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Abstract 

 
In order to promote animal performance in difficult areas, and to find an alternative to 

antibiotics for ruminants, twelve adult ewes of the Ouled-Djellal breed in 5th mo of gestation were 

alloted equally in two experimental boxes to quantify the effect of kaolinite clay on the dynamics 

of the body condition of ewes, lamb growth and milk production up to 70 days post-parturition. The 

experiment was conducted at the demonstration farm of the Technical Institute of Breedings of Ain 

M'lila Algeria. Oat hay dominated the basic ration with a limited distribution of barley straw. The 

control group (C0) received a complement with a control concentrate (without kaolinite), however, 

the other group (CL) received the same concentrate added with 5% of kaolinite. The 

data collected were subjected to statistical treatment based on the T test of Student and U test of 

Mann Whitney to visualize the differences existing between the variables studied using the 

STATISTICA V.6 program. The statistical analysis showed that the sheep of both groups had 

similar curve of body weight and body reserves dynamics from the 5th mo of pregnancy until 1st mo 

of suckling. Regarding milk production, milk quality was detected unchangeable in the presence 

of kaolinite clay, moreover, ewes of CL groupe produced significantly more of milk (+29.4% ; 

p<0.05) than those of control. Besides, the lambs mothered with kaolinite had faster growth with 

significant highest average daily gain compared to those of the control (+74% ; p<0.05), 

consequently, they were significantly heavier (+41% ; p<0.05) at 4 wk and at 70 days post-

lambing (+57% ; p<0.05) compared to those of control. Our results showed that the kaolinite clay 

can effectively have a role of additive growth promoter, however, to draw the maximum benefis 

from it, it is preferable to lead other in-vivo studies, preceeded by other in-vitro studies to 

characterize its effect on the dynamics of the ruminal ecosystem and animal performance with 

increasing doses.        
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Introduction 

 
The main limiting factor for the 

expression of animal genetic potential is the 

nutrition state, moreover, in arid regions, food 

resources are limited on natural pastures and 

the residues of lignified 

and nutritionally poor crops (Teferedegne, 

2000; AFSSA, 2007). This situation is 

usually corrected by a perpetual 

supplementation with concentrate to 

compensate the deficit, and the incorporation 
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of nutritional additives  (antibiotics, 

coccidiostats, conservators). This 

is especially the case of intensification of 

farming that places animals in stressful 

conditions in order to promote the digestive 

efficiency of animals, improve animal welfare 

and reduce the environmental impact of 

livestock. Although, these additives had 

adverse reputation because of the emergence 

of antimicrobial resistance and the chemical 

residues that persist in meat products (Claude, 

2002; Alloui, 2011; Peterson, 2012; 

Ouachem, 2017). 

Currently,  with the increasing awareness 

campaigns, orientation to "Bio" 

and "Eco- friendly" farms is increasingly 

required, inciting scientists to find alternatives 

to antibiotics and synthetic drugs. In this 

regards, one of the promising solutions that 

have been suggested to improve animal 

productivity is clay with its different types. In 

addition to its availability in nature and its 

reduced cost, the consumption of clay has 

been recorded for millennia for therapeutic 

and spiritual reasons in humans (Ferrell, 2008; 

Bonglaisin et al. 2011), besides that, it 

is considered as a natural phenomenon in 

animals according to Duval (1993) and 

Bonglaisin et al. (2011). Therefore, 

the incorporation of clay in animal feed has 

proven its usefulness as a potential growth 

promoter additive, especially in ruminants 

(Ouachem et al., 2005; Norouzian et al., 

2010; Stojković et al., 2012).           

For this study, we evaluated the response 

of ewes to incorporation 5% of kaolinite at the 

last month of pregnancy and during nursing by 

quantifying the effect on 

their productivity and growth of their lambs. 

 

Materials and Methods 
  

The experiment was conducted in the 

demonstration Farm of the Technical Institute 

of Breeding of Ain M'lila in Oum-El-Bouaghi 

province,  Algeria, during the autumn period 

of 2019. 

