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Abstract 

The present study evaluated the effect of rumen modifiers (probiotic yeasts: Saccharomyces cerevisiae 

and Yarrowia lipolytica; bacterial strains: Propionibacterium freudenreichii and Bacillus subtilis; along 

with fibrolytic enzymes) supplementation in total mixed ration (TMR) on growth performance, nutrient 

utilization, and economics in growing Osmanabadi goat kids. Eighteen kids of 4-5 months were divided 

into three groups: T₀ (control, basal TMR), T₁ (TMR + 5 g probiotic mixture/day/kid + enzymes 300 

g/ton), and T₂ (TMR + 10 g probiotic mixture/day/kid + enzymes 450 g/ton) and fed for 84 days. Final 

body weight and average daily gain in weight were significantly higher (p<0.05) in groups 

supplemented with rumen modifiers (T₁ and T₂) compared to control, while differences between T₁ and 

T₂ were non-significant. Average daily DMI was significantly higher (p<0.05) in T₁ than in T₀ and T₂. 

Average daily TDN and DCP intakes were significantly influenced (p<0.05) by rumen modifier 

supplementation, with highest values recorded in T₁. Digestibility coefficients of DM, OM, CF, CP, 

and NDF were significantly higher (p<0.05) in T₁ and T₂ than in T₀, while EE, NFE, ADF, and ADL 

digestibility showed no significant differences. Feed efficiency parameters showed numerical 

improvement but no significant differences. Economically, group T1 showed the lowest cost per kg gain 

and highest net profit per kg live weight gain. It can be concluded that rumen modifier supplementation 

improved growth performance, nutrient digestibility, and economic returns in growing Osmanabadi 

kids fed Jowar straw-based TMR. 

 
Keywords: Probiotics, fibrolytic enzymes, growth performance, nutrient utilization, Osmanabadi goats 

 

Introduction 

Animal husbandry is a cornerstone of India’s agrarian economy, providing livelihood, 

nutrition, and employment to millions. The 20th Livestock Census (2019) [1] reported 535.78 

million livestock (+ 4.6%), including 148.88 million goats (+ 10.1%), highlighting their 

importance for smallholder farmers and rising demand for meat and milk. 

With meat consumption in India projected to nearly double by 2030, improving feed 

efficiency and productivity is essential (Alexandratos & Bruinsma, 2012) [2]. This requires 

advancements in nutrition, including the use of rumen modifiers such as probiotics and 

fibrolytic enzymes to enhance growth and feed utilization (Chatterjee et al., 2023) [3].  

Traditional feeding systems based on grazing and crop residues often fail to meet nutritional 

requirements (Boudalia et al., 2024) [4]. Hence, scientifically formulated diets with feed 

additives like yeast, bacteria, and enzymes are needed to improve nutrient utilization. Since 

goat diets are largely fibrous, supplementation with exogenous fibrolytic enzymes (EFE) and 

yeast probiotics has shown promise in improving digestion and performance (Fróes et al., 

2024) [5]. 

Rumen modifiers enhance fermentation, stabilize rumen pH, and improve feed efficiency, 

contributing to sustainable production (Firkins & Mitchell, 2023) [6]. Yeast (Saccharomyces 

cerevisiae) improves rumen function, microbial balance, and feed intake, leading to better 

growth (Thrune et al., 2009) [7], while enzymes such as cellulase and xylanase enhance fibre 

breakdown (Beauchemin et al., 2003) [8].
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Given the rising demand for efficient and sustainable 

chevon production, supplementation of rumen modifiers 

such as yeast, bacteria, and fibrolytic enzymes offers a 

promising strategy. Therefore, present study was undertaken 

to evaluate the effects of dietary supplementation of rumen 

modifiers on growth performance and nutrient utilization, as 

well as the economics of feeding in growing goats. 

 

Materials and Methods 

The present study was conducted at the Livestock Farm 

Complex, Mumbai Veterinary College, Aarey Colony, and 

in the Department of Animal Nutrition, Mumbai Veterinary 

College. Eighteen Osmanabadi goat kids (4-5 months old) 

were selected based on age and body weight and randomly 

divided into three groups: T₀ (control), T₁ and T₂, with six 

animals each. The feeding trial was lasted for 84 days, 

preceded by a one-week adaptation period during which 

animals were maintained on a basal diet. Standard 

management practices, including deworming and 

vaccination, were followed uniformly across the groups. 

