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The role of yeast supplementation in small ruminants on rumen fermentation, animal performance, and 
nematode control is still unclear. The effect of Celmanax

®
 (yeast culture product) in two diets using 

lambs on body weight gain, rectal temperatures and nematode loads were monitored. 24 sheep (17 ± 2.8 
kg BW), housed in individual pens, were divided into four treatments and fed on four basal diets; 
lucerne meal (LC), lucerne meal plus Celmanax

®
 (LCC), sunflower meal (SF), and 4 sunflower meal plus 

Celmanax (SFC), for 96 days including 14 days adaptation. Dry matter intake, average body weight gain 
and feed conversion efficiency were calculated. Rectal temperatures and nematode egg count/gram 
(EPG) were measured once a week. Feed intake was higher (P < 0.05) in LCC and SFC than in LC and 
SF, respectively. Overall, weight gain was higher in SFC (P < 0.05) than SF. Feed conversion efficiency 
was higher (P < 0.05) in LCC than LC. Nematode EPG were lower (P < 0.05) in Celmanax

®
 supplemented 

diets (LCC and SFC) than in their controls. Rectal temperatures dropped (P < 0.05) in Celmanax
®
 diets. 

These findings suggest that, Celmanax
®
 has the potential of improving animal performance and may be 

used in conjunction with other anthelmintics to control nematodes. 
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INTRODUCTION 
 
Livestock contribute about 33 and 16% of the total protein 
and food energy consumption, respectively, in human 
diets globally (Chadd et al., 2002). The demand for meat 
could double (233 to 300 million tons) by the year 2020 
due to changing food preferences, income growth, 
urbanization and increase in population growth (FAO, 
2010; United Nations, 2010; WHO, 2011). Most African 
countries rely on livestock as a source of protein because 
of human preference since plant sources are scarce and 
are unevenly distributed. This implies that, livestock 
production needs to increase to sustain the ever-
increasing human population. Attempts by small ruminant 
intensive  livestock  farming  to  optimize meat production 
 

are facing daunting challenges. The time taken to attain 
slaughter age is long due to poor quality diets and 
rangelands.  

Sheep are largely fed on forages, crop residues, and 
agro-industrial by-products which often have low levels of 
energy, proteins and vitamins (Iñiguez, 2011; Krause et 
al., 2003; Powell and Unger, 1998). The energy of these 
fibrous feeds is locked up in the complex carbohydrate 
molecules which can only be unlocked by cellulolytic 
microbes (Bhat, 2000; Vuong and Wilson, 2009). 
Different strategies have been attempted to improve 
forage digestibility in ruminants. Examples of these 
methods include supplementation with foliage or legumes
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Table 1. Ingredient composition (g/kg) of the different meals. 
  

Treatment 
Sunflower meal (SF) diets  Lucerne meal (LC) diets 

Treatment 1 Treatment 2  Treatment 3 Treatment 4 

Hominy chop (g) 812 812  812 812 

SF or LC (g) 140 140  140 140 

Vitamin and Mineral mix(g) 48 48  48 48 

Urea (g) 0 0  7.8 7.8 

Celmanax
®
 0 2  0 2 

Crude protein 134 134  134 134 
 

SF= Sunflower cake; LC = lucerne hay. 

 
 
 
(Undi et al., 2001), concentrates (Cherdthong et al., 
2010; Izadifard and Zamiri, 2007), urea (Aregheore, 
2005; Cherdthong et al., 2011), chemical treatment of 
forages (Chen et al., 2008), specific or composite 
cellulases (Hristov et al., 1998; Shekhar et al., 2010; 
Yang et al., 2011), specific microbial strains (Paul et al., 
2011) and microbial inocula (Singh et al., 1994, 1997; 
Wanapat et al., 2003). Celmanax

®
 is a yeast culture 

product that has been shown to improve milk yield and 
milk protein production, attachment of sporozoites to 
bovine epithelial cells, ability of cows to withstand heat 
stress and decreased Escherichia coli colonization of 
bovine cells and feed associated cytotoxicity (Baines et 
al., 2011a, b) and reduced rectal temperatures (Bruno et 
al., 2009). Although, it has widely been suggested that, 
yeast could have a nematophagous effect (Larsen, 2000, 
2006; Ojeda-Robertos et al., 2005; Waghorn et al., 2003; 
Waller and Faedo, 1993; Waller et al., 2006; Waller and 
Thamsborg, 2004), little, if any, evidence is available. The 
objective of the current study was therefore, to determine 
the effect of Celmanax

®
 in diets of lambs on body weight 

gain, rectal temperatures, and nematode loads. It was 
hypothesized that, Celmanax inclusion in sheep diets 
improves animal performance and decrease nematode 
loads.  
 