 

Clay 

 

This additive of natural origin, it 

is classified in the category of zootechnical 

additives since it aims to improve animal 

performance (CIV, 2008; Delteil et al., 2012) 

and it is kaolinite already used in the work 

of Ouachem et al. (2012). 

 

Animals and Diets 

 

Twelve adult ewes of the Ouled-Djellale 

breed, clinically healthy, in last month of 

pregnancy, with an average weight 

of 72.08 kg (±10.57 kg) and average body 

condition score (BCS) of 2.75 (±0.6) were 

allotted in a breeding hangar and distributed 

equally into two experimental lots. The 

sheep of the two groups were given the 

same ration dominated by hay oat with limited 

distribution of barley straw. They also 

received 500g/day supplementation of 

granular concentrate based on corn, barn and 

supplemented with soya, mineral-vitamin 

supplement, phosphate and limestone. A 

transition period of 10 d was practiced to 

accustome the sheep to the different diets. The 

control group (C0) recieved control 

concentrate (without kaolinite), and the other 

group (CL) received the same concentrate 

supplemented with 5% of kaolinite powder.   

 

Forage Analysis 

 

Forage analysis was applied following 

the European directive for the 

determination of the chemical composition of 

plants (French Association for 

Standardization ‘AFNOR’, 1982). For 

minerals, the analysis was made by 

the calcination method. The forage and the 

concentrate used had the chemical 

composition shown in Table 1.
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Table 1 : Nutritional values of feed distributed to ewes 

Aliments DM1 

(%FM) 

OM 

(%DM) 

MM 

(%DM) 

CP 

(%DM) 

CF 

(%DM) 

Ca 

(%DM) 

P 

(%DM) 

Oat hay 91.62 91.73 8.27 3.85 17.97 0.13 0.28 

Barley straw 90.28 92.04 7.96 2.55 31.60 0.11 0.27 

Concentrate 90.50 94.83 5.17 15.53 3.04 0.07 0.55 
1DM : dry matter ; FM : fresh matter ; OM : organic matter ; MM : mineral matter ; CP : crude protein ; 

CF : crude fiber ; Ca : calcium ; P : phosphorus. 

 

Weight and BCS 

 

In this experiment, ewes were 

monitored for weight dynamics and body 

condition score (BCS). The two parameters 

were evaluated in the same day, ewes were 

weighed at prefeeding time with a weighing 

scale (MARECHALLE-pesage PM 150. 

France) with a maximum weight of 200kg 

and a standard deviation of 500g. BCS was 

evaluated by lumbar palpation according 

to the recommendations of Russel et 

al. (1969) cited by Russel (1984).   

Besides, the lambs were also the subject 

of a study of the kinetics of the weight, and 

were weighed at birth, then every week 

until the age of 70 d using a precision balance 

(Dahongying, China) with a maximum 

capacity of 30kg and a margin error of ±5g. 

The average daily gain (ADG) of lambs was 

estimated as follows:   

 

ADG (g) = Weight (g) in t (days)/t (days) 

 

Milk Production 

 

The quantity of milk produced by ewes 

was estimated at 1st and 8th week of 

lactation using the equations (Table 2) 

proposed by Torres-Hernandez 

and Hohenboken (1980). 

    

Table 2 : Prediction equation for milk yield of ewes (Torres-Hernandez and Hohenboken, 1980) 

 

Milk Sampling and Analysis 

 

Sampling was done in early lactation (the 

first 10 d), mid lactation (5th wk) and during 

the 10th wk of suckling. The milk was 

collected by manual milking in glass tubes and 

then transported cold in a cooler to the 

laboratory for physico-chemical analysis. The 

analysis of the milk was carried out using 

LACTOSCAN apparatus (Ultrasonic Milk 

Analyser, BQC®) for the fat content (FR), the 

protein rate (PR) and the lactose rate (LR). 