The experimental design followed ICAR (2013) [9] 

recommendations, with animals receiving total mixed ration 

(TMR) consisting of 50% dry roughage (Sorghum bicolor), 

20% green fodder (Brachiaria mutica), and 30% concentrate 

mixture (Makka chunni, Soybean meal, Cottonseed cake, 

Tur chunni and Wheat bran). Treatments included rumen 

modifiers in treatment groups (T1 and T2) and T0 served as 

control group which was not supplemented with any rumen 

modifiers. Probiotics as rumen modifiers included 

Saccharomyces cerevisiae, Yarrowia lipolytica, 

Propionibacterium freudenreichii and Bacillus subtilis, 

while enzymes consisted of Exoglucanase, Endoglucanase 

and Xylanase in quantities mentioned in table 1. 

 
Table 1: Dietary treatments  

 

T0 (control) Served as control and received Jowar straw based TMR as per standard recommendation (ICAR, 2013) [9]. 

T1 (Treatment I) 

Received feed as per T0 plus, yeast (Saccharomyces cerevisiae, Yarrowia lipolytica) and bacteria (Propionibacterium 

freudenrichii, Bacillus subtilis) 5 g (1.25 × 109 CFU/g)/day/goat and enzymes (Exoglucanase 80 U/g, Endoglucanase 190 

U/g, Xylanase 70 U/g) 300 gram/ton of feed. 

T2 (Treatment II) 

Received feed as per T0 plus yeast (Saccharomyces cerevisiae, Yarrowia lipolytica) and bacteria (Propionibacterium 

freudenrichii, Bacillus subtilis) 10 g (1.25 × 109 CFU/g)/day/goat and enzymes (Exoglucanase 80 U/g, Endoglucanase 

190 U/g, Xylanase 70 U/g) 450 gram/ton of feed. 

 

Kids were fed twice daily with free access to clean drinking 

water. Feed samples were collected fortnightly and analyzed 

for proximate composition using Horwitz and Latimer 

(2005) [10] methods and fiber fractions using the Van Soest 

detergent system (Van Soest et al., 1991) [11]. 

Growth performance parameters such as fortnightly body 

weight and daily dry matter intake (DMI) were recorded. 

Animals were weighed before feeding using a digital 

balance. Feed intake was calculated by measuring feed 

offered and refusals. Digestibility trial of 7 days duration 

was conducted during the final week using the total 

collection method to determine nutrient digestibility and 

calculate total digestible nutrients (TDN) and digestible 

crude protein (DCP). Feed conversion efficiency was 

evaluated as intake of DM, TDN, and DCP per unit body 

weight gain.  

Economics of feeding was calculated based on feed cost and 

cost per kg body weight gain. Statistical analysis of all data 

was performed using a Completely Randomized Design

(CRD) as per Snedecor and Cochran (1994) [12]. 

 

Results 

Growth performance 

Fortnightly body weights of growing goats increased 

progressively across all groups during the trial, with 

comparable initial body weights, while final body weights 

were significantly higher (p<0.05) in T₁ (22.49±0.29 kg) 

and T₂ (22.18±0.30 kg) compared to T₀ (21.05±0.27 kg). 

Although average fortnightly body weights did not differ 

significantly among treatments (p>0.05), a consistent 

increasing trend was observed throughout the experimental 

period, with higher overall mean body weights in 

supplemented groups. Correspondingly, growth 

performance was improved, as average fortnightly gain and 

average daily gain (ADG) were significantly higher 

(p<0.05) in T₁ and T₂ compared to T₀, with T₁ showing the 

highest values, indicating a positive effect of rumen 

modifier supplementation on growth performance of 

Osmanabadi goats (Table 2). 

