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ABSTRACT: This study evaluated the effects of dietary supplementation with a combination of 5% bentonite 

(clay) and 2% ginger on the productive performance of Ouled Djellal ewes during the periparturient period, 

from eight weeks before lambing to twelve weeks after lambing. Twelve clinically healthy Ouled Djellal ewes, 

with a mean age of 3.75±1.22 years, an average body weight of 67.50±8.63 kg, and a mean body conditions 

score (BCS) of 2.54±0.54 were randomly allocated to two groups (n = 6 per group). Both groups received a 

basal diet consisting of alfalfa hay and wheat straw ad libitum supplemented with concentrate. The control 

group received the basal concentrate without additives, whereas the experimental group received 

concentrates supplemented with 5% bentonite and 2% ginger. The experiment was conducted at the 

demonstration station of the Technical Institute of Livestock Breeding, Ain M'lila, Algeria. The results showed 

that no statistical significant differences were observed in body condition score between the two groups 

throughout the experimental period. However, milk production was significantly higher in the supplemented 

group during the first and fifth weeks of lactation (P = 0.02), increasing by 30.10% and 14.10%, respectively, 

compared with the control group. This effect was no longer significant during the eighth week of lactation (P 

> 0.05). Regarding milk composition, total protein and total solids did not differ significantly between 

treatments. In contrast, milk fat content was significantly higher (+36.91%; P = 0.01) and lactose 

concentration was significantly lower (−22.38%; P = 0.03) in the supplemented group during the first week of 

lactation. During the fourth week, lactose was the only milk component that differed significantly between 

treatments, showing a 14.44% increase (P = 0.04). No significant differences in milk composition were 

observed during the second and twelfth weeks of lactation. Dietary supplementation with the bentonite–

ginger combination had no significant effect on lamb birth weight or average daily gain throughout the 

suckling period. The absence of significant effects on lamb growth may be related to the inclusion levels of 

the additives used in the present study. 

Keywords: Feed efficiency; Gestation; Lactation; Natural additives; Prebiotic; Sheep. 
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INTRODUCTION   
 

In Algeria, meat production relies mainly on sheep farming, which represents 81% of the total livestock population 

(M.A.D.R, 2020), but this sheep population faces chronic feed shortages (Slimani et al., 2021). Natural rangelands have 

deteriorated due to recurrent droughts and now provide only limited forage resources for livestock, dominated by poorly 

digestible woody shrubs with low nutritional value. This problem has prompted many researchers (Ouachem and Soltane, 

2009; Kaboul and Ouachem 2012) to seek solutions based on the incorporation of natural products to improve nutrient 

digestibility and utilization in lignified forages (Ouachem et al., 2008). Among natural additives, we can include the use of 

clay (Duval, 1993; Kahouli et al., 2020), as well as phytobiotics (Alloui, 2011; Kahouli et al., 2023) and, particularly, ginger 

as a medicinal plant (Gupta et al., 2025; Paudel et al., 2025). 

In this context, the present study focuses on the use of clay and the medicinal plant ginger as phytobiotic included at 

dietary levels of 2% and 5%, respectively. The objective is to evaluate the impact of incorporating these two products on 

the performance of ewes at the end of gestation and during lactation, and on their offspring. It should be noted that to the 

best of our knowledge similar studies are not reported on combined supplementation with clay and ginger in ewes from 

late gestation to the end of lactation. 

 

MATERIALS AND METHODS 

 

Location, period of the experiment and ethical consideration 

The experiment was conducted at the T.I. Bre Ain M'lila Demonstration Station in Oum El Bouaghi province, Algeria, 

located in the semi-arid region of eastern Algeria, over a period of six months from February to July 2019. All procedures 

involving the ewes, including diet modification with natural additives, housing, and handling, were performed in strict 

compliance with Algerian national regulations on animal health and welfare. The trial relied exclusively on non-invasive 

zootechnical measurements and was supervised by certified zootechnicians and veterinary staff.  
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Animal material, feed and additives 

Twelve clinically healthy Ouled Djellal ewes in late gestation were selected for the experiment The average age of the 

ewes was 3.75 ± 1.22 years, with an average live weight of 67.50 ± 8.63 kg and a body condition score (BCS) of 2.54 ± 

0.54. The control ration (C) consisted mainly of roughage (alfalfa hay supplemented with wheat straw ad libitum) and 500 

g/head/day of concentrate feed, composed of corn, bran, soybean meal, vitamins, minerals, phosphate and limestone. 

Water was provided ad libitum. Powdered ginger and bentonite (clay) were purchased commercially. 

 

Experimental protocol 

The 12 ewes were randomly allocated to two experimental groups (n = 6 per group): 

 One control group (C) receiving the basal ration without additives. 

 One experimental group (E) receiving the basal ration supplemented with 5% bentonite (clay) and 2% ginger. 

Both groups underwent a 15-day adaptation period before the start of the experiment to adapt to their respective 

diets. 

  

Feed analyses 

Chemical analyses of the feed and supplemented diets focused on the determination of their chemical composition 

and nutritive value, in accordance with the guidelines of the French Standardization Association (AFNOR, 1982) and the 

Association of Official Analytical Chemists (AOAC, 1990). The analyses included determination of dry matter (DM), organic 

matter (OM), mineral matter (MM), total nitrogen (TN), crude fiber (CF), calcium (Ca) and phosphorus (P). The energy value 

of the diet, expressed in French INRA units as UFL (Milk Feed Unit) was calculated using the equations proposed by 

Soltner (1986). The protein value, expressed as Protéines Digestibles dans l'Intestin (PDI) or metabolizable protein (PDI), 

was calculated according to the equations proposed by INRA (2010). 

 

Table 1 - Nutritional value of feed served to sheep. 

