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Abstract: The objective of the current study was to assess the effects of tannic acid supplementation 

on growth performance, nutrients digestibility, and blood urea nitrogen in the Lohi male lambs. 

Fifteen animals with an average age of 9-10 months and live body weight of 26.4 ± 0.52 kg were 

selected randomly. Three total mixed rations (TA0, TA4, TA8) having tannic acid 0, 4 g and 8 g/an-

imal/day, respectively were given to the lambs (n = 5/treatment) for a period of 60 days under a 

Completely Randomized Design. Data regarding dry matter intake, body weight gain, nutrients 

digestibility, feed efficiency and blood urea nitrogen were collected. No significant difference (p > 

0.05) was observed among the treatments in dry matter intake, body weight gain, apparent digesti-

bility of nutrients, and feed efficiency. The blood urea nitrogen levels were significantly lower (17.0 

mg/dL) in the TA8 treatment group compared to the TA0 group (22.1 mg/dL; SE = 1.3), indicating 

the protein bypass characteristic of tannic acid. It was concluded that supplementation of tannin 

may not have appreciable effects on growth performance and digestibility of the nutrients in lambs, 

but bypass value of protein was increased. 
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1. Introduction 

Sheep production is a significant component of animal agriculture globally, particu-

larly in regions where land is unsuitable for crop cultivation. It plays a vital role in sup-

porting the livelihoods of rural communities [1]. While sheep farming is found in nearly 

all parts of the world, it is particularly prevalent in arid and semi-arid regions. In these 

areas, nutritional stress poses a significant challenge to ruminant livestock production. As 

rainfall diminishes, grazing land deteriorates quickly, often leaving cereal crop residues 

as the primary feed source [2]. In such circumstances, strategies to enhance feed efficiency 

become critically important.  

Several strategies have been employed in the past to improve the growth perfor-

mance of ruminants using various feed additives. However, tannic acid supplementation 

has shown the most promising results [3]. This is attributed to its ability to preserve rumen 

fermentation of dietary protein and ensure the availability of essential amino acids in the 

small intestine [4]. Low to moderate tannic acid supplementation may change the site of 

protein degradation and increase the flow of metabolizable amino acids to the small 
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intestine [5]. Tannic acid is generally considered as an anti-nutritional factor, but a low 

concentration of tannic acid changes the rumen fermentation [6] and it becomes beneficial 

as it alters the microbial protein synthesis [7]. Tannic acid form complex with starch, pro-

tein, some minerals and vitamins in the rumen at a moderate pH that dissociates in the 

duodenum and abomasum at lower pH [8]. Protein binds with tannic acid by hydrogen 

bonding at acidic pH. Tannic acid and protein complex are stable at pH closer to neutral 

which is found in ruminal condition and dissociates at lower pH found in abomasum and 

duodenum [9].  

Tannic acid supplementation has been reported to enhance the quality of meat [10]. 

The increase in bypass proteins due to tannic acid products is associated with improved 

animal production. Tannic acid functions in the rumen by reducing the solubility of feed 

proteins or selectively inhibiting ruminal proteolytic bacteria. Previous studies have 

shown that diets rich in polyphenols and condensed tannins can reduce the environmen-

tal impact of sheep production by decreasing methane (CH4) emissions and urinary ni-

trogen (N) excretion [4]. Tannins have also been found to enhance dietary protein utiliza-

tion, body weight gain, milk and wool production, and overall animal health when fed to 

animals [11]. 

 Therefore, the current study was designed to evaluate the impact of various concen-

trations of tannic acid on protein digestibility and, consequently, the growth performance 

of Lohi lambs. 

2. Materials and Methods 

2.1. Study Site, Animals, Housing, and Management 

The trial took place at the Small Ruminants Training and Research Center, University 

of Veterinary and Animal Sciences, Ravi Campus, Pattoki, Pakistan. Lohi male lambs were 

selected from the Lohi breed flock of the center. These lambs, totaling 15 in number, had 

an average weight of 26.4 ± 0.52 kg and were aged between 9 and 10 months. Throughout 

the experimental period, the lambs had unrestricted access to fresh, clean water. They 

were dewormed for both ecto- and endo-parasites at the beginning of the trial. Addition-

ally, the lambs were vaccinated in accordance with the research center's protocol to safe-

guard their health and prevent endemic diseases. 