 
Table 2: Effect of rumen modifier supplementation on growth performance of growing goats 

 

Parameter T0 T1 T2 

Initial average body wt.(kg) 14.44±0.21 14.41±0.29 14.38±0.22 

Final average body wt. (kg) 21.05b±0.27 22.49a±0.29 22.18a±0.30 

Total gain in weight (kg) 6.61 8.08 7.80 

Average fortnightly gain in wt.(g) 1102b±50 1347a±61 1300a±61 

Average daily gain wt.(g) 79b±1.4 96a±1.7 93a±1.9 

Values are means±SEM. Means bearing different superscripts (a, b) in a row differ significantly (p<0.05). 

 

Feed intake 

Average daily dry matter intake (DMI) was significantly 

higher (p<0.05) in T₁ (733.4±14.6 g) compared to T₀ 

(668.6±9.7 g) and T₂ (676.6±10.6 g). However, DMI 

expressed as percentage of body weight and per unit 

metabolic body size did not differ significantly (p>0.05) 

among treatments, although numerically higher values were 

observed in T₁. Total digestible nutrient (TDN) intake was 

significantly higher (p<0.05) in T₁ (497.3±9.9 g) compared 

to T₀ and T₂, while digestible crude protein (DCP) intake 

was significantly increased (p<0.05) in both T₁ (55.0±1.1 g) 

and T₂ (52.4±0.8 g) compared to T₀, indicating improved 

nutrient utilization with rumen modifier supplementation 

(Table 3). 
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 Table 3: Effect of rumen modifier supplementation on feed intake 

of growing goats 
 

Parameter T0 T1 T2 

Average daily DM intake (g) 668.6b±9.7 733.4a±14.6 676.6b±10.6 

DM intake (%) 3.90±0.06 4.06±0.08 3.88±0.06 

DMI per unit metabolic body 

size (g) 
79.3±1.1 84.6±1.7 79.0±1.2 

Average daily TDN intake (g) 433.7b±6.3 497.3a±9.9 460.3b±7.1 

Average daily DCP intake (g) 47.8b±0.7 55.0a±1.1 52.4a±0.8 

Values are means±SEM. Means bearing different superscripts (a, 

b) in a row differ significantly (p<0.05). 

 

Feed Conversion Efficiency of Growing Goats 

Feed conversion efficiency improved numerically in rumen 

modifier supplemented groups, with lower DM, TDN, and 

DCP required per kg body weight gain in T₁ and T₂ 

compared to T₀; however, the differences were non-

significant (p>0.05), indicating only a trend toward 

improved efficiency (Table 4). 

 
Table 4: Effect of rumen modifier supplementation on feed 

conversion efficiency of growing goats 
 

Parameter T0 T1 T2 

DM required (kg) per kg gain wt. 8.99±0.13 7.74±0.15 7.35±0.11 

TDN required (kg) per kg gain wt. 5.81±0.09 5.25±0.10 5.20±0.08 

DCP required (kg) per kg gain wt. 0.61±0.03 0.57±0.03 0.57±0.03 

 

Nutrient Digestibility 

Rumen modifier supplementation significantly improved 

(p<0.05) digestibility of DM, OM, CP, and CF, with highest 

values in T₂ followed by T₁, while EE and NFE remained 

unaffected. Accordingly, dietary DCP and TDN contents 

were significantly higher in supplemented groups. Fiber 

digestibility showed a significant increase (p<0.05) in NDF, 

whereas ADF and ADL were not significantly affected, 

indicating enhanced fiber utilization mainly through 

improved NDF digestion (Table 5). 

 
Table 5: Effect of rumen modifier supplementation on nutrient 

digestibility and nutritive value of diet 
 

Parameter Group T0 Group T1 Group T2 

Dry Matter 62.68c±0.18 65.90b±0.18 67.45a±0.05 

Organic Matter 65.47c±0.24 68.70b±0.18 69.93a±0.19 

Crude Protein 68.11c±0.29 71.50b±0.28 73.75a±0.14 

Ether Extract 74.49±0.28 74.48±0.3 74.52±0.31 

Crude Fiber 58.11c±0.28 62.00b±0.38 64.65a±0.24 

NFE 72.23±1.38 73.20±0.48 73.90±0.90 

TDN% 64.79b±0.74 66.61a±0.22 67.86a±0.48 

DCP% 7.14c±0.03 7.49b±0.03 7.73a±0.01 

NDF 57.3b±0.91 61.11a±0.88 61.01a±0.61 

ADF 52.47±0.79 52.26±0.61 53.38±0.91 

ADL 26.71±0.53 27.68±0.48 28.51±0.71 

Values are means±SEM. Means bearing different 

superscripts (a, b) in a row differ significantly (p<0.05). 