 
MATERIALS AND METHODS 
 
Study site 
 
The study was conducted at Ukulinga Research Farm, University of 
KwaZulu-Natal, Pietermaritzburg. The site lies in a subtropical 
hinterland approximately 700 m above sea level. The climate is 

characterized by annual rainfall of 735 mm, which falls mostly 
between October and April. The maximum and minimum mean 
annual temperatures are 25.7 and 8.9°C, respectively. Light to 
moderate frost occurs occasionally during the cool-dry season. 
 
 
Animals, diet, experimental design, and feeding management 
 
24 lambs (17 ± 2.8 kg) were divided into four treatments of six 

based on stratification. Each group was assigned one of four 
treatments randomly. All animals were placed in individual pens 
(140 × 80 cm). Body  weights  were  recorded  weekly. Lambs were 

fed twice daily with hominy chop concentrates supplemented with 
sunflower cake (Treatment 1) or lucerne (Treatment 3) (Table 1). 
The control diets (Treatment 1 and 3) had no Celmanax

®
 while the 

experimental diets had Celmanax
®
 (Treatments 2 and 4, Table 1). 

All diets were mixed manually for each treatment. The animals were 

given hay ad libitum an hour after being fed with 300 g concentrates 
daily. Vitamin and mineral mix were also included in the diet (Table 
1). Clean drinking water was provided ad libitum. The experiment 
ran for 82 days, plus an adaptation period of 14 days.  
 
 
Dry matter intake, body weight gain, and feed conversion ratio 
 

Hay was offered every day, and refusals were recorded weekly. 
Samples offered and refused were collected weekly, composited, 
oven dried (60°C) for 48 h and dry matter intake (DMI) was 
determined. Body weight gain was calculated by subtracting mean 
initial body weights of animals from the final mean weights. Feed 
conversion ratio (FCR) for each animal was calculated as body 
weight gained divided by feed intake.  
 
 

Rectal temperature  
 
Rectal temperatures were measured at 0700, 1200, and 1600 h 
once every week to the nearest 0.1°C using a digital thermometer 
for two months. The thermometer was inserted rectally to full depth 
until a stable automated reading was obtained. The ambient 
temperature was also recorded. 
 
 
Faecal sample collection and parasitological analysis  

 
All animals were initially treated (Abamectin and Praziquantel) for 
worms before commencing the trial. However, the animals were 
dozed (with Abamectin and Praziquantel) again on Day 14 in 
response to high eggs count to prevent animals from being sick 
(because of slow response of Celmanax

®
). Rectal faeces samples 

were collected on Days 0, 14, 28, 42, 56, 70, and 84 post-

treatment, placed in plastic bags bearing the animal’s identification 
number and then conveyed to the Laboratory of Animal and Poultry 
Science. Faecal nematode egg count was done using the 
McMaster Technique (Hansen and Perry, 1994) and the process 
was usually complete within a day. Briefly, 56 ml of saturated salt 
solution was added to 4 g of faeces in a beaker. The faecal 
suspension was filtered into another beaker. Both wells of the 
McMaster counting chamber were filled with the suspension, 
allowed to stand for 5 min, and examined under a light microscope 

at 100 × magnification. The number of nematode eggs counted in 
both wells of the McMaster chamber was multiplied by 50 to get egg 
per gram (EPG) count. 
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Table 2. Dry matter intake, body weight gain and feed conversion ratio of grass hay fed to lambs inoculated with Celmanax
®
. 

 

Parameter 
Sunflower 

meal 
Sunflower Meal + 

Celmanax
®
 

Lucerne 
meal 

Lucerne meal + 
celmanax

®
 

P-value 
SEM 

(df=19) 

Concentrate DM (kg/d 0.23
a
 0.23

a
 0.26

b
 0.26

b
 0.05 0.000 

Roughage intake (kg/d) 0.13
a
 0.18

b
 0.16

b
 0.19

b
 0.05 0.01 

Total DM intake (kg/d) 0.36
a
 0.42

b
 0.43

b
 0.45

b
 0.05 0.01 

Initial live weight (kg/wk) 17
a 

17
a 

17
a 

17
a 

NS 0.02 

Final live weight (kg/wk) 18.28
a
 18.9

ab
 18.67

ab
 19.77

b
 0.05 0.02 

Average weight gain 
(kg/d) 

0.18
a
 0.27

ab
 0.24

ab
 0.31

b
 0.05 0.02 

Feed conversion ratio 0.53
a
 0.63

a
 0.46

a
 0.69

b
 0.05 0.064 

 
a, b

Values in the same rows with different superscripts are different (P < 0.05). 

