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             Research Papers 
 
For the year 2004 

1. Dhali, A., Manik, R. S., Das, S. K., Singla, S. K., Singla, S. K. and Palta, P. 2004. 
Vitrification of denuded buffalo oocytes: Effect of ethylene glycol concentration and 
equilibration time. Ind. J. Anim. Sci. 74: 1011-1013. 

2.  Mondal, M., and Prakash, B. S. 2004. Changes in plasma growth hormone (GH) and 
secretion patterns of GH and luteinizing hormone (LH) in buffaloes (Bubalus bubalis) 
during growth.Endocrine. Res. 30: 301-313. 

3.  Mondal, M., Dhali, A., Prakash, B. S. and Rajkhowa, C. 2004. Secretion patterns of 
growth hormone in growing captive mithun (Bos frontalis). Zoological. Sci. 21: 1125-
1129. 

4. Prakash, B., Shivaiah, K., Ramana Reddy, Y. and Krishna, N. 2004. Evaluation of urea 
treated maize stover based complete feed in goats. Ind. J. Anim. Nutrition 21:77-80. 

5.  Rajkhowa, S., Bujarbaruah, K. M. and Rajkhowa, C. 2004. Haemato-biochemical changes 
in ascarosis of mithun calves. Ind. Vet. J. 81:571-572. Rajkhowa, S., Bujarbaruah, K. M., 
Hazarika, G. C. and Rajkhowa, C. 2004. Comparative efficacy of sulfadimidine and 
amprolium against natural coccidial infection in mithun calves. Ind. Vet. J. 81:865-867. 

6.  Rajkhowa, S., Bujarbaruah, K. M., Kapenlo, T. and Rajkhowqa, C. 2004. Prevalence of 
Eimerian species in mithun of Nagaland. Ind. Vet. J. 81:573-574. 

7.  Rajkhowa, S., Bujarbaruah, K. M., Rajkhowa, C. and Hazarika, G. C. 2004. Efficacy of 
ivermectin against naturally acquired nematodiasis in mithun. Ind. Vet. J. 81: 577-578. 

8.  Rajkhowa, S., Rajkhowa, C., Rahman, H. and Bujarbaruah, K. M. 2004. Seroprevalence of 
infectious bovine rhinotracheitis mithun (Bos frontalis) in India. Rev. Sci. Tech. Off. Int. 
Epiz. 23: 821-829 
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For the year 2005 

1. Dhali, A., Mehla, R. K. and Sirohi, S. K. 2005. Effect of urea supplemented and urea treated 

straw based diet on milk urea concentration in crossbred Karan-Fries cows. Italian J. Anim. 

Sci. 4: 25-34 

2. Dhali, A., Mehla, R. K. and Sirohi, S.K. 2005. Factors influencing milk urea concentration: 

intake of protein and energy, diurnal variation and effect of storage. Ind. J. Anim. Sci. 

75:60-63. 

3. Dhali, A., Mishra, D. P., Mehla, R. K. and Sirohi, S.v K. 2005. Usefulness of milk urea 

concentration to monitor herd reproductive performances in crossbred Karan-fries cows. 

Technical Paper, 56th Annual Meeting of European Association for Animal Production, 

June 5-8, 2005, Uppsala, Sweden. 

4. Mech, A., Rajkhowa, S. and Rajkhowa , C. 2005. Studies on Milk Production Potentiality of 

Mithun at National Research Centre on Mithun. Lead Paper, Workshop on Transfer of 

Technological Intervention for Socio-economic Enrichment of Rural Diary Farmers in 

Eastern and Northeastern India. Feb 25 26, 2005, Eastern Regional Station of National 

Dairy Research Institute, Kalyani, Kolkata. 

5. Mondal, M., Prakash, B., Rajkhowa, C. & Prakash, B. S. 2005. Estimation of progesterone 

by radioimmunoassay in unextracted mithun (Bos frontalis) plasma. J. Immunoassay 

Immunochemistry. In Press 

6. Mondal, M., Prakash, B., Rajkhowa, C. & Prakash, B. S. 2005. Secretion paterns of 

luteinizing hormone in growing captive mithuns (Bos frontalis). Reprod. Biol. In Press. 

7. Mondal, M. and Prakash, B. S. 2005. Effects of long-term growth hormone-releasing factor 

treatment on growth, feed conversion efficiency and dry matter intake in growing female 

buffaloes (Bubalus bubalis). J. Anim. Physiol. Anim. Nutrition. 89:260-267 

8. Mondal, M., Dhali, A., Prakash, B., Rajkhowa, C. and Prakash, B. S. 2005. Development 

and validation of A simple Sensitive Enzyme Immunoassay (EIA) For GH Determination in 

Mithun (Bos frontalis) Plasma. Adv. Ethology. 38: 30 (Abstr). 

9. Mondal, M., Dhali, A., Prakash, B., Rajkhowa, C. and Prakash, B. S. 2005. Development 

and validation of a simple, sensitive, second antibody format enzyme immunoassay (EIA) 

for LH determination in mithun (Bos frontalis) plasma. J. Immunoassay Immunochemistry. 

In Press 

10. Mondal, M., Prakash, B. S. and Rajkhowa, C. 2005. Standardization and validation of a 

simple, sensitive, second antibody format enzyme immunoassay (EIA) for GH 

determination in mithun (Bos frontalis) plasma. Zoo Biology. In Press 

11. Rajkhowa, S., Bujarbaruah, K. M., Rajkhowa, C. and Hazarika, G. C. 2005. Microfilaraemia 

in mithuns (Bos frontalis) of Nagaland. Ind. J. Anim. Sci. 75: 27-28. 
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12. Rajkhowa, S., Hazarika, G. C., Rajkhowa, C. and Bujarbaruah, K. M. 2005. Effect of 

Livron, a herbal product on growth performance of Mithun. Ind. Vet. J. 82:495-497. 

13. Rajkhowa, S., Rahman, H., Rajkhowa, C. and Bujarbaruah, K. M. 2005. Seroprevalence of 

brucellosis in mithun (Bos frontalis) in India. Prevent. Vet. Med. 69: 145-151. 

14. Rajkhowa, S., Rajkhowa, C., Bujarbaruah, K. M. and Hazarika, G. C. 2005. Comparative 

efficacy of certain acaricides against tick infestation in mithun. Ind Vet. J. 82: 601-603. 

15. Rajkhowa, S., Rajkhowa, C., Bujarbaruah, K. M., Hazarika, G. C. 2005. Seasonal dynamics 

of Boophilus microplus infesting the mithuns (Bos frontalis) of Nagaland. Ind. J. Anim. Sci. 

75: 25- 26 
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For the year 2006 

1. Dhali A, Mishra DP, Mech A, Karunakaran M, Rajkhowa C. 2006. Role of LH and 

prostaglandin F2alpha on the development and regression of corpus luteum in mithun (Bos 

frontalis) estrous cycle. Gen Comp Endocrinol. 149:173-181. 

2. Dhali A, Mishra DP, Karunalkaran M, Mech A, Rajkhowa C. Secretion patterns of 

luteinizing hormone, follicle-stimulating hormone and 17beta-oestradiol during oestrus and 

the mid-luteal phase of the oestrus cycle in mithun (Bos frontalis). Reprod Fertil Dev. 2006; 

18(6):619-26 

3. Dhali A, Mishra DP, Karunakaran M, Mech A, Rajkhowa C. 2006. High estradiol 17β 

concentrations around estrus did not influence the expression of behavioural estrus in 

mithun (Bos frontalis). J. Exp. Zoolog. Part A Comp Exp Biol. 305A:122. 

4. Mishra DP, Dhali A, Mech A, Karunakaran M, Choudhury H, Rajkhowa C. 2006. 

Standardisation and validation of a sensitive enzymeimmunoassay procedure to estimate 

13,14-dihydro-15-keto- PGF2α (PGFM) in mithun (Bos frontalis) plasma. Endocrine Abst. 

11:656. 

5. Karunakaran M, Dhali A, Mech A, Khate K, Rajkhowa C, Mishra DP. 2006. Preservation of 

mithun (Bos frontalis) semen at refrigeration temperature. Anim Reprod Sci. In Press. 

6. Mondal M, Rajkhowa C & Prakash B S 2006. Relationship of plasma estradiol-17β, total 

estrogen and progesterone to estrous behavior in mithun (Bos frontalis) cows. Hormones 

and Behaviour49:626-633. 

7. Mondal, M., Meyer, H. H. D., Rajkhowa, C., Prakash, B. S. 2006. Highly sensitive second 

antibody format enzymeimmunoassy for determination of 13,14-dihydro-15-keto-PGF2α in 

blood plasma of mithun (Bos frontalis). Prostaglandins and Other Lipid Mediator 80: 100-

109. 

8. Mondal M, Rajkhowa C & Prakash B S 2006 Exogenous GH-releasing hormone increase 

GH and LH secretionin growing mithuns (Bos frontalis). General and Comparative 

Endocrinology 149:197-204 

9. Mondal M, Rajkhowa C & Prakash B S 2006. Timing of Ovulation in Relation to Onset of 

Estrus and LH Peak in Mithun (Bos frontalis) Cows. Reproduction in Domestic Animals 

41:479-484. 

10. Mondal M, Rajkhowa C & Prakesh B S 2006. Behaviour estrous signs can predict the time 

of ovulation in mithun (Bos frontalis). Theriogenology 66: 1391-1396. 

11. Mondal M, Rajkhowa C & Prakash B S 2006. Development of a biotin-stretavidin amplified 

enzyme immunoassay for oxytocin and its application during milk ejection and reproductive 

cycle in the mithun (Bos frontalis). Zoological Science 23: 633-639. 

12. Mondal M, Rajkhowa C & Prakash B S 2006. Determination of effective dosage of GH-
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releasing factor for blood of GH response in Mithun (Bos frontalis). Journal of Animal 

Physiology and Animal Nutrition 90: 453-458. 

13. Mondal M, Rajkhowa C & Prakash B S 2006. Plasma growth hormone concentration in 

mithun (Bos frontalis) of different ages : relation to age and body weight Animal Nutrition 

91:68-74. 

14. Chamuah J.K., M. and Rajkhowa, S. (2006). Seasonal incidence of gastrointestinal parasites 

in mithun. Indian Veterinary Journal. 83 (10): 1051-1053. 

15. Rajkhowa, S., Rajkhowa, C.and Hazarika, G.C. Prevalence of Cryptosporidium parvum in 

mithun (Bos frontalis) from India (2006). Verterinary Parasitology. 142(1-2):146-149. 
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For the year 2007 

1. Mech, A. Dhali, K. Khate, C. 2007. Rajkhowa. Changes in milk nitrogen Composition 

during early and mid lactation stages in Mithun (Bos frontalis). The Indian Journal of 

Animal Sciences 77:59-61. 

2. Dhali A, Mishra DP, MEch A, Khate K, Rajkhowa C, Karunakaran M. 2007. Development 

and validation of a sensitive radioimmunoassay procedure for estimating FSH in mithun 

(Bos frontalis) plasma. J Immunoassay Immunochem. 28:107-117. 

3. Mishra DP, Dhali A. 2007. Endotoxin induces luteal cell apoptosis through the 

mitochondrial pathway. Prostaglandins Other Lipid Mediat. 83:75-88 

4. Mondal M, Rajkhowa C & Prakash B S 2007. Development and validation of a highly 

sensitive economic enzymeimmunoassay for prolactin determination in blood plasma of 

mithun (Bos frontalis) and its application during milk let down and cyclicity. Animal 

Reproduction Science 99: 182-195. 

5. Mondal M, Rajkhowa C & Prakash B S 2007. Highly sensitive second antibody format 

enzymeimmunoassays for determination of estradiol-17β and total estrogen in blood plasma 

of mithun (Bos frontalis). Zoological Science (In Press). 

6. Mondal, M., Karunakaran, M., Rajkhowa, C., Prakash, B. S. 2007. Development and 

validation of a new method of visual estrus detection in mithuns (Bos frontalis). Animal 

Reproduction Science (Accepted). 

7. Mondal M, Rajkhowa C & Prakash B S 2007. Endocrine changes associated with puberty in 

female mithun (Bos frontalis). Zoological Science (Accepted). 

8. Sarma, K., Kalita, G., Galdhar, C. N., Das, K.C., Saikia, B., Buraghohain and Borthakur, 

S.K. (2007). Mineral status of forest fodder in Aizawl district of Mizoram. Ind. J. Anim. 

Sci. 77(11):1199-1200 

9. Mukherjee S, Joshi B K and Gaur G K. 2007. Composition of sire evaluation methods in 

Frieswal cattle. Indian Journal of Animal Sciences, 77(8):773-776 

10. Dhali, A., Anchamparuthy, V.M., Butler, S.P., Pearson, R.E., Mullarky, I.K. and 

Gwazadauskas, F.C. 2007. Gene expression and development of mouse zygotes following 

droplet vitrification. Theriogenology 68:1292-1298. 

11. Dhali, A., Mishra, D.P., Mech, A., Prakash, B. and Rajkhowa, C. 2007. Evidence of 

multiple preovulatory LH and FSH surges in mithun (Bos frontalis). Journal of Cell and 

Animal Biology 1:001-006. 

12. Dhali, A., Anachamparuthy, V.M., Butler, S.P., Pearson, R.E. Gwazdauskas, F.C. 2007. In 

vitro production of bovine embryos in chemically de?ned serum-free media. Journal of 

Diary Science 90(Suppl. 1):529. 
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13. Dhali, A., Anachamparuthy, V.M., Butler, S.P., Pearson, R.E. Gwazdauskas, F.C. 2007. 

Droplet vitri?cation method did not induced cytoskeletal damage in mouse embryos. 

Journal of Diary Science 90 (Suppl. 1):529. 

14. Anchamparuthy, V.M., Dhali, A., Butler, S.P., Pearson, R.E. Gwazdauskas, F.S. 2007. 

Nylon mesh vitri?cation for cryopreservation of bovine oocytes. Journal of Diary Science90 

(Suppl. 1):530. 

15. Mech, A., Dhali, A. and Rajkhowa, C. 2007. Diurnal variation of milk constituents and milk 

yield in mithun. Indian Veterinary Journal 84:1095-1096. 

16. Mech, A., Dhali, A., Karunakaran, M., Rajkhowa, S and Rajkhowa, C. 2007. Changes in 

Serum immunoglobulin profile of self nursed mithun (Bos frontalis) calves during the first 

three days post partum. Indian Journal of Animal Sciences 77:1136-1138. 

17. Mech, A., Dhali, A., Khate, K. and Rajkhowa, C. 2007. Changes in milk nitrogen 

Compositions during early and mid lactation stages in Mithun (Bos frontalis). Indian 

Journal of Animal Sciences 77:59 61. 

18. Dhali, A., Pal, D.T., Mech, A., Mondal, S.k. and Rajkhowa, C. 2007. Growth performance 

and nutrient utilization in growing mithun (Bos frontalis) fed on concentrate and forage 

based total mixed ration. Indian Journal of Animal Sciences 7:1041-1044. 

19. Pal, D.T., Dhali, A., Rajkhowa, C., Mondal, S.K., Vupru, K. and Bujarbaruah, K.M. 2007. 

Effect of dry feed supplementation on water intake and feed and water utilization in 

growing mithun  (Bos frontalis) calves. Indian Journal of Animal Sciences 77: 1045-1047. 
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For the year 2008 

1. M. KArunakaran, M. Mondal, K. Rajarajan, H.D. Karmaka, B.P Bhat, J. Das, B. Bora, K.K. 

Baruah and C. Rajkhowa.(2008). Early puberty in local Naga boar of India: Assessment 

through epididymal spremiogram and vivo pregnancy. Animal Reproduction Science (Press. 

Dci: 10.1016/j anireprosci.2008.02.009 

2. Prakash, B., Rathore, S.S., Dhali, A., Das K.C., Walling, I. and Rajkhowa, C.(2008). 

Micronutrient dynamics of important tree foilages consumed by mithun (Bos frontalis). 

Range Mgmt & Agroforestry 29(1): 58-61 

3. Das, K.C., Rajkhowa, T. and Mahapatra, P.S.(2008). Growth and histopathological changes 

in the broiler chicken fed different levels of tree leaves meal cocktail. Indian Veterinary 

Journal, 85, 592- 594 

4. Prakash, B., Dhali, A., Das, K.C., Mech, A., Rathore, S. S. and Rajkhowa C. (2008). 

Nutrient composition and in Situ degradability of forest foliages relished by mithun (Bos 

frontalis), Animal Nutrition and Feed Technology, July 2008 

5. Mech, A., Dhali, A., Prakash, B. and Rajkhowa, C. 2008. Variation in milk yield and milk 

composition during the entire lactation period in mithun (Bos frontalis). Livestock Research 

for Rural Development, Livestock Research Development for Rural Development 20: 

Article No 75 (Retrieved 26 June 2008, 

http://www.cipav.org.co/Irrd/Irrd20/5/mech20075.htm) 

6. Prakash, B., Dhali, A., Mondal, M., Sangtam, M., Khate., Rathore, S.S. and Rajkhowa, C. 

2008. Effect of feeding Lagestroemia speciosa and conventional fodder based rations on 

nutrient utilization, ruminal metabolites and body weight gain in mithun (Bos frontalis).  

Journal of Animal Physiology and Animal Nutrition, In Press: DOI: 10.1111/j.1439-

0396.2007.00753.x). 

7. Prakash, B., Dhali, A Mech, A., Khate, K., Moaakum, H. and Rajkhowa, C. 2008. Effect of 

feeding forest foliages, rice straw and concentrate-based total mixed ration on nutrient 

utilization and growth in mithun (Bos frontalis). Livestock Science, (In press: DOI: 

10.1016/j.livsci.2007.12.021). 

8. Dhali,A., Karunakaran, M., Mech,A., Nath, N., Prakash, B., Rajkhowa, C. and Mishra, D.P. 

2008. Birth of first mithun (Bos frontalis) calf through artificial insemination. Animal, 

2:879-882. 

9. Karunakaran M, Mondal M, Rajarajan R, Karmakar H D, B P Bhat, J Das, B Bora, K K 

Baruah and C RAjkhowa (2008). Early puberty in local naga boar of India: Assessment 

through epidiymal spermiogram and in vivo pregnancy. Animal Reproduction Science 

(Press). Dci:10.1016/j anireprosci.2008.02.009. 

10. B Prakash, A Dhali S S Rathore, K C Das, I Walling, K Vupru, A Mech, K K Baruah and C 
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Rajkhowa (2008) Chemical composition and nutrioyional evaluation of various foliages 

consumed by mithun (Bos frontalis) Animal Feed Science and Technology (Press) 

Available online 26 November 2008. 

11. Baruah KK, Mondal M, Sarmah B C, Deka B C, Chakravarty P, Karunakaran K, Rajkhowa 

C, K C Das, J M Das and B Bora (2008) Standardization of superovulation and embryo 

transfer protocols in Mithun (Bos frontalis) in AAAP Congress held in Hanoi, Vietnam. 

Proc. 13th AAAP Congress. Pp:20(Lead paper). 

12. Baishy D. K K Baruah, A Dutta, Anubha Baryah and P Borah (2008) Serum progesterone 

profile in preubertal Hampshire gilts following boar contact and hormone treatment. Indian 

J Anim Sci. 78(3) :270-280. 

13. Baishy D. K K Baruah, A Dutta, Anubha Baryah and P Borah (2008) Serum progesterone 

profile in preubertal Hampshire gilts following boar contact and hormone treatment. Indian 

J Anim Sci. 78(3) :270-280. 

14. Sarmah B K, Dutta D J, Biswas R K,Sarmah B C, Baruah K K, and Dutta A (2008). Serum 

progesterone and oestradiol-17 β concentration in oestrus- induced prebertal heifers. Indian 

J. Anim. Sci. 78(7):677-679. 

15. Anchamparuthy V M, Dhali A, Pearson R E, Lott W M and Gwazdauskas F C 2008. 

Paternal influence on the in vitro embryonic development of vitrified oocytes based on 

estimated relative conception rate. Journal of Animal Science 86(E-Suppl. 2):461. 

16. Pal D T, Dhali A, Mondal S K, Rajkhowa C and Bujarbaruah K M 2008. Water intake and 

utilization in mithun (Bos frontalis): effect of environmental temperature, rearing system 

and concentrate feed supplement. Journal of Mountain Science 5: 178-188.  

17. Prakash B, Rathore S S, Dhali A, Das K C, Walling I and Rajkhowa C 2008. Micronutrient 

dynamics of important tree foliages consumend by mithun (Bos frontalis). Range 

Management and Agroforestry 29: 58-61. 

18. Prakash B, Dhali A, Das K C, Rathore S S, Hazarika H and Rajkhowa C 2008. Nutrient 

composition and in situ degradability of forest foilages consumed by mithun (Bos frontalis). 

Animal Nutrition and feed Technology 8: 175-183. 

19. Manohar R P, Kumar S, Dhali A, Deb S M, Mitra A, Sharma A, Chaudhary H and 

Rajkhowa C 2008. Polymorphism of partial growth hormone releasing hormone(GHRH) 

gene in mithun. Indian Journal of Animal Science 78:891-893. 