2.2. Treatment Groups 

The lambs were randomly divided into three treatment groups: TA0, TA4, and TA8, 

each consisting of five lambs, using a completely randomized design. All groups were fed 

a total mixed ration (TMR) diet. The control group (TA0) received no tannic acid, while 

the TA4 and TA8 groups were supplemented with 4g and 8g of tannic acid (commercial 

preparation) per animal per day, respectively. The lambs underwent a 10-day adaptation 

period before the study commenced, and the experimental phase lasted for 60 days. The 

total mixed ration (TMR) diet was isocaloric, with a metabolizable energy (ME) content of 

2.54 Mcal/kg, and isonitrogenous, with a crude protein (CP) content of 14.65%. It com-

prised a mixture of oat silage, Rhode grass hay, and concentrate ration, with varying tan-

nic acid levels for the different groups. Each lamb was housed in an individual pen, re-

ceived individual feed, and data were collected individually. The nutritional composition 

of the basal diet is presented in Table 1. The lambs were fed at a rate of 4% of their body 

weight on a dry matter basis.  

2.3. Data Collection 

The feed offered and refused, if any, was recorded daily for each animal. Dry matter 

intake was calculated using the following formula: 

Dry matter intake (DMI) = DM offered (g) - DM refused (g) 

At the beginning of the research trial, the initial body weight of each animal was recorded 

using a digital weighing balance, and then weights were measured weekly.  

 

https://www.iapublishing.org/IAS/


 

Insights Anim Sci 2024, 1(1), 8–13  Tannic acid supplementation in Lohi lambs 

https: / / www. ia publ i sh i ng.o r g/ IAS/  10 

Table 1. Ingredients and chemical composition of basal diets. 

Ingredients  Inclusion level on dry matter basis, % 

Oat silage 45.0 

Rhode grass hay 03.0 

Maize grain 20.0 

Soybean meal 10.0 

Canola meal 10.0 

Molasses 10.0 

Mineral mixture 02.0 

Tannic acid (g/day) 1  

Chemical composition  

Dry matter 59.26 

Crude protein 14.65 

Metabolizable energy, Mcal/kg 2.54 

Neutral detergent fiber 36.98 

Acid detergent fiber 21.2 

Ether extract 4.16 
1 Tannic acid supplementation was zero, 4 g and 8 g per animal per day in TA0, TA4, and TA8 

treatment groups, respectively. All the groups were fed the same basal diet. 

Weight gain was calculated using the following formula: 

 Weight gain (kg) = Final body weight (kg) – Initial body weight (kg) 

Feed efficiency was calculated using the following formula: 

Feed efficiency = [total weight gain (kg)\total dry matter intake (kg)] × 100 

Blood samples were collected from the jugular vein of the animals at the beginning and 

end of the experiment using 10 ml sterilized disposable syringes. The samples were trans-

ferred to EDTA-containing tubes for biochemical analysis. Plasma was separated from the 

blood samples, properly labeled, and stored at -20°C until further analysis. The plasma 

was used to analyze blood urea nitrogen (BUN) using a kit (Randox Urea Kinetic kit from 

Randox Laboratories Ltd., Crumlin, UK), with the aid of a spectrophotometer (Epoch2, 

BioTek, Winooski, VT, USA). 

2.4. Digestibility Trial 

 In the final week of the experiment, a digestibility trial was conducted. The animals 

were placed individually in digestibility cages. Daily dry matter intake was recorded, and 

all fecal material was collected and weighed. Fecal samples were packed into polythene 

bags and stored at -20°C until analysis. The samples were then analyzed for proximate 

analysis to determine digestibility of dry matter, crude protein (CP), ether extract (EE), 

crude fiber (CF), and organic matter (OM) contents, following the AOAC [12] guidelines. 