 
 

 

 
 
Figure 1. Effects of treatments on nematodes egg counts. SF, SFC, LC, LCC stand for 

Sunflower, Sunflower/Celmanax, Lucerne, Lucerne / Celmanax. Arrow indicates time of 
Anthelminthic dosed. 

 
 
 
Statistical analysis  

 
DMI, body weight gain, feed conversion ratio and rectal 
temperatures were analysed using the general linear model of SAS 
(2002). The model was given as follows: 
 
Yij = µ + Ti + Cj+ T x C ij+ eijk 
 
Where Y is the individual observation, µ is the overall mean, Ti is 
the effect of the supplement, C is the effect of Celmanax

®
, (T × C)ij 

is the interaction between supplement and Celmanax
®
 and eijk is the 

residual error.  

 
 
RESULTS 

 
Total DM and daily roughage intake differed (P < 0.05) 
between treatments but not within treatments. Celmanax

®
 

addition increased (P < 0.05) both roughage and total 
DMI in animals fed with sunflower diet but tended to 
increase both intakes in lucerne diets (Table 2). Weekly 
live weight gains tended  (P > 0.05)  to  increase in lambs 

fed with Celmanax
®
 for both diets. Feed conversion ratios 

also tended (P > 0.05) to increase upon Celmanax
®
 

addition in both diets.  
Eggs per gram (EPG) of faeces increased up to day 14. 

On this day all animals were administered one dose of a 
combination of Abamectin and Praziquantel (Figure 1) 
and then EPG consistently decreased through time for all 
treatments. However, Celmanax

®
 treatments [lucerne 

meal plus Celmanax
®
 (LCC); sunflower meal plus 

Celmanax (SFC)] caused lower (P < 0.05) EPG. Rectal 
temperatures decreased (P < 0.05) with Celmanax

®
 

supplementation between diets but tended (P > 0.05) to 
decrease within diets. Mean temperature maximum and 
minimum were 30.31 and 15.05°C, respectively (Table 3). 
 
 
DISCUSSION 
 
The current study evaluated the effect of Celmanax

®
 in 

diets (sunflower and lucerne meal) of lambs on roughage 
and    total   DM   intake,  live   weight   gain,  FCR,  rectal  
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Table 3. Rectal temperatures of sheep fed inoculated with Celmanax
®
. 

 

Parameter 
Sunflower 

Meal 
Sunflower meal + 

Celmanax
®
 

Lucerne 
meal 

Lucerne meal + 
Celmanax

®
 

P-value SEM 

n 6 6 6 6 
  

Mean rectal T (°C) 39.17
b
 39.01

ab
 39.03

ab
 38.96

a
 0.05 0.036 

Mean environmental T (°C) 

Maximum 30.31 30.31 30.31 30.31 - 10.460 

Minimum 15.05 15.05 15.05 15.05 - 2.551 
  
a b

 Values in the same rows with different superscripts are different (P < 0.05) and T is temperature, n = number of animals per treatment. 

 
 
 
temperatures, and nematode egg counts. The 
expectations were that all parameters might be improved 
with the addition of Celmanax

®
 as some yeast species 

have been shown to increase animal performance and 
health due to some special characteristics (oxygen 
depletion from the rumen, stimulation of cellulolytic 
bacteria, increase ruminal pH, and nematophagous 
effect). 

Celmanax
®
 supplementation increased weekly 

roughage intake (14 to 45%) and total DM intake (4 to 
15%) in lambs fed with lucerne and sunflower meal. 
Increased intakes have been obtained in other studies on 
goats, Awassi lambs, Maghraby camel calves and horses 
(Haddad and Goussous, 2005; Hristov et al., 2010; 
Kawas et al., 2007; Mohamed et al., 2009). Increased 
DMI might have been influenced by increased in fibre 
digestibility due to increased total bacteria number, viable 
bacteria and total cellulolytic bacteria stimulated by 
Celmanax

®
 supplementation (Abd El-Ghani, 2004; 

Putnam and Schwab, 1994). In contrast, Haddad and 
Goussous (2005), Mohamed et al. (2009), Proudfoot et 
al. (2009) found no difference in DMI but reported an 
increase in animal performance.  