Feed 
DM  

(%FM) 

OM 

 (%DM) 

F 

 (%DM) 

MM  

(%DM) 

CP  

(%DM) 

CF 

 (%DM) 

Ca 

 (%DM) 

P 

 (%DM) 

Alfalfa hay 89.48 89.87 0.45 10.13 20.85 23.91 0.16 0.31 

Wheat straw 93.33 90.46 3.11 09.54 03.59 29.74 0.12 0.29 

Concentrate 86.20 89.65 0.60 10.35 16.39 01.44 0.05 0.49 

DM: dry matter; FM: fresh matter; OM: organic matter; F: fat; MM: mineral matter; CP: crude protein; CF: crude fiber; Ca: calcium; P: 

phosphorus. 

 

Body condition score and body weight 

The body condition score (BCS) and body weight of the ewes were recorded in the morning during the eighth and third 

weeks before lambing and during the second, fourth, eighth and twelfth weeks after lambing. BCS was assessed using the 

0-5 scale developed by Russel et al. (1969), based on palpation of the lumbar region. Each ewe was weighed using 

appropriate livestock scale (Marechalle-pesage, PM 150, France) with a maximum capacity of 200 kg and an accuracy of 

± 500 g. The lambs were also monitored for growth performance. They were weighed at birth, week during the first month 

of life, and subsequently at 8 and 12 weeks of age using a precision scale (Dahongying, China) with a maximum capacity 

of 30 kg and an accuracy of ± 5 g. Average daily gain (ADG) was calculated as follows:  

ADG (g)=
weight (g)at (n)days

(n)days
  

 

Milk yield   

The milk yield of each ewe during the first, fifth and eighth weeks of lactation was estimated using the equations 

developed by Torres-Hernandez and Hohenboken (1980), which predict milk production based on the weight gain of 

suckling lambs and litter size.   

   

Table 2 - Regression equations to predict milk production per day relative to ADG and correlation coefficient (r) 

according to Torres-Hernandez and Hohenboken (1980)  

N° of week 
Single lambing Double lambing 

Equation r2 Equation r2 

1 MY= 0.17+5.06×ADG** 0.65 MY= 0.03+4.98×ADG** 0.69 

5 MY= 0.92+3.03×ADG* 0.30 MY= 1.65+0.61×ADG 0.01 

8 MY= 0.42+3.45×ADG* 0.33 MY= 0.63+1.89×ADG* 0.20 
MY: Milk Yield; ADG: Average Daily Gain; (** P < 0.01); (* P < 0.05). 
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Milk analyses  

Milk samples were collected by manual milking in the morning after temporary separation of the ewes from their 

lambs. Samples were collected during the first, second, fourth, and twelfth weeks of lactation into labelled glass tubes 

and transported to the laboratory in a cooled container to preserve milk quality and prevent acidification. Milk 

composition, including fat (FM%), total protein (TP%), lactose (L%) and total solids (TS%), was determined using an 

ultrasonic milk analyser (BQC®, Ultrasonic Milk Analyzer), which automatically aspirates the milk sample through a probe 

and displays the analytical results digitally. 

 

Statistical analyses 

Statistical analyses were performed using STATISTICA version 10 (StatSoft Inc., USA). Differences between the control 

and experimental groups were evaluated using Student's t-test. Statistical significance was declared at P < 0.05. 

 

RESULTS AND DISCUSSION 

 

To ensure that the experiment was not influenced by pre-existing differences between the treatment groups, the body 

weight and body condition score the ewes were evaluated before the start of the experiment. As shown in Table 3, no 

significant differences were observed between the control and experimental groups in either ewe body weight (EW) or 

body condition score (BCS) before lambing. 

 

Table 3 - Ewes Weight (EW) and Body Condition Score (BCS) of ewes before and after lambing. 

Treatments Control Experimental P-value 

Before lambing 

EW -8 week 65.83±9.60 60.67±10.67 0.44 

BCS -8 week 2.58±0.66 2.50±0.45 0.84 

EW -3 week 69.17±8.06 65.00±10.02 0.47 

BCS -3 week 2.17±0.60 2.25±0.61 0.84 

After lambing 

EW +2 week 58.00±8.69 56.42±9.30 0.78 

BCS +2 week 1.67±0.41 1.83±0.52 0.61 

EW +4 week 53.33±7.47 50.83±9.56 0.56 

BCS +4 week 1.67±0.26 1.50±0.45 0.47 

EW +8 week 52.42±6.57 52.08±7.30 0.93 

BCS +8 week 1.67±0.26 1.58±0.38 0.70 
EW: Ewes Weight (Kg); BCS: Body Condition Score; P > 0.05: insignificant difference. 

 

Although no statistically significant differences were detected throughout the experimental period, the BCS results 

revealed interesting trends. Eight weeks before lambing, the control group exhibited a 3.2% higher BCS than the Clay–

Ginger group. However, by three weeks before lambing, the supplemented group had surpassed the control group by 

3.7%, maintaining this advantage until the second week postpartum, when the difference reached 8.7%. During the fourth 

and eighth weeks of lactation, BCS values were again slightly higher in the control group by 11.3% and 5.7%, respectively. 

Although supplementation with the Clay-Ginger combination did not significantly increase BCS, it appeared to reduce 

the mobilization of body fat reserves due to transition period. This effect may reflect an improved energy status during the 

physiologically demanding period extending from three weeks before lambing to two weeks after lambing. Similar 

observations were reported by Kahouli et al. (2020), who evaluated 5% clay supplementation under comparable 

experimental conditions using Ouled Djellal ewes from late gestation to weaning. Likewise, Chemmam et al. (2009) 

reported that nutritional supplementation during late gestation and early lactation significantly reduced body weight and 

BCS loses in Ouled Djellal ewes grazing natural pastures.  