20. Das K C, Prakash B and Rajkhowa C(2008) Nutrition and feeding of mithun (Bos frontalis), 

a promising component in hill livestock farming. Ind. J. Anim. Nutr, 25:1-10. 
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For the year 2009 

1. Kumar S, Gupta S, Dhali A, Manochar R P, Deb S M, Mitra A, Sharma A, Chaudhary H 

and Rajkhowa C 2009. Polymorphism of partial growth hormone (GH) gene in Mithun (Bos 

frontalis). Indian Journal of Animal Sciences 79:212-214. 

2. Das K C, Mukherjee G, Mukherjee S, Dutta P, Baruah K K and Rajkhowa C(2009) Effect of 

tree leaves based feeding system in mithun (Bos fontalis) on production of quality leather 

and its comparison with cattle (Bos indicus). Proceedings of Animal Nutrition Association 

World Conference, Volume 1, February 14-17, 2009, New Delhi, India, pp.277. 

3. Bora M, Mohan P, Khanikor HN, Ahmed FA, Bandypadhyay S , Baruah KK and Rajkhowa 

C. 2009. Pharmacokinetic studies of enrofloxacin after intravenous administration in 

Mithun. Indian Veterinary Journal 86:790-792. 

4. Lihua Lv, Jimenez-Krassel, Sen A, Bettegowda A, Mondal M, Folger JK, Lee K-B, Ireland 

JJ and Smith GW. 2009. Evidence supporting a role for cocaine-and amphetamine-regulated 

transcript(CARTPT) in control of granulosa cell estradiol production associated with 

dominant follicle selection in cattle. Biology of Reproduction (Published online on May 13, 

2009) DOI:10.1095/biolreprod.109.077586. (Impact factor= 3.469) 

5. Jimenez-Krassel Fermin, Folger JK, Mondal M, Scheetz Danielle M, Ireland Janet LH, 

Smith GW, Mossa Francesca, Lonergan P, Evans ACO and Ireland JJ. 2009. Evidence that 

the inherently high variation in ovarian reserves is positively associated with androgen and 

estradiol production in cattle. Biology of Reproduction 81: 541. (Impact factor=3.469) 

6. Prakash B, Dhali A, Rathore SS, Das KC, Walling I, Vupru K, Mech A, Baruah KK and 

Rajkhowa. 2009. Chemical composition and nutritional evaluation of various foliages 

consumed by mithun (Bos frontalis), Animal Feed Science and Technology 150: 223–229. 

7. Sabyasachi M, Mukherjee Anupama, Sahoo N R, Longkumer S, Kumar S, Dhali A and 

Rajkhowa C. 2009. Bos frontalis breed Arunachali Mithun kappa casein (CSN3) gene, 

intron 4, exon 4 and partial cds 271 bp. ACCESSION GQ411536. 

http://www.ncbi.nlm.nih.gov/nuccore/ 257183586. 

8. Mukherjee Anupama, Mukherjee S, Das KC, Sahoo NR, Longkumer S, Khate K and 

Rajkhowa C. 2009. Bos frontalis breed Arunachali Mithun leptin (Obese) gene, intron 2, 

exon 3 and partial cds 522 bp. A C C E S S I O N G Q 4 1 1 5 3 7. 

http://www.ncbi.nlm.nih.gov/nuccore/ 2571835868. 
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For the year 2010 

1. Deka Ilakshy, Goswami J, Chakravarty P, Baruah KK and Sarmah BC. 2010. 

Synchronisation of oestrus with PGF2α analogue and ear implant and serum oestradiol -17β 

and progesterone profile inn Asom local cows. Indian Journal of Animal Sciences 80:108-

110. 

2. Das KC, Prakash B, Dutta P and Rajkhowa C. 2010. Performance of male and female 

mithun (Bos frontalis) reared in captivity and fed mixed tree leaves and straw based ration. 

Animal Nutrition and Feed Technology 10: 75-80. 

3. Das KC, Hundal J, Mahapatra PS, Subudhi PK and Sharma K. 2010. Chemical composition 

and in vitro gas production of fodder tree leaves and shrubs”. Indian Veterinary Journal. 

(accepted with certificate no 384/09, 25/08/09). 

4. Mondal M, Rajkhowa C and Prakash BS. 2010. Changes in blood progesterone, LH, GH 

and IGF-I, and their relationship with body weight from birth through puberty in female 

Mithun(Bos frontalis). General and Comparative Endocrinology (In Press). (Impact factor= 

2.654). 

5. Mondal M and Rajkhowa C. 2010. Oxytocin is essential for induction of maternal behavior 

in postpartum and virgin bovine heifer. Hormones and Behavior (In Press; Impact factor= 

3.876). 

6. Mondal M, Karunakaran M, Das J, Bora B, Baruah KK and Rajkhowa C. 2010. 

Characterization of epididymal spermatozoa of mithun: possibility of its cryopreservation 

for conservation. Animal Reproduction Science (In Press) (Impact factor= 1.890) . 

7. Mondal M, Rajkhowa C and Prakash BS. 2010. Peripheral plasma concentrations of 

estradiol-17β, progesterone, LH, GH and prolactin during the estrous cycle in mithun cow, 

with emphasis on the periestrous period. Animal Reproductionn Science(Accepted) (Impact 

factor= 1.890). 

8. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010.Changes in plasma non-

esterified fatty acids, glucose and α-amino nitrogen and their relationship with growth 

hormone and estradiol-17β in cyclic mithun cows. Journal Animal Physiology and Animal 

Nutrition. (accepted) (Impact factor=1.171). 

9. Mondal M, Karunakaran M, Baruah KK, Das JM, Bora B, Vupru K, Das KC, Chakraborty P, 

Sharma BC, Deka BC, Baruah A, Rajkhowa C AND Prakash BS. 2010. Assessment of 

superovulatory response in terms of palpable corpora lutea and embroyo in mithun (Bos  

frontalis): possible use of blood progesterone as biological marker. Animal Reproduction Science 

(Revised submitted) (Impact factor=1.890). 

10. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Use of single and double 

injections of PGF2a for induction of estrus in cyclic mithun cows. Reproduction in 
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Domestic Animals (Accepted) (Impact factor= 1.526). 

11. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Use of single and double 

injections of PGF2a for induction of estrus in cyclic mithun cows. Reproduction in 

Domestic Animals (Accepted) (Impact factor= 1.526). 

12. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Ovulation synchronization 

in mithun using GnRHPGF2a-GnRH protocol. Animal Reproduction Science (In Press) 

(Impact factor= 1.890). 

13. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Efficacy of CIDR for 

induction of post-partum estrus in postpartum anestrus mithun cows. Theriogenology 

(Accepted) (Impact factor= 2.041). 

14. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Use of heatsync protocol 

of estrus synchronization in Mithun cows for better manifestation of behavioural signs of 

estrus. Animal Reproduction Science (In Press) (Impact factor= 1.890). 

15. Mondal M, Rajkhowa C, Das JM, Bora B and Prakash BS. 2010. Effect of different hours of 

storage of Mithun sperm collected through AV method at refrigerated temperature. Animal 

Reproduction Science (Accepted) (Impact factor= 1.890). 

16. Mondal M, Schilling B, Folger J, Meidan R, Ireland JJ and Smith GW. 2010. Differential 

gene expression profiles in early- and midcycle bovine corpus luteum induced for luteolysis 

using prostaglandinFα. Physiological Genomics (In Press) (Impact factor=4.447). 

17. Meidan Rina, Mondal M, Schilling B, Buchnik H, Klipper E, Zalman Y, Folger J, Stiebel JP, 

Ireland and Smith GW. 2010. Deciphering the luteal transcriptome: Insights into mechanisms 

regulating bovine corpus luteum regression. Biology of Reproduction (In press) (Impact 

factor=3.469). 

18. Fan R, Bai R, Li P, Zhu Z, Zhang W, Cao J, Dong Y, Li Y, Liu G, Liu Y, Du H, Gao Li, He 

X, Lv L, Yao J, Mondal M, Smith GW and Dong C. 2010. Gene expression profile in white 

alpaca (Lama pacos) skin. Veterinary Dermatology (In Press) (Impact factor=1.379. 

19. Mech A, Dhali A, Singh RK, Baruah, KK, Mondal SK and Rajkhowa C. 2010. Effect of 

method and time of first colostrum feeding on absorption efficiency of immunoglobulin, 

health and daily weight gain in mithun (Bos frontalis) calves. Journal of Animal Physiology 

and Nutrition. Status- submitted (Manuscript no. JAPAN-Apr-10-091). 

20. Dhali A, Baruah KK, Mech A., Bora B, Das J, Borah R. and Rajkhowa C. 2010. 

Characterization of heparin-binding protein transcript identified in the seminal plasma of 

mithun (Bos frontalis). Gene Bank, Accession GU451283. 

21. Dhali A, Baruah KK, Mech A, Bora B, Das J, Borah R and Rajkhowa C. 2010. 

Characterization of heparin-binding protein transcript identified in the seminal plasma of 

mithun (Bos frontalis). Gene Bank, Accession GU451282 

22. Dhali A, Baruah KK, Mech A, Bora B, Das J, Borah R and Rajkhowa C.2010. 
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Characterization of heparin-binding protein transcript identified in the seminal plasma of 

mithun (Bos frontalis) Gene Bank, Accession GU451281. 

23. Dhali A, Baruah KK, Mech A, Das J, Bora B , Borah R and Rajkhowa C. 2010. 

Characterization of osteopontin transcript identified in the seminal plasma of mithun (Bos 

frontalis) Gene Bank, Accession GU451286. 

24. Dhali A, Baruah KK, Mech A, Das J, Bora B, Borah R and Rajkhowa C. 2010. 

Characterization of osteopontin transcript identified in the seminal plasma of mithun (Bos 

frontalis) Gene Bank, Accession GU451285. 

25. Dhali A, Baruah KK, Mech A, Das J, Bora B, Borah R and Rajkhowa C.2010. 

Characterization of osteopontin transcript identified in the seminal plasma of mithun (Bos 

frontalis) Gene Bank, Accession GU451284. 

26. Dhali A, Mech A, Karunakaran M, Prakash B, Rajkhowa C and Bhatt BP. 2010. Diversity 

of methanogenic archaea in the cecum of poultry Gene Bank, Accession GU391232. 

27. Dhali A, Mech A, Karunakaran M, Prakash B, Rajkhowa C and Bhatt BP. 2010. Diversity 

of methanogenic archaea in the cecum of pig. Gene Bank, Accession GU391231. 

28. Dhali A,MechA, Prakash B, Naskar S, Bora B, Borah R and Rajkhowa C. 2010. Diversity of 

methanogenic archaea in the rumen of mithun (Bos frontalis). Gene Bank, Accession 

GU391230. 

29. Dhali A,MechA, Prakash B, Naskar S, Bora B, Borah R and Rajkhowa C. 2010. Diversity of 

methanogenic archaea in the rumen of mithun (Bos frontalis). Gene Bank, Accession 

GU391229. 

30. Mech A, Dhali A, RajkhowaCand Mann B. 2010. Diurnal variations in milk yield and milk 

constituents during the entire lactation in mithun (Bos frontalis). Indian Journal of Animal 

Nutrition. Status: Accepted, Article no 229/4. 

31. Mondal M, Beau S, Folger J, Stiebel JP, Buchnick H, Zalman Y, Ireland JJ, Meidan R, 

Smith GW 2011. Deciphering the luteal transcriptome: Potential mechanisms mediating 

stage specific luteolytic response of the corpus luteum to prostaglandin F2a. Physiological 

Genomics Published online before print February 2011, d o i: 

10.1152/physiolgenomics.00155.2010 

32. Mondal M, Karunakaran M, Lee K and Rajkhowa C. (2010). Characterization of mithun 

(Bos frontalis) ejaculate and fertility of cryopreserved sperm. Animal Reproduction Science 

118:210- 216. 

33. Meidan R., Mondal, M., Schilling, B., Buchnik, H., Klipper, E., Zalman, Y., Folger, JK., 

Stiebel, JP., Ireland JJ., Smith GW. (2010). Deciphering the Luteal Transcriptome: Insights 

into Mechanisms Regulating Bovine Corpus Luteum Regression. Biology of Reproduction 

83 (1 Supplement) 125. 

34. Sagar Sanyal, Pradip Kumar Das, Probal Ranjan Ghosh, Kinsuk Das, Kezha V. Vupru, 
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Chandan Rajkhowa, and Mohan Mondal. (2010). Electrocardiogram of Clinically Healthy 

Mithun (Bos frontalis): Variation among Strains. Veterinary Medicine International 

ArticleID790310,8 pages,doi:10.4061/2010/790310. 

35. Ruiwen Fan, Rui Bai, Pengfei Li, Zhiwei Zhu,WeiyeZhang,JingCao,YanjunDong, Yan Li, 

Guoming Liu, Yifei Liu, Hongyang Du, Li Gao, Xiaoyan He, Lihua Lv, Jianbo Yao, M 

Mondal, G.W. Smith and Changsheng Dong. 2010. Gene expression profile in white alpaca 

(Lama pacos) skin. Physiological Genomics (InPress). 
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For the year 2011 

1. Mech, A. Dhali, K. K. Baruah, R. K. Singh, S. K. Mondal and C. Rajkhowa (2011) Effect 

of method and time of first colostrum feeding on serum immunoglobulin concentration, 

health status and body weight gain in mithun (Bos frontalis) calves. Journal of Animal 

Physiology and Animal Nutrition DOI: 10.1111/j.1439-0396.2010.01105.x 

2. K.C Das, N. Haque, K.K. Baruah C. Rajkhowa and M. Mondal (2010). Comparative 

nutrient utilization, growth and rumen enzyme profile of mithun (Bos frontalis) and 

Tho-tho cattle (Bos indicus) fed on tree leaves based ration. Tropical Animal health & 

Production,43:209-214. 

3. Nikhil Ch. Nath, B. C. Sarmah, B. C. Deka and K K Baruah (2011) Hormonal change in 

an oestrous cattle following treatment for improvement of reproductive efficiency . 

Indian Vet. J.88(1):38-40. 

4. H. Konch, A. Dutta, K. K. Baruah and S. Sinha (2011) Mineral Status in oestrus 

synchronized Hampshire gilts during gestation.IndianVet.J.88(3):22-24. 

5. K.C.Das, J. Hundal, P.S Mahapatra, P. K.Subudhi and K. Sharma (2010). Chemical 

composition and in vitro gas production of fodder tree leaves and shrubs”. Indian 

Veterinary Journal, 87: 899- 901 

6. Prakash, B., Saha, S.K., Khate K., Agarwal, N., Katole, S., Haque, N. and Rajkhowa, C. 

(2012). Rumen microbial variation and nutrient utilization in mithun (Bos frontalis) 

under different feeding regimes. Journal of Animal Physiology and Animal Nutrition. 

97(2): 297-304. 

7. Das, K.C., Haque, N., Baruah, K.K., Rajkhowa, C. and Mondal M. (2011). Comparative 

nutrient utilization, growth, and rumen enzyme profile of mithun (Bos frontalis) and 

Tho-tho cattle (Bos indicus) fed on tree-leaves-based ration. Tropical Animal Health and 

Production. 43(1):209-214. 

8. Chamuah, J.K., Singh, V., Dutta, P.R., Khate, K., Mech, A., Rajkhowa, C. and 

Borkotoky, D. 2011. Incidence of gastrointestinal helminths parasite in free ranging 

mithun (Bos frontalis) from Phek district of Nagaland. Indian Veterinary Journal. 90(3): 

127-128. 
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For the year 2012 

1. Add a sMukherjee S., Mukherjee A., Zutewe Lekro, Imsusosang Longkumer S and 

Rajkhowa, C.( 2012). Determination of age of mithun (Bos frontalis) through dentition 

pattern. Indian Veterinary Journal. 89(2): 42-44.ubheading 

2. Chamuah, J.K Perumal P., V. Singh, A. Mech, and D. Borkotoky. (2012). Helminth 

Parasites of Mithun (Bos frontalis)-An overview. Indian Journal of Animal Science. 83 (3): 

235–237. 

3. Das, K. C., Baruah, K. K., Haque, N., Sharma, R and Rajkhowa, C. (2012). Effect of 

different dietary protein levels on growth, nutrient utilization and rumen fermentation in 

mithun (Bos frontalis) fed on rice straw based diet. Animal Nutrition and Feed Technology. 

12:305-313. 

4. Raina, O.K., Siju Susan Jacob, M, Sankar, D. Bhattacharya, S. Bandyopadyay, A. Varghese, 

J. K. Chamuah and H. Lalrinkima. (2013). Genetic characterization of Fasciola gigantic 

from different geographical region of India by ribosomal DSNA markers. Journal of 

Parasitic Diseases. DOI 10.1007/s 12639-013-0276-7. 

5. Baruah, K.K., A. Dhali, A. Mech, B. Bora, J. Das, R. Bora, M. Mondal, B. C. Sarmah, B. C. 

Deka and C. Rajkhowa. (2012). Effect of concentration and addition method of glycerol on 

the quality of cryopreserved mithun (Bos frontalis) spermatozoa. Journal of Animal 

Physiology and Animal Nutrition. 97: 1051-1058. 

6. Chamuah, J, K., Singh, V., Dutta, P. R., Khate, K., Mech, A. and Rajkhowa, C. (2012) Tick 

infestation in Mithun. Indian Veterinary Journal. 89(7):140. 

7. Perumal, P., J. K. Chamuah, B. Krishnappa, K. Vupru and K. Khate (2012). Retention of 

placenta in mithun crossbred cow (Phere) - A case report. Veterinary World. 6 (13): 171. 

8. Champak Barman, Anubha Baruah, B. K, Sarmah, K. K. Baruah, B. C. Sarmah, A. Dutta, P. 

Chakravarty and B. C. Deka (2012). Occurrence of subsequent natural oestrus in Mithun 

cows following superovulatory treatment. Indian Veterinary Journal. 89(5): 49-51. 

9. Champak Barman, Anubha Baruah, B. K, Sarmah, K. K. Baruah, B. C. Sarmah, B. C. Deka, 

A. Dutta, P. Chakravarty, M. H. Khan, Suresh Kumar and P. K. Bharati (2012). Effect of 

superovulatory treatment on serum estradiol-17β and progesterone concentration and its 

correlation with embryo recovery in mithun cows. Indian Journal of Animal Science. 

82(11): 1327-1330. 
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For the year 2013 

1. P. Perumal, J.K. Chamuah and C. Rajkhowa. (2013). Effect of catalase on the liquid storage 

(5oC) of mithun (Bos frontalis) semen. Asian Pacific Journal of Reproduction. 2 (3): 209 – 

214. 

2. Perumal, P., Vupru, K. and Khate, K. (2013). Effect of Addition of Melatonin on the Liquid 

Storage (5°C) of Mithun (Bos frontalis) Semen. International Journal of Zoology. Vol. 2013, 

Article ID 642632, 10 pages, 2013. doi:10.1155/2013/642632 

3. P. Perumal, Kezhavituo Vupru and C. Rajkhowa. (2013). Effect of addition of cysteine 

hydrochloride on the liquid storage (5oC) of mithun (Bos frontalis) semen. Indian 

Veterinary Journal. 91(2):76-78. 

4. P. Perumal, Kezhavituo Vupru and C. Rajkhowa. (2013). Effect of addition of reduced 

glutathione on the liquid storage (5oC) of mithun (Bos frontalis) semen. Indian Journal of 

Animal Science. 83 (10): 1024 – 1028. 

5. Champak Barman, Anubha Baruah, B. K, Sarmah, K. K. Baruah, B. C. Sarmah, B. C. Deka, 

A. Dutta, P. Chakravarty, M. H. Khan and P. K. Bharati (2013) Superovulatory treatment 

response and embryo recovery in Mithun cows. Indian Journal of Animal Science. 83(3) 

272-275. 

6. Perumal, P., J K Chamuah, V Singh, Kezhavituo Vupru and C Rajkhowa (2013). Blood 

profile of Mithun under different physiological stages. Indian Journal of Animal Science. 

83(3):279- 280. 

7. Chamuah, J, K., Singh, V., Dutta, P. R., Khate, K., Mech, A., Rajkhowa, C. and Borkotoky, 

D (2013). Incidence of gastrointestinal helminths parasite in free ranging mithun (Bos 

frontalis) from Phek District of Nagaland. Indian Veterinary Journal. 90 (3):127-128. 

8. Perumal, P., J K Chamuah, V Singh, Kezhavituo Vupru and C Rajkhowa (2013). Biometry 

of reproductive system of mithun and Tho Tho cow. Indian Journal of Animal Science. 

83(3):270- 271. 

9. Chamuah, J.K., P. Perumal, K.K. Baruah and D. Borkotoky. (2013) Trichobezoars in mithun 

calves. Indian Veterinary Journal. 90(4):98. 

10. P. Perumal and C. Rajkhowa. (2013). Effect of addition of Pomegranate (Punica granatum) 

juice on the liquid storage (5 C) of mithun (Bos frontalis) semen. Indian Journal of Animal 

Research. 49(4): 470-473. 