These digestibility analyses were done in the laboratory of Department of Animal Nutri-

tion, University of Veterinary and Animal Sciences. Digestibility of DM and nutrients was 

calculated using the following formula: 

Digestibility, % = [(Nutrient intake, g/d − Nutrient in faeces, g/d)/Nutrient intake, g/d] 

    ×100 

2.5. Statistical Analysis  

 The data were analysed under one-way analysis of variance in a Completely Ran-

domized Design using GLM procedure of SAS (SAS for Academics: SAS Institute Inc., 

Cary, NC, USA). Means were compared using the PDIFF option with Tukey’s adjusted p-

values. Statistical significance was declared at p ≤ 0.05. 
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3. Results and Discussion 

In the present study, lambs’ performance was evaluated in terms of dry matter intake 

(DMI), body weight gain, and feed efficiency. The average daily DMI and average daily 

gain showed no significant differences among the treatment groups (Table 2). The average 

daily dry matter intake (DMI) and daily weight gain were 1143 g and 168 g per animal, 

respectively, across all treatment groups. These findings align with previous research. For 

instance, Hervás et al. [13] observed that adding Quebracho tannic acid up to 1.5 g/kg of 

body weight did not affect DMI in sheep. Similarly, Frutos et al. [14] found no significant 

increase in voluntary DMI in sheep when offered soybean meal treated with hydrolysable 

tannic acid at 20.8 g/kg DM of feed. Additionally, Pathak et al. [15] reported that supple-

menting tannic acid in the diet of sheep infected with Haemonchus Contortus at 1.5% of dry 

matter did not significantly increase the daily dry and organic matter intake. A low con-

centration of tannin had no effect on dry matter intake [16], while a higher concentration 

of tannin in the diet (50 g/kg) had negative effects on feed intake [17]. Luciano et al. [10] 

found that lambs offered quebracho tannic acid (89.3 g/kg of dietary DM) in fresh vetch 

(Vicia sativa) had reduced DM intake compared to lambs fed a concentrate-based diet. 

Table 2. Effects of feeding various levels of tannic acid based TMR on growth performance of Lohi 

lambs. 

 Treatment groups 1   

Items  TA0 TA4 TA8 SEM P value 

Total DMI (kg) 68.95 69.06 71.15 2.3 0.79 

Average daily DMI (g) 1130 1132 1166 38 0.78 

Initial body weight (kg) 27.02 26.18 26.10 0.95 0.75 

Final body weight (kg) 36.32 36.28 37.36 1.23 0.74 

Weight gain (kg) 9.30 10.10 11.26 0.98 0.44 

Average daily gain (g/day) 153 166 185 16 0.41 

Feed efficiency 0.135 0.145 0.158 0.012 0.48 
1 TA0, TA4, and TA8 had zero, 4 g and 8 g of Tannic acid per animal per day, respectively. 

In the current study, no significant difference was observed in body weight gain and 

average daily gain among the treatment groups (Table 2). Similar findings were reported 

in a feedlot fattening trial on male lambs supplemented with tannin extract for 70 days, 

where growth performance was not enhanced by tannic acid supplementation over a 

longer period [18]. Liu et al. [19] evaluated the effects of coconut oil and chestnut tannins 

on the growth performance of sheep but found no significant effects on daily dry matter 

intake (DMI) and average daily gain (ADG). These results are consistent with previous 

studies that examines the effects of adding 1% or 3% of Quebracho tannin into alfalfa hay 

on the growth performance of Najdi lambs [20] and on the average daily gain of Awassi 

lambs fed a partial replacement diet of barley grain with tannin-rich carob pods [21]. 

While the TA8 group showed a numerically higher average daily gain, this difference was 

not statistically significant. The lack of a significant effect of tannin supplementation may 

be attributed to the study's limited statistical power, likely due to the small number of 

lambs per treatment group.  

Supplementation with tannic acid did not lead to significant differences in feed effi-

ciency among the three treatment groups. This finding aligns with the results of Liu et al. 

[19], who found that coconut oil and chestnut tannins did not significantly affect the feed 

conversion ratio (FCR) in sheep. Similarly, Rojas et al. [18] concluded that long-term tannic 

acid supplementation in the diet had no significant impact on feed efficiency. 
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Table 3. Effects of feeding various levels of tannic acid supplementation nutrient digestibility and 

blood urea nitrogen in Lohi lambs. 

 Treatment groups 1   

Items  TA0 TA4 TA8 SEM p-Value 

Dry matter, % 60.65 61.99 63.31 7.38 0.76 

Crude protein, % 64.91 65.86 67.70 6.18 0.65 

Ether extract, % 73.92 71.04 67.84 11.01 0.52 

Crude fiber, % 62.13 65.21 66.74 8.23 0.50 

Organic matter, % 60.12 62.38 63.97 7.35 0.56 

BUN, mg/dL 22.1a 18.9b 17.0b 1.3 < 0.001 
1 TA0, TA4, and TA8 had zero, 4 g and 8 g of TA per animal per day, respectively. 