Although no significant differences were observed, Abo Bakr (2019) reported lower body weight loss  during early 

lactation in ewes supplemented with different forms and doses of ginger (3 or 6 g/head/day of ginger powder or 2 

ml/head/day of ginger oil). Similar findings were reported by Shams Al-Dain and Jarjeis (2015) in dairy cows receiving 75 

or 150 g/head/day of ginger powder. 

According to available literature and the researchers knowledge no available studies prior to present study have 

evaluated the combined supplementation of clay and ginger in ewes from late gestation through the end of lactation. 

However, studies conducted in dairy cattle have demonstrated beneficial effects of lay supplementation. Karatzia et al. 

(2013) reported significantly higher BCS (P < 0.05) in dairy cows supplemented with 200 g/day of zeolite compared with 

controls. Likewise, Garzón et al. (2017) observed highly significant improvements (P < 0.01) in BCS in cows receiving 2% 

zeolite before and after calving. 

Overall, clay supplementation may improve body condition indirectly by modifying ruminal fermentation patterns, 

altering volatile fatty acid production, and increasing starch flow to the intestine, thereby improving the animal's energy 

balance (Katsoulos et al., 2006; Karatzia et al., 2013). 
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Milk production 

The clay-ginger supplementation significantly increased milk yield during the first (P = 0.02) and fifth (P = 0.02) 

weeks of lactation by 30.1% and 14.1%, respectively, compared with the control group. During the eighth week, milk yield 

remained higher in the supplemented group, although the difference was not sufficiently significant (P = 0.06) (Table 4).  

 

Table 4 - Estimated milk production for the 1st, 5th and 8th weeks, according to the Torres-Hernandez and Hohenboken 

(1980).  

Milk Yield Control Experimental P-value 

1st week (kg/d) 1.13b ± 0.10 1.47a ± 0.18 0.02 

5th week (kg/d) 1.49b ± 0.06 1.70a ± 0.04 0.02 

8th week (kg/d) 0.94 ± 0.05 1.08 ± 0.04 0.06 

a, b: In the same row, means with different subscripts are significantly different (P < 0.05); (P > 0.05): insignificant difference. 

 

These results are partially consistent with those reported by Abo Bakr (2019), who observed significant increases (P < 

0.05) in milk yield at four weeks of lactation in ewes supplemented with different forms and doses of ginger. The greatest 

increase was obtained with 3 g/day of ginger powder, followed by 2 ml/day of ginger oil and 6 g/day of ginger powder. At 

eight weeks, however, the increase was no longer significant, whereas total milk production over the three-month 

lactation period remained significantly higher than that of the control group. Similarly, Al-Musodi and Jaafar (2019) 

reported that supplementation of Iraqi goats with 60 g of ginger powder per kilogram of concentrate significantly 

increased milk production during the fourth, fifth, and sixth weeks after kidding. Kholif et al. (2012) also demonstrated 

that supplementation with 2 ml/day of ginger oil significantly increased milk production (P < 0.05) throughout the first 90 

days of lactation in Damascus goats, beginning on the seventh day after kidding, resulting in an 18.9% increase 

compared with the control group. 

In contrast to the present findings, Kahouli et al. (2020) reported a significant increase in milk production during the 

eighth week of lactation (+ 29.40%; P < 0.05) in ewes receiving kaolinite, whereas significant effect was observed during 

the first week. Helal and Abdel-Rahman (2010) found that supplementation with 4% bentonite significantly increased 

milk yield by 7.7% and fat-corrected milk (4% fat) by 10.7%, possibly due to increased retention time of feed in the 

rumen. Similarly, Abdel Mawla et al. (1998) reported that sodium bentonite supplementation (6 or 12 g/head/day) had 

no significant effect during the second week of lactation but significantly increased milk production during the fourth (P < 

0.05) and sixth (P < 0.01) weeks. Tayeb (2017) also reported significant improvements in daily milk yield following 

supplementation with 2% bentonite combined with either 2% or 2.5% urea. Likewise, Ammar and Al-Hafz (2019) 

observed significant increases (P ≤ 0.05) in weekly and monthly milk production in Awassi ewes receiving 20 or 30 

g/head/day of ginger. In dairy cows, Shams Al-Dain and Jarjeis (2015) reported significant increases (P ≤ 0.05) in milk 

yield of 30.9% and 58.2% following supplementation with 75 and 150 g/head/day of ginger powder, respectively. The 

increase in milk production reported in these studies has been attributed to several mechanisms:  

1. Reduced methane production, decreased acetate concentration, increased propionate production,  and higher total 

volatile fatty acid concentrations, resulting in improved energy efficiency (Patra and Saxena, 2010; Kholif et al., 2012).  

2. Improved digestibility of fiber and dry matter (Nanon et al., 2014; Abo Bakr, 2019).  

3. Enhanced nitrogen and energy utilization, leading to improved feed efficiency and animal health (Giannenas et al., 

2013).  

4. Stimulation of bile acid synthesis and pancreatic enzyme activity, thereby improving lipid digestion and nutrient 

absorption (Kumar et al., 2014).  

5. Increased retention time of feed within the rumen (Helal and Abdel-Rahman, 2010).  

6. The duration of dietary supplementation (Katsoulos et al., 2006). 

 

Milk quality  

The effects of the combined natural additives (Clay-Ginger) on milk composition are presented in Table 5.  

During the first week of lactation, milk fat (MF) content was significantly higher in the experimental group than in the 

control group (12.24 ± 0.74% vs. 8.94 ± 0.78%; +36.91%; P = 0.01).In contrast, the control group exhibited a significantly 

higher lactose concentration than the supplemented group (5.14 ± 0.40% vs. 4.20 ± 0.10%; +22.38%; P = 0.03). No 

significant differences were observed between the groups in total protein or total solids. During the fourth week of 

lactation, lactose was the only milk component that differed significantly between treatments, showing a 14.44% 

increase compared with the control group (P = 0.04). 