 

Statistical Analysis 

 

The data collected were subjected to 

statistical treatment using STATISTICA V.6 

program. The exploration was carried out by 

a comparison of variables using the T test of 

Student for the variables with normal 

distribution and its counterpart U of Mann-

Âge of 

lambs (wk) 

Single birth Twin birth 

Équation1 R2 Équation R2 

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

8 MY(L) = 0.42+3.45×ADG 0.33* MY(L) = 0.63+1.89×ADG 0.20* 
1MY: milk yield, ADG : Average daily gain 

** p < 0.01, * p < 0.05 
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Whitney for the variables having non-normal 

distribution.  

 

Results and Discussion 

 
Ewe Weight and BCS Monitoring 

 

The impact of energy balance on animal 

productive capacities is implicitly recognized, 

however, the body reserves serve to control it 

(Purroy et al., 1991; Bouvier-Muller, 2017). 

Weight and BCS, two quantitative parameters 

having a primordial role in the  assessment 

of  animal body condition and their level 

of energy reserves, their importance in the 

management of female’s productivity 

in particular pregnant ones makes their 

monitoring compulsory in order to improve 

animal performance.   

Results of ewe’s weight and BCS 

monitoring from the last month 

of pregnancy until achievement of the first 

month of suckling are shown in Table 3. This 

monitoring showed that ewes followed the 

same pattern of weight and BCS through these 

different physiological stages, knowing that 

they had similar weight and BCS at the start of 

the experiment, during last month 

of pregnancy, although the ewes of CL 

group had a numerically less intense 

lipomobilization compared to the control 

ones. With the lack of references and studies 

conducted in this context on ewes, especially 

those of the Ouled-Djellal breed, it should be 

noted that our result is opposed to 

the findings of Karatzia et 

al. (2013), Parmigiani et al. (2013) and those 

of Garzón Prado et al. (2017) indicating that a 

supplementation of dairy cows with clay 

in periparturient period improved 

significantly their body state which was 

related to the improvement of the energy 

balance in this physiological circumstance as 

explained by Karatzia et al. (2013). 

 

Table 3 : Weight1 and BCS1 monitoring in periparturient period as affected by kaolinite addition 

Physiological stage Parameter2 Control (C0)  Clay (CL)  p-value 

Last month of pregnancy LW (kg) 74.2±11.08 67.3± 9.84 0.3432 

BCS 2.8± 0.82 2.5± 0.41 0.4770 

At lambing LW 64.6± 11.50 58.6± 8.44 0.4031 

BCS 2.6± 0.80 2.6± 0.25 0.5224 

1st month post-lambing LW 59.4± 14.71 55.1± 11.66 0.6391 

BCS 2.1± 0.97 2.3± 0.50 0.2864 
abIn the same row, means with different subscripts are significantly different at p<0.05 
1Mean and standard deviation 
2LW : Live weight in kg ; BSC : Body condition score. 

 

Milk Production 

 

Milk production depends 25% on animal 

genetics, and 75% on environmental factors, 

in which food is the dominant 

component (Ilić et al 2005 ; 2011). In other 

words, according to Đoković et al. (2011), 

yield and chemical composition of milk are 

dependent on the influence of breed, food, 

hygiene, lactation stage and housing.  

The milk yield as well as the chemical 

composition of the milk emerging from our 

experiment are shown in Table 4. Statistical 

analysis showed that ewes receiving kaolinite 

had significantly the highest (+29.4% ; p 

<0.05) cumulative milk yield during the first 

8 wk of suckling compared to those of 

the control group. This finding supports those 

of Katsoulos et al. (2006), Micic et 

al. (2017), Uyarlar et al. (2018) and 

Khachlouf etal. (2019) relating that the 
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improvement in milk yield of dairy cows due 

to the clay incorporated in their diets, 

although, it contradicts with the other findings 

(Migliorati et al., 2007 ; Agus et al., 2014; 

Sulzberger, 2016). Otherwise, according to 

Khachlouf et al. (2019), it was assumed that 

increased milk production could result from 

an increase in ruminal propionate 

concentration, due to increased postruminal 

digestion of starch, increased protein 

synthesis, increased bypass protein or from a 

combination of these factors. It is noted that 

these phenomena may have been associated 

with the presence  of clay in the ration, as 

mentioned in several studies carried out in this 

direction in ruminants (Murray, 1990; 

