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ABSTRACT 

The study was carried out to investigate to determine effects of the 

different levels of the direct-fed microbials (DFM) plus exogenous feed 

enzymes (EFE) on the body weights, weight gains, feed efficiency ratio, 

some behavioral traits as well as fecal consistency index of male Brown 

Swiss calves. For this purpose, 18 male Brown Swiss calves were 

allocated to three groups (control, 10 g and 20 g head/day of DFM plus 

EFE). Weights obtained at weaning time and 6 months of age of the 

calves in 10 g head/day of DFM plus EFE group were respectively 7.3% 

and 7.1% heavier than these of animals in control group. The calves in 

10 g head/day of DFM plus EFE group in pre-weaning and between 

birth and 6 months of age periods also had respectively 16.0% and 7.3% 

higher total weight gains than calves in the control group. Feed 

efficiency ratio of the calves fed diets with 10 g DFM plus EFE had 

64.2% better than that of calves in control group. Average fecal 

consistency score of the calves fed a diet supplemented with 10 g 

head/day of DFM plus EFE had the lowest score (P<0.05) (i.e., less 

scouring) compared to other treatment groups in pre-weaning period as 

well as between birth and 6 months of age. Furthermore, behavioral 

activities of the calves were not significantly influenced by DFM plus 

EFE additives except for the percentage of time spent for lying. The 

study revealed that the feeding of DFM plus EFE to male Brown Swiss 

calves until 6 months of age had positive but not statistically significant 

improvement on the growth traits and feed efficiency ratio. On the other 

hand, it was concluded that the level of 10 g head/day of the DFM plus 

EFE additives could be beneficial for reducing incidence of diarrhea in 

the dairy calves. 
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1. Introduction 
 

In recent years, the use of antibiotics as a feed additive was banned in the European Union and some other countries including 

Turkey due to the determination of the adverse effects on human health. Consequently, there has been increased interest in the 

use of new and safe feed additives such as direct-fed microbials (DFM) and exogenous fibrolytic enzymes (EFE) in ruminant 

nutrition area (Ran et al. 2019). 

 

Several studies have reported that dairy cattle diets supplemented with DFM changed positively the population of 

microorganisms in the small intestines, and increased resistance to diseases as well as improved animal health and yield of the 

ruminants (Ghorbani et al. 2002; Nocek & Kautz 2006; Weiss et al. 2008; Dutta et al. 2009; Blake & Clinon 2012; Diler et al. 

2015). In addition, some benefits of the DFM can be provided through the prevention of ruminal acidosis (Seo et al. 2010), or 

by inhibition of food borne pathogens such as E. coli O157:H7 (Wisener et al. 2015).  

 

On the other hand, the effects of DFM on calves have not been revealed in much clarity, and there have been reported 

different results on this subject (Ulger 2019). In previous studies, Adams et al. (2008), Seo et al. (2010) and Ran et al. (2019) 

reported that DFM reduces the incidence of diarrhea in calves along with positive effects on weight gain and feed efficiency 

ratio traits. However, Bakhshi et al. (2006), Frizzo et al. (2008) and Kocyiğit et al. (2015) reported no significant impact of 

DFM on the growth performance of the dairy calves.  

 

Although addition of EFE into the rations of the non-ruminant farm animals have been widely practiced for a long time, 

their use for ruminant animals has been remaining quite limited until up to now. On the other hand, besides the increasing feed 

prices in many countries around the world, the EFE production costs that dropped as a result of biotechnological developments 

have led to the intensification of studies investigating the possibilities of using EFE in diets of the ruminant animals (Sujani & 

Seresinhe 2015). Especially cellulase, hemicellulase, protease and esterase among the fibrolytic enzymes are significant ones 

because of their potential importance in fiber digestion in ruminants (Ran et al. 2019). Jalilvand et al. (2008), Krueger et al. 

(2008) and Arriola et al. (2011) reported that EFE supplements added to ration for adult ruminants had positive effects on their 
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weight gains and feed efficiency ratio characteristics. On the contrary of the findings of these researchers, Elwakeel et al. 

(2007), Miller et al. (2008) and Ran et al. (2019) indicated that addition of the EFE additives to the mature bovine diets 

resulted in no significant difference concerning yield parameters and digestibility traits.  