 The percentage digestibility of dry matter (DM), crude protein (CP), crude fiber 

(CF), ether extract (EE), and organic matter also did not show any significant differences 

among the treatment groups (Table 3). The concentration of BUN showed a highly signif-

icant difference (p < 0.001) among the three treatment groups. Specifically, the group TA8 

exhibited a significantly lower level of BUN (17.0 ± 1.3 mg/dL) compared to the group 

TA0 (22.1 ± 1.3 mg/dL: means ± SE; Table 3). This decrease could be attributed to an in-

crease in the bypass protein value of the supplemented groups relative to the control. 

Similar findings have been reported by other researchers, where plasma BUN levels were 

lower in lambs fed tannic acid as a supplement [22] and in female sheep fed sericea 

lespedeza forage containing condensed tannic acid [23] compared to control groups. Con-

sistent with these results, lower BUN values have been observed in sheep [24] and male 

lambs [25], when fed a diet supplemented with tannic acid. The BUN levels correspond 

to a numerically higher growth rate in the tannic acid supplemented group, although this 

difference is not statistically significant. 

4. Conclusions 

In conclusion, the supplementation of tannic acid in the diet of Lohi male lambs 

showed a non-significant effect on performance, including dry matter intake, body weight 

gain, and feed efficiency. However, tannic acid supplementation significantly reduced 

blood urea nitrogen levels, suggesting a potential impact on protein metabolism. Further 

research is needed to explore the underlying mechanisms and optimize the use of tannic 

acid as a feed supplement in sheep farming practices. 

Author Contributions: Conceptualization, S.A. and U.Z.; methodology, S.A.; formal analysis, F.S.; 

resources, I.I., N.A. and M.Q.J.; data curation, U.Z.; writing—original draft preparation, S.A. and 

U.Z.; writing—review and editing, I.I., N.A. and U.Y.; supervision, S.A.; All authors have read and 

agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: All the experimental procedures were approved by the Ad-

vanced Studies and Research Board of the University of Veterinary and Animal Sciences, Lahore, 

Pakistan (das/2067 dated 28 November 2018). 

Acknowledgments: The authors are grateful for the support of farm staff at the Small Ruminants 

Training and Research Center, University of Veterinary and Animal Sciences, Lahore. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Silva, S.R.; Sacarrão-Birrento, L.; Almeida, M.; Ribeiro, D.M.; Guedes, C.; González Montaña, J.R.; Pereira, A.F.; Zaralis, K.; 

Geraldo, A.; Tzamaloukas, O.; et al. Extensive Sheep and Goat Production: The Role of Novel Technologies towards Sustaina-

bility and Animal Welfare. Animals 2022, 12, 885. [Google Scholar] [CrossRef] 

2. Tüfekci, H.; Sejian, V. Stress Factors and Their Effects on Productivity in Sheep. Animals 2023, 13, 2769. [Google Scholar] [Cross-

Ref] 

https://www.iapublishing.org/IAS/
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Extensive+Sheep+and+Goat+Production%3A+The+Role+of+Novel+Technologies+towards+Sustainability+and+Animal+Welfare&btnG=
https://doi.org/10.3390/ani12070885
https://scholar.google.com.pk/scholar?q=Stress+Factors+and+Their+Effects+on+Productivity+in+Sheep&hl=en&as_sdt=0,5&authuser=1
https://doi.org/10.3390/ani13172769
https://doi.org/10.3390/ani13172769


 

Insights Anim Sci 2024, 1(1), 8–13  Tannic acid supplementation in Lohi lambs 

https: / / www. ia publ i sh i ng.o r g/ IAS/  13 

3. Zhao, M.D.; Di, L.F.; Tang, Z.Y.; Jiang, W.; Li, C.Y. Effect of Tannins and Cellulase on Growth Performance, Nutrients Digesti-

bility, Blood Profiles, Intestinal Morphology and Carcass Characteristics in Hu Sheep. Asian-Australas. J. Anim. Sci. 2019, 32, 

1540–1547. [Google Scholar] [CrossRef] 

4. Torres, R.N.S.; Ghedini, C.P.; Paschoaloto, J.R.; da Silva, D.A.V.; Coelho, L.M.; Almeida Junior, G.A.; Ezequiel, J.M.B.; Machado 