Wallace and Newbold, 1991; Ouachem 

and Nouicer, 2006; Laibi et 

al., 2015; Goodarzi and Nanekarani, 2012; 

Ibrahim, 2012) where the authors reported the 

stabilizing effect of clay on rumen ecosystem 

by enriching it with minerals essential to 

protein synthesis and fibrolytic digestion and 

allowing the saving of a part 

of the ammonia and improving the protein 

flow towards the intestine, besides, redirecting 

the bioprocess of fermentation towards the 

production of advantageous propionate, 

which was also assumed by Ivan et al (1992) 

that clay could increase protein flow to the 

intestine by protecting protein and amino 

acids against microbial attacks. 

Regarding the milk quality, the results are 

presented in Table 4. Statistically speaking, 

the various quality parameters appearred to 

approach each other between the two groups. 

Our results are consistent with the findings 

of Lemerle et al. (1984), Migliorati et 

al. (2007) and Sulzberger (2016) reporting 

that clay had no significant effect on the 

quality of cows’milk when it was incorporated 

whith diet. However, this contrasts with what 

has been discussed by Duval 

(1993), Katsoulos et al. (2006), Ilić et 

al. (2011) and Alic-Ural(2014) in cows and 

by Ouachem et al. (2012) in 

the Arabia goats in Algeria. These 

authors mentioned that the chemical 

composition of milk was vulnerable in the 

presence of clay, and had been recognized 

as an effective  additive to improve food 

efficiency, by improving the protein and fatty 

acid supply in  conditioning the quality of 

milk.

  

Table 4 : Ewe’s milk yield1 and milk composition1 during the suckling period as affected by 

kaolinite addition 

Parameters2 Wk post-

lambing 

C0 CL p-value 

 

Quantity (L) 

 

1st wk 1.2 ± 0.38 1.4± 0.29 0.1145 

8th wk 0.9a± 0.04 1.1b± 0.18 0.0418* 

 

 

 

Quality 

FR (%) 1st wk 8.7± 1.64 8.8± 1.35 0.9419 

8th wk 8.4± 1.58 8.2± 2.82 0.9033 

PR (%) 1st wk 4.0± 0.26 3.8± 0.30 0.3308 

8th wk 3.6± 0.26 3.6± 0.19 0.7194 

LR (%) 1st wk 3.5± 0.13 3.5± 0.19 1.0857 

8th wk 3.6± 0.50 3.8± 0.58 1.0952 
abIn the same row, Means with different subscripts are significantly different (*:  p<0.05)  
1Mean  and standard deviation 

 2FR : fat rate; PR : protein rate; LR : lactose rate. 
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Maternized Lambs 

 

Lamb birth weight of the two 

experimental groups as well as the monitoring 

of their growth are shown in Table 5. Indeed, 

the comparison of the data revealed that birth 

weight in the group of lambs mothered with 

kaolinite was numerically higher 

(p>0.05) than that of lambs in the control 

maternity with a remarkable 17% difference. 

This consolidates the finding 

of Ouachem and Soltan (2009) who repoted a 

positive effect of the supplementation of goats 

with the clay in periparturient period which 

had a positive effect on fetal growth which 

generated good birth weight, and this explains 

the result of this experiment by better food 

availability during the last month of 

gestation, consequantly to the combined 

effects of the increase in dry matter 

intake and a better digestive yield in the 

presence of clay. 