11. Perumal, P., Kezhavituo Vupru and C. Rajkhowa (2013). Effect of addition of taurine on the 

liquid storage (5 C) of mithun (Bos frontalis) semen. Veterinary Medicine International. 

Vol. 2013, Article ID 165348. 

12. Mukherjee A., Mukherjee S., Sahoo N. R., Longkumer S. Mech, M.M. and Rajkhowa, C. 

(2013). Characterization of leptin gene and analysis of genetic polymorphism in mithun. 
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Indian Journal of Animal Science. 83 (8): 851-853. 

13. Mukherjee A., Mukherjee S., Longkumer S. and Rajkhowa C. (2013). Genetic parameters of 

growth and reproductive traits in mithun (Bos frontalis). Indian Veterinary Journal. 90(8): 

34-36. 

14. Perumal, P., J.K. Chamuah and C. Rajkhowa. 2013. Pelvimetry of Mithun (Bos frontalis) 

Cows. Indian Veterinary Journal. 90 (6): 123 – 125 

15. Champak Barman, Anubha Baruah, B.K. Sarmah, P. Chakravorty, A. Dutta, B.C Deka and 

P. Thakuria (2013). Serum mineral concentrations in superovulated mithun cows. Indian 

Veterinary Journal. 90(5): 80-82. 

16. Champak Barman, Anubha Baruah, B.K. Sarmah, K.K. Baruah, B.C. Sarmah, P. 

Chakravorty, A. Dutta, B.C Deka, M. Mondal, C. Rajkhowa and P. Thakuria (2013). Serum 

protein, glucose and cholesterol concentrations in superovulated mithun cows. Indian 

Veterinary Journal. 90 (6): 140- 141. 

17. Laha, R., C. Rajkhowa, J. K. Chamuah and A. Goswami (2013). Gastrointestinal parasitic 

infections in mithun in organized farm. Indian Journal of Hill Farming. 26(1):45-46. 

18. Chamuah, J.K., P Perumal, and A Mech (2013). Epidemiology and control measures of 

Helminth parasites in small ruminants. International Journal of Bio Resource and Stress 

Management. 4 (2): 278-287. 

19. M. Mondal, K. K. Baruah, A. Chatterjee and M.K. Ghosh. 2013. Characterization and Gene 

Expression Profiling of Epididymal Sperm Collected from Dead Mithun (Bos frontalis) 

Bulls and its Preservation. International Journal of Biotechnology and Bioengineering 

Research. 4(6): 535- 542. 

20. Perumal, P., Kezhavituo Vupru and K. Khate. (2013). Effect of addition of melatonin on the 

liquid storage (5°C) of mithun (Bos frontalis) semen. International Journal of Zoology. 

Volume 2013, Article ID 642632, 10 Pages 
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For the year 2014 

1. Das, K.C., S.S. Paul, L. Sahoo, K.K. Baruah, P.K. Subudhi, K. Ltu and C. Rajkhowa (2014). 

Bacterial diversity in the rumen of mithun (Bos frontalis) fed on mixed tree leaves and rice 

straw based diet. African Journal of Microbiology Research DOI:10.5897/AJMR2013.6507. 

Article no.: 78 BFODE46929. 

2. Mondal, M., K.K. Baruah and C. Rajkhowa (2014). Mithun: An animal of Indian pride. 

Livestock Research for Rural Development 26 (1): 1-9. 

3. Chamuah, J.K., A. Sakhrie, K. Khate, K. Vupru and C. Rajkhowa (2013). Seroprevalence of 

Toxoplasma gondii in mithun (Bos frontalis) from north eastern hilly region of India. 

Journal of Parasitic Diseases. DOI 10.1007/s12639-013-0396-0. 

4. Chamuah, J.K., S.R. Pegu, O.K Raina, S.J. Siju, A. Sakhrie, Anil Deka and C. Rajkhowa. 

(2014). Pimply gut condition in Mithun (Bos frontalis) calves. Journal of Parasitic Diseases. 

DOI 10.1007/s12639-014-0487-6. 

5. Perumal, P., K. Khate and C. Rajkhowa. 2013. Effect of foot and mouth disease vaccination 

on seminal and biochemical profiles of mithun (Bos frontalis) semen. Asian Pacific Journal 

of Animal Reproduction. 2(3): 209-214. 

6. Mondal, M., Baruah, K.K., Rajkhowa, C. (2014). Application of Biotechnology for 

Augmentation of Productivity in Mithun (Bos frontalis). Global Journal of Animal Scientific 

Research, 2(4): 357-364. 

7. Chamuah, J.K., P.R. Dutta, Ved Prakash, O.K. Raina, A. Sakhrie, D. Borkotoky, P. 

Perumal, R. Neog and C. Rajkhowa (2014). Comparative efficacy of some plant extracts on 

Rhipicephalus (Boophilus) microplus infestation on mithun (Bos frontalis) in the north east. 

Journal of Veterinary Parasitology. 27(1):5-7. 

8. K. K. Baruah, M. Mondal, A. Dhali, B. Bora, P. Perumal and C. Rajkhowa. 2014. Effect of 

season on quality of mithun (Bos frontalis) semen. Indian Journal of Animal Science. 

(Accepted). 

9. Das, K. C., Sharma, R., Paul, S. S., Dhama, K., Haque, N., Baruah, K. K. and Rajkhowa, C. 

(2014) Isolation and characterization of superior fibre degrading fungus from rumen of 

mithun (Bos frontalis). Asian Journal of Animal and Veterinary Advance. 9 (9): 587-592. 

10. Mukherjee, A., S. Mukherjee, I. Longkumer and A.O. Adebambo (2014). Molecular 

Cytogenetic Studies on Indian mithun, gaur, mithun cattle crossbred and cattle. 

Chromosome Research. 22, (3): 410. 

11. Mukherjee, A., S. Mukherjee and I. Longkumer (2014). Cytogenetic Architecture of Indian 

mithun (Bos frontalis), mithun cattle crossbred by conventional staining, G-, C and R-

banding techniques. Chromosome Research. 22, (3): 427. 

12. Singh, B.R., Singh, R.K. and Singh, V. (2014). Aerobic Mesophilic Bacterial Flora of 
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Vagina of Healthy Mithun (Bos frontalis). J. Genit. Syst. Disor., 3:3. 

http://dx.doi.org/10.4172/2325- 9728.1000128. 

13. Perumal, P., S.K. Srivastava, K. Vupru, K. Khate and C. Rajkhowa. 2014. Semen quality 

parameters of freezable and non-freezable ejaculates of mithun (Bos frontalis) bulls. 

Advances in Animal and Veterinary Sciences. 31(1): 11-18. 

14. Chamuah, J.K., S.S. Jacob, A. Sakhrie, and D. Borkotoky (2014). Serological Prevalence of 

Fasciola gigantica in Mithun (Bos frontalis). International Journal of Livestock Research. 4 

(5):15-20. 

15. Chamuah, J.K., S.S. Jacob, A. Sakhrie, and D. Borkotoky (2014). Serological Prevalence of 

Fasciola gigantica in Mithun (Bos frontalis) International Journal of Livestock Research. 4 

(5):15- 20. 

16. Chamuah, J.K., D. Borkotoky, P.C. Sarmah, S. Lama and P.R.Dutta (2014). Lice infestation 

in Mithun (Bos frontalis) of Nagaland. Veterinary Research International. 2(4): 103-104. 

17. Perumal, P., S. K. Srivastava, K. K. Baruah and S.K. Ghosh. 2014. Physico morphological 

attributes of mithun (Bos frontalis) semen. Indian Journal of Animal Science. 85(2): 151-

154. 

18. Baruah, K.K., M. Mondal, A. Dhali, B. Bora, P. Perumal and C. Rajkhowa.(2014). Effect of 

season on quality of mithun (Bos frontalis) semen. Indian Journal of Animal Science. 85(5): 

475-476. 

19. Perumal, P., Brijesh Kumar and C. Rajkhowa. (2014). Calving trend in Mithun (Bos 

frontalis). Indian Journal of Animal Science. 84(7): 750 -752. 

20. Perumal, P., S. K. Srivastava, S.K. Ghosh and K. K. Baruah. 2014. Computer-assisted 

sperm analysis of freezable and non- freezable mithun (Bos frontalis) semen. Journal of 

Animals. Volume 2014, Article ID 675031, 6 pages. 
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For the year 2015 

1. Chamuah, J.K., K. Bhattacharjee, P. C. Sarmah, O. K. Raina, S. Mukherjee & C. Rajkhowa 

(2015). Report of Amblyomma testudinarium in mithuns (Bos frontalis) from eastern 

Mizoram (India). Journal of Parasitic Diseases. DOI 10.1007/s12639-015-0654-4. 

2. Chamuah, J.K., Raina, O.K., Lalrinkima. H., Jacob, S.S., Sankar, M., Sakhrie, A., Lama, S. 

and Banerjee, P.S. 2015. Molecular characterization of veterinary important trematode and 

cestode species in the mithun (Bos frontalis) from north-east India. Journal of 

Helminthology. 7:1-6. 

3. Chamuah, J.K., A. Sakhrie, S. Lama, Subhas Chandra, Gajanan M. Chigure, Ram Krishna 

Bauri and Siju S. Jacob. 2015. Molecular characterization of Setaria digitata from Mithun 

(Bos frontalis). Acta Parasitologica.  60(3): 391–394. 

4. Meyie, U. Mero, Nazrul Haque and R.N. Shukla. 2015. Preparation and quality evaluation 

of probiotic fermented milk drinks from mithun milk. International Journal of Science, 

Engineering and Technology. 3(4):859-862. 

5. Mukherjee S., Mukherjee A., Longkumer I, Mech M., Khate K., P, Perumal and Rajkhowa 

C. 2014. Morphometric Characterization of Indian mithun. Indian Journal of Animal 

Sciences. 84(6): 699-702. 

6. Bhaskar Bora, K. K. Baruah, N. Savino, A. Mukherjee and P. Perumal. (2015). Effects of 

different concentration of glycerol and method of addition on apoptosis in fresh and 

cryopreserved mithun (Bos frontalis) semen. Indian Veterinary Journal. 92(2): 66-68 

7. Chamuah, J. K., Mech, A., Perumal, P., Dutta, P. R. (2015). Efficacy of chemical and herbal 

anthelmintic drug against naturally infested gastrointestinal helminthiasis in mithun calves 

(Bos frontalis). Indian Journal of Animal Research. 49(2): 269-272. 

8. Perumal P, Bora B, Rajoriya RS, Srivastava N and Nahak AK (2015) Effect of heterogenous 

cattle bull seminal plasma on seminal parameters of mithun (Bos frontalis). Indian Journal 

of Animal Science. 85(4): 361-363. 

9. Perumal P, Chamuah JK, Nahak AK and Rajkhowa C (2015) Effect of melatonin on the 

liquid storage (5°C) of semen with retrospective study of calving rate at different season in 

mithun (Bos frontalis). Asian Pacific Journal of Reproduction. 4(1): 1-12. 

10. Perumal P, Srivastava SK, Vupru K, Khate K, Veeraselvam M and Rajkhowa C. (2015). 

Biochemical profiles in freezable and non- freezable ejaculates of mithun (Bos frontalis) 
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Abstract 
Animal physiology & Reproduction 
Sl. 
No 

Name of author/ Name of research 
article 

Abstract/Summary 

1 Mondal. M., Karunakaran. M., 
Rajkhowa. C. and Prakash. B. S., 
Development and validation of a new 
method for visual detection of estrus in 
mithun (Bos frontalis) 2008 

The objectives of this study were (1) to develop a 
suitable scoring scale for estrus detection based on 
frequency and reliability of behavioral signs of estrus 
in mithun (Bos frontalis) and (2) to validate the 
accuracy of this method for detection of estrus in 
primiparous and multiparous mithun cows. The study 
consisted of two experiments. In experiment I, all 
animals were observed for 30 min at 2 h intervals for 
at least 35 days, for signs of estrus. Estrus was 
further confirmed by rectal examination of the 
reproductive organs and quantification of plasma 
progesterone concentrations. Based on the frequency 
and reliability of a particular sign, a cumulative point 
scale composed of seven estrous signs that were 
scored with points, ranging from 3 to 100, was 
developed. When the sum of the scores exceeded 100 
points, the animal was considered to be in estrus. 
This was again confirmed by rectal examination of 
the genitalia and quantification of plasma 
progesterone concentrations. Calculation of 
efficiency and accuracy of the developed scale 
showed that this scale was 100% efficient and 
accurate, irrespective of parity. In experiment II, the 
scoring scale was tested for its efficiency and 
accuracy for detection of estrus in primi- and 
multiparous mithun cows based on the behavioral 
observations recorded twice a day at 06:30 and 16:30 
hrs for at least 35 days with each observation period 
lasting for 30 min. Interestingly, efficiency and 
accuracy of the scale for detection of estrus was 
100% in this experiment. Behavioral estrus was more 
intense in primi- than multiparous mithun cows in 
both experiments. Duration of estrus was longer in 
primi- than multiparous animals. The results of the 
present investigation revealed that no individual 
behavioral sign of estrus can be used alone for estrus 
detection in mithuns; whereas the efficiency and 
accuracy of the scoring scale composed of seven 
estrous signs were 100%, even when animals were 
observed twice each day. In conclusion, the scoring 
scale that has been developed was suitable for 
detection of estrus in mithuns with high efficiency 
and accuracy. However, the scale should be validated 
for use by farmers to assess its practical usefulness. 
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2 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Development and validation of a 
highly sensitive economic 
enzymeimmunoassay for prolactin 
determination in  blood plasma of mithun 
(Bos frontalis) and its application during 
milk let down and cyclicity 2007 
 

The objective of the present study was to develop 
and validate highly sensitive and economic 
enzymeimmunoassay (EIA) for prolactin 
determination in mithun blood plasma on 
microtitreplates using the biotin–streptavidin 
amplification system and second antibody coating 
technique and to apply this procedure during milk let 
down and cyclicity in mithuns (Bos frontalis), a 
semi-wild ruminant. Biotin was coupled to prolactin 
and used to bridge between streptavidin peroxidase 
and immobilized antiserum in competitive assay. The 
EIA was carried out directly in 50 μl mithun plasma. 
The sensitivity of the EIA procedure was 0.1 ng/ml 
plasma. Plasma volumes viz., 12.5, 25 and 50 μl did 
not influence much the shape of standard curve 
though a slight drop in the OD450 was seen with 
higher plasma volumes. A parallelism test was 
carried out to compare the endogenous mithun 
plasma prolactin with bovine prolactin standards 
used in the assay. It showed good parallelism with 
the bovine standard curve. Plasma prolactin was 
estimated in six cyclic mithun cows during an estrous 
cycle. Mean plasma prolactin concentrations around 
the day of estrus were recorded to be higher than any 
other day of the cycle. Prolactin profiles were also 
obtained in three mithuns before, during and after 
milking. A sharp release of prolactin shortly after 
udder stimulation was observed. High levels of 
prolactin were maintained during milking, falling 
sharply thereafter. In conclusion, the EIA developed 
for prolactin determination in mithun blood plasma is 
sufficiently reliable, economic and sensitive enough 
to estimate prolactin in all physiological variation in 
mithun. 

3 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Plasma growth hormone 
concentrations in female mithun (Bos 
frontalis) of different ages: relations with 
age and body weight 2007 
 

The role of growth hormone (GH) in postnatal 
somatic growth is well established. Its basal level and 
relation to growth performance in different age group 
mithun (Bos frontalis), a semiwild ruminant has not 
been characterized until now. To estimate the normal 
blood GH level and also to assess the influence of 
age and body weight (BW) on blood GH level in 
captive mithuns, a total of 65 female mithuns was 
divided into six age groups (group I, 0–6 months; 
group II, >6–12 months; group III, >1–2 years; group 
IV,  >2–2.5  years; group V, >2.5–3.0 years and 
group VI, >3.0 years). Blood samples collected 
weekly for six consecutive weeks were assayed for 
GH. GH was also estimated in the samples collected 
from six growing mithuns at −60, −45, −30, −15, 
−10, −5 and 0 min prior to GH‐releasing hormone 
(GHRH) administration for calculation of basal GH 
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level and at 5, 10, 15, 30 min and thereafter at 
15‐min interval up to 8 h post‐GHRH to assess blood 
GH response following GHRH administration in 
growing mithuns. For calculation of basal plasma 
GH in adult mithuns, GH was measured in blood 
samples collected at 30‐min interval for 24 h from 
four animals.  BW  of  all animals was recorded on 
two consecutive days per week and average of 
weekly BW was considered for growth rate 
calculation. It was found that both mean GH and GH 
per 100/kg BW between the age groups differ 
(p<0.01). With increasing age and BW, GH and GH 
per 100 kg BW both decreased (p<0.01). The age 
group with higher plasma GH and GH per  100  kg 
BW showed higher growth rates (r= 0.83 and 0.97 
respectively). Interestingly, mean plasma GH for six 
consecutive weeks in all the groups showed much 
greater GH  concentration  (group  I,  86.6  ±  9.7  
ng/ml to group VI  33.2   ±   5   ng/ml)  than reported 
in other species. Mean basal plasma GH calculated in 
growing and adult mithuns was 29.6 ± 4.01 ng/ml  
and around 25 ± 3.6  ng/ml  respectively.  The GH 
peak (444 ± 21.3 ng/ml) was registered at 15 min 
post‐GHRH administration in growing mithuns. In 
conclusion, age and BW influence plasma GH and 
GH per 100 kg BW but the latter is a better indicator 
of growth. The basal plasma GH and GH response to 
GHRH administration is six to eight and four to five 
times higher in mithun than in other species reported 
so far. An accurate assessment of the relationship 
between GH profiles and protein metabolism, proper 
receptor level study for GH action at the cellular 
level and the interaction of GH with other growth 
factors awaits better understanding of higher GH in 
this unique species. 

4 Mondal. M. and Prakash. B. S., Highly 
Sensitive Second-Antibody Enzyme 
Immunoassay for Determination of 
Estradiol-17β Concentration in Blood 
Plasma of the Mithun (Bos frontalis) 
2007 

The objective of the present study was to develop and 
validate   a   simple,  sensitive,   quick  and  economic 
enzyme immunoassay (EIA) for estradiol-17β (E2) in 
mithun (Bos frontalis) plasma on microtiter plates  
using a second-antibody coating technique and 
hormone-horseradish peroxidase as a label. For the 
assay, the wells of microtiter plates were coated with 
affinity-purified goat anti-rabbit IgG that binds the 
hormone-specific antibody. One milliliter of mithun 
plasma was extracted using benzene and 50 μl of 300  
μl volume reconstituted with assay buffer was run in 
the assay along with standards ranging from 0.10–100 
pg/well prepared in assay buffer. The sensitivity of the 
assay was 0.72 pg/ml. The intra- and inter-assay 
coefficients of variation were below 10%, and the 
extraction efficiency was >93%. Linearity of recovery 
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of the added hormone concentrations was recorded. 
The assay developed was further validated 
biologically by estimating the hormone concentrations 
in six female and five male mithun calves, 12 cyclic 
mithuns for the entire reproductive cycle, and four 
pregnant mithun cows. The EIA developed can 
estimate low concentrations of E2 (2.2–5.2 pg/ml) in 
growing calves as well as very high concentrations of 
the hormone during pregnancy (E2=85.6–143.5 
pg/ml). Apart from being non-radioactive, the assay 
developed has several advantages over conventional 
radioimmunoassays: it is more sensitive, less labor 
intensive, simpler to perform, and less time 
consuming. In conclusion, the EIA procedure 
described herein is sufficiently reliable, economic, 
safe, quick and sensitive to estimate the hormone at all 
physiological levels in bovine plasma. 

5 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Relationship of plasma estradiol-
17β, total estrogen, and progesterone to 
estrus behavior in mithun (Bos frontalis) 
cows 2006 
 

The objectives of this study were (1) to establish the 
characteristics of estrus behavior in mithun cows (n = 
12) and (2) to determine the relationships between this 
behavior and the plasma concentrations of estradiol-
17β (E2), total estrogen, and progesterone. Estrus was 
detected by visual observations of estrus signs, per 
rectal examination of genitalia and bull parading thrice 
a day for three consecutive cycles. Among the 
behavioral signs of estrus, the cow to be mounted by 
bull (100%) was the best indicator of estrus followed 
by standing to be mounted (92%). Per rectum 
examination of genital organs revealed relaxed and 
open os externa of cervix, turgid uterus, and ovaries 
having palpable follicles in all animals. The mean 
(±SEM) length of estrus cycle and duration of estrus 
were recorded to be 21.8 ± 0.69 days and 12.6 ± 1.34 
h, respectively. Endocrine profiles during the peri-
estrus period showed that the mean highest peak 
concentrations of E2 (27.29 ± 0.79 pg/ml) and total 
estrogen (45.69 ± 2.32 pg/ml) occurred at −3.90 ± 
2.27 and −3.89 ± 2.26 h prior to the onset of estrus, 
respectively. Plasma progesterone concentration was 
basal (0.14 ± 0.001 ng/ml) during the peri-estrus 
period. Plasma E2 and total estrogen were found to 
increase from 6 days before estrus to reach a peak 
level on the day of estrus and decline thereafter to 
basal level on day 3 of the cycle. The plasma 
progesterone concentration was the lowest on the day 
of estrus showing gradual increase to register a peak 
level on day 15 of the cycle. Estrus behavior was 
found to be positively correlated with the maximum 
peak concentration of E2 (r = 0.89; P < 0.0001) and 
total estrogen (r = 0.66; P = 0.019) during the peri-
estrus period. The mean total estrogen concentration 
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during the peri-estrus period was significantly 
correlated with estrus behavior (r = 0.60; P = 0.04). 
The correlations between the estrus behavior and E2: 
progesterone ratios at 6 days before the onset of estrus 
(r = 0.92) and on the day of estrus (r = 0.95) was 
significant. The total estrogen : progesterone ratios at 
6 days before the onset of estrus and on the day of 
estrus were also positively correlated with the estrus 
behavior (r = 0.86 and 0.88). In conclusion, our results 
suggest that the maximum peak concentration of E2 
and total estrogen and mean level of total estrogen 
during the peri-estrus period and the E2progesterone 
and total estrogen : progesterone ratios on 6 days 
before the onset of estrus and on the day of estrus are 
the important factors contributing the behavioral 
manifestation of estrus in mithun cows. 