 

In literature, there is not much information about influences of the EFE on the growth parameters of the pre-ruminant 

calves (Ran et al. 2019). In one of few studies on the calves, Thakur et al. (2010) indicated that calf starters containing EFE at 1.5 

g kg-1 feed dry matter level resulted in a greater weight gain of calves compared to 3.0 g kg-1 feed dry matter level.  

 

DFM plus EFE combination became commercially available recently. However, reports about the effects of feeding 

mixtures of DFM plus EFE on the growth performance of young cattle are scarce. Therefore, effects of different doses of the 

DFM plus EFE combinations on weight gains, feed efficiency ratio, fecal consistency score and some behavioral traits of male 

Brown Swiss calves reared in Eastern Region of Turkey were investigated in this study. 

 

2. Material and Methods 
 

The 18 of male brown calves used in the research were obtained from the cattle breeding unit of Atatürk University Food and 

Animal Husbandry Research and Application Center. At the beginning of the trial, the calves were randomly allocated into 

three different treatment groups (control, 10 and 20 g DFM plus EFE). The calves were kept together with their mothers for the 

first 3 days following birth in order to receive colostrum, and then whole milk was given via calf milk bottle. Total of 4 kg 

whole milk was offered to calves in two meals (2 kg in the morning at 7.00 am and 2 kg in the evening at 5.00 pm), and the 

amount of daily milk was kept constant during the milk feeding period. They were weaned at 56 days of age. DFM plus EFE 

was given calves by adding to their milk during milk feeding period and then by mixing their calf starters after weaning. 

 

 During the trial, two different calf starters in ground form were used. Starter I containing 18% raw protein was offered to 

the calves between the seventh day and 4 months of age, while starter II having 17% raw protein was fed to the calves between 

4 and 6 months of ages. Amount of the calf starters was gradually increased from the beginning of the trial, and it was 

restricted by 2 kg per calf as suggested by Tuzemen & Yanar (2004). Dry Hay and water were offered to the calves as ad 

libitum, and the calves were housed in individual calf pens furnished with hay and concentrate feeders, water bucket as well as 

calf milk bottle for the duration of the trial. Chemical compositions of the feeds used in this research are presented in Table 1. 

Amount of feed (whole milk, dry hay and calf starters) consumed daily by each calf was also determined throughout the trial. 

 
Table 1- Chemical compositions of diets used in this study 

 

Composition Milk Starter-I  Starter-II Dry Hay 

    Dry matter (%) 12.0 88.0 88.0 87.8 

    Crude protein (%) 3.8 18.0 17.0 7.1 

    Ether extract (%) 4.1 4.8 4.5 3.8 

    Crude ash (%) 0.7 8.0 10.0 8.4 

   Crude cellulose (%) - 12.0 12.0 28.4 

 

The combination of DFM plus EFE utilized in this study was purchased from the market in powder form. The feed 

additives used in research as DFM contained microorganisms such as Lactobacillus casei, Bacillus licheniformis, 

Lactobacillus plantarum, Lactobacillus acidophilus, Enterococcus faecium, Arpergillus oryzae and Bacillus subtilus while 

EFE were composed of protease, cellulase, amylase, lipase, and pectinase. 

 

Body weights of the calves were determined at birth, weaning, 4 and 6 months of ages. Body cleanliness scores of the 

calves during the trial period were evaluated by utilizing Pharmacia calf cleaning and animal health hygiene card used by 

Panivivat et al. (2004). Fecal consistency scores were determined using a scale whose scores ranged from 1 to 4 and developed 

by Larson et al. (1977). Bedding cleanliness scores of the straw bedding used on the floor of the calf pens were assessed and 

recorded according to a scale ranged from 1 to 4 used by Panivivat et al. (2004). In order to evaluate parameters of behaviors 

of the young animals, proportional calculations were made after determining the behavioral patterns (lying, standing, foraging, 

water drinking) that occurred at sampling time (once a week) according to the instant sampling method (Martin & Bateson 

1993).   

     

 Since it was found out that all parameters investigated in this study had normal distribution, they were statistically analyzed 

by using the General Linear Model of SPSS statistics program (SPSS 2004). The mathematical model used for analysis of 

variance was as follows; 

 

Yij = μ + ai +eij , 

Where; 

Y = Dependent variables   

μ = Overall mean 
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aj = Effect of DFM plus EFE doses [j = 1, (control); 2, (10 g/head); 3, (20 g/head)] 

eij = Residual error  

 

When F-test for main effect was statistically significant, comparison among levels of DFM plus EFE was carried out by the 

method of Duncan's Multiple Range Test available in SPSS program (SPSS 2004). 