In contrast, 

highly significant superiority (p<0.005) of 

lamb weight mothered with clay at 4 wk of 

age, at 70 d of age and in average daily gain 

was observed compared with those of the 

control, showing differences of +41%, +57% 

and+74%, respectively. In fact, according to 

Ouachem et al.(2012), the growth of new born 

lambs was directly linked to the quantity and 

quality of milk available. In this case, the high 

milk yield of ewes 

receiving the clay explained the fastest 

growth of their progeny compared with those 

of control having low milk yield and their 

slower offspring growth. On the otherside, 

according to Benyounes et al. (2013), birth 

weight is a key element for the survival of 

lambs, in this context, Dekhili (2003) 

indicated that the weaning rate of Ouled-

Djellal lambs increased by 15% when their 

weight at birth went from 2 to 5kg. In other 

words, lambs of normal birth weight had the 

capacity to increase their heat production to 

ensure thermoregulation, although, lambs 

with low birth weights would have higher 

calorific loss, and reduced body reserves 

(Benyounes et al., 2013). This is also able 

to explain, the lesser importance of, the rapid 

growth of lambs mothered with clay 

representing high birth weight compared to 

those of control in our study.

 

Table 5 : Birth weight1 and lamb growth1 of Ouled-Djellale lambs with or without kaolinite 

Parameters2 C0 

 

CL 

 

p-value 

BW (kg) 3.8± 0.69 4.5± 0.34 0.1104 

W4w (kg) 7.6a± 1.36 10.7b± 1.70 0.0057* 

W70d (kg) 12.0a±2.04 18.8b± 3.38 0.0019** 

ADG (g/d) 116.9a±0.02 203.9b± 0.04 0.0011** 
abIn the same row, means with different subscripts are significantly different (*p< 0.05 ; **p<0.01) 
1Mean  and standard deviation 
2BW : Birth weight; W4w : Weight at 4 wk after birth; W70d : Weight at 70 d of age; ADG : Average Daily 

Gain from birth to 70 d of age. 

 

Conclusion 
 

The results of this study are proof of the 

usefulness of clay especially the kaolinite type 

as a growth promoter additive. Its contribution 

in improving the productivity of ewes in the 

transition period through the promotion of 

milk production and lambs growth which can 

inhence their survival, and even,  

will effectively attract the attention of farmers, 

livestock feed manufacturers and even 

decision-makers wishing to improve the 
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profitability of farms, especially in difficult 

areas with an accessible, available, effective 

and especially a safety product for human 

consumers as tested in this study. In this 

regard, and to externalize the most visible 

responses and so as to get the maximum profit 

possible, it is better to follow our study 

with  in vitro studies, by testing increasing 

doses of clay in order to characterize its effect 

on the dynamics of the ruminal 

ecosystem, followed by in-

vivo studies in order to find the optimal dose 

positively affecting the metabolism of the 

animal. 

 

Acknowledgment  
 

Here, we would like to 

express our gratefully thanks to the direction 

especially the  director and Mrs. Benbournane 

(head of ruminants department) and the 

employees especially those of the Ain-M'lila 

antenna of the Technical Institute 

of Breeding who contributed to the 

accomplishment of this modest work by their 

technical and financial support. 

 

References  
 

AFSSA, 2007. Propositions pour une 

démarche d'évaluation de substances ou 

de produits nouveaux destinés à 

l'alimentation animale : Cas particulier 

des substances et prouduits à base de 

plantes. Maisons-Alfort, France. 63p. 

Agus, A. Sumantri, I. Murti, T.W. and Boehm, 

J. 2014. Effects of natural clays inclusion 

on aflatoxin excretion of lactating dairy 

cows regularly fed aflatoxin B1-

contaminated die. In : Proceedings of the 

16th Asian-Australasian Association of 

Animal Production Societies Animal 

Science Congress, 2. From : 

https://repository.ugm.ac.id/273848/2/A

LI%20AGUSAAAP2014.pdf  

Alic Ural, D. 2014 Efficacy of clinoptilolite 

supplementation on milk yield and 

somatic cell count. Revista MVZ 

Córdoba, 19 : 4242-4248. From : 

http://www.scielo.org.co/scielo. 

php?script= sci arttext&pid=S0122-

02682014000300005 

Alloui, M.N. 2011. Les phytobiotiques 

comme alternative aux antibiotiques 

promoteurs de croissance dans l’aliment 

des volailles. LRRD, 23. From : 

http://www.lrrd.org/lrrd23/6/allo23133.ht

m 

Benyounes, A., Rezaiguia, M. and Lamrani, F. 