Overall, no significant differences in milk composition were observed between the two groups during the second and 

twelfth weeks of lactation (Table 5).  
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Table 5 - Milk quality (Milk Fat, Total Protein, Lactose and Total Solid) during the 1st, 2nd, 4th and 12th weeks. 

                             Milk components 

Treatments 
Milk Fat (%) Total Protein (%) Lactose (%) Total Solid (%) 

1st week 

Control 08.94 b ± 0.78 4.14 ± 0.13 5.14 a ± 0.40 10.96 ± 0.11 

Experimental 12.24 a ± 0.74 4.12 ± 0.09 4.20 b ± 0.10 10.77 ± 0.19 

P-value 0.01 0.64 0.03 0.06 

2nd week 

Control 6.54 ± 2.30 3.77 ± 0.15 6.08 ± 1.25 10.21 ± 0.40 

Experimental 7.24 ± 2.12 3.91 ± 0.20 4.48 ± 0.42 10.56 ± 0.53 

P-value 0.64 0.40 0.10 0.41 

4th week 

Control 6.12 ± 1.64 3.67 ± 0.31 4.71 b ± 0.24 09.96 ± 0.88 

Experimental 7.28 ± 0.90 3.75 ± 0.14 5.39 a ± 0.66 10.15 ± 0.43 

P-value 0.23 0.53 0.04 0.59 

12th week 

Control 3.98 ± 2.16 3.91 ± 0.21 5.47 ± 0.35 10.63 ± 0.60 

Experimental 2.96 ± 0.65 3.90 ± 0.12 5.59 ± 0.51 10.64 ± 0.34 

P-value 0.33 0.98 0.35 0.97 

a, b: In the same column, means with different subscripts are significantly different (P < 0.05); (P > 0.05): insignificant difference. 

 

Unlike the present findings for the first week of lactation, Al-Musodi and Jaafar (2019) reported no significant effects 

(P > 0.01) of supplementing Iraqi dairy goats with ginger powder (60 g/kg concentrate) on milk fat, protein, or lactose 

during the same period. However, they observed highly significant increases (P < 0.01) in milk fat during the third and 

fourth weeks, milk protein during the fourth and fifth weeks, and lactose during the fourth, fifth, and sixth weeks, all in 

favour of the ginger-supplemented diet. Similarly, Abo Bakr (2019) reported that supplementation with different forms 

and doses of ginger (3 or 6 g/day of ginger powder and 2 ml/day of ginger oil) had no significant effect on the 

percentages of total protein, total solids, or lactose during the first four weeks of lactation. However, supplementation 

with 6 g/day of ginger powder significantly increased (P < 0.05) milk fat content, whereas 3 g/day of ginger powder and 2 

ml/day of ginger oil had no positive effect compared with the control group. During the second month of lactation, no 

significant differences were observed. Nevertheless, supplementation with 2 ml/day of ginger oil resulted in significant 

decreases (P < 0.05) in milk fat and total solids during the final four weeks and over the entire 12-week lactation period. 

Likewise, Kholif et al. (2012) reported a significant reduction (P < 0.05) in milk fat content in goats receiving ginger oil 

supplementation compared with the control group, whereas milk protein concentration was significantly higher in the 

supplemented animals.  

No significant differences were observed in lactose concentration. Hendawy et al. (2019) reported significant 

improvements (P < 0.05) in milk fat and total solids in ewes supplemented with ginger powder, whereas milk protein and 

lactose concentrations remained unaffected. Similarly, Ammar and Al-Hafz (2019) found no significant effects of ginger 

powder supplementation on milk fat, protein, or lactose content in ewe milk. The findings of Kahouli et al. (2020) who 

evaluated 5% kaolinite supplementation in Ouled Djellal ewes, differ from those of the present study. They reported no 

significant differences between the supplemented and control groups in milk fat, lactose, or protein concentrations during 

the first week of lactation. Likewise, Ouachem et al. (2012) reported that supplementation with 5% marl significantly 

increased (P < 0.05) milk protein concentration by 15% in Arbia goats but had no effect on milk fat or lactose. 

Salem and El-Shewy (2001) reported that supplementing goat diets with 3% bentonite from parturition until the sixth 

week of lactation significantly increased (P < 0.05) milk fat and protein percentages. In sheep, however, Tayeb (2017) 

observed that supplementation with 2% bentonite significantly affected only milk fat content (P < 0.05). Other studies 

have reported highly significant effects (P < 0.01) of bentonite supplementation on milk fat and lactose concentrations in 

goats (Abdel Mawla et al., 1998) and on milk fat and total solids in ewes (Helal and Abdel-Rahman, 2010). Suggested 

that the improvement in milk fat content may result from increased acetate production associated with enhanced ruminal 

microbial activity following an improved immune response.  

Kholif et al. (2012) also attributed changes in milk fat concentration to increased milk yield and to the effects of 

ginger essential oil supplementation, although these effects were not always statistically significant. Similar conclusions 

were reported by Abo Bakr (2019). Helal and Abdel-Rahman (2010) proposed that improvements in milk protein content 

result from enhanced microbial protein synthesis in the rumen. A similar explanation was provided by Ouachem et al. 

(2012), who attributed the increase in milk protein concentration to the stimulatory effect of marl on ruminal microbial 

activity. According to Ahmide and Abouzogaya (2009) cited by Shams Al-dain and Jarjeis (2015) the higher lactose 

concentration observed in cows supplemented with ginger root may be associated with reduced blood glucose 

concentrations. 
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Newborn weight and average daily gain 

No significant effect (P > 0.05) of Clay–Ginger supplementation was observed on lamb birth weight compared with 

the control group. Similarly, no significant differences in average daily gain (ADG) was detected throughout the suckling 

period between lambs born to supplemented and control ewes. Despite the absence of statistically significant differences, 

lambs born to supplemented ewes exhibited a clear numerical improvement in growth during the first four weeks of life. 