Celmanax
® 

supplementation tended to increase weekly 
and total live weight gain in both diets while feed 
conversion was improved in the lucerne meal (LC) only. 
Increased live weight gain and feed conversion upon 
supplementation with Celmanax

®
 was associated to 

improved efficiency of fermentation (stimulation of 
microbial growth, activity and increased proportion of 
available carbon towards microbial protein synthesis), 
that might have diverted balanced supply of nutrient 
towards cell growth Tripathi and Karim, 2011). Others 
have observed increased live weight gain and feed 
conversion due to supplementation with yeast 
(Abdelrahman and Hunaiti, 2008; Lesmeister et al., 2004; 
Tripathi and Karim, 2011), while others have not (Titi et 
al., 2008; Tripathi et al., 2008). This study demonstrated 
that Celmanax® supplementation have the potential of 
improving intake, live weight gain and feed conversion 
efficiency, hence its application as possible feed additives 
in small ruminants. 

Decreased DMI and milk yield has been associated 
with  increasing  air  temperatures,  temperature  humidity 

index and rising rectal temperatures above critical 
threshold in ruminants (West, 2003), making attempt to 
regulate heat stress in ruminants imperative. Enhanced 
passive ventilation, fans, sprinklers and shaded pens are 
some of the physical methods that have been exploited to 
decrease body temperatures, improve DMI and live 
weight gain in ruminants (Blaine and Nsahlai, 2011). 
Genetic selection of heat tolerant ruminant species is the 
most widely used application. However, yeast cultures 
fed to dairy animals exposed to heat stress tended to 
decrease rectal temperatures, respiration rate and 
enhanced lactation performance (Bruno et al., 2009; 
Huber et al., 1994). Although, Celmanax® supplemen-
tation tended to decrease the rectal temperature it is right 
to suggest that this tendency may be a contributing factor 
for the increased in DMI and improved animal 
performance (West, 2003). The growing demand for 
livestock products offers an opportunity for the 675 million 
rural poor who depend on livestock to improve their 
livings (Perry, 2002). Nematode infestation in small 
ruminants (e.g. goats and sheep) is a major constrain on 
small ruminant production, as lower out puts of animal 
products and by-products characterized these animals 
globally (Soto-Barrientos et al., 2011; Waller and 
Thamsborg, 2004).  

In the past, nematode infestation was successfully 
controlled by anthelmintics drugs but nowadays there has 
been a development of drug resistance by the adult stage 
(Soto-Barrientos et al., 2011; Torres-Acosta et al., 2012). 
In most goats and sheep in tropical and sub-tropical 
regions, total failure of broad spectrum anthelmintics is a 
reality of rapidly increasing dimensions. Therefore, 
studies on bio-control methods such as plant extracts 
(Ahmed et al., 2013; Eguale et al., 2011, 2007) and 
nematophagous fungi (Chandrawathani et al., 2003) 
predating soil nematodes (Ahrén et al., 1998) are gaining 
popularity, particularly in organic systems of production. 
Celmanax® additive decreased EPG consistent with 
results from other experiments (Larsen, 2006; Ojeda-
Robertos et al., 2005; Soto-Barrientos et al., 2011; 
Waghorn et al., 2003; Waller et al., 2006; Waller and 
Thamsborg, 2004). The slightly increased EPG after 
administration of Celmanax® (day 14), can be associated 
to  the slow effect of biocontrol agent. After 14 days, EPG  



 
 
 
 
decreased consistently with all diets but much lower in 
LCC than in SFC. However, at the end of the trial both 
LCC and SFC EPG were relatively lower than observed 
in sunflower meal (SF) and LC diets. Egg count per gram 
of feces was suppressed from day 14 by Celmanax® 
supplementation. This is associated to nutrient availability 
to nematodes as suggested by Waller et al. (2006). It has 
been observed that, nutrient (solubles) availability 
restricts the drop of EPG in feces as the decrease in 
worm’s population is slower.  

Therefore, it is possible that, SFC may be supplying 
more solubles to the worms than LCC. The result of this 
study indicates that, Celmanax® has a nematophagous 
effect which can be very useful in controlling nematodes 
infections. Celmanax® potency could be better if applied 
in combination with other control anthelmintics. 
 
 
Conclusions 
 
Supplementing diets with Celmanax

®
 improved DMI and 

sheep performance. In addition, lower rectal 
temperatures, and nematode faecal egg counts observed 
with supplemented animals, shows that Celmanax

®
 has a 

temperature regulatory effect as well as a biological 
control effect on nematode parasitology. Therefore, the 
application of Celmanax

®
 as a feed additive can stimulate 

rumen fermentation and control nematode population in 
lambs. Further experimentation on the nematophagous 
effect of Celmanax

®
 on a larger-scale in animals grazing 

on the fields where they are vulnerable to re-infection is 
imperative. 
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