2013. Effet de la saison d’agnelage sur la 

mortalité des agneaux chez les races 

ovines Ouled-Djellal et Taâdmit élevées 

dans le nord est d’Algérie. R. Agri., 5 : P.P 

5-9. 

Bonglaisin, I.N., Mbfoung, C.M.F. and 

Lantum D.N.  2011. Intake of lead, 

cadmium and mercury in kaolin-eating: A 

quality assessment. J. Med. Sci., 11 : 267-

273. From : http://docsdrive.com/ 

pdfs/ansinet/jms/2011/267-273.pdf 

Bouvier-Muller, J. 2017. Etude des 

intéractions entre la prédisposition aux 

mammites et le statut énergétique en 

début de lactation. Veterinary thesis, 

Department of Veterinary Sciences, 

University of Toulouse, France. 179p. 

CIV, 2008. Résidues et contaminants 

chimiques des vaindes : les connaitres et 

les maitriser. CVI, France. 33p. 

Claude, J-B. 2002. Introduction à la nutrition 

des animaux domestiques. Tech. Doc., 

France. 424p. 

Dekhili, M. 2003. Relation entre le poid à la 

naissance des agneaux (Ouled-Djellal) et 

le taux de sevrage à 90 jours. 10ème  Renc. 

Rec. Rum., France. 

Đoković, R., Ilić, Z., Petrović, M.P., Pešev, S. 

and Ristanović, B. 2011. Effect of zeolite 

on the chemical composition of milk from 

Serbian spotted dairy cattle. Bio. Ani. 

Hus., 27 (3) : 993-1000. 

https://repository.ugm.ac.id/273848/2/ALI%20AGUSAAAP2014.pdf
https://repository.ugm.ac.id/273848/2/ALI%20AGUSAAAP2014.pdf
http://www.scielo.org.co/scielo.%20php?script=sci_arttext&pid=S0122-02682014000300005
http://www.scielo.org.co/scielo.%20php?script=sci_arttext&pid=S0122-02682014000300005
http://www.scielo.org.co/scielo.%20php?script=sci_arttext&pid=S0122-02682014000300005
http://www.lrrd.org/lrrd23/6/allo23133.htm
http://www.lrrd.org/lrrd23/6/allo23133.htm
http://docsdrive.com/pdfs/ansinet/jms/2011/267-273.pdf
http://docsdrive.com/pdfs/ansinet/jms/2011/267-273.pdf


Mal. J. Anim. Sci. 23(1) : 21-29  June 2020                     Malaysian Society of Animal Production 

28 

 

Duval, J. 1993. Utilisation de la bentonite et 

autres argiles en alimentation animale. 

Projet pour une agriculture écologique. 

Technical repport, McGill University.  

From : http://www.eap.Mcgill. 

ca/agrobio/ab370-03.htm 

Ferrell, R.E. 2008. Medicinal clay and 

spiritual healing. Clays and Clay 

Minerals, (56) : 751-760. From : 

http://montanabentonitecom.ipage.com/

media/143f7dd7a13b11a2ffff807 5 

ffffe41e.pdf 

Garzón Prado, J.P., Barrera Mosquera, V.H., 

Galarza Lucero, D.A., Soria Parra, M.E., 

Rodríguez Saldaña, D.F., López Crespo, 

G.E. and Marini, P.R. 2017. Efecto de la 

zeolita sobre retorno de la actividad 

ovárica, involución y salud uterina en 

vacas lecheras postparto criadas en 

pastoreo. LRRD, 29. From : 

http://www.lrrd.org/lrrd29/3/garz29045.h

tml  

Goodarzi, M. and Nanekarani, S. 2012. The 

effects of calcic and potassic clinoptilolite 

on ruminal parameters in Lori breed 

sheep. APCBEE Procedia, 4 : 140-145. 

Ibrahim, A.K.M., 2012. Effect of clay mineral 

on utilization of some mineral elements in 

ruminant feeding. PhD. thesis, 

Department of Agronomic Sciences,  

University of Zagazig, Egypte. 215p.  