6 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Oestrous behaviour and timing of 
ovulation in relation to onset of oestrus 
and LH peak in Mithun (Bos frontalis) 
cows. 2006 
 

The objectives of the study were to evaluate the 
oestrus behaviour and to determine the timing of 
ovulation in relation to onset of oestrus and the pre-
ovulatory LH surge in mithun (Bos frontalis). For this 
purpose, the blood samples collected at 15-min 
intervals for 9 h period following onset of oestrus and 
thereafter, at an interval of 2 h till 4 h post-ovulation 
for three consecutive cycles from 12 mithun cows 
were assayed for plasma LH and progesterone. 
Ovulation was confirmed by palpation of ovaries per 
rectum at hourly intervals. Various signs of 
behavioural oestrus were also recorded. The common 
signs of oestrus and their frequency of occurrence in 
mithuns were following and mounting by male 
mithuns (100%), standing to be mounted (100%), 
frequent urination (62.33%), raising of tail (65.23%), 
swelling of vulva (54.26%) and congestion of vulvar 
mucous membrane (69.87%). The pre-ovulatory LH 
surges consisted of several pulses (2.92 +/- 0.26 
pulses/animal; range, 1-4). The mean (+/-SEM) peak 
level of LH for individual mithun varied from 6.99 +/- 
0.44 to 12.69 +/- 2.10 ng/ml and the  mean pooled  LH  
peak  concentration was 9.10 +/- 0.60 ng/ml. The 
highest peak (highest amplitude of LH during LH 
surge) was 10.83 +/- 0.76 ng/ml (range, 8.07-16.49 
ng/ml). The duration of LH surge was 6.98 +/-  0.22 h 
(6-8 h).  Onset of LH surge was at  1.23  +/- 0.17 h 
post-oestrus onset (range, 0.25-2.25 h). Mean plasma 
progesterone stayed low (<0.24 ng/ml) during the  
entire  duration of sampling.  Ovulation occurred at 
26.92 +/- 0.31 (range, 26-29 h) after the onset of 
oestrus and 18.63 +/- 0.35 h (range, 17-20.75 h) after 
the end of LH surge. The occurrence of the highest LH 
peaks within a narrow time frame of 2- to 5-h post- 
oestrus onset in mithuns could have contributed to the 
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animals ovulating within a narrow time interval. These 
results are very promising from a practical standpoint 
of potential success when AI program in this species is 
implemented in a big way. Furthermore, the results of 
the occurrence of LH pulses during pre-ovulatory LH 
surges, which are required for ovulation in this species 
of animals, is unique and species specific. 

7 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Determination of effective dosage 
of GH‐releasing factor for blood GH 
responses in mithun (Bos frontalis) 2006 
 

A study was undertaken to determine the effective 
dosage of GH‐releasing hormone (GRF) required to 
produce blood GH response in mithun (Bos 
frontalis), a semi‐wild ruminant species. For the 
purpose, 12 mithuns averaging 11.5 months of age 
and 146  kg body weight (BW) were randomly 
assigned to receive GRF (n = 12),  administered  at 0 
(normal  saline), 5, 10 and 20 μg per 100 kg BW. 
Blood samples were collected prior to and after GRF 
administration at −60, −45, −30, −15, −10, −5, 0   
min and 5, 10, 15, 30 and thereafter, at 15‐min 
interval up to 8 h post‐GRF were assayed for plasma 
GH. For all the dosages, the pre‐treatment GH 
concentrations and corresponding area under GH 
response curve (AUC) were similar (p > 0.05). The 
post‐GRF plasma GH responses to different dosages 
of GRF viz. 5,10 and 20 μg per 100 kg BW and 
corresponding AUCs were higher  (p< 0.05) than 
those recorded in normal saline‐treated controls. The 
GH responses to 10 and 20    μg GRF per 100    kg 
BW and corresponding AUCs were higher (p< 0.05) 
than those registered in mithuns administered with 5 
μg GRF per 100 kg BW. Interestingly, post‐GRF 
concentration of plasma GH and AUCs were not 
different for 10 and 20 μg GRF per 100 kg BW 
dosages. In all animals treated with GRF, a peak of 
GH was registered within 10 to 20 min post‐GRF. 
Following 5 μg GRF per 100 kg BW, GH 
concentrations were maintained at higher level for 90 
min post‐GRF and thereafter became similar to that 
of controls and it was 435 min for 10 and 20 μg GRF 
per 100 kg BW dosages. In conclusion, our results 
suggest that 10 μg GRF per 100 kg BW is the 
dosage, which can be used for augmentation of 
mithun production. 

8 Mondal. M., Meyer. H. H. D., Rajkhowa. 
C. and Prakash. B. S., Highly sensitive 
second antibody format 
enzymeimmunoassay for determination 
of 13,14-dihydro-15-keto-PGF2α in blood 
plasma of mithun (Bos frontalis) 2006 
format enzymeimmunoassay for 
determination of 13,14-dihydro-15-keto-
PGF2α in blood plasma of mithun (Bos 

As an alternative to radioimmunoassays, a simple, 
highly sensitive and quick enzymeimmunoassay (EIA) 
for determination  of  13,14-dihydro-15-keto- PGF2α 
(PGFM) in blood plasma of mithun (Bos frontalis; 
bovine) on microtitreplates using second antibody 
coating technique and PGFM-horseradish peroxidase 
as a label has been developed. The wells of the 
microtitreplate were coated with affinity-purified goat 
IgG (antirabbit IgG) that binds the hormone specific 
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frontalis) 2006 
 

antibody. The EIA was carried out directly in 20 μl 
plasma. The PGFM standard curve, with doses 
ranging from 0.1 to 50 pg/well was linear. The 
sensitivity of the assay was 5 pg/ml. PGFM standard 
curve in buffer showed parallelism with serially 
diluted mithun plasma containing high endogenous 
PGFM. Plasma PGFM concentrations estimated by 
using the developed EIA and commercially available 
PGFM EIA kit in the same samples were significantly 
correlated (r = 0.98) and showed linearity. Intra- and 
inter-assay coefficients of variation were below 7%. 
Recovery of known concentrations of added PGFM in 
charcoal stripped plasma was linear (r = 0.99). The 
developed EIA was further validated biologically by 
estimating PGFM in cyclic cows for the entire estrous 
cycle and in peri-parturient cows beginning day 7 
prior to calving till day 30 post-calving; the 
concentrations were along with the expected lines as 
reported in bovine. In conclusion, the EIA developed 
in this study is simple, highly sensitive, valid and 
sufficiently reliable method for estimation of PGFM 
directly in bovine plasma. 

9 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Relationship between plasma 
growth hormone concentrations and 
temperament in mithuns (Bos frontalis) 
2006 

The aim of the present study was to verify whether or 
not plasma growth hormone (GH) concentrations are 
correlated with temperament in mithuns (Bos 
frontalis), a semiwild ruminant. Therefore, a total of 
69 female mithuns from four different strains, viz., 
Arunachal, Nagaland, Mizoram, and Manipur, were 
divided into six age groups (Group I, 0–6 months; 
Group II, >6–12 months; Group III, >1–2 years; 
Group IV, >2–2.5 years; Group V,  >2.5–3.0 years; 
Group VI, >3.0  years). Blood samples were 
collected weekly for 6 consecutive weeks and 
assayed for plasma GH. Temperament was scored on 
a 6-point scale, 6 were being very aggressive and 1 
docile. Body weights of all animals were recorded 
once a week for 6 consecutive weeks GH 
concentrations and temperament scores were found 
to differ significantly between groups. Strain had 
significant effects on blood GH levels and 
temperament. Blood GH concentrations and 
temperament of Manipur mithuns were significantly 
higher than those of the other three strains within 
each group, for all groups. Across groups III to VI, 
blood GH levels and temperament among Nagaland, 
Mizoram, and Arunachal mithuns did not differ. 
Overall, the strain with the highest blood GH 
concentrations also had highest temperament scores. 
The Manipur strain had the highest blood GH levels 
and exhibited the most aggression (r = 0.95), and 
Arunachal mithuns, the lowest (r = 0.93). 
Temperament scores tended to decrease with 
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increasing age for all four strains. Coefficients of 
correlation between blood GH and temperament 
among strains within each group, for all groups, were 
found to be significant.The highly positive 
correlation (r = 0.94) between blood GH 
concentrations and temperament for all animals, 
regardless of age and strain differences, clearly 
indicates the relationship between blood GH and 
temperament in mithuns. In conclusion, our results 
suggest that peripheral blood GH levels can influence 
temperament in mithuns. 

10 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Exogenous GH-releasing hormone 
increases GH and LH secretion in 
growing mithuns (Bos frontalis) 2006 
 

To investigate the effects of growth hormone-
releasing hormone (GHRH) administration on the 
patterns of GH and LH secretion in growing female 
mithuns, 12 mithuns within the age group of 10–12 
months of age were divided into two groups 
(treatment and control groups) of six each in such a 
way that average body weight between the groups 
did not differ significantly (P > 0.05). Both the 
groups were administered i.v. either with synthetic 
bGHRH [bGHRH (1-44)-NH2] at 10 μg/100 kg body 
weight (treatment group) or equal volume of normal 
saline (control group). Blood samples collected prior 
to and after GHRH challenge at −60, −45, −30, −15, 
−10, −5 min and 5, 10, 15, 30 min, and thereafter, at 
an interval of 15 min up to 8 h post- injection were 
assayed for plasma  GH  and  LH. Plasma 
progesterone was estimated in twice-a-week samples 
collected for six consecutive weeks preceding GHRH 
challenge to assess whether either group has begun 
ovarian cyclicity. Body weight of all animals was 
recorded once in a week during the period. A peak of 
GH was registered in all animals within 5–25 min 
post-GHRH   administration   with   a   mean peak of 
443.5 ± 25.32 ng/ml at15 min post-administration, 
which was much higher than in any other bovines 
reported following GHRH challenge. The patterns of 
LH secretion were pulsatile in nature in both the 
groups. Interestingly, the hormone concentrations 
exhibited higher pulsatility with greater amplitude 
after GHRH challenge in GHRH-treated than in 
control mithuns. The GHRH-treated mithuns 
averaged 0.44 pulses/h (4 pulses/9 h) and the rate 
was 0.20/h (2 pulses/9 h) in controls. The rate of 
pulse frequency and amplitude differed significantly 
with time of sampling. The mean plasma LH levels 
after GHRH administration were significantly higher 
in treatment group than those recorded in control 
mithuns. The mean plasma progesterone was similar 
(P > 0.05) in both the groups and no animal from 
either group had begun ovarian cycle. In conclusion, 
exogenous GHRH significantly increases plasma GH 
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and also LH pulse frequency and amplitude with 
higher mean post-GHRH LH levels in growing 
mithuns suggesting thereby its possible use for 
enhancement of maturity process in this unique meat 
animal. 

11 Mondal. M., Dhali. A., Prakash. B., 
Rajkhowa. C. and Prakash. B. S., 
Development and Validation of a Simple, 
Sensitive, Second Antibody Format 
Enzyme Immunoassay (EIA) for LH 
Determination in Mithun (Bos frontalis) 
Plasma 2005 
 

The objective of this study was to develop and 
validate a simple and highly sensitive enzyme 
immunoassay (EIA) for LH determination in mithun 
plasma on microtitreplates using the 
biotin‐streptavidin amplification system and the 
second antibody coating technique. Biotin was 
coupled to LH and used to bridge between 
streptavidin‐peroxidase and immobilized antiserum  
in competitive assay. The EIA was carried out 
directly in 20 µL mithun plasma. The LH standards 
ranging from 6.25 pg/well/20 µL to 
400 pg/well/20 µL were prepared in hormone free 
plasma collected from a mithun on day 3 post 
calving. The sensitivity of EIA procedure was 
6.25 pg/well LH, which corresponds to 0.31 ng/mL 
plasma; the 50 percent relative binding sensitivity 
was seen at 100 pg/well/20 µL. Plasma volumes for 
the EIA viz. 10 and 20 µL did not influence the 
shape of standard curve even though a slight drop in 
the OD450 was seen with higher plasma volumes. A 
parallelism test was carried out to compare the 
endogenous mithun plasma LH with bovine LH 
standards. It showed good parallelism with the 
bovine standard curve. For the biological validation 
of the assay, 3 mithuns were used. These were 
administered 10 µg i.v., with a synthetic analogue of 
GnRH (Buserelin‐Acetate, Intervet, India) and blood 
samples were collected at 15 min intervals using 
indwelling jugular catheter beginning 1 h prior to 
GnRH injection till 8 h post injection. In all animals, 
sharp increases in LH concentrations were recorded 
post GnRH administration, which confirms the 
biological validation of the EIA. In conclusion, the 
EIA developed for LH determination in mithun 
blood plasma is sufficiently reliable, economical, and 
sensitive enough to estimate LH in all physiological 
variations in mithun. 

12 Mondal. M ., Prakash. B., Rajkhowa. C. 
and Prakash . B. S., Development and 
Validation of a Sensitive 
Radioimmunoassay for Progesterone 
Estimation in Unextracted Mithun (Bos 
frontalis) Plasma 2005 
 

The objective of the study was to develop and validate 
a simple, reliable, and highly sensitive 
radioimmunoassay (RIA) for progesterone 
determination in mithun (Bos frontalis) plasma. The 
RIA was carried out in 20 µL unextracted mithun 
plasma. The progesterone standards ranging from 2 to 
500 pg/20 µL/tube were prepared in charcoal‐treated 
hormone‐free plasma. The sensitivity of the RIA 
procedure was 2 pg progesterone/20 µL/tube, which 
corresponds to 0.1 ng/mL; the 50 percent relative 
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binding sensitivity was seen at 32 pg/20 µL/tube. 
Plasma volumes for the RIA, viz. 10 and 20 µL, did  
not influence the shape of standard curve, even though 
a slight drop in the counts was seen with higher 
plasma volumes. For the biological validation of the 
assay, three cyclic, three in early pregnancy, and two 
in late pregnancy mithuns were used. Blood samples 
collected at weekly intervals for 42 days, from all 
animals, were assayed for plasma progesterone.  The  
peak  level of progesterone was registered at day 14 
(day 21 of sampling) of the estrous cycle and the 
lowest at estrus; the progesterone concentrations 
increased and decreased gradually as sampling time 
advanced, in early and late pregnancy, respectively, 
which confirm the biological validation of the RIA. 
The RIA avoids the troublesome and laborious plasma 
extraction procedures. In conclusion, the RIA 
developed for progesterone determination in mithun 
blood plasma is sufficiently reliable, simple, and 
sensitive enough to estimate progesterone in all 
physiological variations in mithun. 

13 Mondal. M., Prakash. B., Rajkhowa. C. 
and Prakash. B. S., Twenty-four-hour 
secretion patterns of luteinizing  hormone 
in mithuns (Bos frontalis) 2005 
 

A 24 h secretion pattern of luteinizing hormone (LH) 
was not available in mithun (Bos frontalis), a semi- 
wild ruminant. To characterize the 24 h LH profiles, 
six female mithun calves (age 7.8 ± 0.5 months and 
102.5 ± 5.6 kg; group I) and six female mithuns 
averaging 25.4 months of age and 240 kg (group II) 
were selected from the National Research Centre on 
Mithun farm and were maintained in semi-intensive 
systems. Blood samples collected from all the 
animals at 30 min intervals for 24 h were assayed for 
plasma LH. Plasma progesterone was also estimated 
in twice- a-week samples collected for 6-week period 
preceding each 24 h sampling to assess whether any 
animal had begun ovarian cyclicity. The body 
weights of all animals were also recorded weekly 
during the 6-week period. LH patterns consisted of 
frequent pulses of varying amplitude. Luteinizing 
hormone pulses occurred at an average frequency of 
0.28/h (≈7 pulses/24 h) and 0.15/h (≈3.5 pulses/24 h) 
for mithuns of groups II and I, respectively, the rate 
did not differ markedly among mithuns within each 
group but was significantly different between the 
groups. Similarly, the magnitude of LH secretory 
pulses did not vary among mithuns within the group 
but was significantly higher in group II than in group 
I animals. In group II, the LH peaks averaged 1.59 
and 1.00 ng/ml in mithun having the highest and 
lowest LH peaks, respectively and the corresponding 
values for group I mithuns were 0.66 and 0.51 ng/ml. 
Mithun with higher peak LH levels  also  had   higher   
mean   LH concentrations (P < 0.05). The mithuns of 
group II had significantly higher     plasma     
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progesterone concentration (0.89 ± 0.02 ng/ml) than 
those recorded in group I mithuns (0.26 ± 0.01 
ng/ml). Plasma progesterone profiles suggested that 
no animal reached puberty. In conclusion, there was 
higher LH secretion with higher pulsatility and 
greater amplitude in group II mithuns than exhibited 
in mithuns of group I and the prepubertal mithuns of 
group II were in approaching puberty, which were 
also indicated by their plasma progesterone profiles, 
critical body weight and age required to attain 
puberty, in addition to higher pulsatility of LH 
secretion. 

14 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Standardization and validation of a 
simple, sensitive, second antibody format 
enzyme immunoassay for growth 
hormone determination in mithun (Bos 
frontalis) plasma 2005 
 

To facilitate research into the action of growth 
hormone (GH) in mithun (Bos frontalis), we 
standardized and validated a simple and highly 
sensitive enzyme immunoassay (EIA) for GH 
determination in mithun blood plasma on microtiter 
plates using biotin‐streptavidin amplification system 
and the second antibody coating technique. Biotin 
was coupled to GH and used to bridge between 
streptavidin‐peroxidase and immobilized antiserum 
in competitive assay. The EIA was carried out 
directly in 25 µl mithun plasma.  The GH standards 
ranging  from 0.25 ng/well/25 µl to 128 ng/well/25 
µl were prepared in charcoal‐treated plasma collected 
from an aged (>10 years) senile mithun. The 
sensitivity of EIA procedure was 1.0 ng/ml plasma; 
the 50% relative binding sensitivity was seen at 36 
ng/ml plasma. Plasma volumes for the EIA, namely 
12.5 and 25 µl, did not influence the shape of 
standard curve even though a drop in the optical 
density (OD)450 observed with higher plasma 
volumes was due to higher inherent GH content in 
mithun plasma collected from an aged (>10 years) 
senile mithun. For the biological validation of assay, 
two mithuns were administered with synthetic bovine 
GH‐releasing factor (GRF; 10 µg/100 kg body 
weight; intravenous) and another two were 
administered sterile normal saline (controls). Jugular 
blood  samples  were collected at  −60,  −45, −30, 
−15,−10, −5, 0, 5, 10, 15, 30 min and thereafter at 
15‐min intervals beginning 1 hour before GRF 
injection up to 8‐hr post treatment, and samples were 
assayed for plasma GH. In two animals, a peak of 
GH was recorded at 15 min of GRF administration, 
which confirms the biological validation of the EIA. 
Plasma GH estimated in blood samples collected for 
6 consecutive weeks from two different age groups 
of mithun (Group I, age 0–3 months; Group II, age 
3–4 yr)  showed  higher  (P <  0.0001) mean plasma  
GH in younger than in adult mithuns and 
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consequently higher growth rates in the younger 
group. A parallelism test conducted between a buffer 
standard curve of bovine GH and GH measured from 
serial dilution of mithun plasma containing high 
concentration of endogenous GH showed good 
parallelism with a standard curve. In conclusion, the 
EIA developed for GH determination in mithun 
blood plasma is sufficiently reliable, economic, and 
sensitive enough to estimate mithun GH in all 
physiologic variations. 