 

Economics 

The cost of TMR remained uniform across groups, with 

additional expenses in T₁ and T₂ due to rumen modifier 

supplementation and slightly higher intake, resulting in 

higher total feeding costs over 84 days compared to control. 

However, cost per kg live weight gain was lowest in T₁ (Rs. 

281.33) compared to T₀ (Rs. 291.41) and T₂ (Rs. 300.10), 

indicating improved economic efficiency at moderate 

supplementation. Whereas, net profit per kg gain increased 

by 8.29% in T₁, while T₂ showed lower returns, 

demonstrating that moderate inclusion of rumen modifiers is 

economically most beneficial. 

 

Discussion 

Growth performance 

Studies consistently report improved growth performance 

with rumen modifier supplementation. Lu et al. (2023) [13] 

and Yuangklang et al. (2017) [14] observed higher final body 

weights and ADG with probiotics and fibrolytic enzymes, 

while Lu et al. (2023) [13] and Al-Galiby et al. (2023) [15] also 

reported significant improvements in body weight and gain; 

similar trends were noted by Maake et al. (2021) [16] and 

Ogbiko et al. (2020) [17], supporting the present findings of 

higher body weights in T₁ and T₂. Likewise, enhanced 

weight gain and ADG with rumen modifiers have been 

reported by Mousa et al. (2022) [18] and Al-Galiby et al. 

(2023) [15], along with Lu et al. (2023) [13] and Jinturkar et al. 

(2009) [19], although Whitley et al. (2009) [20] reported 

variable responses, overall aligning with the present study 

showing improved growth performance from T₀ to T₂.  

 

Feed intake 

Dry matter intake (DMI) responses to rumen modifiers are 

variable, as studies by Bureenok et al. (2023) [21], and 

McAllister et al. (2000) [22] reported significant increases in 

DMI with fibrolytic enzymes, whereas Al-Galiby et al. 

(2023) [15], and Awawdeh and Obeidat (2011) [23] found no 

significant effect, indicating that responses depend on diet 

and supplementation conditions. Similarly, improved TDN 

intake and utilization observed in the present study align 

with findings of Mousa et al. (2022) [18] and Fróes et al. 

(2024) [5], as well as enhanced fibre digestibility reported by 

Yuangklang et al. (2017) [14] and Pinos-Rodríguez et al. 

(2002) [24], though some studies such as Kumar et al. (2023) 

[25] and Bureenok et al. (2023) [21], reported non-significant 

effects, highlighting variability based on diet composition 

and strategy. 

 

Feed Conversion Efficiency of Growing Goats 

Numerical improvements in feed conversion efficiency 

(lower DM, TDN, and DCP required per kg gain) in T₁ and 

T₂ align with previous findings, where Mousa et al. (2022) 

[18] reported significant FCR improvement, while Maake et 

al. (2021) [16] and Ogbiko et al. (2020) [17] observed mainly 

non-significant but favorable trends, including dose-related 

responses; similarly, Muwalla et al. (2007) [26] and 

Awawdeh and Obeidat (2011) [23] reported no significant 

effects, indicating variability across studies. Improved 

energy utilization reflected by lower TDN requirement per 

kg gain is consistent with findings of Mousa et al. (2022) 

[18], supporting the present results. 

 

Nutrients Digestibility 

Rumen modifier supplementation improved nutrient 

digestibility, as reported by Mousa et al. (2022) [18] and Cai 

et al. (2021, 2021a) [27, 28], showing significant increases in 

DM, OM, and CP digestibility, with supporting evidence 

from Sutton et al. (2003) [29] and Gado et al. (2009) [30], 

although some studies like Muwalla et al. (2007) [26] and 

Reddish and Kung (2007) [31] reported non-significant 

effects. Improvements in EE, CF, and NFE digestibility 

have also been reported by Al-Galiby et al. (2023) [15], and 

Mousa et al. (2022) [18], though variability exists depending 

on diet and supplementation. Similarly, enhanced NDF 
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digestibility observed aligns with findings of Mousa et al. 