 

3. Results and Discussion 
 

The least squares means for body weights obtained at different ages of the male Brown Swiss calves fed rations containing 

different levels of DFM plus EFE are presented in Table 2. The differences between DFM plus EFE doses concerning birth 

weight were found to be statistically insignificant. The absence of a significant difference of birth weights among DFM plus 

EFE groups could be due to the randomly assignment of the calves to the treatment groups. While the average birth weight of 

the male Brown Swiss calves was in accordance with results of Yanar et al. (1999), Guler et al. (2006), Tilki et al. (2008) and 

Soydan & Sahin (2016), but it was lower than finding of Kaygisiz et al. (2011). 

 
Table 2- Least-squares means along with standard errors and results of variance analysis for weights of male Brown Swiss 

calves 

 

Parameters 
 

 

Birth Weight 

(kg) 

Weaning Weight 

(kg) 

4 Months Weight 

(kg) 

6 Months 

Weight (kg) 

 N X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  

Overall Mean 18 38.61±1.57 53.72±2.27 101.39±4.05 143.44±5.17 

Levels of DFM plus EFE  NS NS NS NS 

Control 6 38.17±2.72 52.33±3.93 103.83±7.02 136.50±8.96 

10 g  6 39.50±2.72 56.17±3.93 100.33±7.02 146.17±8.96 

20 g  6 38.17±2.72 52.67±3.93 100.00±7.02 147.67±8.96 
 

NS; Non-Significant 

 

As determined in the current study, Kocyigit et al. (2015) also indicated that differences among the weaning weights of 

female dairy calves fed different amounts of DFM plus EFE were not statistically significant. On the other hand, Timmerman 

et al. (2005) indicated significantly heavier weaning weight of the calves in DFM group compared to control group. In the 

present study, weaning weight of the male calves in 10 g head/day of DFM plus EFE group were 7.3% heavier than these of 

animals in control group. Similarly, studies carried out by Jatkauskas & Vrotniakiene (2010) and Ulger (2019) reported that the 

weaning weights of the calves in DFM group were 9.4% and 5.2% respectively higher than these of calves in control group. 

 

When the least squares means for 4 and 6 month weights were assessed for this study, there was no statistical differences 

between the control and the 10 or 20 g head/day DFM plus EFE groups (Table 2). Similarly, Isık et al. (2004) stated 

insignificant difference between control and DFM groups in terms of 4 months weight, while Ghorbani et al. (2007) 

determined that the EFE added diets did not significantly affected on the growth performance of Holstein calves at the age of 3 

months. 

 

In the current study, 6 months weight of the calves fed diets supplemented with 10 or 20 g head/day DFM plus EFE were 

7.1% and 8.2% higher than calves in control group. Similar result was also reported by Kocyigit et al. (2015) who indicated 

that 6 months weight of crossbred calves in the DFM plus EFE group was 5.7% greater compared to that of calves in the 

control group. In another study that supported these results, the 6 months weight of Holstein Friesian calves in the control 

group was 4.25% superior to these in control group (Isık et al. 2004). 

 

Least squares means and results of variance analysis for daily weight gains at different stages of the growth of male Brown 

Swiss calves are presented in Table 3.  Although there were no statistically significant differences among the doses of DFM 

plus EFE, daily weight gains of the calves in 10 g head/day DFM plus EFE group between birth and weaning period was 

16.0% higher than these in control group. Similarly, during the pre-weaning period, Gorgulu et al. (2003), Dimova et al. 

(2013), Kocyigit et al. (2015) and Ulger (2019) reported respectively 4.8%, 11.8%, 20.0% and 11.9% higher weight gains of 

the calves in DFM group compared to control group, and they also indicated that the differences in terms of weight gain at this 

period were not statistically significant. Furthermore, in a study comparing control group with DFM produced in laboratory 

conditions or sold commercially, Bayatkouhsar et al. (2013) stated that the weight gain differences among the DFM and 

control groups at pre-weaning period were 7.9% and 4.8% higher in favor of DFM, but the differences were not found to be 

statistically significant. 

