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ABSTRACT 

             The study was undertaken to investigate the thyroid status and growth performance 

of young growing goats (kids) fed with raw or water soaked rapeseed-mustard cake (RMC) 

replaced for ground-nut cake in the diet. Eighteen male Barbari kids were randomly assigned 

to 3 dietary treatments of 6 each; GNC, RMC-dry and RMC-sani containing ground-nut 

cake, raw RMC and overnight water soaked (1:3 w/v ratio) RMC, respectively. The 

respective concentrate mixture and ad lib. wheat straw were offered for an experimental 

period of 180 days with monitoring of blood biochemical profile at 45 days intervals. All the 

kids were slaughtered as per the standard procedure; thyroid glands were collected, weighed 

and studied for histological changes if any. Total glucosinolates (GLS) content of RMC-dry 

concentrate mixture was 64.28 µmol/g DM while it was reduced by 31.96 % to 43.74 µmol/g 

DM in RMC-sani and nil in GNC concentrate mixture. The DM intake and weight gain of 

kids were significantly (P<0.01) lower in RMC treatments as compared to GNC. The levels 

of Hb, serum Proteins and Glucose were significantly lower and of Total Cholesterol and 

serum SCN
- 

were significantly (P<0.01) higher in RMC treatments as compared to their 

analogous values in GNC. Among RMC treatments, serum SCN
- 
was significantly (P<0.01) 

reduced in RMC-sani. Serum T3 was similar among the treatments. Serum T4 was 

significantly (P<0.01) lower by kids of RMC-dry as compared to GNC while it was 

comparable in RMC-sani with other treatments. Although no significant (P>0.05) difference 

was observed in weight of thyroid among the treatments, appreciable histological changes 

were noticed in the thyroid glands under RMC treatments relative to those of GNC; however, 

among RMC treatments, intensity of thyroid histological changes was comparatively low in 

RMC-sani. Despite reduction in the substantial amount of GLS content by water soaking of 

RMC, comparatively high levels of GLS content of raw or water soaked RMC based diets 

induced significant but mild hypothyroidic changes and poor growth performance of kids.   
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Introduction 

             Rapeseed-mustard cake, a cheap protein source (34 - 38 % CP) utilized for livestock 

feeding in India; but its dietary utilization is restricted by presence of large amount of 

glucosinolates (GLS) in Indian varieties of RMC (Agnihotri and Nutan Kaushick, 2000; 

Banday and Verma, 2003). The GLS are hydrolyzed by                    an endogenous enzyme 

‘Myrosinase’ which is also produced by rumen microorganisms (Nugon-Baudon et al., 1990) 

into organic aglycones including isothiocyanate, thiocyanate (SCN
-
), 5-venyl-oxazolidine-2-

thione (Goitrin) and nitrile compounds. These biologically active compounds exert negative 

effects on the production performance and health status of animals fed RMC based diet which 

mainly related to drastic thyroid disturbance induced by them (Ahlin et al., 1994). The anti-

thyroidal properties of GLS derivatives expressed by reduced production of thyroid hormones 

either by inhibition of Iodine uptake of thyroid or blocking the incorporation of Iodine into 

thyroxine precursors. In addition, the low circulatory levels of Triiodothyronine (T3) and 

Thyroxine (T4) stimulate excessive secretion of hypothalamic thyroid-stimulating hormone, 

which induces an increased thyroid follicle activity, resulting in a hypertrophy of the thyroid 

tissue (Mawson et al., 1994). However, studies concerning the set of problems encountered 

with the use of RMC in the diets for ruminants are still scarce although it is well established 

that its effect vary among species, and depend mainly upon the age of the animal and level of 

GLS in the diet (Vincent et al., 1988; Derycke et al., 1999). Among ruminant species, young 

caprines are more susceptible to thyroid disorders (Pachauri, 1997).  