15 Mondal. M., Rajkhowa. C. and Prakash. 
B. S., Diurnal Changes in Blood 
Metabolites and Their Relation to Plasma 
Growth Hormone and Time of Feeding in 
Mithun Heifers (Bos frontalis) 2005 
 

The aim of the present study was to investigate what, 
if any, diurnal changes occur in blood metabolites in 
relation to plasma growth hormone (GH) and feeding 
time among mithun (Bos frontalis), a semi‐wild 
ruminant. Blood samples were collected at hourly 
intervals during a 24 h span from 6 mithun heifers 
(averaging 2.5 yr of age and averaging 230 kg in 
weight) that were fed twice a day at 11:00 and 16:00 
h. Samples were assayed for plasma GH and blood 
metabolites, non‐esterified fatty acids (NEFA), 
glucose, and alpha‐amino nitrogen. The total sampling 
period was divided into a 1) postprandial (after meal) 
period (period I: 11:00 to 21:00 h) and 2) interprandial 
period (period II: 22:00 to 10:00 h) and also into night 
(20:00 to 05:00 h) and day (06:00 to 10:00 h) periods 
for statistical analysis. Plasma glucose and 
alpha‐amino nitrogen levels increased (p<0.01), and 
plasma NEFA and GH decreased (p<0.01) after each 
meal. No diurnal rhythmicity was detected in plasma 
glucose or alpha‐amino nitrogen levels. Interestingly, 
plasma NEFA and GH levels were higher (p<0.01) 
during the interprandial (period II) and night periods, 
indicating an energy deficit that occurred 
progressively during the interprandial period of 
nocturnal feed deprivation. In twice‐daily‐fed mithuns 
we conclude that:1) plasma metabolites and GH 
exhibited a definite pattern of change with time of 
feeding; 2) concentrations of plasma NEFA were 
higher nocturnally due to an energy deficit and that 
GH levels were higher during the interprandial period 
after the second meal; 3) the interprandial period after 
the second feeding may be considered to constitute a 
short‐term food deprivation;4) the longer interprandial 
period of 19 h in this study between the second and 
subsequent morning meal may be changed into 
equally divided  feedings to minimize  the  short‐term  
energy deficit; and 5) blood sampling for blood 
metabolites in mithuns should be conducted at a fixed 
time of day with special emphasis on time of feeding. 

16 Mondal. M. and Prakash. B. S., Effects 
of long‐term growth hormone‐releasing 

Effects of long‐term growth hormone‐releasing factor 
(GRF) on growth performance, feed conversion 
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factor treatment on growth, feed 
conversion efficiency and dry matter 
intake in growing female buffaloes 
(Bubalus bubalis) 2005 
 

efficiency (FCE) and dry matter intake (DMI) were 
studied in growing buffaloes. Twelve female Murrah 
buffaloes of 6–8 months of age were divided into two 
groups of six each on the basis of their body weights 
so that the average body weights of the groups did not 
differ (p > 0.05). Animals of each group were 
administered intravenously with either sterile distilled 
water (control group) or equal volume of GRF 
solution containing 10 μg GRF (1–44)‐NH2/100 kg  
body weight (treatment group) at fortnight interval 
from week 6 (5‐week pre‐treatment period) for 36 
weeks (weeks 6–42 treatment period). Thereafter a 
10‐week post‐treatment period was added. All the 
animals were weighed consecutively 2 days in a week 
and the average body weight of the two observations 
in the week was thus considered for further 
calculation. Dry matter intake was recorded daily. 
Average daily gain, FCE and DMI/100 kg body 
weight were also calculated. Plasma progesterone was 
estimated in the samples collected twice a week at 3–
4‐day intervals to assess whether either group had 
begun ovarian cycles. It was found that ADG and FCE 
were higher (p < 0.01) in GRF‐treated animals during 
treatment and even 10‐week post‐treatment period. 
Interestingly, total DMI was not different (p  >  0.05)  
between  the  groups during treatment period but 
found to be lower  in GRF treated animals during 
post‐treatment period. The DMI/100  kg  body  weight  
was  lower  (p  <  0.01) in GRF‐treated animals during 
treatment and even after cessation of treatment for 10 
weeks. The GRF administration for long‐term 
increased (p < 0.05) plasma progesterone. Plasma 
progesterone concentrations suggest that no animal 
from either group reached puberty till the end of the 
experiment. In conclusion, repeated GRF 
administration for longer term decreased (p < 0.01)  
DMI/100  kg  body  weight and  increased (p < 0.01)  
FCE  and enabled the animals to grow faster. 

17 Mondal. M. and Prakash. B. S., 
Changes in Plasma Growth Hormone 
(GH) and Secretion Patterns of GH 
and Luteinizing Hormone in Buffaloes 
(Bubalus bubalis) During Growth 
2004 
 

To assess the changes of plasma growth hormone 
(GH) and secretion patterns of GH and luteinizing 
hormone (LH) during growth in buffaloes, six 
growing female Murrah buffalo calves (mean age 
6 ± 0.9 months and body weight 66 ± 6 kg) were 
selected. Plasma samples were collected twice a week 
for 52 weeks for GH and LH assay. To examine for 
pulsatile secretion samples were collected at 15 
minutes interval for 9 hr at weeks 6 and 42 for GH and 
LH measurements. Plasma progesterone was also 
estimated in twice‐a‐week samples to assess whether 
any of the buffalo had begun ovarian cyclicity. The 
body weight of all animals was recorded at weekly 
interval. Plasma GH concentration decreased 
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(P < 0.01) only up to week 29 and showed  an 
increasing trend (P < 0.01) thereafter. The ratio of 
plasma GH to body weight declined (P < 0.01) 
throughout the entire experimental period. Plasma GH 
showed a declining trend only up to when the animals 
attained 155 kg body weight and thereafter showed an 
increasing trend (P < 0.01). Plasma GH revealed 
distinct pulsatile patterns of release, with a mean of 6 
and 5 pulses in the 6‐week and 42‐week samples, 
respectively. The plasma LH concentrations around 
the 42‐week time period were significantly higher 
(P < 0.01) than at the 6‐week time period, and they 
exhibited pulsatility. No animal reached puberty until 
the end of the experiment. In summary, plasma GH 
levels have a definite pattern of change during growth 
and patterns of secretion of plasma GH and LH also 
have a relation with body weight in this species of 
animal. 

18 Mondal. M., Bujarbaruah. S. K., Khate. 
K. and Borah. K., I.P.Body conformation 
traits in mithun (Bos frontalis) 2004 
 

The present study reports on the body conformation 
traits in 41 adult Mithuns of either sex. The average 
measurements of different parts were 41.79ñ0.71 cm 
(head length), 26.39ñ0.84 cm (head breadth), 
21.69ñ0.66 cm (eye to eye space), 44.14ñ0.90 cm 
(muzzle circumference), 22.77ñ1.50 cm (horn 
length), 26.09ñ1.19 cm (horn circumference) and 
21.15ñ0.35 cm (ear length). The mean neck length 
and circumference were measured as 40.75ñ1.27 cm 
and 75.61ñ1.85 cm respectively. The average barrel 
parameters were body length (129.27ñ2.64 cm), 
height at withers (124.48ñ2.03 cm), heart girth 
(166.06ñ4.72 cm), abdominal girth (187.15ñ5.62 cm) 
and  pouch girth (160.87ñ3.62 cm). The mean 
measurement of limbs were 25.83ñ0.76 cm, 
20.65ñ0.52 cm, 34.52ñ1.04 cm, 31.26ñ0.98 cm, 
22.54ñ0.41 cm and 40.91ñ1.40 cm for fore-shank 
length, fore-shank circumference,  length of   
forearm,   hind-shank   length,   hind-shank 
circumference and thigh length respectively. The 
average tail length was measured as 79.68ñ1.22 cm 
in mithuns. The overall body weight of adult mithun 
was estimated to be 296.13ñ16.17 kg. A highly 
significant correlation was found between adult body 
weight and type traits. The prediction equations were 
also formulated with the Rý values ranging from 
20.55 to 70.60%. 

19 Mondal. M. and Prakash. B. S., Changes 
in plasma non‐esterified fatty acids, 
glucose and α‐amino nitrogen and their 
relationship with body weight and 
plasma growth hormone in growing 
buffaloes (Bubalus bubalis)2004 
 

A study was undertaken to investigate the changes of 
plasma non‐esterified fatty acids (NEFA), glucose 
and α‐amino nitrogen and their relationship with age, 
body weight (BW) and plasma growth hormone 
(GH) in growing buffaloes. For the purpose, six 
growing female Murrah buffalo calves of 6–8 months 
of age were selected on the basis of their BW and fed 
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according to Kearl standard (Nutrient Requirements 
of Ruminants in Developing Countries, International 
Feedstuffs Institute, Utah State University, Utah, 
USA, 1982, p. 89) for growing buffaloes (target 
growth rate 500 g/day) to meet energy and protein 
requirement of the animals. Blood samples collected 
at fortnight intervals for 1 year were analysed for 
plasma NEFA, glucose, α‐amino nitrogen and GH. 
The animals were also weighed at fortnight intervals. 
Plasma NEFA and glucose levels were found to 
decrease (p < 0.01) with age. Unlike plasma NEFA 
and glucose, plasma α‐amino nitrogen level 
increased (p < 0.01) as the buffaloes become older. 
Plasma NEFA and glucose concentrations in growing 
buffaloes were found to be positively correlated with 
plasma GH (r = 0.379 and 0.420 respectively), but 
these were non‐significant (p > 0.01). However, 
plasma NEFA and glucose showed a good 
correlation (p < 0.01; r = 0.780 and 0.652 
respectively) with plasma GH per 100 kg live weight. 
Plasma α‐amino nitrogen exhibited non‐significant (p 
> 0.01) negative correlation (r = −0.295) with plasma 
GH but a negative correlation (p< 0.01; r = −0.641) 
with GH per 100 kg BW.  So, plasma metabolites 
showed a definite pattern of change during growth 
and these have a significant (p < 0.01) correlation 
with plasma GH per 100 kg BW than GH. 

20 Mondal. M. and Prakash. B. S., Effects of 
Long‐term Growth Hormone‐releasing 
Factor Administration on Plasma Growth 
Hormone, Luteinizing Hormone and 
Progesterone Profiles in Growing Female 
Buffaloes (Bubalus bubalis) 2004 
 
 

To investigate the effects of long‐term growth 
hormone‐releasing factor (GRF) administration on 
plasma growth hormone (GH), LH and progesterone 
and body weight gain in growing buffalo calves, 12 
female Murrah buffaloes within the age group of 6–8 
months of age were divided into two groups 
(treatment and control groups) of six each in such a 
way so that average body weights between the 
groups did not differ (p > 0.05). Control buffaloes 
were not given any hormonal treatment and 
treatment group buffaloes were treated with synthetic 
bovine GRF [bGRF (1– 44)‐NH2] at the rate of 10 
μg/100 kg body weight intravenously at an interval 
of 15 days from week 6 (5‐week pre‐treatment 
period) till 18 injections were completed (week 6–42 
treatment period) and  thereafter, effect of exogenous 
GRF were observed for 10‐week post‐treatment 
period. Jugular blood samples were drawn twice a 
week at 3–4‐day intervals for plasma GH, LH and 
progesterone quantification. Body weight of all 
animals was recorded twice a week. During 
pre‐treatment period, mean plasma GH, LH and 
progesterone did not differ (p > 0.05) between the 
groups. But during treatment as well as 
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post‐treatment period, mean plasma GH levels were 
found to be significantly (p < 0.01) higher in 
treatment than  control group of buffaloes. 
Administration of GRF for longer term sustained a 
higher level of plasma  GH even after cessation of 
treatment. GRF‐treated buffaloes attained higher (p  
<  0.01)  body  weight than the controls. Repeated 
GRF administration for long‐term significantly (p < 
0.01) increased  plasma LH and progesterone. In 
conclusion, repeated long‐term exogenous GRF 
administration induces and even enhances GH 
release without any sign of refractoriness. GRF may, 
therefore, be used to induce daily GH release without 
loss of responsiveness over  an extended period of 
time in young growing female buffaloes and it may 
assist these animals to  grow faster. 

21 Baruah. K.  K., Dhali.  A., Mech. A., 
Bora. B., Das. J., Bora. R., Mondal. M., 
Sarmah. B. C., Deka. B. C.and 
Rajkhowa. C., Effect of concentration 
and addition method of glycerol on the 
quality of cryopreserved mithun (Bos 
frontalis) spermatozoa 2013 
 

The effect of concentration and addition method of 
glycerol on the quality of cryopreserved mithun 
(Bosfrontalis) spermatozoa was investigated. Semen 
samples were collected from five healthy mithun 
bulls through rectal massage method and 
cryopreserved in liquid nitrogen. The samples were 
diluted in Tris–egg yolk–glycerol extender, 
equilibrated for 4 h at 4 °C and loaded into 0.50□ml 
straws. The straws were then frozen in liquid nitrogen 
vapour for 10 min and finally plunged into liquid 
nitrogen for storage. The required amount of glycerol 
was added into the diluted samples either in a single 
dose (3%, 4%, 5%, 6% or 7%; added at 37  °C  
immediately  before  equilibration) or in split doses 
(5%, 6% or 7%; the total amount was divided into 
four equal parts, and a part was added at 37 °C 
immediately before equilibration, and the remaining 
parts were added subsequently at 1, 2 and 3 h of 
equilibration at 4 °C). In the single□dose addition 
method, following freeze□thawing, greater (p < 0.05) 
motility (%) and  proportion  of live spermatozoa 
with intact acrosome (LSIA, %) in 5% glycerol (40.6 
±  1.7  and  43.4  ±  1.8  respectively) and lesser (p < 
0.05)  total  morphological abnormalities (%) in 5% 
(14.1 ± 0.8) and 6% (13.7 ± 1.0) glycerol were 
observed compared to the other glycerol 
concentrations. In the split□dose addition method, 
following freeze□thawing, greater (p < 0.05) motility  
(%)  and  LSIA  proportion (%)  were found in 5% 
(50.2 ± 1.9 and 53.3 ± 1.8 respectively) compared to 
6% or 7% glycerol, but the total morphological 
abnormalities were not different among the glycerol 
concentrations. In addition, in all the glycerol 
concentrations, better (p < 0.05) post□freeze□thaw 
motility and LSIA proportions were observed when 
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glycerol was added in split doses compared to a 
single dose. In conclusion, Tris–egg yolk extender 
with 5% glycerol added in split doses was found 
most suitable for cryopreserving mithun sperm. 

22 Karunakaran. M., Mondal. M., Rajarajan. 
K., Karmakar. H. D., Bhat. B. P., Das. J., 
Bora. B., Baruah. K. K. and Rajkhowa. 
C., Early puberty in local Naga boar of 
India: Assessment through epididymal 
spermiogram and in vivo pregnancy 2009 
 

Male Naga pig of India, a miniature breed is known 
for its meat quality and early puberty. No scientific 
efforts were made to verify the farmers’ view that this 
breed reaches puberty at around 2 months of age. A 
preliminary study was, therefore, conducted with the 
objectives: (a) to find out the age at puberty based on 
mature spermiogram and in vivo pregnancy and (b) to 
record the sperm morphology in different parts of the 
epididymis. Animals were selected from two different 
age groups: group I aged 53 days and 2.4 kg and 
group II of 85 days and 3.0 kg. Semen samples 
collected from different sections of epididymis were 
analyzed for sperm motility, live spermatozoa, and 
morphological abnormalities. Motility increased (P < 
0.01) and live spermatozoa and total morphological 
abnormalities decreased (P < 0.001) from caput 
through cauda epididymis in both the groups.  Sperm 
motility, live spermatozoa and morphologically 
normal spermatozoa in each section of the epididymis 
were higher (P < 0.01) in group II than I. Boars with 
>60% progressive motility, >70% live spermatozoa, 
<15% total morphological abnormalities and <10% 
abnormal acrosomes in cauda epididymal spermatozoa 
were considered mature spermiogram. As per this 
definition, pigs of group II had only mature 
spermiogram. In vivo pregnancy confirmation 
indicated that Naga boar could impregnate female as 
early as 90 days of age. In conclusion, Naga boar 
attained puberty by not later than 3 months with 3.0 
kg, which is the lowest body weight at puberty in this 
species reported so far, as reflected by mature 
epididymal spermiogram and in vivo pregnancy 
confirmation. 

23 Mondal. S. K., Borah. I. P., Dutt. T. and 
Rajkhowa. C., Maintenance behavioural 
activities in mithun 2009 
 

23 adult mithuns of either sexes were used to 
document the pattern as well as to quantify various 
activities involved in the maintenance behaviour of 
this animal. Results revealed that the mithuns had a 
combination of grazing and browsing and most of the 
maintenance activities associated with ingestive, 
eliminative and altruistic behaviour were found to be 
similar with cattle and buffaloes. The average 
grazing timewas found to be 307.09±21.02 min, 
while the time taken for eating 1 kg concentrate 
mixture had a mean value of 9.06±1.28 min. The 12 
h rumination time was recorded to be 110.69±9.59 
min, while the drinking time was 5.12±0.31 min. The 
average daily frequencies of urination and 
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defaecation were 7.33±0.54 and 6.52±0.45, 
respectively. This study may help in outlining the 
proper husbandry practices for mithun in the years to 
come, keeping the behavioural aspects in view. 

24 Singh. G., Bujarbaruah. K. M. and 
Mondal. S. K., Effect of storage 
temperature on enzyme activity in 
mithun 2010 
 

The effects of storage temperature and duration on 
the glutamic-oxalo-transmaniase (GOT), glutamic 
pyruvate transaminase (GPT) and alkaline 
phosphatase (AP) activities in the blood of 5 gayals 
aged 3-4 years were determined. It was shown that at 
4-5°C, the activities of all 3 enzymes decreased over 
a period of 30 days. At -20°C, AP and GOT 
activities were maintained up to 15 days, while GPT 
activity decreased. 

25 Perumal. P., Chamuah. J. K., Krishnappa. 
B., Vupru. K. and Khate. K., Retention of 
placenta in mithun crossbred cow (Phre) 
- a case report 2013 

This article report on a case of placental retention in 
a mithun × cattle crossbred cow in Nagaland, India. 
Highlight of the report focused on the aetiology 
treatment and diagnosis of the animal. 

26 Vupru. K., Das. P. K., Mukherjee. J., 
Banerjee. D., Perumal. P. and Ghosh. P.  
R., Infradian rhythmicity in lactogenic 
hormone (prolactin, growth hormone, 
cortisol and thyroid hormone) secretion 
throughout the lactation cycle in mithun 
cows (Bos frontalis): Variation among 
strains 2016 
 

The role of lactogenic hormones (prolactin, growth 
hormone, cortisol and thyroid hormone) on lactation 
yield in Mithun cows as well as their rhythmicity 
throughout the lactation cycle were studied in 
Mizoram (n = 4) and Nagaland (n = 7) strain of 
mithun (Bos frontalis). Blood samples were collected 
from all the animals from the day of calving to the 
complete dry off at an interval of 15 days. All the 
hormones were estimated in the serum by 
commercially available ELISA kits. Plasma level of 
cortisol (μg/dl), growth hormone (GH, in ng/ml), 
prolactin (PRL, in μIU/ml), triiodothyronine (T3, in 
nmol/μl) and thyroxin (T4, in ng/ml) were 20.84 ± 
0.29, 28.08 ± 0.56, 9.87 ± 0.20, 27.82 ± 0.56 and 
51.33 ± 0.48, respectively, in mithun irrespective of 
strains during the lactation period. Levels of all the   
hormones varied significantly (p ≤ 0.01) during 
different days of lactation cycle but, there was no 
significant difference among strain. Levels of PRL, 
GH, cortisol and T3 were significantly (p < 0.01) 
higher around calving and declined sharply. The 
hormones remained in almost steady state during 
mid-lactation and declined during late lactation. All 
the hormones stated above were positively correlated 
with lactational yield thus their role on lactogenesis 
and galactopoiesis was established. 

27 Perumal. P., Srivastava. S. K., Ghosh. S. 
K., Baruah. K. K., Bag. S., Rajoria. J. S., 
Kumar. K., Rajkhowa. C., Pande. M. and 
Srivastava. N., Effects of low‐density 
lipoproteins as additive on quality 
parameters and oxidative stress following 
cryopreservation of mithun (Bos 
frontalis) spermatozoa 2016 

Artificial breeding of mithun poses several 
challenges including lack of standard protocol for 
cryopreservation of spermatozoa. This is further 
complicated by harmful effects of hen's egg yolk 
(EY) as additive in extender. Purified low□density 
lipoproteins (LDL) extracted from EY have been 
shown as beneficial over EY extender for long□term 
semen storage in several species. This investigation 
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 explored use of LDL versus EY on semen quality 
and oxidative stress following freezing–thawing of 
spermatozoa. A total of 25 of 50 ejaculates based on 
biophysical parameters were selected for the 
experiment. After diluting with the Tris-citrate-
glycerol (TCG) extender, each sample was split into 
three equal aliquots: Group I, control, EY; Group II 
and Group III contained 8% and 10% purified LDL, 
respectively. Frozen–thawed samples were evaluated 
for motility parameters (progressive, and in the 
bovine cervical mucus penetration test [BCMPT]), 
viability, sperm and nuclear abnormality, acrosome 
integrity, and enzymatic (leakage of intracellular 
contents) and biochemical (oxidative stress) profiles 
and in vitro fertility (IVF)  assay. Study revealed a 
significant (p < .05) improvement in viability, sperm 
and nuclear abnormality, acrosome integrity, motility 
(progressive and in cervical mucus), cholesterol 
content, and reduction in the leakage of intracellular 
enzymes in Group II. Moreover, intactness of 
acrosome and biochemical membranes was protected 
significantly (p < .05) in addition to significant (p < 
.05) improvement in binding per cent and binding 
index in IVF assay in extender containing 8% LDL. 
These results demonstrate that although 
cryopreservation of mithun's spermatozoa in EY was 
comparable with other species, addition of 8% LDL 
holds a clear advantage over EY or 10% LDL. 