Neto, O.R.; Almeida, M.T.C. Effects of Tannins Supplementation to Sheep Diets on Their Performance, Carcass Parameters and 

Meat Fatty Acid Profile: A Meta-Analysis Study. Small Rumin. Res. 2022, 206, 106585. [Google Scholar] [CrossRef] 

5. Min, B.R.; Barry, T.N.; Attwood, G.T.; McNabb, W.C. The Effect of Condensed Tannins on the Nutrition and Health of Rumi-

nants Fed Fresh Temperate Forages: A Review. Anim. Feed Sci. Technol. 2003, 106, 3–19. [Google Scholar] [CrossRef] 

6. Bhatta, R.; Krishnamoorthy, U.; Mohammed, F. Effect of Feeding Tamarind (Tamarindus Indica) Seed Husk as a Source of 

Tannin on Dry Matter Intake, Digestibility of Nutrients and Production Performance of Crossbred Dairy Cows in Mid-Lactation. 

Anim. Feed Sci. Technol. 2000, 83, 67–74. [Google Scholar] [CrossRef] 

7. Bhatta, R.; Krishnamoorthy, U.; Mohammed, F. Effect of Tamarind (Tamarindus Indica) Seed Husk Tannins on in Vitro Rumen 

Fermentation. Anim. Feed Sci. Technol. 2001, 90, 143–152. [Google Scholar] [CrossRef] 

8. Lorenz, M.M.; Alkhafadji, L.; Stringano, E.; Nilsson, S.; Mueller‐Harvey, I.; Udén, P. Relationship between Condensed Tannin 

Structures and Their Ability to Precipitate Feed Proteins in the Rumen. J. Sci. Food Agric. 2014, 94(5), 963–968. [Google Scholar] 

[CrossRef] 

9. Reed, J.D. Nutritional Toxicology of Tannins and Related Polyphenols in Forage Legumes. J. Anim. Sci. 1995, 73, 1516–1528. 
[Google Scholar] [CrossRef] 

10. Luciano, G.; Monahan, F.J.; Vasta, V.; Biondi, L.; Lanza, M.; Priolo, A. Dietary Tannins Improve Lamb Meat Colour Stability. 

Meat Sci. 2009, 81, 120–125. [Google Scholar] [CrossRef] 

11. Besharati, M.; Maggiolino, A.; Palangi, V.; Kaya, A.; Jabbar, M.; Eseceli, H.; De Palo, P.; Lorenzo, J.M. Tannin in Ruminant 

Nutrition: Review. Molecules 2022, 27, 8273. [Google Scholar] [CrossRef] 

12. AOAC. Official Method of Analysis: Association of Official Analytical Chemist 2019, 21st Edition, Arlington VA, USA. 

13. Hervás, G.; Pérez, V.; Giráldez, F.J.; Mantecón, A.R.; Almar, M.M.; Frutos, P. Intoxication of Sheep with Quebracho Tannin 

Extract. J. Comp. Pathol. 2003, 129, 44–54. [Google Scholar] [CrossRef] 

14. Frutos, P.; Raso, M.; Hervás, G.; Mantecón, Á.R.; Pérez, V.; Giráldez, F.J. Is There Any Detrimental Effect When a Chestnut 

Hydrolysable Tannin Extract Is Included in the Diet of Finishing Lambs? Anim. Res. 2004, 53, 127–136. [Google Scholar] [Cross-

Ref] 

15. Pathak, A.K.; Dutta, N.; Banerjee, P.S.; Pattanaik, A.K.; Sharma, K. Influence of Dietary Supplementation of Condensed Tannins 

through Leaf Meal Mixture on Intake, Nutrient Utilization and Performance of Haemonchus Contortus Infected Sheep. Asian-

Australas. J. Anim. Sci. 2013, 26, 1446–1458. [Google Scholar] [CrossRef] 

16. Barry, T.N.; Manley T.R. The Role of Condensed Tannins in the Nutritional Value of Lotus Pedunculatus for Sheep. Br. J. Nutr. 