Ilić, Z., Pešev, S., Simeonova, V., Miloševič, 

B. and Spasić, Z. 2005. The influence of 

zeolite type tufozel on productive 

characteristics of dairy cows. Bio. Ani. 

Hus., 21 (5-6-2) : 25-30. 

Ilić, Z., Petrović, M. P., Pešev, S., Stojković, 

J. and Ristanović, B. 2011. Zeolite as a 

factor in the improvement of some 

production traits of dairy cattle. Bio. Ani. 

Hus., 27 (3) : 1001-1007. 

Ivan, M., Dayrell, M.D., Mahadevan, S., and 

Hidiroglou, M., 1992. Effects of bentonite 

on wool growth and nitrogen metabolism 

in fauna-free and faunated sheep. Journal 

of Animal Science, V. 70. P.P 3194-3202. 

Karatzia, M.A., Katsoulos, P.D., and 

Karatzias, H. 2013. Diet supplementation 

with clinoptilolite improves energy status, 

reproductive efficiency and increases 

milk yield in dairy heifers. Ani. Prod. Sci., 

53 : 234-239. 

Katsoulos, P.D., 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. Vet. Rec., 

159 : 415-418.  

Khachlouf, K., Hamed, H., Gdoura, R., and 

Gargouri, A. 2019. Effects of dietary 

zeolite supplementation on milk yield and 

composition and blood minerals status in 

lactating dairy cows. J. App. Ani. Res., 

47 : 54-62.  

Laibi, A., Senou, M., Sagbo, E., Dahouda, M., 

Ahyi, V. and Tchangbedji, G. 2015. The 

use of clay as a methane emission 

mitigating feed additive in Djallonké 

rams. J. Env. Pro. 6 : 1176-1185. From : 

https://file.scirp.org/pdf/JEP_201510281

1473374.pdf 

Lemerle, C., Stockdale, C.R., and Trigg, T.E. 

1984. Effect of sodium bentonite on the 

productivity of lactating dairy cows fed 

good quality pasture supplemented with a 

high energy concentrate. In : Proceedings 

of the Australian Society of ilnirnal 

Production, 15 : 424-7. 

Micic, N., Grubic, G., Petrovic, M.M., 

Pantelic, V., Cekic, B., Marinkovic, M., 

and Lazarevic, M. 2017. Bentonite in 

nutrition of dairy cattle. In : 11th 

Interational Syposium of Modern Trends 

in Livestock Production : 450-456.  

Migliorati, L., Abeni, F., Cattaneo, M.P., 

Tornielli, C., and Pirlo, G. 2007. Effects 

of adsorbents in dairy cow diet on milk 

quality and cheese-making properties. 

Italian J. An. Sci., 6 : 460-462.   

 

http://montanabentonitecom.ipage.com/media/143f7dd7a13b11a2ffff807%205%20ffffe41e.pdf
http://montanabentonitecom.ipage.com/media/143f7dd7a13b11a2ffff807%205%20ffffe41e.pdf
http://montanabentonitecom.ipage.com/media/143f7dd7a13b11a2ffff807%205%20ffffe41e.pdf
http://www.lrrd.org/lrrd29/3/garz29045.html
http://www.lrrd.org/lrrd29/3/garz29045.html
https://file.scirp.org/pdf/JEP_2015102811473374.pdf
https://file.scirp.org/pdf/JEP_2015102811473374.pdf


Mal. J. Anim. Sci. 23(1) : 21-29  June 2020                     Malaysian Society of Animal Production 

29 

 

Murray, P.J., Rowe, J.B. and Aitchison, E.M. 

1990. The effect of bentonite on wool 

growth, liveweight change and rumen 

fermentation in sheep. Aus. J. Exp. Agr., 

30 : 39-42.  

Norouzian, M.A., Valizadeh, R., Khadem, 

A.A., Afzalzadeh, A. and Nabipour, A. 