Growth rates were approximately 18%, 22%, 29%, and 36% higher than those of the control group during the first, 

second, third, and fourth weeks, respectively. However, this trend was reversed during the later stages of the suckling 

period. At the eighth and twelfth weeks, growth performance of lambs from the supplemented group was approximately 

27% and 19.5% lower, respectively, than that of the control group (Table 6). 

 

CONCLUSION AND RECOMMENDATION 

 

This study demonstrated the following fundamental findings:  

 Although the combined supplementation with clay (5%) and ginger (2%) did not significantly affect the body 

condition score (BCS) of the ewes, it appeared to reduce the mobilization of body fat reserves during the last three weeks 

of gestation and the first two weeks of lactation. 

 Combined supplementation significantly increased milk production during the first and fifth weeks of lactation, 

whereas no significant effect was observed during the eighth week. 

 Milk fat content was significantly higher in the supplemented group during the first week of lactation; however, no 

significant differences were detected during the subsequent weeks.  

 Total solids differed significantly between the groups during the first week of lactation, with higher values in the 

control group, whereas no significant differences were observed during the remaining weeks. 

  Lactose concentration differed significantly during the first and fourth weeks of lactation, with higher values in the 

control group; no significant differences were detected at the other sampling times.  

 No significant effects of Clay–Ginger supplementation were observed on lamb birth weight or average daily gain 

(ADG), although lambs from supplemented ewes exhibited higher numerical growth rates during the first four weeks of 

life.  

The results suggest that dietary supplementation with a combination of clay and ginger may provide beneficial 

effects on the productive performance of ewes during the transition period, particularly with respect to milk production 

and the conservation of body reserves. However, further studies involving larger sample sizes and detailed investigations 

of nutrient digestibility, ruminal fermentation characteristics, and rumen microbial populations are required to clarify the 

mechanisms underlying these effects. 

 

DECLARATIONS 
 

Corresponding author 

Correspondence and requests for materials should be addressed to Smaili Abdelmadjid; E-mail: 

Abdelmadjid.smaili@univ-Batna.dz; ORCID: 0009-0000-8050-154x   
 

Data availability  

The datasets used and/or analyzed during the current study available from the corresponding author on reasonable 

request.  
 

Authors’ contribution 

A. Smaili: Conceptualization, methodology, data collection, manuscript drafting, data analysis, interpretation. N. 

Kaboul: Conceptualization, methodology, literature review, data analysis. M. Yousfi: Methodology, Statistical analysis, 

supervision, manuscript drafting, interpretation. F. Rekik: Conceptualization, methodology, critical revisions. All authors 

read and approved the final manuscript.  
 

Ethical consideration 

All animal care and experimental procedures, including dietary modifications, housing, and handling, strictly 

complied with the Algerian national regulations on animal health and welfare (Law No. 88-08 of January 26, 1988, 

amended and supplemented by Law No. 19-03 of July 17, 2019). All experimental phases were conducted under the 

direct supervision of certified zootechnicians and local veterinary services. 
 

Acknowledgements  

We would like to thank the management of T.I.Bre of Baba Ali, the staff of the Technical Institute of Breeding Ain-

M'lila antenna, as well as Dr. Boulelouah (University of Batna 1) and Engineer Derdoukh (Directorate of Agricultural 

Services of the Province of Batna) for their valuable technical contributions to this project. 
 

Funding  

The authors declare that no funds, grants, or other support were received during the preparation or publication of this 

manuscript. 
 

Competing interests 

The authors have not declared any competing interests.  



Online J. Anim. Feed Res., 16(4): 198-205. 

 

 

204 

Abbreviations 

M.A.D.R: Ministry of Agriculture and Rural Development; T.I.Bre: Technical Institute of Breedings; BCS: Body Condition 

Score; AFNOR: French standardisation association; AOAC: Association of Official Analytical Chemists; INRA: National 

Institute for Agricultural Research; UFL: Milk Forage Unit; PDI: Proteins that can be Digested in the Intestine; ADG: Average 

Daily Gain.   

 
REFERENCES 

 

Abdel Mawla SM, El-Kerdawy DMA and Salem FAF (1998). Productive performance and blood constituents of lactating goats fed diets 

supplemented with sodium bentonite. Egyptian Journal of Nutrition and Feeds, 1: 53-63. 

https://www.cabidigitallibrary.org/doi/full/10.5555/19991409431  

Abo Bakr S (2019). Effect of adding ginger powder or ginger oil on productive performance of ewes during lactation period. Egyptian Journal of 

Nutrition and Feeds, 22(1): 63-78. https://doi.org/10.21608/ejnf.2019.75841 

AFNOR (1982). Aliments des animaux - Détermination de la teneur en eau. Norme Française, NF V18-109 [Animal Feed -Determination of 

Moisture Content. French Standard, FS V18-109], Association Française de Normalisation, Paris, France. (In French) 

https://www.boutique.afnor.org/fr-fr/norme/nf-v18109/aliments-des-animaux-determination-de-la-teneur-en-eau/fa017144/14048.  

