vif (BW), dans le but d'améliorer les performances animales dans les systèmes d'élevage ovin extensifs à 

faibles intrants de la steppe algérienne. Pour ce faire, 26 brebis âgées de 1 à 8 ans ont été réparties en quatre groupes selon deux facteurs : le 

traitement nutritionnel (plan nutritionnel élevé vs plan nutritionnel faible) et le score corporel initial. Le BCS et le BW ont été enregistrés 

mensuellement tout au long de l’étude. De plus, la production de chaleur a été calculée pour évaluer la réponse métabolique des animaux selon 

les différents régimes alimentaires. 

Nos résultats ont montré que la dynamique du BCS et du BW était significativement influencée par la supplémentation alimentaire, la parité et 

l’état physiologique initial. Les brebis avec un BCS initial élevé ont connu des pertes corporelles plus importantes, suggérant une mobilisation 

accrue des graisses. En revanche, celles ayant un BCS faible ont eu du mal à améliorer leur état. De même, les brebis soumises à un plan 

nutritionnel élevé ont mieux récupéré leur poids, notamment les multipares et les animaux lourds. Les tendances de production de chaleur ont 

révélé une activité métabolique plus élevée chez les animaux mieux nourris et avec un poids plus élevé. Ces résultats soulignent l’importance 

d’une gestion nutritionnelle individualisée adaptée aux réserves corporelles et à la parité pour renforcer la résilience et la productivité dans les 

systèmes extensifs.. Une gestion nutritionnelle ciblée, tenant compte du BCS initial, du poids vif et de la parité, est essentielle pour optimiser 

l'équilibre énergétique, maintenir la condition corporelle et améliorer la réponse métabolique des brebis dans les conditions difficiles de la 

steppe. L'intégration d'approches de nutrition de précision et de capteurs de surveillance peut encore améliorer la durabilité des systèmes 

d’élevage ovin à faibles intrants. 

Mots-clés : Brebis, Steppe, Plan nutritionnel, Supplémentation alimentaire, Score corporel, Poids vif, Production de chaleur. 
 

 الولخص

 

 اىَشاعي عيى اىَعزَذح الأغْبً إّزبج ّظٌ في اىحيىاّبد أداء رحسيِ ثهذف ،)اىدسَي اىىصُ( اىدسَي واىىصُ )اىدسٌ حبىخ( اىدسٌ حبىخ رقييٌ خلاه ٍِ اىدسَي، الاحزيبغي رعجئخ عيى اىغزائيخ اىَنَلاد رأثيش ىجحث اىذساسخ صََُذ

 غزائي ّظبً ٍقبثو عبىي غزائي ّظبً( اىغزائيخ اىَعبٍيخ :ىعبٍييِ وفقًب ٍدَىعبد أسثع إىى ورىصيعهب سْىاد 8و1 ثيِ أعَبسهب رزشاوذ ّعدخ 26 اسزخذاً رٌ اىغشض، ىهزا .اىدضائشيخ اىسهىة في اىَْخفعخ اىَذخلاد راد

 .اىَخزيفخ اىغزائيخ الأّظَخ رحذ ىيحيىاّبد الأيعيخ الاسزدبثخ ىزقييٌ اىحشاسح إّزبج حسبة رٌ رىل، إىى ثبلإظبفخ .اىذساسخ ٍذح غىاه شهشيًب اىدسَي واىىصُ اىدسٌ حبىخ رسديو رٌ ).اىدسٌ حبىخ( الأوىيخ اىدسٌ وحبىخ )ٍْخفط

 يشيش ٍَب اىدسٌ، حبىخ في أمجش فقذاُ ٍِ عبّذ اىَشرفعخ الأوىيخ اىدسٌ حبىخ راد اىْعبج .الأوىيخ اىفسيىىىخيخ واىحبىخ اىىلاداد وعذد اىغزائيخ ثبىَنَلاد مجيش ثشنو رأثشد اىدسَي واىىصُ اىدسٌ حبىخ ديْبٍينيبد أُ ّزبئدْب أظهشد

 اىىلاداد ٍزعذدح اىْعبج ثيِ خبصخ اىدسَي، اىىصُ في أفعو رعبفيًب اىعبىي اىغزائي اىْظبً في اىْعبج أظهشد وثبىَثو، .حبىزهب رحسيِ في صعىثخ واخهذ اىَْخفعخ اىدسٌ حبىخ راد اىْعبج اىَقبثو، في .ىيذهىُ أمجش رعجئخ إىى

 اىدسَي الاحزيبغي حست اىَصََخ اىفشديخ اىزغزيخ اسزشاريديبد أهَيخ عيى اىْزبئح هزٓ رؤمذ .أعيى أيعيًب ّشبغًب أظهشد الأفعو واىزغزيخ الأعيى اىدسَي اىىصُ راد اىحيىاّبد أُ اىحشاسح إّزبج أَّبغ مشفذ .اىىصُ اىثقييخ واىحيىاّبد

 حبىخ عيى واىحفبظ اىطبقي اىزىاصُ ىزحسيِ ظشوسيًب أٍشًا اىىلاداد، وعذد اىدسَي واىىصُ الأوىيخ اىدسٌ حبىخ الاعزجبس في رأخز اىزي اىَسزهذفخ، اىغزائيخ الإداسح يُعذ.اىىاسعخ اىْظٌ في اىزحَو عيى واىقذسح الإّزبخيخ ىزعضيض اىىلاداد وعذد

 اىَذخلاد راد اىجيئبد في اىَسزذاً الأغْبً إّزبج أمجش ثشنو يذعٌ أُ الاسزشعبس أخهضح إىى اىَسزْذح اىَشاقجخ ودٍح اىذقيقخ اىزغزيخ أسبىيت ىزْفيز يَنِ .اىقبسيخ اىسهىة ظشوف ظو في رشعى اىزي اىْعبج في الأيعيخ الاسزدبثبد ورعضيض اىدسٌ

 .اىَْخفعخ

 .اىزنَيييخ اىزغزيخ اىدضائش، اىحي، اىىصُ اىدسَيخ، اىحبىخ دسخخ اىشعي، سيىك اىسهىة، الأغْبً، رشثيخ: الوفتاحيت الكلواث