2010. The effects of feeding clinoptilolite 

on hematology, performance, and health 

of newborn lambs. Bio. Tr. Ele. Res., 137 : 

168-176. 

Ouachem, D., Meredef, A., Arfan, Z. and 

Bennoune, O. 2017. Amélioration de la 

muqueuse intestinale, des fientes, des os 

et de la croissance du poulet de chair par 

la marne. LRRD, 29. 

Ouachem, D. and Nouicer, F. 2006. L’argile, 

source biologique améliorant le 

métabolisme du rumen Clay as a 

biological source to improve the 

metabolism of the rumen. 13ème Ren. Rec. 

Rum., Paris, France. 

Ouachem, D., and Soltane, M. 2009. L’argile: 

Une alternative biologique dans 

l’alimentation des ruminants. Fil. Ovine et 

Caprine, (29). 

Ouachem, D., Soltane, M. and Abbas, K. 

2005. L’argile améliore la croissance des 

ovins. J. Ani. Sci., 50 : 272-277. 

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. LRRD. 24. 

From : 

http://www.lrrd.org/lrrd24/9/ouc24 

163.htm 

Parmigiani, E., Bigliardi, E., Di-Ianni, F. and 

Bresciani, C. 2013. Aflatoxin B1, M1 : 

Role of mycotoxin sequestring agents on 

reproductive effeciecy and milk 

production in dairy cows. In : 11th 

Congress of the Italian Society of Animal 

Reproduction. 

Peterson, S.L. 2012. Ruminant mineral feed 

additive. US Patent and Trademark 

Office. N. 8257764 B2. 10p. 

Purroy, A., Jaime, C. and Sebastian, I. 1991. 

Relation entre différents paramètres 

estimateurs de l’état corporel chez la 

brebis en lactation et après sevrage. In : 

Options Méditerranéennes, série A, (13) : 

63-68. 

Russel, A.J.F. 1984. Body condition scoring 

of sheep. In : Practice, 6 : 91-93 

Stojković, J., Ilić, Z., Ćirić, S., Ristanović, B., 

Petrović, M.P., Caro-Petrović, V. and 

Kurčubić, V. 2012. Efficiency of zeolite 

basis preparation in fattening lambs diet. 

Bio. Ani. Hus., 28 : 545-552.   

Sulzberger, S. 2016. Effects of clay 

supplementation on rumen environment, 

metabolism, inflammation, and 

performance in dairy cows. Master thesis, 

Department of Agronomic Sciences, 

University of Illinois, USA. From : 

https://www.ideals. illinois.edu/bitstream 

/handle/ 2142/95393/SULZBERGER-

THESIS-2016.pdf?sequence=1 

Teferedegne, B. 2000. New perspectives on 

the use of tropical plants to improve 

ruminant nutrition. In : Proceedings of the 

Nutrition Society, 59 (2) : 209-214. 

Torres-Hernandez, G. and Hohenboken, W. 

1980. Relationships between ewe milk 

production and composition and 

preweaning lamb weight gain. J. Ani. 

Sci., 50 (4) : 597-603. 

Uyarlar, C., Akkaya, A.B. and Gültepe, E.E. 

2018. Effects of yeast (Saccharomyces 

cerevisiae) and clinoptilolite 

administration on milk yield and some 

metabolic parameters in early lactation 

dairy cows. Vet. Hek. Der. Der., 89 : 3-10.  

Wallace, R.J. and Newbold, C.J. 1991. Effects 

of bentonite on fermentation in the rumen 

simulation technique (Rusitec) and on 

rumen ciliate protozoa. The Journal of 

Agricultural Science, 116 : 163-168.  

From : 

https://pure.aber.ac.uk/portal/files/44476

09/bentonite.pdf 

http://www.lrrd.org/lrrd24/9/ouc24%20163.htm
http://www.lrrd.org/lrrd24/9/ouc24%20163.htm
https://pure.aber.ac.uk/portal/files/4447609/bentonite.pdf
https://pure.aber.ac.uk/portal/files/4447609/bentonite.pdf