Alloui MN (2011). Les phytobiotiques comme alternative aux antibiotiques promoteurs de croissance dans l’aliment des volailles [Phytobiotics as 

alternative for antibiotic growth promoters in poultry diets]. Livestock Research for Rural Development, 23(6). (In French) 

https://www.lrrd.org/lrrd23/6/allo23133.htm  

Al-Musodi MF and Jaafar HM (2019). Effect of dietary Zingiber officinalis root powder and vitamin E--selenium on milk yield and chemical 

composition in lactating Iraqi goats. IOP Conference Series: Earth and Environmental Science, 388(1): 012022. 

https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012022/pdf   

Ammar RM and Al-Hafz MAK (2019). Effect of using ginger roots (Zingiber officinale) on milk yield and components, body weight of ewes and 

lambs in Awassi sheep. Tikrit Journal for Agricultural Sciences, 19(3): 1-5. https://doi.org/10.25130/tjas.19.3.1  

AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 

https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf  

Chemmam M, Moujahed N, Ouzrout R and Kayouli C (2009). Variations des performances chez la brebis "Ouled Djellel" sur pâturage dans le Sud-

est de l'Algérie : Effets de la saison et de la complémentation [Performance variation of grazing Ouled Djellal breed ewe in South-eastern of 

Algeria: Effect of season and feeding period complement]. Livestock Research for Rural Development, 21(6): Article #84. 

http://www.lrrd.org/lrrd21/6/chem21084.htm  

Duval J (1993). Utilisation de la bentonite et autres argiles en alimentation animale [Use of Bentonite and Other Clays in Animal Feed]. Projet 

pour une agriculture écologique, McGill Université, Canada. Agro-Bio - 370 - 03. (In French) https://www.eap.mcgill.ca/agrobio/ab370-

03.htm   

Garzón Prado JP, Barrera Mosquera VH, Galarza Lucero DA, Soria Parra ME, Rodríguez Saldaña DF, López Crespo GE , et al. (2017). Efecto de la 

zeolita sobre retorno de la actividad ovárica, involución y salud uterina en vacas lecheras postparto criadas en pastoreo [Effect of zeolite on 

return of ovarian activity, involution and uterine health in postpartum dairy grazing bred cows]. Livestock Research for Rural Development, 

29(3): Article #45 . http://www.lrrd.org/lrrd29/3/garz29045.html  

Giannenas I, Bonos E, Christaki E and Florou-Paneri P (2013). Essential oils and their applications in animal nutrition. Medicinal and Aromatic 

Plants, 2: 1-12. https://www.researchgate.net/profile/Ilias-

Giannenas/publication/272480021_Essential_Oils_and_their_Applications_in_Animal_Nutrition/links/5c6d30dc4585156b570ae810/Es

sential-Oils-and-their-Applications-in-Animal-Nutrition.pdf         

Gupta J, Kumar D, Gupta R, Kumar S and Kumar M (2025). Emerging trends in the pharmacological and therapeutic potential of ginger: from 

traditional medicine to nanotechnological innovations. Current Pharmaceutical Design, 31(37): 2995–3016. 

https://doi.org/10.2174/0113816128372023250324050304       

Helal FIS and Abdel-Rahman KA (2010). Productive performance of lactating ewes fed diets supplemented with dry yeast and/or bentonite as 

feed additives. World Journal of Agricultural Sciences, 6(5): 489-498. http://www.idosi.org/wjas/wjas6(5)/4.pdf 

Hendawy AO, Mansour MM and El-Din AN (2019). Effects of medicinal plants on haematological indiceas, colostrum and milk composition of 

ewes. Journal of Veterinary Medicine and Animal Science, 2(1): 1-5. https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-

sciences/effects-of-medicinal-plants-on-haematological-indices-colostrum-and-milk-composition-of-ewes.pdf  

INRA (2010). Alimentation des bovins, ovins et caprins: Besoins des animaux – Valeurs des aliments. Tables Inra 2007, mise à jour 2010 

[Feeding Cattle, Sheep, and Goats: Animal Requirements – Feed Values. INRA Tables 2007, Updated 2010]. Éditions Quae, Versailles, 

France, 312 p. (In French) https://wiki.tripleperformance.fr/images/fr/2/20/Alimentations_des_caprins%2C_ovins%2C_bovins.pdf  

Kaboul N and Ouachem D (2012). Utilisation de l'argile chez les ruminants: Conséquences sur le métabolisme du rumen [Use of clay in 

ruminants: Effects on the rumen metabolism]. Livestock Research for Rural Development, 24(12): Article #225. (In French) 

https://lrrd.cipav.org.co/lrrd24/12/kabo24225.htm  

 Kahouli AB, Kaboul N and Rekike F (2023). Effectiveness of garlic powder as nutritional supplement in Ouled-Djellal ewes. Malaysian Journal of 

Animal Science, 26(1): 34-40. https://mjas.my/mjas-v2/rf/pages/journal/v26i2/5-230329-071%20-%20MJAS-26(2)-p34-40.pdf  

Kahouli AB, Kaboul N, Ziki B, Hornick JL and Rekike F (2020). Use of kaolinite clay to promote productivity of Ouled-Djellal ewes in periparturient 

period. Malaysian Journal of Animal Science, 23(1): 21-29. 

https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Kahouli+AB%2C+Kaboul+N%2C+Ziki+B%2C+Hornick+JL+and+Rekike+F+%

282020%29.+Use+of+kaolinite+clay+to+promote+productivity+of+Ouled-

Djellal+ewes+in+periparturient+period.+Malaysian+Journal+of+Animal+Science%2C+23%281%29%3A+21-29.&btnG=  

Karatzia MA, Katsoulos PD and Karatzias H (2013). Diet supplementation with clinoptilolite improves energy status, reproductive efficiency and 

increases milk yield in dairy heifers. Animal Production Science, 53(3): 234-239. https://doi.org/10.1071/AN11347 

Katsoulos PD, Panousis N, Roubies N, Christaki E, Arsenos G and Karatzias H (2006). Effects of long-term feeding of a diet supplemented with 

clinoptilolite to dairy cows on the incidence of ketosis, milk yield and liver function. Veterinary Record, 159(13): 415-418. 