 

In the current study, male Brown Swiss calves receiving 10 g DFM plus EFE between birth and 6 months of age had 

superiority of 7.3% compared to the control group in terms of daily weight gains (Table 3). Similarly, between birth and 6 

months of age, Bakhshi et al. (2006) and Kocyigit et al. (2015) reported respectively 4.4% and 11.7% higher weight gains of 
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the calves in DFM group compared to control group. They also indicated that the differences in terms of weight gain at this 

period were not statistically significant. However, Higginbothem & Bath (1993), Abdala et al. (2002) and Hossaini et al. 

(2010) stated statistically significant differences between calves in DFM and control groups concerning weight gains from 

birth to 6 months of age period. The differences among the results of the researches could be attributed to different type of 

viable cells in the DFM additives and their survivability, metabolic capacity and consistency in the host gut. Additionally, 

different calf rearing systems as well as Influence of feed processing (e.g., steam conditioning, pelleting) on the survivability 

of the DFM in the final prepared diet might also play significant roles on the inconsistent findings obtained in these studies. 
 

Table 3- Least-squares means along with standard errors for weight gains in different parts of the growth of male Brown 

Swiss calves 
 

Parameters  

Gains Between 

Birth and 

Weaning (kg) 

Gains Between 

Weaning and 4 

Months of Age 

(kg) 

Gains Between 4 

and  6 Months of 

Age (kg) 

Gains Between 

Birth and 6 

Months of Age 

(kg) 

 N X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  

Overall Mean 18 0.27±0.02 0.74±0.03 0.70±0.05 0.58±0.02 

Levels of DFM 

plus EFE 
 NS NS NS NS 

Control 6 0.25±0.04  0.80±0.06 0.54±0.09 0.55±0.04 

10 g  6 0.29±0.04 0.69±0.06 0.76±0.09 0.59±0.04 

20 g  6 0.26±0.04 0.74±0.06 0.79±0.09 0.61±0.04 
 

NS; Non-Significant 

 

Least squares means and results of the variance analysis for amount of dry matter intake of milk, hay and calf starters per 

kg weight gain is presented in Table 4. Although the amount of dry matter of the feed per kg weight gain of the calves in the 10 

or 20 g head/day DFM plus EFE groups was not significantly different from control group in the pre-weaning period, the feed 

efficiency ratio of the calves fed diets with 10 g DFM plus EFE had 64.2% better than that of calves in control group. Kocyigit 

et al. (2015) also stated that feed efficiency ratio of the female dairy calves in 10 g head/day DFM plus EFE group was 1.7 

times better than that of calves in control group. Parallel findings were also reported by Jenny et al. (1991), Hamza et al. 

(1996), Gorgulu et al. (2003), Isık et al. (2004) and Ulger (2019), and they indicated respectively 25.1%, 25.5%, 15.2%, 

11.1%, 10.5% better feed efficiency ratios of the calves in DFM group compared to control group.  

 
Table 4- Least-squares means along with their standard errors for feed efficiency ratios of male Brown Swiss calves at 

different stages of the growth 
 

  Total Amount of Dry Matter Consumed per kg Weight Gain Between; 

Parameters  Birth and Weaning 
Weaning and 4 

Months of Age 

4 and 6 Months of 

Age  

Birth and 6 

Months of Age  

 N X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  

Overall Mean 18 2.31±0.36 3.25±0.12 5.19±0.38 3.51±0.08 

Levels of DFM 

plus EFE 
 NS NS NS NS 

Control 6 2.94±0.63 3.22±0.22 4.77±0.66 3.52±0.15 

10 g  6 1.79±0.63 3.41±0.22 4.58±0.66 3.42±0.15 

20 g  6 2.21±0.63 3.14±0.22 6.21±0.66 3.61±0.15 
 

NS; Non-Significant 
 

As the feed efficiency ratios of the male calves in different DFM plus EFE levels during from birth to 6 months of age were 

compared to each other, it was 2.9% better in favor of the calves in 10 g head/day DFM plus EFE group. Similarly, Bakhshi et 

al. (2006) reported statistically insignificant differences in terms of feed efficiency ratios between DFM and control groups, 

and they found out that calves in DFM group had 7.7% better feed efficiency ratio compared to control group. Moreover, Ran 

et al. (2019) stated that Charolaise x Angus calves consumed diet supplemented with DFM plus EFE had 9.6% better feed 

efficiency ratio than calves in control group in a period between birth and 112 days. On the other hand, Timmerman et al. 

(2005) and Frizzo et al. (2011) especially indicated positive improving effect of the DFM on the feed efficiency ratio of the 

stressful calves when they had high incidence of disease. 