1984, 51(3), 493-504. [Google Scholar] [CrossRef] 

17. Scharenberg, A.; Arrigo, Y.; Gutzwiller, A.; Soliva, C. R.; Wyss, U.; Kreuzer, M.; Dohme, F. Palatability in Sheep and in Vitro 

Nutritional Value of Dried and Ensiled Sainfoin (Onobrychis Viciifolia) Birdsfoot Trefoil (Lotus Corniculatus), and Chicory 

(Cichorium Intybus). Arch. Anim. Nutr. 2007, 61(6), 481–496. [Google Scholar] [CrossRef] 

18. Rojas-Román, L.A.; Castro-Pérez, B.I.; Estrada-Angulo, A.; Angulo-Montoya, C.; Yocupicio-Rocha, J.A.; López-Soto, M.A.; Bar-

reras, A.; Zinn, R.A.; Plascencia, A. Influence of Long-Term Supplementation of Tannins on Growth Performance, Dietary Net 

Energy and Carcass Characteristics: Finishing Lambs. Small Rumin. Res. 2017, 153, 137–141. [Google Scholar] [CrossRef] 

19. Liu, H.; Vaddella, V.; Zhou, D. Effects of Chestnut Tannins and Coconut Oil on Growth Performance, Methane Emission, Ru-

minal Fermentation, and Microbial Populations in Sheep. J. Dairy Sci. 2011, 94, 6069–6077. [Google Scholar] [CrossRef] 

20. Al-Dobaib, S.N. Effect of Different Levels of Quebracho Tannin on Nitrogen Utilization and Growth Performance of Najdi Sheep 

Fed Alfalfa (Medicago Sativa) Hay as a Sole Diet. Anim. Sci. J. 2009, 80(5), 532–54. [Google Scholar] [CrossRef] 

21. Obeidat, B.S.; Alrababah, M.A.; Abdullah, A.Y.; Alhamad, M.N.; Gharaibeh, M.A.; Rababah, T.M.; Abu Ishmais, M.A. Growth 

Performance and Carcass Characteristics of Awassi Lambs Fed Diets Containing Carob Pods (Ceratonia Siliqua L.). Small Ru-

min. Res. 2011, 96, 149–154. [Google Scholar] [CrossRef] 

22. Zhang, J.; Xu, X.; Cao, Z.; Wang, Y.; Yang, H.; Azarfar, A.; Li, S. Effect of Different Tannin Sources on Nutrient Intake, Digesti-

bility, Performance, Nitrogen Utilization, and Blood Parameters in Dairy Cows. Animals 2019, 9, 507. [Google Scholar] [Cross-

Ref] 

23. Puchala, R.; Min, B.R.; Goetsch, A.L.; Sahlu, T. The Effect of a Condensed Tannin-Containing Forage on Methane Emission by 

Goats1. J. Anim. Sci. 2005, 83, 182–186. [Google Scholar] [CrossRef] 

24. Fernández, H.T.; Catanese, F.; Puthod, G.; Distel, R.A.; Villalba, J.J. Depression of Rumen Ammonia and Blood Urea by Que-

bracho Tannin-Containing Supplements Fed after High-Nitrogen Diets with No Evidence of Self-Regulation of Tannin Intake 

by Sheep. Small Rumin. Res. 2012, 105, 126–134. [Google Scholar] [CrossRef] 

25. Carulla, J.E.; Kreuzer, M.; Machmüller, A.; Hess, H.D. Supplementation of Acacia Mearnsii Tannins Decreases Methanogenesis 

and Urinary Nitrogen in Forage-Fed Sheep. Aust. J. Agric. Res. 2005, 56, 961–970. [Google Scholar] [CrossRef] 

Publisher’s Note: The views expressed in all publications, including statements, opinions, and data, are solely those of the individual 

author(s) and contributor(s) and do not necessarily reflect the views of Insights Academic Publishing (IAP) and/or its editor(s). IAP 

and/or its editor(s) are not responsible for any injury to persons or damage to property resulting from the ideas, methods, instruc-

tions, or products referenced in the content. 