https://doi.org/10.1136/vr.159.13.415 

https://www.cabidigitallibrary.org/doi/full/10.5555/19991409431
https://doi.org/10.21608/ejnf.2019.75841
https://www.boutique.afnor.org/fr-fr/norme/nf-v18109/aliments-des-animaux-determination-de-la-teneur-en-eau/fa017144/14048
https://www.lrrd.org/lrrd23/6/allo23133.htm
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012022/pdf
https://doi.org/10.25130/tjas.19.3.1
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
http://www.lrrd.org/lrrd21/6/chem21084.htm
https://www.eap.mcgill.ca/agrobio/ab370-03.htm
https://www.eap.mcgill.ca/agrobio/ab370-03.htm
http://www.lrrd.org/lrrd29/3/garz29045.html
https://www.researchgate.net/profile/Ilias-Giannenas/publication/272480021_Essential_Oils_and_their_Applications_in_Animal_Nutrition/links/5c6d30dc4585156b570ae810/Essential-Oils-and-their-Applications-in-Animal-Nutrition.pdf
https://www.researchgate.net/profile/Ilias-Giannenas/publication/272480021_Essential_Oils_and_their_Applications_in_Animal_Nutrition/links/5c6d30dc4585156b570ae810/Essential-Oils-and-their-Applications-in-Animal-Nutrition.pdf
https://www.researchgate.net/profile/Ilias-Giannenas/publication/272480021_Essential_Oils_and_their_Applications_in_Animal_Nutrition/links/5c6d30dc4585156b570ae810/Essential-Oils-and-their-Applications-in-Animal-Nutrition.pdf
https://doi.org/10.2174/0113816128372023250324050304
http://www.idosi.org/wjas/wjas6(5)/4.pdf
https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-sciences/effects-of-medicinal-plants-on-haematological-indices-colostrum-and-milk-composition-of-ewes.pdf
https://meddocsonline.org/journal-of-veterinary-medicine-and-animal-sciences/effects-of-medicinal-plants-on-haematological-indices-colostrum-and-milk-composition-of-ewes.pdf
https://wiki.tripleperformance.fr/images/fr/2/20/Alimentations_des_caprins%2C_ovins%2C_bovins.pdf
https://lrrd.cipav.org.co/lrrd24/12/kabo24225.htm
https://mjas.my/mjas-v2/rf/pages/journal/v26i2/5-230329-071%20-%20MJAS-26(2)-p34-40.pdf
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Kahouli+AB%2C+Kaboul+N%2C+Ziki+B%2C+Hornick+JL+and+Rekike+F+%282020%29.+Use+of+kaolinite+clay+to+promote+productivity+of+Ouled-Djellal+ewes+in+periparturient+period.+Malaysian+Journal+of+Animal+Science%2C+23%281%29%3A+21-29.&btnG=
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Kahouli+AB%2C+Kaboul+N%2C+Ziki+B%2C+Hornick+JL+and+Rekike+F+%282020%29.+Use+of+kaolinite+clay+to+promote+productivity+of+Ouled-Djellal+ewes+in+periparturient+period.+Malaysian+Journal+of+Animal+Science%2C+23%281%29%3A+21-29.&btnG=
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Kahouli+AB%2C+Kaboul+N%2C+Ziki+B%2C+Hornick+JL+and+Rekike+F+%282020%29.+Use+of+kaolinite+clay+to+promote+productivity+of+Ouled-Djellal+ewes+in+periparturient+period.+Malaysian+Journal+of+Animal+Science%2C+23%281%29%3A+21-29.&btnG=
https://doi.org/10.1071/AN11347
https://doi.org/10.1136/vr.159.13.415


Smaili et al., 2026 

 

205 

Kholif SM, Morsy TA, Abdo MM, Matloup OH and Abu El-Ella AA (2012). Effect of supplementing lactating goats rations with garlic, cinnamon or 

ginger oils on milk yield, milk composition and milk fatty acids profile. Journal of Life Sciences, 4(1): 27-34. http://krepublishers.com/02-

Journals/JLS/JLS-04-0-000-12-Web/JLS-04-1-000-12-Abst-PDF/JLS-04-1-027-12-129-Kholif-S-M/JLS-04-1-027-12-129-Kholif-S-M-Tt.pdf  

Kumar M, Kumar V, Roy D, Kushwaha R and Vaiswani S (2014). Application of herbal feed additives in animal nutrition - a review. International 

Journal of Livestock Research, 4(9): 1-8. https://www.cabidigitallibrary.org/doi/full/10.5555/20153052961  

M.A.D.R (2020). Agricultural statistics, areas and production. Ministry of Agriculture and Rural Development, Series A, Algiers, Algeria. (In French) 

https://fr.madr.gov.dz/statistiques-agricoles/  

Nanon A, Suksombat W and Yang WZ (2014). Effects of essential oils supplementation on feed digestion in beef cattle. Animal Feed Science and 

Technology, 196: 50-59. 10.1016/j.anifeedsci.2014.07.006  

Ouachem D and Soltane M (2009). L’argile : une alternative biologique dans l'alimentation des ruminants [Clay: an organic alternative in 

ruminant feed]. Filière Ovine et Caprine, 29: 5. (In French) http://www.ficow.be/ficow.site/wp-content/Uploads/Arg29.pdf  

Ouachem D, Soltane M, Dehimi A, Meredef A and Belhadj S (2012). La marne en tant qu'additif naturel dans l'alimentation de la chèvre [The 

Marne as a natural feed additive in goat diets]. Livestock Research for Rural Development, 24(9). 

http://www.lrrd.cipav.org.co/lrrd24/9/ouc24163.htm  

Ouachem D, Soltane M and Kalli A (2008). Les pailles de céréales : profil des fermentations et production de méthane [Cereal straw: 

fermentation profiles and methane production]. Sciences & Technologie C, biotechnologies, 27: 23-28. (In French) 

https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Ouachem+D%2C+Soltane+M+and+Kalli+A+%282008%29.+Les+pailles+de

+c%C3%A9r%C3%A9ales+%3A+profil+des+fermentations+et+production+de+m%C3%A9thane.+Sciences+%26+Technologie+C%2C+biot

echnologies%2C+27%3A+23-28.&btnG=  

Patra AK and Saxena J (2010). A new perspective on the use of plant secondary metabolites to inhibit methanogenesis in the rumen. 