(2022) [18] and Yuangklang et al. (2017) [14] while non-

significant effects on ADF and ADL are consistent with Eun 

and Beauchemin (2007) [32] and Giraldo et al. (2008) [33], 

indicating that enzyme action mainly enhances 

hemicellulose-rich fractions. 

 

Economics 

The present findings align with earlier studies indicating that 

moderate rumen modifier supplementation improves feed 

efficiency and economic returns, as reported by Mousa et al. 

(2022) [18], showing enhanced digestibility, growth, and 

approximately 192.14% higher net profit, Okunade et al. 

(2025) [34], reporting reduced feed cost per kg gain, and Abd 

El-Trwab et al. (2016) [35], demonstrating improved feed 

efficiency and lower feeding cost, thereby supporting the 

economic benefits observed in the present study. 

 

Conclusion 
The present study demonstrates that supplementation of 

rumen modifiers comprising probiotics and fibrolytic 

enzymes in a total mixed ration significantly enhances 

growth performance and nutrient utilization in growing 

Osmanabadi goats under intensive production systems. 

Rumen modifier supplementation resulted in significantly 

higher (p<0.05) body weight, average daily gain, and 

overall growth performance in both treatment groups (T₁ 

and T₂) compared to the control (T₀), confirming their 

positive role in improving productive efficiency. Among the 

treatments, T₁ (moderate supplementation) showed superior 

performance in terms of nutrient intake, particularly TDN 

and DCP, along with better feed conversion trends and the 

most favorable economic returns, as reflected by the lowest 

cost per kg body weight gain and higher net profit. In 

contrast, T₂ (higher supplementation) resulted in 

significantly improved nutrient digestibility, including DM, 

OM, CP, CF, and NDF. However, these improvements did 

not translate into proportional gains in growth efficiency or 

economic benefits, suggesting diminishing returns at higher 

inclusion levels. In conclusion, while both levels of rumen 

modifier supplementation improved performance, moderate 

supplementation (T₁) proved to be the most efficient and 

economically viable strategy. Therefore, incorporation of 

rumen modifiers at optimal levels in TMR can be 

recommended as a sustainable nutritional approach to 

enhance productivity and profitability in intensive goat 

production systems. 

 

Acknowledgments 

The authors thank the Department of Animal Nutrition and 

Livestock Farm Complex at the Mumbai Veterinary 

College, Maharashtra Animal and Fishery Sciences 

University, Nagpur, for offering the facilities needed to 

carry out this research. The authors report no conflicts of 

interest related to this work. 

 

References 

1. Press Information Bureau, Government of India. 20th 

Livestock Census (2019)-All India Report [Internet]. 

New Delhi: Government of India; 2019 [cited 2026 

May 12]. Available from: Press Information Bureau  

2. Alexandratos N, Bruinsma J. World agriculture towards 

2030/2050: the 2012 revision [Internet]. Rome: Food 

and Agriculture Organization; 2012 [cited 2026 May 

12]. p. 1-154. Available from: Agecon Search  

3. Chatterjee A, Kumar M, Dutta TK, Mohammad A, 

Bhakat C, Rai S, Mandal DK, Karunakaran M. Effect of 

exogenous fibrolytic enzymes supplementation on 

nutrient intake and digestibility in Black Bengal kids. 

Indian Journal of Small Ruminants. 2023;29(1):55-61. 

Available from: CABI Digital Library  

4. Boudalia S, Smeti S, Dawit M, Senbeta EK, Gueroui Y, 

Dotas V, et al. Alternative approaches to feeding small 

ruminants and their potential benefits. Animals. 2024 

Mar 14;14(6):904-919.  

5. Fróes R, Bezerra L, Missasse J, Castro D, Barbosa A, 

Arce-Cordero J, et al. Effects of yeast and exogenous 

fibrolytic enzyme additives on lamb performance and 

feed efficiency. Tropical Animal Health and 

Production. 2024 Sep;56(7):235-244.  