 

Least squares means and results of variance for the percentage of time spent on different activities of the male Brown Swiss 

calves are presented in Table 5. While the effect of the different levels of the DFM plus EFE on the percentage of time spent 

for lying throughout the trial (6 months) was highly significant (P<0.01), the rest of the behavioral traits were not significantly 

influenced from the treatment groups. However, the percentage of time spent for eating for calves in 10 g head/day DFM plus 
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EFE group had 10.3% higher compared to control group. Kocyigit et al. (2015) also reported insignificant differences in terms 

of percentage of time spent for standing, eating and water drinking behaviors between DFM and control groups.  

 
Table 5- Least squares means with standard error for percentage of time spent on different activities of male Brown Swiss 

calves 

 

  Between Birth and 6 Months of Age 

Parameters 
 

 
Lying Standing Feeding Water Drinking 

 N X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  

Overall Mean 18 0.26±0.009 0.31±0.009 0.40±0.01 0.014±0.02 

Levels of DFM plus EFE  ** NS NS NS 

Control 6 0.29±0.01b 0.29±0.01 0.39±0.02 0.015±0.03 

10 g  6 0.22±0.01a 0.33±0.01 0.43±0.02 0.013±0.02 

20 g  6 0.26±0.01ab 0.32±0.01 0.39±0.02 0.012±0.03 
 

**; P<0.01, NS; Non-Significant 

 

 Least square means and results of variance analysis for fecal consistency scores, body cleanliness scores along with 

bedding cleanliness scores of the male Brown Swiss calves in different groups of DFM plus EFE are presented in Table 6. 

Statistically significant (P<0.05) differences among the levels of DFM plus EFE concerning fecal consistency scores were 

observed in the pre-weaning period as well as between birth and 6 months of age. During these periods, calves in 10 g 

head/day DFM plus EFE group had 83.4% and 38.6% lower fecal consistency scores which meant they had lower incidence of 

diarrhea. As a result of the decrease in the incidence of diarrhea in these calves, body cleanliness scores (4.1% and 8.9%) and 

bedding cleanliness scores (16.4% and 9.0%) improved compared to control group in the both milk feeding period as well as 

throughout the trial (Table 6). Similarly, Agarwal et al. (2002), Seo et al. (2010), Kim et al. (2011), Kocyigit et al. (2015) 

determined the fecal consistency scores of the dairy calves and reported a significant reduction of incidence and duration of 

scouring in the young animals of DFM fed groups as compared to control group. Additionally, Foster et al. (2003), Jatkauskas 

& Vrotniakiene (2010) have shown that supplementation of DFM into the diet of the calves caused a reduction of the incidence 

of diarrhea in the dairy calves.  

 
Table 6- Least square means and standard error for fecal consistency scores of calves, body cleanliness scores, and bedding 

cleanliness scores 
 

Parameters  

Fecal 

Consistency 

Scores Between 

Birth and 

Weaning 

Fecal 

Consistency 

Scores 

Between Birth 

and 6 Months 

of Age 

Body Cleanliness 

Score Between 

Birth and 

Weaning 

Body 

Cleanliness 

Score Between 

Birth and 6 

Months of Age 

Bedding Cleanliness 

Score Between Birth 

and Weaning 

Bedding 

Cleanliness 

Score Between 

Birth and 6 

Months of Age 

 N X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  X ±
x

S  

Overall Mean 18 1.64±0.06 1.20±0.01 1.90±0.07 2.17±0.04 1.94±0.06 2.37±0.06 

Levels of 

DFM plus 

EFE 

 * * NS NS NS NS 

Control 6 2.33±0.11b 1.47±0.02b 2.00±0.12 2.32±0.08 2.13±0.10 2.55±0.11 

10 g  6 1.27±0.11a 1.06±0.02a 1.92±0.12 2.13±0.08 1.83±0.10 2.34±0.11 

20 g  6 1.33±0.11a 1.08±0.02a 1.78±0.12 2.06±0.08 1.86±0.10 2.21±0.11 

 
*; P<0.05, NS; Non-Significant 

 

4. Conclusions 
 

Overall results of the study revealed that even though the feeding of DFM plus EFE improved numerically weight gain as well 

as feed efficiency ratio of the male Brown Swiss calves, the differences were not statistically significant. However, level of 10 

g head/day of the DFM plus EFE additives could be beneficial for reducing incidence of diarrhea of male Brown Swiss calves. 
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