https://www.iapublishing.org/IAS/
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effect+of+Tannins+and+Cellulase+on+Growth+Performance%2C+Nutrients+Digestibility%2C+Blood+Profiles%2C+Intestinal+Morphology+and+Carcass+Characteristics+in+Hu+Sheep.+&btnG=
https://doi.org/10.5713%2Fajas.18.0901
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effects+of+Tannins+Supplementation+to+Sheep+Diets+on+Their+Performance%2C+Carcass+Parameters+and+Meat+Fatty+Acid+Profile%3A+A+Meta-Analysis+Study&btnG=
https://doi.org/10.1016/j.smallrumres.2021.106585
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=The+effect+of+condensed+tannins+on+the+nutrition+and+health+of+ruminants+fed+fresh+temperate+foragesa+review&btnG=
https://doi.org/10.1016/S0377-8401(03)00041-5
https://scholar.google.com.pk/scholar?q=Effect+of+tannins+and+cellulase+on+growth+performance+zhao&hl=en&as_sdt=0,5&authuser=1
https://doi.org/10.1016/S0377-8401(99)00118-2
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effect+of+tamarind+%28Tamarindusindica%29+seed+husk+tannins+on+in+vitro+rumen+fermentation&btnG=
https://doi.org/10.1016/S0377-8401(01)00204-8
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Relationship+between+condensed+tannin+structures+and+their+ability+to+precipitate+feed+proteins+in+the+rumen&btnG=
https://doi.org/10.1002/jsfa.6344
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Nutritional+toxicology+of+tannins+and+related+polyphenols+in+forage+legumes&btnG=
https://doi.org/10.2527/1995.7351516x
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Dietary+tannins+improve+lamb+meat+colour+stability&btnG=
https://doi.org/10.1016/j.meatsci.2008.07.006
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Tannin+in+Ruminant+Nutrition%3A+Review&btnG=
https://doi.org/10.3390/molecules27238273
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Intoxication+of+sheep+with+quebracho+tannin+extract&btnG=
https://doi.org/10.1016/S0021-9975(02)00168-8
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Isthere+any+detrimental+effect+when+a+chestnut+hydrolysable+tannin+extract+is+included+in+the+diet+of+fin-ishing+lambs&btnG=
https://doi.org/10.1051/animres:2004001
https://doi.org/10.1051/animres:2004001
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Influence+of+dietary+supplementation+of+condensed+tannins+through+leaf+meal+mixture+on+intake&btnG=
https://doi.org/10.5713%2Fajas.2013.13066
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=The+role+of+condensed+tannins+in+the+nutritional+value+of+Lotus++pedunculatus+for+sheep%3A+2.+Quantitative+digestion+of+carbohydrates+&btnG=
https://doi.org/10.1079/BJN19840055
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Palatability+in+sheep+and+in+vitro+nutritional+value+of+dried+and+ensiled+sainfoin+%28Onobrychis+viciifolia%29+birds+foot+trefoil+%28Lotus+corniculatus%29%2Cand&btnG=
https://doi.org/10.1080/17450390701664355
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Influence+of+long-term+supplementation+of+tannins+on+growth+performance%2C+dietary+net+energy+and+++carcass+characteristics%3A+Finishing+lambs&btnG=
https://doi.org/10.1016/j.smallrumres.2017.06.010
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effects+of+Chestnut+Tannins+and+Coconut+Oil+on+Growth+Performance%2C+Methane+Emission%2C+Ruminal+Fermentation%2C+and+Microbial+Populations+in+Sheep&btnG=
https://doi.org/10.3168/jds.2011-4508
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effect+of+different+levels+of+Quebracho+tannin+on+nitrogenutilization+and+growth+per++%09formance+of+Najdi+sheep+fed+alfalfa+&btnG=
https://doi.org/10.1111/j.1740-0929.2009.00662.x
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Growth+performance+and+carcass+characteristics+of+Awassi+lambs+fed+diets+con++++taining+carob+pods+&btnG=
https://doi.org/10.1016/j.smallrumres.2010.12.001
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Effect+of+Different+Tannin+Sources+on+Nutrient+Intake%2C+Digestibility%2C+Performance%2C+Nitrogen+Utilization%2C+and+Blood+Parameters+in+Dairy+Cows.+&btnG=
https://doi.org/10.3390/ani9080507
https://doi.org/10.3390/ani9080507
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=The+effect+of+a+condensed+tannin-containing+forage+on+methane+emission+by+goats.&btnG=
https://doi.org/10.2527/2005.831182x
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Depression+of+rumen+ammonia+and+blood+urea+by+quebracho+tannin-containing+supplements&btnG=
https://doi.org/10.1016/j.smallrumres.2012.03.013
https://scholar.google.com.pk/scholar?hl=en&as_sdt=0%2C5&authuser=1&q=Supplementation+of+Acacia+mearnsii+tannins+decreases+methanogenesis+and+urinary+nitrogen+in+forage-fed+sheep&btnG=
https://doi.org/10.1071/AR05022