6. Firkins JL, Mitchell KE. Invited review: Rumen 

modifiers in today's dairy rations. Journal of Dairy 

Science. 2023 May 1;106(5):3053-3071.  

7. Thrune M, Bach A, Ruiz-Moreno M, Stern MD, Linn 

JG. Effects of Saccharomyces cerevisiae on ruminal pH 

and microbial fermentation in dairy cows. Livestock 

Science. 2009 Sep 1;124(1-3):261-265.  

8. Beauchemin KA, Colombatto D, Morgavi DP, Yang 

WZ. Use of exogenous fibrolytic enzymes to improve 

feed utilization by ruminants. Journal of Animal 

Science. 2003 Feb 1;81(Suppl 2):E37-E47.  

9. Reddy DV. Textbook of applied animal nutrition. 3rd 

ed. New Delhi: Oxford & IBH Publishing Co. Pvt. Ltd.; 

2013. p. 173-175.  

10. Horwitz W, Latimer GW. Official methods of analysis 

of AOAC International. 18th ed. Gaithersburg (MD): 

AOAC International; 2005. p. 1-2590.  

11. Van Soest PV, Robertson JB, Lewis BA. Methods for 

dietary fiber, neutral detergent fiber, and non-starch 

polysaccharides in relation to animal nutrition. Journal 

of Dairy Science. 1991 Oct 1;74(10):3583-3597.  

12. Snedecor GW, Cochran WG. Statistical methods. 8th 

ed. Ames (IA): Iowa State University Press; 1994. p. 1-

503.  

13. Lu J, Chen Z, Chen P, Li Z, Wan Y, Song Y, Wang F, 

Zhang Y. Dietary potential probiotics and enzymes 

complex modulates the performance and rumen 

microbiota in weaned goats. Journal of Applied 

Microbiology. 2023 Feb;134(2):lxac079.  

14. Yuangklang C, Schonewille JT, Alhaidary A, Vasupen 

K, Bureenok S, Seanmahayak B, et al. Growth 

performance and macronutrient digestion in goats fed a 

rice straw-based ration supplemented with fibrolytic 

enzymes. Small Ruminant Research. 2017 Sep 

1;154:20-22.  

15. Al-Galiby MK, Al-Hassnawi IA, Al-Hassnawi MM. 

Effect of different levels of complex probiotics on local 

goat kids’ performance. Cellulose. 2023;2:20-39. 

Available from: Scientific Literature Publishing  

16. Maake TW, Adeleke M, Aiyegoro OA. Effect of lactic 

acid bacteria administered as feed supplement on the 

weight gain and ruminal pH in two South African goat 

breeds. Transactions of the Royal Society of South 

Africa. 2021 Jan 2;76(1):35-40.  

17. Ogbiko A, Tsado D, Alabi OJ, Adama TZ. Growth 

performance of Savanna brown goats fed enzyme 

treated sawdust diets under intensive managed system. 

https://www.biochemjournal.com/


 

~ 365 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

Nigerian Journal of Animal Production. 

2020;47(2):257-263.  

18. Mousa GA, Allak MA, Shehata MG, Hashem NM, 

Hassan OG. Dietary supplementation with a 

combination of fibrolytic enzymes and probiotics 

improves digestibility, growth performance, blood 

metabolites, and economics of fattening lambs. 

Animals. 2022 Feb 15;12(4):476-488.  

19. Jinturkar AS, Gujar BV, Chauhan DS, Patil RA. Effect 

of feeding probiotics on the growth performance and 

feed conversion efficiency in goat. Indian Journal of 

Animal Research. 2009;43(1):49-52.  

20. Whitley NC, Cazac D, Rude BJ, Jackson-O'Brien D, 

Parveen S. Use of a commercial probiotic supplement 

in meat goats. Journal of Animal Science. 2009 Feb 

1;87(2):723-728.  

21. Bureenok S, Pitiwittayakul N, Saenmahayak B, Saithi 

S, Yuangklang C, Cai Y, et al. Effects of fibrolytic 

enzyme supplementation on feed intake, digestibility 

and rumen fermentation characteristics in goats fed with 

Leucaena silage. Small Ruminant Research. 2024 Feb 

1;231:107200-107206.  