28 Perumal. P., Chang. S., Sangma. C. T. 
R., Savino. N. and Khate. K., Effect of 
melatonin on mobility and velocity 
parameters of mithun (Bos frontalis) 
semen preserved in liquid  state  (5°C) 
2016 
 

Present study was conducted to evaluate the effect of 
melatonin (MEL) on velocity and motility of mithun 
semen by computer assisted sperm analyser. Semen 
ejaculates (n=25) were collected from matured 
mithun bulls (n=10) using trans-rectal massage 
method and were divided and grouped into six 
aliquots equally, extended with the standard Tris Egg 
Yolk Citrate semen diluent. Six groups for various 
treatments were prepare, these group were control - 
semen without MEL (Gr 1), 1 mM (Gr 2), 2 mM (Gr 
3), 3 Mm (Gr 4), 4 mM (Gr 5:) and 5 mM (Gr 6). 
Various parameter such as total motility, forward 
progressive motility, straight line velocity, 
curvilinear velocity, average path velocity, wobble, 
linearity, straightness, beat/cross frequency, 
amplitude of lateral head displacement and velocity 
of rapid, medium, slow and static were measured for 
0-30h at 6 hrs interval at 50oC. The result observed 
that these mobility and velocity parameters were 
varied significantly (p<0.05) among the experimental 
periods and among the experimental groups. Further, 
MEL at 3 mM has significant (p<0.05) improvement 
in the mobility and velocity parameters than MEL at 
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1, 2, 4 or 5 mM stored in in-vitro for up to 30 h of 
incubation. It was concluded that MEL 3 mM treated 
sperm has increased functional sperm structures 
faster to move and forward direction, probably 
improves the fertilization rate. 
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Animal Health 
Sl. 
No 

Name of author/ Name of research 
article 

Abstract/Summary 

1 Rajkhowa. S., Rajkhowa. C., Dutta. P. 
R., Paihem. M. and Das. R., Serological 
evidence of Neospora caninum infection 
in mithun (Bos frontalis) from India 2008 
 

Studies conducted on mithuns maintained at National 
Research Centre on mithun, Indian Council of 
Agricultural Research (ICAR), Nagaland, India and 
mithuns found in free-ranging condition of Nagaland 
revealed that  the overall prevalence   of  antibodies 
to Neospora caninum in   mithun was 10% (95% CI 
= 5–15) when detected by a commercially available 
competitive enzyme-linked immunosorbent assay 
test. Highest (prevalence rate = 16, 95% CI = 8– 24) 
seroprevalence was found in mithuns above 3 years 
of age and lowest (prevalence rate = 2, 95% CI = 0–
6) in mithuns of 2–12 months old. No statistically 
significant difference was observed between male 
(prevalence rate = 7, 95% CI = 0–14) and female 
(prevalence rate = 12, 95% CI = 6–18) 
seroprevalences. The seroprevalence was found to be 
higher (prevalence rate = 20, 95% CI = 9–31) in 
mithuns found in free-ranging condition in 
comparison to mithuns kept in semi-intensive system 
(prevalence rate = 5, 95% CI = 1–9). This is probably 
the first report on serological evidence of N. caninum 
infection in mithun. The possible role of sylvatic 
fauna in the epidemiology of N. caninum infection 
mithun is also discussed in brief. 

2 Rajkhowa. S., Rajkhowa. C. and 
Chamuah. J. K., Seroprevalence of 
Toxoplasma gondii Antibodies in 
Free‐Ranging Mithuns (Bos frontalis) 
from India 2008 

Studies conducted on free‐ranging mithuns of 
Nagaland, India revealed that the overall 
seroprevalence of antibodies to Toxoplasma gondii in 
mithun was 42% (95% CI = 33–51) when detected by 
modified direct agglutination test. Highest 
(prevalence= 57%, 95% CI = 43–71) seroprevalence 
was found in mithuns above 3 years of age and the 
lowest (prevalence=18%,95%CI=4–32) in mithuns of 
1–2 years old. No statistically significant difference 
was observed between male (prevalence=40%,95% 
CI=26–54) and female (prevalence = 44%, 95% CI = 
31–57) seroprevalences. The study also revealed that 
the maximum number (57%) of animals with the 
highest titre (1: 3200) were above 3 years of age. This 
is the first serological survey for Toxoplasma gondii 
antibodies in free‐ranging mithuns from India. 

3 Rajkhowa. S., Sarma. D. K. and 
Rajkhowa. C., Seroprevalence of 
Toxoplasma gondii antibodies in captive 
mithuns (Bos frontalis) from India 2006 

One hundred and four mithuns from India were tested 
for serum antibodies to Toxoplasma gondii by 
modified direct agglutination test. The overall 
prevalence of T. gondii antibodies in mithun was 28% 
(95% CI = 19–37). Highest (prevalence rate = 46, 
95% CI = 30–62) seroprevalence of T. 
gondiiantibodies was found in mithuns above 3 years 
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of age and lowest (prevalence rate = 14, 95% CI = 1–
27) in mithuns of 6 months–1 year old. No statistically 
significant difference was observed between male 
(prevalence rate = 23, 95% CI = 10–36) and female 
(prevalence rate = 31, 95% CI = 20–42) 
seroprevalences (P = 0.53). Significant difference was 
observed in the seroprevalence of T. gondii antibodies 
in mithuns of different strains with the highest (48%) 
seroprevalence recorded in Arunachal and lowest 
(14%) in Mizoram strain. The seroprevalence was 
higher in farm located at lower altitude (305 m a.s.l.) 
than the farm located at higher altitude (2134 m a.s.l.). 
This is the first serologic survey for T. gondii 
antibodies performed on mithuns from India. 

4 Rajkhowa. S., Rajkhowa. C. and 
Hazarika. G. C., Prevalence of 
Cryptosporidium parvum in mithuns (Bos 
frontalis) from India 2006 
 

Systematic examination of faecal samples from 
mithuns maintained at the National Research Centre 
on Mithun, Indian Council of Agricultural Research 
(ICAR), Nagaland, India and mithuns found in free- 
ranging condition of Nagaland, by using a 
commercially available enzyme-linked 
immunosorbent assay kit, revealed   that the overall 
prevalence of Cryptosporidium parvum in mithun 
was 56% (95% CI = 48–64).  Highest   (prevalence 
rate = 81, 95% CI = 67–95) prevalence was found in 
mithuns of 1–6 months of age and lowest 
(prevalence rate = 42, 95% CI = 31–53) in mithuns 
above 2 years of age. The prevalence was found to 
be higher (94%) in diarrhoeic animals in comparison 
to non-diarrhoeic group (51%). No statistically 
significant difference was observed between male 
(prevalence rate = 61, 95% CI = 48–74) and female 
(prevalence rate = 53, 95% CI = 43–63) prevalences. 
The prevalence was found to be higher (prevalence 
rate = 64, 95% CI = 55–73) in mithuns kept in semi-
intensive system than mithuns found in free-ranging 
condition (prevalence rate = 40,   95% CI = 27–53). 
The risk factor that may play a pivotal role in the 
epidemiology of cryptosporidiosis in mithun is also 
discussed in brief. The zoonotic implication of the 
disease is also discussed. This is probably the first 
report on prevalence of Cryptosporidium parvum in 
mithun. 

5 Rajkhowa. S., Rahman. H., Rajkhowa. C. 
and Bujarbaruah. K. M., Seroprevalence 
of brucellosis in mithuns (Bos frontalis) 
in India 2005 
 

Studies conducted on the seroprevalence of 
brucellosis in 98 mithuns maintained at the National 
Research Centre on Mithun, Nagaland, India 
revealed that the number of animals found positive 
for brucellosis in avidin–biotin enzyme-linked-
immunosorbent assay, standard tube-agglutination 
test and Rose-Bengal plate test were 34, 20 and 11%, 
respectively. Highest prevalence of brucellosis was 
observed in the Mizoram mithun strain. The relative 
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sensitivity and specificity of the standard tube-
agglutination test were 61 and 100%, respectively; 
the corresponding values of the Rose- Bengal plate 
test were 33 and 100%, respectively. 

6 Rajkhowa. S., Bujarbaruah. K. M., 
Rajkhowa. C. and Kapenlo. T., Incidence 
of intestinal parasitism in mithun (Bos 
frontalis) 2005 
 

Faecal samples from mithun of Arunachal Pradesh, 
Manipur, Mizoram and Nagaland were examined for 
the presence of intestinal parasites. Systematic 
studies on the incidence of intestinal parasites in 
mithun (irrespective of strain) revealed that the 
number of animals found positive for parasitic 
infections was 70.27%. Overall incidence of 
different parasites recorded was strongyles (54.05%), 
coccidian sp. (13.51%), Fasciola sp., Fascioloides 
sp. and Dictyocaulus sp. (10.81%), Schistosoma 
bovis (5.40%), Schistosoma indicum (2.70%) and 
Paramphistomum sp.and Moniezia 
expansa (5.40%). When the incidence of parasitic 
infections was compared, the mithuns from Nagaland 
were found to be 100% infected followed by those 
from Mizoram (66.70%), Manipur (60.00%) and 
Arunachal Pradesh (55.60%). The rate of infection 
was found to be higher in young animals (1-3 
months) and the  parasites  mostly  recorded  in  
young  animals were Eimeria sp., 
Strongyloidespapillosus and Toxocar a vitulorum 

7 Rajkhowa. S. and Rajkhowa. C., 
Comparative efficacy of certain 
acaricides against tick infestation in 
mithun 2005 
 

Comparative efficacy of Deltamethrin, Amitraz and 
Ivermectin was evaluated against the common 
mithun tick Boophilus microplus. Studies revealed 
that Deltamethrin (1.25) had the highest efficacy 
followed by Ivermectin and Taktic (12.5) against the 
tick infestation in mithuns. Based on the present 
findings it is recommended that Butox (Deltamethrin 
1.25) @ 2 ml/lit of water as spray can be used at 
monthly intervals to keep the mithun herds free from 
tick infestation. 

8 Chamuah, J.  K., Das. M., Islam. S., 
Rajkhowa. S., Rajkhowa. C. and 
Chakraborty. A., Studies on 
gastrointestinal helminths of mithun (Bos 
frontalis) 2009 
 

A systematic study on naturally acquired 
gastrointestinal helminth parasitesof mithun was 
carried out in Jharnapani farm, National Research 
Centre on Mithun (ICAR) from November 2003 to 
October 2004 to find out the seasonal prevalence of 
different gastrointestinal helminth parasites.     
During this study, mithun calves were found to carry 
significantly higher nematode and cestode burdens in 
calves below 1 year age followed by 1-3 years and 
above 3 years of age. On the basis of morphological 
characters of ova and larvae, Toxocara vitulorum, 
Strongyloides papillosus, Trichuris sp., 
Trichostrongylus sp., Oesoph agostomum sp., 
Haemonchus sp., Cooperia sp. and Bunostomum sp. 
were recorded in the faecal samples. Other genera 
recorded were Moniezia expansa and amphistomes. 
T. vitulorum and S. papillosus could be recorded 
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only in calves below 1 year of age, whereas infection 
of Haemonchus sp., Bunostomun sp. and Trichuris 
sp. infection could not be recorded in animals above 
3 years of age. However, infection of M. expansa 
was recorded throughout the year in all age groups 
with higher prevalence in winter season. 

9 Rajkhowa.  S., Hussain. I., Das. R., 
Rajkhowa. C. and Rahman. H., 
Prevalence of serogroups and 
antibacterial sensitivity pattern of 
Escherichia coli isolated from mithun 
(Bos frontalis) calves with diarrhea 2009 
 

Isolates (41) of Escherichia coli was recovered from 
49 faecal samples of neonatal mithu (Bos frontalis) 
calves in India with diarrhoea, which belonged to 24 
different serogroups. Serogroup O4 was found to be 
the most predominant followed by serogroups O2, 
O9, O55 and O25. The remaining serogroups were 
recorded as a single isolate. Biochemically, all the 
isolates were uniform except for a few isolates which 
failed to ferment rhamnose and sucrose. 
Antibacterial susceptibil ity testing against 16     
different antibacterial agents revealed that the E. coli 
isolates were 100% sensitive to amikacin and 
gentamicin followed by streptomycin, kanamycin, 
enrofloxacin, ciprofloxaci n, norfloxacin,amoxiclav, 
chloramphenicol and ceftriax one, while only a few 
or none of the isolates were sensitive to other 
antibacterial agents tested. 

10 Rajkhowa. S., Das. R., Bora. S., 
Rajkhowa. C., Rahman. H. and 
Bujarbaruah. K. M., Detection of Shiga 
Toxin‐Producing Escherichia coli and 
Enteropathogenic Escherichia coli in 
Faecal Samples of Healthy Mithun (Bos 
frontalis) by Multiplex Polymerase Chain 
Reaction 2010 
 

Faecal samples obtained from 190 healthy mithuns 
were examined for the presence ofEscherichia coli. 
Total one‐hundred and five E. coli isolates were 
obtained from these samples, which belonged to 55 
different serogroups. These isolates were subjected to 
multiplex polymerase chain reaction (m‐PCR) for 
detection of stx1, stx2, eaeA and hlyAgenes. 
Twenty‐three (21.90%) E. coli isolates belonging to 
14 serogroups revealed the presence of at least one 
virulence gene when examined by m‐PCR. Nineteen 
percent and 2.85% of the mithuns were found to carry 
Shiga toxin‐producing E. coli (STEC) and 
enteropathogenic E. coli, respectively. stx1 and stx2 
genes were found to be prevalent in 7 (6.67%) and 18 
(17.14%) of the isolates respectively, whereas eaeA 
and hlyA genes were found to be carried by three 
(2.85% each) isolates. Interestingly, none of the STEC 
isolates belonged to serogroup O157 

11 Chamuah. J. K., Perumal. P., Singh. V., 
Mech. A. and Borkotoky. D., Helminth 
parasites of mithun (Bos frontalis) - An 
overview 2012 
 

Mithun (Bos frontalis), a pride animal of north eastern 
states of India, belongs to Family Bovidae. Infestation 
of helminth parasite is one of the important causes for 
reduction of productivity in mithun both in terms of 
meat and milk. Different genera of helminth parasites 
are known to infect mithun. Among nematodes in 
mithun Trichostrongylus spp, Oesophagostomum spp, 
Haemonchus spp, Bunostomum spp, Trichuris spp, 
Mecistocirrus spp, Toxocara vitulorum and 
Strongyloid papillosus are most important. Among 
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tape worm infestations, Moniezia expansa and 
M.benedeni are the common tapeworms in both adult 
and young animals. 

12 Raina. O. K., Jacob. S. S., Sankar. M., 
Bhattacharya. D., Bandyopadyay. 
S.,Varghese. A., Chamuah. J. K. and 
Lalrinkima. H., Genetic  characterization 
of Fasciola gigantic from different 
geographical regions of India  by 
ribosomal DNA markers 2015 
 

Ribosomal DNA sequences of the second internal 
transcribed spacer (ITS-2) and 28S ribosomal DNA 
(618 bp) of Fasciola gigantica collected from cattle 
and buffaloes from four different geographical 
locations of India, were characterized for 
genotyping. ITS-2 sequence was analyzed in 28 
worms that was typical of F. gigantica and differed 
at six positions, with one of these being a 
distinguishing deletion (T) at the 327th position in 
F.gigantica relative to F. hepatica. However, 
Fasciola specimens also showed intraspecies 
sequence polymorphism in the ITS-2, with two 
different ITS-2 sequences existing in the ribosomal 
DNA (rDNA) array within a single Fasciola worm. 
One of the sequences was identical to that of F. 
gigantica and the other showed extensive sequence 
polymorphism in the ITS-2. Using BspH1-restriction 
fragment length polymorphism, six variable ITS-2 
sequences in F. gigantica were identified within 
these parasite specimens and were found distributed 
in these four geographical regions. 28S rDNA 
sequence of 24 flukes, collected from the above four 
geographical regions, showed a single nucleotide 
polymorphism at 284th nucleotide (G/A). Analyzing 
the sequence data of 28S rDNA of F. gigantica 
available from some African and Asian countries for 
this polymorphic 284th nucleotide position, it is 
proposed that there are two basic lineages of the F. 
gigantica for 28S rDNA existing in the fluke 
populations from five African and several Asian 
countries 

13 Chamuah. J. K, Raina. O. K., Lalrinkima. 
H., Jacob. S. S., Sankar. M., Sakhrie. A., 
Lama. S. and Banerjee. P. S., Molecular 
characterization of veterinary important 
trematode and cestode species in the 
mithun (Bos frontalis) from north-east 
India 2016 
 

Helminth infections in the mithun (Bos frontalis), 
including the liver fluke Fasciola gigantica, hepato- 
gastric amphistomes Explanatum explanatum, 
Paramphistomum epiclitum and Calicophoron 
calicophorum, and the cestodes Echinococcus 
granulosus and E. ortleppi were studied in north-east 
India over a 2-year period from 2012 to 2014. Cystic 
echinococcosis caused by E. granulosus and E. 
ortleppi was found to be highly prevalent in the 
mithun, with E. ortleppi being reported for the first 
time. Molecular markers, including the internal 
transcribed spacer 2 (ITS-2), 28S rDNA and 
mitochondrial NADH dehydrogenase sub-unit1 
(nad1) were used to confirm the identification of the 
trematode and cestode species. 

14 Chamuah. J. K., Dutta. P. R., Prakash. 
V., Raina. O. K., Sakhrie. A., Borkotok. 

Tick infestation is a common problem encountered in 
mithun (Bos frontalis), resulting in reduced 
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D., Perumal. P., Neog. R. and Rajkhowa.  
C., Comparative  efficacy of some   plant  
extracts  on Rhipicephalus (Boophilus) 
microplus infestation on mithun (Bos 
frontalis) in the north east 2013 
 

productivity besides transmitting infections to the 
host. Present study on the tick infestation on mithun 
was undertaken at Jharnapani and Porba mithun 
farms of the National Research Centre on Mithun 
(semi- intensive) as well as free ranging condition of 
Nagaland and Mizoram. Present study showed the 
ixodid tick of the genus Rhipicephalus (Boophilus) 
microplus was the most prominent tick infesting 
mithun in this region. A pilot study was undertaken 
with crude aqueous extracts of neem and tobacco to 
evaluate the effect of these plant extracts on the 
survival of the above tick species. Two synthetic 
acaricides viz., ivermectin and cypermethrin were 
also used to compare the efficacy of these acaricides 
against R. (B). microplus. Crude aqueous extract of 
the tobacco was found highly efficacious against the 
tick infestations at a low concentration whereas, 
neem was found effective at much higher 
concentration. Ivermectin (1m/50 kg body weight 
S/C) was the most effective synthetic  acaricide  
against R.  (B). microplus in this study. 

15 Chamuah .J.K., Raina .O. K., 
Lalrinkima. H., Jacob. S. S., Sankar. M., 
Sakhrie. A., Lama. S. and Banerjee. P. 
S., Molecular characterization of 
veterinary important trematode and 
cestode species in the mithun Bos 
frontalis from north-east India 2016 
 

Helminth infections in the mithun Bos frontalis, 
including the liver fluke Fasciola gigantica, hepato 
gastricamphistomes Explanatum explanatum, 
Paramphistomum epiclitum and Calicophoron 
calicophorum, and the cestodes Echinococcus 
granulosus and E. ortleppi were studied in north-east 
India over a 2-year period from 2012 to 2014. Cystic 
echinococcosis caused by E. granulosus and E. 
ortleppi was found to be highly prevalent in the 
mithun, with E. ortleppi being reported for the first 
time. Molecular markers, including the internal 
transcribed spacer 2 (ITS-2), 28S rDNA and 
mitochondrial NADH dehydrogenase sub-unit1 
(nad1) were used to confirm the identification of the 
trematode and cestode species. 

16 Chamuah. J. K., Sakhrie. A., Lama. S., 
Chandra. S., Gajanan. M., Bauri. R. K. 
and Jacob. S. S., Molecular 
characterization of Setaria digitata from 
Mithun (Bos frontalis) 2015 
 

Mithun is a strongly built hill animal of Southeast 
Asia and plays an important role in the socio-
economic and cultural life of the tribal population. 
Setaria digitata isolated from peritoneal cavity of 
mithun both from Arunachal Pradesh and Nagaland 
were characterized based on conserved region of 
12SrDNA, 28SrDNA and ITS-2 and mitochondrial 
gene CoxI. Based on sequence analysis, it was found 
to be 99% similarity with Srilankan isolate of S. 
digitata. 