Phytochemistry, 71: 1198-1222. https://doi.org/10.1016/j.phytochem.2010.05.010  
Paudel KR, Orent J and Penela OG (2025). Pharmacological properties of ginger (Zingiber officinale): what do meta-analyses say? a systematic 

review. Frontiers in Pharmacology, 16: 1619655.   https://doi.org/10.3389/fphar.2025.1619655  

Russel AJF, Doney JM and Gunn RG (1969). Subjective assessment of body fat in live sheep. Journal of Agricultural Science, 72(3): 451-454. 

https://doi.org/10.1017/S0021859600024874  

Salem FA and El-Shewy AA (2001). Supplementation of bentonite and dolomite to lactating goats, rations. Egyptian Journal of Nutrition and 

Feeds, 4(1): 11-20. https://www.cabidigitallibrary.org/doi/full/10.5555/20083091345  

Shams Al-dain QZ and Jarjeis EA (2015). Vital impact of using ginger roots powder as feed additive to the rations of local Friesian dairy cows and 

its effect on production and economic efficiency of milk and physiological of blood. Kufa Journal for Veterinary Medical Sciences, 6(1): 154-

165. (In Arabic) https://doi.org/10.36326/kjvs/2015/v6i14009 

Slimani A, Huguenin J, Bairi A, Bensouiah R and Allaoua A (2021). 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://doi.org/10.56093/aaz.v60i1-2.131410  

Soltner D (1986). Table de calcul des rations pour bovins (Lait et Viande), ovins, caprins, chevaux et porcs [Feed Ration Calculation Table for 

Cattle (Dairy and Beef), Sheep, Goats, Horses, and Pigs]. Collection Sciences et Techniques Agricoles, 18e Edition, Angers, France, 75 p. (In 

French) https://soltner.fr/zootechnie/table-de-calcul-des-rations/ 

Tayeb M (2017). Effect of bentonite supplementation with different level of urea in Awassi ewes rations on milk production and constituents. 

Jordan Journal of Agricultural Sciences, 13(2): 555-562. (In Arabic) https://archives.ju.edu.jo/index.php/jjas/article/view/100522  

Torres-Hernandez G and Hohenboken W (1980). Relationships between ewe milk production and composition and preweaning lamb weight gain. 

Journal of Animal Science, 50(4): 597-603. https://doi.org/10.2527/jas1980.504597x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) 

and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in 

this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, 

you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 

https://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2026  

http://krepublishers.com/02-Journals/JLS/JLS-04-0-000-12-Web/JLS-04-1-000-12-Abst-PDF/JLS-04-1-027-12-129-Kholif-S-M/JLS-04-1-027-12-129-Kholif-S-M-Tt.pdf
http://krepublishers.com/02-Journals/JLS/JLS-04-0-000-12-Web/JLS-04-1-000-12-Abst-PDF/JLS-04-1-027-12-129-Kholif-S-M/JLS-04-1-027-12-129-Kholif-S-M-Tt.pdf
https://www.cabidigitallibrary.org/doi/full/10.5555/20153052961
https://fr.madr.gov.dz/statistiques-agricoles/
https://doi.org/10.1016/j.anifeedsci.2014.07.006
http://www.ficow.be/ficow.site/wp-content/Uploads/Arg29.pdf
http://www.lrrd.cipav.org.co/lrrd24/9/ouc24163.htm
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Ouachem+D%2C+Soltane+M+and+Kalli+A+%282008%29.+Les+pailles+de+c%C3%A9r%C3%A9ales+%3A+profil+des+fermentations+et+production+de+m%C3%A9thane.+Sciences+%26+Technologie+C%2C+biotechnologies%2C+27%3A+23-28.&btnG=
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Ouachem+D%2C+Soltane+M+and+Kalli+A+%282008%29.+Les+pailles+de+c%C3%A9r%C3%A9ales+%3A+profil+des+fermentations+et+production+de+m%C3%A9thane.+Sciences+%26+Technologie+C%2C+biotechnologies%2C+27%3A+23-28.&btnG=
https://scholar.google.com/scholar?hl=fr&as_sdt=0%2C5&q=Ouachem+D%2C+Soltane+M+and+Kalli+A+%282008%29.+Les+pailles+de+c%C3%A9r%C3%A9ales+%3A+profil+des+fermentations+et+production+de+m%C3%A9thane.+Sciences+%26+Technologie+C%2C+biotechnologies%2C+27%3A+23-28.&btnG=
https://doi.org/10.1016/j.phytochem.2010.05.010
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2025.1619655/abstract
https://doi.org/10.3389/fphar.2025.1619655
https://doi.org/10.1017/S0021859600024874
https://www.cabidigitallibrary.org/doi/full/10.5555/20083091345
https://doi.org/10.36326/kjvs/2015/v6i14009
https://doi.org/10.56093/aaz.v60i1-2.131410
https://soltner.fr/zootechnie/table-de-calcul-des-rations/
https://archives.ju.edu.jo/index.php/jjas/article/view/100522
https://doi.org/10.2527/jas1980.504597x
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