22. McAllister TA, Stanford K, Bae HD, Treacher RJ, 

Hristov AN, Baah J, et al. Effect of a surfactant and 

exogenous enzymes on digestibility of feed and on 

growth performance and carcass traits of lambs. 

Canadian Journal of Animal Science. 2000 Mar 

1;80(1):35-44.  

23. Awawdeh MS, Obeidat BS. Effect of supplemental 

exogenous enzymes on performance of finishing 

Awassi lambs fed olive cake-containing diets. 

Livestock Science. 2011 Jun 1;138(1-3):20-24.  

24. Pinos-Rodríguez JM, Moreno R, González SS, 

Robinson PH, Mendoza G, Álvarez G. Effects of 

exogenous fibrolytic enzymes on ruminal fermentation 

and digestibility of total mixed rations fed to lambs. 

Animal Feed Science and Technology. 2008 May 

1;142(3-4):210-219.  

25. Kumar M, Chatterjee A, Dutta TK, Reena Y, 

Mohammad A, Bhakat C, et al. Effect of exogenous 

fibrolytic enzymes supplementation on voluntary 

intake, availability of nutrients and growth performance 

in Black Bengal kids (Capra hircus). Small Ruminant 

Research. 2023 Mar 1;220:106912-106918.  

26. Muwalla MM, Haddad SG, Hijazeen MA. Effect of 

fibrolytic enzyme inclusion in high concentrate 

fattening diets on nutrient digestibility and growth 

performance of Awassi lambs. Livestock Science. 2007 

Sep 1;111(3):255-258.  

27. Cai L, Yu J, Hartanto R, Qi D. Dietary supplementation 

with Saccharomyces cerevisiae, Clostridium butyricum 

and their combination ameliorate rumen fermentation 

and growth performance of heat-stressed goats. 

Animals. 2021 Jul 16;11(7):2116-2128.  

28. Cai L, Hartanto R, Zhang J, Qi D. Clostridium 

butyricum improves rumen fermentation and growth 

performance of heat-stressed goats in vitro and in vivo. 

Animals. 2021 Nov 15;11(11):3261-3274.  

29. Sutton JD, Phipps RH, Beever DE, Humphries DJ, 

Hartnell GF, Vicini JL, Hard DL. Effect of method of 

application of a fibrolytic enzyme product on digestive 

processes and milk production in Holstein-Friesian 

cows. Journal of Dairy Science. 2003 Feb 1;86(2):546-

556.  

30. Gado HM, Salem AZ, Robinson PH, Hassan M. 

Influence of exogenous enzymes on nutrient 

digestibility, extent of ruminal fermentation as well as 

milk production and composition in dairy cows. Animal 

Feed Science and Technology. 2009 Oct 28;154(1-

2):36-46.  

31. Reddish MA, Kung L Jr. The effect of feeding a dry 

enzyme mixture with fibrolytic activity on the 

performance of lactating cows and digestibility of a diet 

for sheep. Journal of Dairy Science. 2007 Oct 

1;90(10):4724-4729.  

32. Eun JS, Beauchemin KA. Assessment of the efficacy of 

varying experimental exogenous fibrolytic enzymes 

using in vitro fermentation characteristics. Animal Feed 

Science and Technology. 2007 Jan 15;132(3-4):298-

315.  

33. Giraldo LA, Tejido ML, Ranilla MJ, Ramos S, Carro 

MD. Influence of direct-fed fibrolytic enzymes on diet 

digestibility and ruminal activity in sheep fed a grass 

hay-based diet. Journal of Animal Science. 2008 Jul 

1;86(7):1617-1623.  

34. Okunade SA, Olafadehan OA, Odong SO, Ntagbu FG. 

Effect of probiotic mix supplementation on growth 

performance and economics of production of growing 

Yankasa sheep. PATNSUK Journal. 2025;20(1):13-20.  

35. El-Trwab A, Youssef IM, Bakr HA, Fthenakis GC, 

Giadinis ND. Role of probiotics in nutrition and health 

of small ruminants. Polish Journal of Veterinary 

Sciences. 2016;19(4):893-906.  

https://www.biochemjournal.com/