17 Borkotoky. D., Perumal. P., Chang. S., 
Brijesh. K., Savino. N. and Sangma. C. 
T. R., Dystocia due to fetal 
maldisposition and malpresentation in a 
Nagaland mithun (Bos frontalis) 2016 

This short communication of a case report of dystocia 
in a pluriparous Nagaland mithun strain was due to 
fetal maldisposition and malpresentation. Severe left 
lateral deviation of head and neck and dorso-pubic-
anterior presentation of the fetuscaused the 
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maldisposition in Nagaland mithun strain. It was 
successfully removed with caesarean section and the 
animal recovered uneventfully. 

18 Chamuah. J. K., Dutta. B. and 
Borkotoky. D. B., Pathological studies 
on helminth parasitic infection in mithun 
(Bos frontalis). 2017 
 

A pathological study was carried out in different 
helminth parasite infection organs in 110 animals 
during the period from 2010 to 2016. 
Histopathological examination of hydatid cysts in the 
liver, showed extensive fibrous connective tissue 
proliferation with eosinophilic and lymphocytic 
infiltration, in lung, parenchyma showed severe 
emphysema with infiltration of alveolar macrophages 
and lymphocytes infiltration. In Toxocara infection, 
polymorphonuclear infiltration in the sub-mucosa with 
hyper activity of goblet cells leading to occlusion of 
the gland was noted in the tissue sections. In 
amphistomiasis, intestinal mucosa showed diffuse 
hyperemia, thickening and ulceration. Petechiae were 
observed in the anterior part of the duodenum and 
jejunum. Presence of parasites in the abomasum 
revealed petechial haemorrhages on the mucousa. In 
Trichuris infection, the rectum showed hypertrophy, 
hyperplasia and hyperactivity of the goblet cells. In 
some places there is focal aggregation of mononuclear 
cells. 
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Animal Nutrition 
Sl. 
No 

Name of author/ Name of research 
article 

Abstract/Summary 

1 Prakash. B., Dhali. A., Mondal. M., 
Sangtam. M., Khate. K., Rathore. S. S. 
and Rajkhowa. C., Effect of feeding 
Lagerstroemia speciosa and conventional 
fodder based rations on nutrient 
utilization, ruminal metabolites and body 
weight gain in mithun (Bos frontalis) 
2008 
 

The aim of the present study was to evaluate the effect 
of feeding green fodder, rice straw and 
concentrate‐based total mixed rations (TMR) on dry 
matter (DM) intake (DMI), nutrient utilization, rumen 
fermentation patterns and body weight (BW) gain 
(BWG) in mithun (Bos frontalis) calves. In a 
randomized block design, male mithun calves (n=18, 
8–10 months of age, 121 ± 2 kg BW) were randomly 
divided into three experimental equal groups (six 
animals in each group) and fed isonitrogenous TMRs 
ad libitum for 120 days. The TMR1 contained 30% 
Napier grass and 30% rice straw, TMR2 contained 
60% rice straw and TMR3 contained 30% tree leaves 
(Lagerstroemia speciosa) and 30% rice straw (DM 
basis). All the TMRs contained 40% concentrate 
mixture (DM basis). The results indicated that the 
BWG, DMI and feed conversion efficiency were 
significantly (p < 0.01) increased with the inclusion of 
green fodder in TMRs. The apparent digestibility of 
DM, crude protein, ether extract, crude fibre and 
nitrogen free extract were also improved significantly 
(p<0.01) with the inclusion of green fodder in TMRs. 
The higher concentration of total nitrogen and total 
volatile fatty acid in rumen liquor, but low ruminal pH 
were evident in animals fed green fodder 
supplemented TMRs. An increased (p< 0.01) molar 
proportion of acetic acid was evident in animals fed 
rice straw‐based TMR. In contrast, the molar 
proportion of propionic and butyric acids were 
significantly (p < 0.01) higher in animals fed green 
fodder supplemented TMRs. On the basis of higher 
DMI and higher daily BWG, it is concluded that 
Napier grass and L. speciosa tree leaves may be 
incorporated upto 30% (DM basis) in TMR of 
growing mithuns for feeding in complete confinement 
system. 

2 Prakash. B., Dhali. A., Mech. A., Khate. 
K., Moaakum. H. and Rajkhowa. C., 
Effect of feeding forest foliages, rice 
straw and concentrate-based total mixed 
ration on nutrient utilization and growth 
in mithun (Bos frontalis) 2008 

The study aimed to evaluate the effect of feeding 
Borrena hirticulata (BH), Ficus hirta (FH), rice straw 
(RS) and concentrate-based total mixed ration (TMR) 
on nutrient utilization, rumen fermentation and growth 
in mithun. Growing male mithun calves were 
randomly allotted to 2 feeding groups (6 in each), 
TMR1 and TMR2. The TMRs consisted of RS 300 g 
kg−1, concentrate 400 g kg−1 and BH 300 g kg−1 
(TMR1) or FH 300 g kg−1 (TMR2) on a dry matter 
(DM) basis. Both TMRs were fed ad libitum to the 
animals for 121 d and a digestibility study was 
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conducted during the last 7 d of the experiment. To 
assess rumen fermentation, rumen fluid was collected 
at 2 h interval for 24 h. Apparent digestibility of DM, 
crude protein (CP) and crude fibre (CF) did not differ 
significantly between the TMRs. Nevertheless, 
apparent digestibility of ether extract was found to be 
significantly (P<0.01) greater in TMR2 (0.59) 
compared to TMR1 (0.54). Body weight gain (BWG; 
g d−1), DM intake (kg d−1), CP intake (g d−1) and 
feed efficiency (kg feed kg−1 gain) were found to be 
significantly (P<0.05) greater in TMR1 (548, 5.14, 
713 and 9.28) compared to TMR2 (496, 4.91, 703 and 
10.03). An insignificant positive association (r=0.35) 
between DM intake and BWG, but a significant 
(P<0.01) positive association (r=0.74) between CP 
intake and BWG were evident. Rumen pH (5.71 to 
7.18) and ammonia-nitrogen (8.0 to 25.0 mg/dl) did 
not differ significantly between the TMRs, but 
differed significantly (P<0.01) at different h post-
feeding. In contrast, rumen total volatile fatty acid (42 
to 105 mM) and total nitrogen (40.4 to 90.3 mg/dl) 
differed significantly (P<0.05) between the TMRs and 
at different h post-feeding. The study revealed that 
BH, FH, RS and concentrate-based TMRs may be fed 
to mithun for satisfactory growth. 

3 Prakash. B. S., Sarkar. M. and Mondal. 
M., An Update on Reproduction in Yak 
and Mithun 2008 
 

Yak and mithun are two domesticated herbivores of 
high economic importance to the farming community 
living in highlands. Improved yak and mithun 
production could significantly enhance the living 
standards of these highlanders. Over the years, their 
dwindling numbers have been a cause of serious 
concern. In view of the lack of knowledge on the 
reproductive physiology of these ruminants, studies 
have been undertaken to investigate their reproductive 
endocrinology in recent years. This paper attempts to 
present the latest information on the endocrine 
changes associated with their various reproductive 
processes viz. growth and puberty, oestrous cyclicity 
and oestrous behaviour, ovulation, and, pregnancy and 
parturition. The paper also provides the recent 
developments on research done towards the 
enhancement of yak and mithun reproductive 
efficiencies through endocrine and embryo 
biotechniques. 

4 Pal. D. T., Dhali. A., Mondal. S. K., 
Rajkhowa. C. and Bujarbaruah. K. M., 
Water intake and utilization in mithun  
(Bos frontalis): Effect of environmental 
temperature, rearing system and 
concentrate feed supplement 2008 
 

Seasonal and sexual variations as well as the effect of 
dry feed supplement on total drinking water intake and 
its utilization were observed in mithun (Bos frontalis) 
— a semi-wild animal found in North Eastern Hill 
Region (NEHR) of India. In a completely randomized 
design, twelve adult mithuns (B. frontalis) as per their 
sex and body weight were assigned in two different 
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rearing systems (free grazing and free grazing with 
dry concentrate feed supplementation), and ten 
growing male mithuns as per their body weight 
assigned in two different levels of dry concentrate 
feed supplementation (1.0 kg and 2.0 kg dry 
concentrate feeds on green forage based diet) and in 
two different seasons (summer and winter). It was 
observed that the environmental temperature had a 
significant effect on drinking water intake by mithuns. 
Drinking water consumption (per unit of body weight) 
was significantly (P < 0.05) higher in summer than in 
winter. Supplementation of concentrate feed on free 
grazing animals resulted in increase in water 
consumption. Total water consumption (drinking as 
well as performed water) was found to be 15.18 litres 
per 100 kg body weight by growing mithun. Feed dry 
matter and digestible nutrient intakes by growing 
mithun were observed to be increased with the 
increase of supplementation of dry concentrate feed. 
Roughage to concentrate ratio did not affect the 
nutrient digestibility. Mithun calves drank an average 
of 4.30 litres water for each kg of dry matter intake. 
Metabolic water was significantly (P<0.01) increased 
with the increase of supplementation of concentrate 
feed whereas water turn over, which depends upon the 
body weight of the animals, did not differ significantly 
on offering of lower or higher level of dry feed. Faecal 
water loss of growing mithun was decreased with the 
increase in intake of concentrate feed and was 
estimated to be 33 ∼ 40% of total water intake. 
Excretion of water through faeces of mithun was 
about 3.8 % of body weight. It could, therefore, be 
inferred that water intake by mithun varied with 
seasons, rearing systems and dry feed consumption. 
As far as the water nutrition is concerned, it is needed 
to give an attention while feeding mithun in summer 
with dry feed supplementation under semi-intensive 
system of rearing. 

5 Prakash. B., Rathore. S. S., Das. K. C., 
Walling. I., Dhali. A., Medhi. D., 
Hazarika. H. and Rajkhowa. C., In Situ 
degradability of forest-based 2007 

The study was aimed to determine the nutrient 
composition and in situ degradability of DM and CP 
of major foliages consumed by mithun. The foliages 
were collected from the different pockets of 
Arunachal Pradesh. The DM, CP, EE, NDF, ADF, 
lignin, ash and condensed tannin (CT) contents of 
shrubs, grasses and creepers was 29.1±1.6,    
26.6±1.8 and 24.8±2.9; 15.6±1.2, 9.2±1.3 and 
17.4±3.5; 2.4±0.3, 2.4±0.2 and 2.5±0.5;   
47.3±2.2,55.8±2.7 and 44.3±4.2; 31.7±1.8, 40.1±2.9  
and  29.6±0.7; lignin 10.8±0.6,  10.3±1.1 and 
11.7±2.8;  ash 14.4±0.8,  16.1±0.8  and  14.7±2.1 
and, 3.4±0.5, 4.4±0.9 and 1.5±0.3% DM basis, 
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respectively. Most of the foliages contained Ca and 
K more than 1% and Mg more than 0.1%, but 
deficient in Na (<0.6%).  P content of the foliages 
was within the range of 0.16 to 0.34%. The Cu, Fe, 
Mn and Zn were more than 6,128, 34 and 34 mg/kg 
DM, respectively. The results indicated that CP 
content was negatively correlated (P<0.01) with 
NDF and ADF, but it was positively correlated 
(P<0.05) with the effective degradability (ED) of 
DM and CP. The degradability of DM and CP was 
found to be higher in Solanum kurzii compared to 
other foliages studied and, degradability parameters 
were negatively associated (P<0.05) with foliage 
NDF, ADF, lignin and CT content. In conclusion, the 
nutrients were adequate in most of foliages except 
Na, which was found to be deficient. The best 
possible ED of DM and CP can be predicated from 
the foliages CP, NDF and ADF content. 

6 Prakash. B., Mondal. M., Rajkhowa. S. 
and Rajkhowa. C. Nutritional evaluation 
of tree lopping based total mixed ration 
in mithun 2005 
 

A study was conducted to assess the nutrient 
utiiization of mixed tree leaves (MTL) based total 
mixed ration (TMR) in mithun (Bos frontalis). Equal 
proportion of 3 varieties of tree leaves (Debrogesia 
longifolia, Dacynia indica and Pranus cerasoides) 
abundantly available in NEH region of India, 
incorporated in TMR in 40: 60 (TMR1), 50:50 
(TMR2) and 60: 40 (TMR3) ratio were offered to 3 
adult Mithun in 3 x 3 latin square design. The MTL 
contained 15.4, 2.4, 72.9 and 6.44% CP, EE, total 
carbohydrates and total tannins respectively. The 
DM intake, digestibility of nutrients and nitrogen 
was comparable between TMR1 and TMR2 except 
that the digestibility of CF, NDF and ADF was 
depressed (P<0.01) in TMR2. However, when the 
level of MTL was increased to 60% the DM intake 
as % of BW, digestibility of nutrients and TDN were 
depressed (P<0.01) in comparison to TMR1 and 
TMR2. The digestibility of cellulose and N retention 
in TMR2 and TMR3were comparable. It was 
concluded that MTL could be incorporated in the 
ration of mithun up to 50% level. 

7 Pal. D. T., Singh. A. S.,Vupru. K. and 
Bujarbaruah. K. M., Growth Performance 
and Nutrient Utilization in Male and 
Female Mithun Calves on Green Forage- 
based Diet 2004 
 

A comparative study of growth rate and feed intake 
and its utilization in male and female Mithun calves 
was carried out in hilly tracts of Nagaland. The 
animals of both sexes were fed fresh jungle grasses 
ad libitum and 2.0 kg of rice bran fortified with 1% 
mineral mixture and 1% salt daily. Growth rates of 
369.50 and 305.67 g/day were observed in male and 
female calves, respectively. Sex-related differences 
in feed and nutrient intakes were statistically 
significant, whereas no significant difference was 
found in digestibility coefficients of nutrients 
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between the groups as well as among the animals. 
Dry matter, digestible crude protein and total 
digestible nutrient intakes were recorded to be 
107.81, 8.08 and 74.73 g/kgW0.75 per day, 
respectively, irrespective of sex. Feed conversion 
efficiency (FCE) and nutritive value of the ration 
were similar in both male and female calves. Results 
obtained from the study indicate that the growth rate 
and nutrient intakes were higher in male than female 
calves but the sex of the animal did not have any 
significant effect on nutrient utilization. 

8 Das. K. C., Haque. N., Baruah. K. K., 
Rajkhowa. C. and Mondal. M., 
Comparative nutrient utilization, growth, 
and rumen enzyme profile of mithun 
(Bos frontalis) and Tho-tho cattle (Bos 
indicus) fed on tree-leaves-based ration 
2011 
 

A study was conducted to compare the nutrient 
utilization, growth, and rumen enzyme profile of 
mithun (Bos frontalis) and Tho-tho cattle (Bos 
indicus) reared in the same feeding and 
managemental conditions. For the purpose, male 
mithun (n = 8) and male Tho-tho cattle (n = 8) of 1.5 
years age, selected from the farm of National 
Research Centre on Mithun, Nagaland, India, were 
fed on mixed-tree-leaves-based ration as per the 
requirement of NRC (2001) for cattle for 12 months. 
Average daily gain (ADG), average dry matter intake 
(DMI), and feed conversion ratio (FCR) for all 
animals were recorded. A metabolic trial was 
conducted at 6 months of the experiment to assess 
the digestibility coefficient of different nutrients and 
nutritive value of ration. At 12 months of the 
experiment, rumen liquor was collected from all 
animals and analyzed for rumen enzyme profiles, 
viz., carboxymethylcellulase, xylanase, α-amylase, 
β- glucosidase, α glucosidase, urease, and protease. It 
was found that ADG (507.8 g vs 392.8 g), DM intake 
(6.59 vs 5.85 kg/day) and DMI/W0.75 (98.75 g vs 
91.00 g/day), crude protein intake (780 vs 700 
g/day), and total digestible nutrient intake (3.65 vs 
3.32 kg/day) were higher (p < 0.05) in mithun than 
cattle. The nitrogen balance was higher and FCR was 
better (p < 0.05) in mithun compared with cattle. The 
digestibility coefficient of different nutrients was 
similar (p > 0.05) between the species. The microbial 
enzyme profiles of mithun and cattle were not 
different (p > 0.05). The better growth performance 
of mithun than cattle as found in the present study 
clearly indicates that the mithun has higher genetic 
potential for growth than Tho-tho cattle of north-
eastern hilly region of India. 

9 Sinha. D., Prakash. B., Neog. B. N., 
Baruah. K. K., Sarmah. S. and Rajkhowa. 
C., Intake, digestibility and nitrogen 
balance in Mithun (Bos frontalis) offered 
urea-treated paddy straw based feed 

The aim of the study was to determine the effect of 
feeding feed blocks containing varying proportion of 
urea-treated paddy straw (UTPS) on dry matter (DM) 
intake (DMI), nutrient utilization and N balance in 
Mithun. For the purpose, four adult male Mithun 
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blocks 2011 
 

(279.5 ± 8.2 kg) were selected and offered four 
experimental rations viz. R1 (Napier fodder + 
concentrate at 60:40), R2 (UTPS + concentrate at 
50:50), R3 (UTPS + concentrate   at   60:40)   and   
R4 (UTPS + concentrate at 70:30) in 4 × 4 Latin 
square design. The DMI % of body weight was 2.59, 
2.96, 2.85 and 2.77 and the DMI g kg−1 W0.75 was 
107, 123, 118 and 115 in Mithun fed R1, R2, R3 and 
R4, respectively. The mean DMI was (P < 0.01) 
higher in animals fed R2 and R3 than R1 and R4, 
whereas the water intake was (P < 0.01) higher in 
Mithun fed R2, R3 and R4 than R1. The digestibility 
of DM, organic matter, crude protein, crude fibre, 
neutral detergent fibre and cellulose were (P < 0.05) 
higher in animals fed R2, R3 and R4 than R1. A 
positive N balance was observed in all the 
experimental animals, with higher (P < 0.05) values 
among the animals offered R2, R3 and R4 than R1. 
The digestible crude protein and total digestible 
nutrient intakes were higher (P < 0.05) in Mithun fed 
R2 and R3 than R1 and R4. It is concluded that the 
UTPS can be incorporated up to 70% to formulate 
the complete feed/feed block and can be used for 
feeding of Mithun under complete confinement 
system. 

10 Das. K. C., Baruah. K. K., Haque. N. and 
Sharma. R., Effect of Different Dietary 
Protein Levels on Growth, Nutrient 
Utilization and Rumen Fermentation in 
Mithun (Bos frontalis) Fed on Rice Straw 
based Diet 2012 
 

To assess the growth, nutrient utilization and rumen 
fermentation pattern in growing mithun (Bos 
frontalis) calves fed on different levels of dietary 
protein fed on paddy straw based diet, 21 male 
mithun of about 10-12 months of age were divided 
into three groups. The animals of each group was fed 
on rice straw-based iso- energetic diet containing 
three levels of dietary CP viz. 80 (LP), 100 (MP) and 
120 (HP) g/kg DM to represent low, medium and 
high protein diets. Fortnightly body weight gain and 
daily DM intake were recorded. After 6 months, a 
metabolism trial was conducted. Rumen liquor was 
collected from three groups of animals and analysed. 
The experiment was continued for 42 weeks. The 
average daily gain (ADG) exhibited by LP, MP and 
HP group of calves were 0.464Â¡Ã€ 0.03, 
0.476Â¡Ã€ 0.04 and 0.477Â¡Ã€ 0.02 kg, 
respectively, with no differences (PÂ¡Ã• 0.05) 
among the groups. The digestibility of nutrients 
remained similar except for a higher (PÂ¡Ãœ0.05) 
CP digestibility in HP group of calves. Higher 
(PÂ¡Ãœ0.05) intake of nitrogen in HP group was 
accompanied by higher (PÂ¡Ãœ0.05) excretion 
though both faeces and urine leading to similar 
(PÂ¡Ã• 0.0) retention among the three grou ps. 
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Rumen parameters revealed that level of ammonia 
nitrogen as well as activities of protease and urease 
enzymes increased significantly (PÂ¡Ãœ0.05) with 
increasing CP level; whereas Â¦Ã• -amylase activity 
was significantly lower in HP fed animals than other 
two groups. Similarly the carboxymethyl-cellulase 
and xylanase activities were reduced in MP and HP 
as compared to LP. Overall, it was concluded that 
male growing mithun calves may be reared with the 
rice straw based diet containing minimum protein 
level of 80 g/kg DM. 

11 Prakash. B., Saha. S. K., Khate. K., 
Agarwal. N., Katole. S., Haque. N. and 
Rajkhowa. C., Rumen microbial 
variation and nutrient utilisation in 
mithun (Bos frontalis) under different 
feeding regimes 2012 
 

The aim of the study was to investigate the effect of 
feeding different diets on fermentation, enzyme 
activities and microbial population in the rumen fluid 
of mithun (Bos frontalis). In a randomized block 
design, 20 male mithun (6–8 months of age, 152   ± 
12.6 kg body weight) were randomly  divided  into 
four experimental groups (n = 5/group) and fed 
experimental diets ad libitum for 180 days. The diet 
R1 contained tree foliages (TF), R2 comprised of 50% 
concentrate mixture (CM) and 50% TF, R3 contained 
50% CM and 50% rice straw, and R4 contained 50% 
CM, 25% TF and 25% rice straw. Rumen liquor was 
collected at 0 and 180 days of the experiment for 
estimation of different ruminal parameters and a 
digestion trial was conducted at the end of the 
experiment. Rumen fluid was analysed for pH, 
ammonia nitrogen (NH3‐N), total‐N, ruminal 
enzymes, short chain fatty acid (SCFA) and microbial 
profile. The relative quantification of ruminal 
microbes was carried out with real‐time PCR using 
bacteria as the house keeping gene. The dry matter 
intake, nutrients digestibility, body weight gain, 
NH3‐N, total‐N, carboxymethyl cellulase, avicelase, 
xylanase, amylase, protease and molar proportion of 
butyrate were (p < 0.05) higher in mithun fed R2, R3 
and R4compared to those fed R1 diet. In contrast, 
increased (p < 0.05) ruminal pH, molar proportion of 
acetate and, acetate to propionate ratio was recorded in 
mithun fed only TF than those fed concentrate 
supplemented diets. Similarly, an increase (p < 0.05) 
in the population of Fibrobacter succinogenes, 
Ruminococcus flavefaciens and total bacteria were 
evident in mithun fed R2, R3 and R4 compared to 
those fed R1. Therefore, it is concluded that TF 25% 
and/or rice straw 25% along with CM 50% may be fed 
to the growing mithun for improved rumen ecology, 
nutrient utilization and thus better performance under 
stall fed system. 
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LIVESTOCK PRODUCTION & MANAGEMENT 

Sl. 
No 

Name of author/ Name of research 
article 

Abstract/Summary 

1 Dhali. A., Mishra. D. P., Mech. A., 
Khate. K., Rajkhowa. C. and 
Karunakaran. M., Development and 
Validation of a Sensitive 
Radioimmunoassay Procedure for 
Estimating FSH in Mithun (Bos 
frontalis) Plasma 2007 
 

The present study was designed to develop and 
validate a simple and sensitive radioimmunoassay 
(RIA) procedure to estimate FSH in mithun (Bos 
frontalis) plasma. The assay was carried out in 100 
µL of mithun plasma. The bovine FSH standards   
(10 to 5000 pg/100 µL/tube) in hormone‐free plasma 
were used in the assay. The sensitivity of the assay 
was 20 pg/100 µL/tube, which corresponded to 0.20 
ng/mL plasma. The 50% relative binding sensitivity 
of the assay was 80 pg/100 µL/tube, which 
corresponded to 0.80 ng/mL plasma. The intra‐ and 
inter‐assay coefficients of variation were 4.6% and 
12.4%, respectively. The biological validation of the 
assay was carried out in plasma samples that were 
collected during different stages of the estrous cycle. 
In the entire estrous cycle, plasma FSH concentration 
(p<0.01) attained two peaks (on day 3 to 4 before 
estrus 5.1±0.3 ng/mL and on the day of estrus  
6.9±0.2 ng/mL). FSH concentration remained at 
basal level (1.3±0.1 to 1.6±0.2 ng/mL) during day 4 
to 16 of the estrous cycle. The concentration of 
plasma FSH was found to be significantly (p<0.05) 
higher (4.9±0.3 to 6.8±0.5 ng/mL) until 48 h 
following the estrus onset. In conclusion, the RIA 
procedure that was developed in the current study is 
sufficiently reliable and sensitive to estimate 
different physiological levels of FSH in mithun 
plasma. 

2 Dhali. A., Mishra. D. P., Karunakaran. 
M., Mech. A. and Rajkhowa. C., 
Influence of plasma estradiol 17-β and 
progesterone levels on estrous behaviour 
in mithun (Bos frontalis) 2006 
 

The study was conducted on 10-adult mithun (Bos 
frontalis) cows during the third or fourth postpartum 
estrous cycle to investigate the influence of plasma 
estradiol 17-β (E2) and progesterone (P4) levels on 
the expression of behavioural estrus. The estrus was 
detected in the mithun cows by bull parading and the 
patterns of behavioural estrus were recorded. The 
estrous intensity score (EIS) was assigned according 
to the visible signs in cows and bull activities. The 
daily blood samples throughout the estrous cycle 
were collected by jugular venipuncture and were 
analysed for E2 and P4 through ELISA. The 
variations in E2 and P4 concentrations were analysed 
by repeated measurement ANOVA. The model 
included the day of estrous cycle and EIS as source 
of variation. The association of EIS with E2 and P4 
was established by the partial correlation analysis. 
The average estrous cycle length was found 21.3 ± 
0.4 days. The average duration (h) of estrus and 



 
 

63 
 

standing heat were recorded 67.2 ± 7.2 and 10.5 ± 
2.7, respectively. The expression of behavioural 
estrus was found silent. In the entire estrous cycle, 
two prominent E2 peaks were observed 
approximately on day 1 and 17. The peak E2 
concentration on day 17 was found significantly (p < 
0.01) higher than the peak E2 concentration on day 
1. The P4 concentration was found to be lowest (p < 
0.01) on the day of estrus. The P4 concentration was 
increased gradually from day 1 to 6 of the cycle. The 
P4 concentration was increased sharply and from day 
7, attained peak concentration on day 11 and 
decreased thereafter. The EIS was found to be 
associated more closely with the basal concentrations 
of E2 and P4, and with the E2:P4 ratio of the cycle. 
The study revealed that the P4 concentration was 
instrumental in relation to the E2 concentration for 
the behavioural expression of estrus in this species. 
The low expression of behavioural estrus was 
probably due to the overall low P4 concentration 
during the entire estrous cycle. 

3 Dhali. A., Mishra. D. P., Karunakaran. 
M., Mech. A. and Rajkhowa. C., 
Secretion patterns of luteinising 
hormone, follicle- stimulating hormone 
and 17β-oestradiol during oestrus and the 
mid-luteal phase of the oestrous cycle in 
mithun (Bos frontalis) 2006 
 

The present study reports the pulsatile secretion of 
gonadotrophins and 17β-oestradiol (OE2) on the day 
of oestrus and at the mid-luteal phase of the oestrous 
cycle in mithun (Bos frontalis). The frequency of 
luteinising hormone (LH) and follicle-stimulating 
hormone (FSH) pulses was found to be greater (P < 
0.05) on the day of oestrus than at the mid-luteal 
phase. In contrast, the amplitude of the LH and FSH 
pulses was greater (P < 0.01) at the mid-luteal phase 
than on the day of oestrus. A synchronised (P < 0.01) 
LH and FSH secretion pattern was found only at the 
mid-luteal phase. A pulsatile secretion pattern for OE2 
in the peripheral circulation was evident for both 
phases of the oestrous cycle. The frequency of the 
OE2 pulses did not differ significantly in different 
phases of the oestrous cycle. In contrast, the amplitude 
of the OE2 pulses and the basal OE2 concentration 
were found to be greater (P < 0.01) at the mid-luteal 
phase than on the day of oestrus. A synchronised (P < 
0.01) LH and OE2 secretion pattern was observed in 
both phases of the oestrous cycle. In contrast, a 
synchronised (P <0.05) FSH and OE2 secretion 
pattern was found only on the day of oestrus. In 
conclusion, a different pattern of LH and FSH 
secretion was observed in both phases of the oestrous 
cycle, mainly on the day of oestrus, which indicates a 
differential regulatory mechanism of LH and FSH 
release. In addition, as in cattle, OE2 exerts a positive 
feedback on LH and FSH release on the day of oestrus 
and on LH release at the mid-luteal phase of the 
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oestrous cycle in mithun. Also, as in cattle, the greater 
basal plasma OE2 concentration and increased 
amplitude of OE2 pulses exert a negative feedback on 
FSH release at the mid-luteal phase of the oestrous 
cycle. 

4 Dhali. A., Mehla. R. K. and Sirohi. S. K., 
Effect of urea supplemented and urea 
treated straw based diet on milk urea 
concentration in crossbred Karan-Fries 
cows 
 

The study was undertaken to evaluate the effect of 
urea supplemented and urea treated straw based diet 
on milk urea concentration. Six multiparous 
crossbred Karan- Fries (Holstein Friesian × 
Tharparkar) cows were blocked into three groups of 
nearly equal body weight, DIM, milk yield and milk 
fat content and were randomized into a 3 × 3 Latin 
square design with 3- week period. Three 
experimental diets were fed to the animals. 
Composition of these diets were: Diet 1) green 
maize, wheat straw and concentrate mixture; Diet 2) 
green maize, wheat straw, concentrate mixture (urea 
supplemented) and molasses; Diet 3) green maize (4 
% of total DM), 4 % urea treated wheat straw and 
concentrate mixture. Intake of DM and CP did not 
vary across the diets. Intake of digestible crude 
protein (DCP) was found significantly higher in diet 
2, while ME and NElintakes were found significantly 
lower in diet 3 but did not differ between diets 1 and 
2. Average milk and plasma urea concentrations (mg 
dl-1) were found 29.2 ± 2.6, 45.3 ± 0.9, 34.5 ± 2.3 
and 28.9 ± 2.4, 36.6 ± 1.4, 33.9 ± 2.2, respectively 
in diet 1, diet 2 and diet 3. Urea concentrations in 
morning milk samples were found significantly 
lower than noon or evening samples in all the three 
diets. Concentrations of urea in milk and plasma 
were found closely correlated (r = 0.94) and the 
regression equation developed was, plasma urea = 
8.90 (.89) + .79 (.02) milk urea. Intake (g) of DCP 
than CP, per unit (MCal) of ME was found more 
closely associated with milk urea concentration. The 
study revealed that urea supplementation and urea 
treated straw based diet increased urea concentration 
significantly in milk and plasma. Morning milk urea 
values that estimated at a time gap of 15 hr since 
last major feeding may be considered as the lowest 
level and can be used for interpretation to monitor 
feeding adequacy or reproductive performances in 
dairy cows. 

5 Anjumoni. M., Dhali. A., Rajkbowa. C. 
and Mann. B., Electrocardiogram of 
Clinically Healthy Mithun (Bos 
frontalis): Variation among Strains 2010 

The studies aimed to investigate the diurnal variation 
in milk yield and composition during an entire 
lactation period and assess the relationship between 
seasonal variation in pasture quality and milk yield 
along with composition in 11 mithun (Bos frontalis) 
cows. Milk yield recording and milk sample 
collection were done at weekly interval. Milk 
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samples were analyzed for the concentrations of 
major constituents. Representative fodder samples 
from the grazing area were collected during the 
experimental period and subjected to proximate 
analysis. Throughout the lactation, the range of daily 
milk yield (kg) in morning (0.90±0.03 to 0.61±0.03) 
was found to be significantly (P<O.OI) greater 
compare to evening (0.56±0.02 to 0.37±0.03). In 
contrast, the total solid (TS, %), fat (%), total protein 
(TP, %), casein (%), non-protein nitrogen (NPN, %) 
and milk urea (MU, mg/dl) were found significantly 
(P<O.OI) greater in evening milk (23.88±0.44 to 
22.36±0.29, 1O.35±0.49 to 8.07±0.19, 7.22±0.15 to 
6.66±0.12,   5.08±0.12 to 4.76±0.06, 0.49±0.02 to 
0.46±0.03 and 48.11±2.71 to 40.53±1.18 
respectively) as compare to morning milk 
(21.43±0.41 to 19.57±0.18, 10.  17±0.42 to 
7.39±0.19, 6.37±0.11 to 5.98±0.1   0,   4.29±0.13   to   
4.04±0.06, 0.39±0.01 to 0.36±0.01 and 39.87±2.16  
to 33.16±0.91 respectively). The peak milk yield 
(kg/d) was observed on the second (1.010.10) and 
first (0.60 0.05) fortnight respectively, followed by a 
gradual declining trend. The fortnightly trend of all 
the milk constituents was found nearly similar for 
morning and afternoon milk. In the entire lactation, 
concentrations of all the milk constituents except 
lactose and ash were found significantly (P<O.OI) 
greater in afternoon milk. No significant relationship 
between pasture quality and milk yield and 
composition was observed except that milk NPN 
content was positively (p<0.05) correlated with 
pasture CP content. In conclusion, lesser milk yield 
and greater concentration of major milk constituents 
in mithun might be attributed to the unique genetic 
makeup of this species. A substantial diurnal 
variation in milk yield and concentration of major 
milk constituents was observed throughout the 
lactation. The nutritional influence on the seasonal 
variations in milk yield and composition in grazing 
mithun was difficult to assess based on the data of 
pasture quality. 

6 Mech. A., Dhali. A., Baruah. K. K., 
Singh. R. K., Mondal. S. K. and 
Rajkhowa. C., Effect of method and time 
of first colostrum feeding on serum 
immunoglobulin concentration, health 
status and body weight gain in mithun 
(Bos frontalis) calves 2011 
 

The effect of method and time of first colostrum 
feeding on the concentration of serum 
immunoglobulin (Ig) was evaluated in mithun (Bos 
frontalis) calves. The hypotheses were that the 
variable method and time of first colostrum feeding 
might affect the level of serum Ig and in turn the 
growth performance and health status of the claves 
during the early age. The newborn calves were 
randomly allotted to one of the four experimental 
groups – G-1: allowed to suckle the dam at own 
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choice, G-2: separated immediately after birth and 
allowed to suckle the dam first at 6 h and  then   at   
own   choice, G-3: bottle fed ad libitum colostrum of 
its own dam first at 6 h and then at 6-h intervals until  
24  h, G-4:bottle fed ad  libitum colostrum of its own 
dam within 1 h, at 6  h  and then at 6-h intervals until 
24 h. The concentrations of IgG, IgM, and IgA 
were lowest (p< 0.01) at birth and increased 
following colostrum feeding irrespective of the 
experimental group. Highest concentrations of all the 
Ig classes were observed at 12–24 h after birth. The 
concentrations then transiently decreased from day 7 
to 14, and then steadily increased after day 28. The 
concentrations of IgG (p < 0.01) and IgA (p < 0.05) 
were higher   in G-1 in relation to the other groups 
during the first week after birth. Similarly, higher 
concentration of IgA (p < 0.05) was found in G-1 in 
relation to the other groups during the rest of the 
experimental period. The apparent absorption 
efficiency of colostral IgG was higher (p < 0.05) in 
G-4 in relation to G-3. Growth  rate and health status 
were not influenced by the method and time of first 
colostrum feeding. In conclusion, a 6-h delay in the 
first colostrum feeding reduced the level of serum Ig 
noticeably. 
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Animal Genetic & breeding 
Sl. 
No 

Name of author/ Name of research 
article 

Abstract/Summary 

1 Bhusan. S., Rajkhowa. C. and 
Bujarbaruah. K. M., Productive traits 
of mithun (Bos frontalis) and their 
correlations 2005 
 

Mithun or gayal (Bos frontalis) is found in North 
east hill region of India and its connecting hills of 
Bhutan, Burma, Bangladesh and China at an 
elevation of 300 to 3 000 m above msl. In India, 
mithuns were classified into Nagamese, Arunachal, 
Manipur and Mizoram genetic groups by National 
Research Centre on Mithun, Nagaland. Among the 
different strains of mithun, Arunachal mithun had 
highest second lactation length (286.33±13.38 days) 
and average milk production per animal per day 
(1432.00±128.88 g). Mizoram mithun had highest 
first lactation length (349.00±38.88 days) and second 
lactation peak yield (2300.00±239.21 g). Nagamese 
mithun showed highest observation for first lactation 
dry period (177.33±30.85 days) whereas Manipur 
mithun showed highest observation for second 
lactation dry period (147.00±23.90 days) and first 
lactation peak yield (1825.00±159.46g). Nagamese 
mithun has lowest first lactation length 
(175.33±38.88 days), first lactation peak yield 
(1483.33±130.19 g), second lactation peak yield 
(1750.00±169.14g) and averagemilk production per 
animal per day (921.50± 105.23g). Lowest first 
lactation dry period and second lactation dry period 
was for Mizoram (89.00±37.79 days) and Nagamese 
mithun (76.00±17.77days) respectively. All the 
correlations between different traits were positive 
except correlations between lactation length and dry 
period which was negative. Results indicated that 
Nagamese mithun has the poorest milk production 
traits whereas Arunachal and Mizoram mithun 
showed better status for different milk production 
traits than other genetic groups of mithun. 

2 Kumar. S. and Bhattacharya. H. K., An 
investigation on certain physical 
characteristics of semen in mithun 
2009 
 

The study was conducted to determine the 
physical characteristics of mithun spermatozoa. 
Semen was collected from five mithun bulls of 
Arunachalese, Nagamese, Manipuri and Mizoram 
strains using artificial vaginal and putting oestrus 
female mithun and cows in the service crate. 
Results revealed that the mean reaction and 
ejaculationtimes recorded during semen collection 
were 27.92±3.63 and 113.83±6.65 sec, 
respectively. The volume, mass activity, 
progressive motility, live count, sperm 
concentration, ruffled, swollen, separating, 
partially, completely and non-acrosome reacted 
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spermatozoa averages were 3.12±0.35 ml, 
1.67±0.33, 55.00±8.53%, 71.73±3.45%, 
710.83±97.80 million/ml, 0.47±0.15%, 
0.28±0.14%, 0.63±0.15%, 1.38±0.34%,       
5.42±0.67% and 93.20±0.90%, respectively. It is 
suggested that the spermatozoa of mithun is 
similar to cattle bulls. 

3 Bhusan. S., Sharma. D., Rajkhowa. C., 
Estimation of genetic divergence 
among four strains of mithun 2009 
 

This study was conducted to determine the genetic 
divergence between the 4 strains of mithun based 
on random amplified polymorphic DNA (RAPD) 
markers. DNA was isolated from blood samples of 
7 Arunachalee, 6 Manipuri, 8 Mizoram and 13 
Nagamese mithuns. The genetic distance estimates 
between the 4 strains of mithun ranged from 0.119 
to 0.181. Arunachalee mithuns showed the highest 
genetic distance with the Mizoram strain, followed 
by the Manipuri strain and least with the 
Nagamese strain. The DNA fingerprints of RAPD 
successfully established a 20% genetic distance 
between the different strains of mithun.The results 
showed that the RAPD marker was adequate for 
estimating the genetic distance between the 4 
strains of mithun. Moreover, the RAPD-PCR was 
effective in detecting the polymorphism between 
the different strains of mithun. The geographical 
barriers showed a significant role in the increase 
of genetic distance between the different strains of 
mithun. 

4 Kumar. S. and Bhattacharya. H. K., 
Abnormal spermatozoa in mithun (Bos 
frontalis) 2009 
 

Four mithun (Bos frontalis) bulls from Arunachalese, 
Nagamese, Manipuri and Mizoram strains were used 
to study the morphological profile of spermatozoa 
from the semen (31 samples) collected by rectal 
message method. The head, midpiece, tail and total 
abnormalities (which included under developed, 
double head, decapitated, pear shaped, narrow at base, 
abnormal contour, small abnormal, free pathological, 
narrow head, small normal, elongated, giant short/ 
broad and free normal; cork screw, tail stump, 
thickered, double midpiece, dag defect and abaxial; 
double tail, distal droplets, simple tail bent and 
terminally coiled tail) averaged 8.42±0.72, 2.59±0.36, 
4.26±0.40 and 15.27±0.37%, respectively. It is 
recommended that the abnormal spermatozoa are at 
the threshold and proper attention is now needed for 
mithun like implementation of appropriate breeding 
strategy in order to prevent inbreeding arising due to 
small population size, and to control the incidence 
of abnormal forms thereby preventing infertility in 
mithun bulls. 

5 Bhusan. S., Sharma. D. and Rajkhowa. Six individuals (includin both sexes) each of cattle 
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C., Estimation of genetic relation of 
mithun (Bos frontalis) with other 
livestock species through RAPD-
PAGE 2010 
 

(Bos indicus), buffalo (Bubalus bubalis), sheep 
(Ovis aries), goat (Capra hircus) and mithun (Bos 
frontinalis) were utilized in the present 
investigation. The genetic similarity estimates 
pooled over the primers ranged from 0.295 to 
0.452. Mithun and goat (BS=0.295) followed by 
buffalo and sheep (BS=0.300) showed the 
minimum genetic similarity. Maximum genetic 
similarity was observed between goat and sheep 
(BS=0.452), followed by mithun and buffalo 
(BS=0.418). The genetic distances, based on band 
sharing (DS) among the livestock species with 
RAPD markers pooled over the primers ranged 
from 0.795 to 1.227. Goat and sheep (DS=0.795) 
followed by mithun and buffalo (DS=0.877) 
showed the minimum genetic distance. Maximum 
genetic distance was observed between mithun 
and goat (DS=1.221), followed by buffalo and 
sheep (DS=0.204). 

6 Mukherjee. S., Mukherjee. A., Lekro. 
Z., Longkumer. I. S. andRajkhowa. C., 
Determination of age of mithun (Bos 
frontalis) through dentition pattern 
2012 
 

The age of mithun was determined by examining the 
eruption of the incisors teeth. 105 mithuns were 
investigated based on different age groups and sex. 
The mithun calf was born with two central, first and 
second lateral pairs of incisors at the age of one week. 
The two corner temporary incisors were erupted at the 
age of three months and above. The two central 
permanent incisors erupted at the age of 22 months to 
three years. Similarly, the first and second lateral pairs 
of permanent incisors were replaced at the age of three 
to four years and four to six years respectively. 
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