             The risk associated with high GLS content of RMC has been reduced significantly by 

the breeding of new oilseed rape cultivars with lower content of GLS.      In addition, as the 

adverse nutritional effects associated with feeding of RMC have been attributed to the 

hydrolysis products from GLS, some technological treatments of RMC has been 

recommended either to inactivate the endogenous enzyme or to reduce the GLS content. It 

has been reported that water soaking of RMC is a cheap and conventional practice resulted in 

substantial reduction (36 %) of GLS content by enzymatic hydrolysis into volatile derivatives 

(Tyagi et al., 1997). The present study was therefore, taken to investigate the thyroid status 

and growth performance of growing kids fed with raw or water soaked RMC based diet.  
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Materials and Methods 

Experimental animals and feeding 

 Eighteen male Barbari kids of similar age (~6 months) and body weight (11.10 ± 0.77 

kg) were distributed into 3 dietary treatments of 6 each; GNC, kids fed concentrate mixture 

containing groundnut cake as a protein source; RMC-dry,  kids fed concentrate mixture 

containing RMC replaced for groundnut cake; RMC-sani, kids fed overnight water soaked 

(1:3 w/v ratio) RMC concentrate mixture as mixed ration (sani) with known amount of part 

of daily allowance of wheat straw. Wheat straw in ad libitum and green non-legume fodder 

(200 g/day) were offered to kids after concentrate feeding in the morning hours. Daily DM 

intake through concentrate and roughage, and fortnight body weight of individual kids were 

recorded; quantity of concentrate mixture was adjusted accordingly as per Kearl (1982) 

feeding standards. The experimental feeding was continued for 180 days. Total GLS content 

(µmol/g DM) of raw and overnight water soaked RMC was analysed by HPLC (Sang and 

Truscott, 1984) and their levels in respective concentrate mixtures were calculated.               

Blood sampling and analysis  

  

Blood samples (10 ml) were collected from all the kids before starting the experimental 

feeding and thereafter at 45 days intervals till the end of experiment by jugular puncture 

before feeding in the morning hours.  2 ml of the sample was added with EDTA for the 

analysis of haematological parameters (Hb and PCV) and the remaining sample was 

centrifuged at 4 °C, and separated serum was stored at -20ºC for further analysis. Serum 

samples were analysed for Glucose, Total Cholesterol, Urea and serum Proteins, serum 

enzymes (LDH and SGOT) levels using commercial diagnostic kits manufactured by Span 

Diagnostics Ltd., Surat, India. Serum T3 and T4 concentrations were determined using the 

radioimmunoassay (RIA) kits procured from Board of Radiation and Isotope Technology, 

Mumbai (India). Serum SCN
-
 concentration was determined as per procedure of Bowler 

(1944) based on the colorimetric estimation. 

 

Histology of thyroid gland 

 The thyroid glands were collected at the time of slaughter of all the kids after the end 

of experimental feeing, weighed and representative tissue pieces of 2 mm thickness was fixed 

in 10 % buffered formalin solution for 24 hours. The formalin fixed tissues were washed with 
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distilled water for 4 to 5 hours, dehydrated in ascending grades of alcohol, cleaned with 

benzene and embedded with multiparaffin (60ºC) to prepare paraffin block. Sections of 4 - 5 

μ thickness were cut and stained by Hematoxylin and Eosin stain. 

 

Results and Discussion 

Dietary composition and feed intake 

 The concentrate mixtures were isonitrogenous (23% CP) and comparable with respect 

to other parameters related to their proximate principles. The GLS content of RMC 

concentrate mixture was 64.28 µmol/g DM, as RMC used contained          149.50 µmol/g DM 

of GLS. The analysed value of total GLS content in RMC was very high and quite 

comparable with the values reported earlier (Tyagi et al., 1997; Banday and Verma, 2003; 

TERI, 2003). The GLS content of water soaked RMC concentrate mixture was 42.14 µmol/g 

DM as its level in the water soaked RMC get reduced by 31.96 % to 101.72 µmol/g DM. The 

result was corroborating with Singhal and Senani (1991) who reported that water soaking (12 

hours) of mustard oilcake reduced its GLS content by 30.7 %.  

                

Table 1: Table showing the feed intake and growth performance  of kids under different 

dietary treatments. 

 

Attributes 

Treatments  

SEM GNC RMC-dry RMC-sani 

Body Wt (kg) 

Initial 11.29 11.24 11.10 0.77 

Final
* 

19.41
a
     17.84

b
 17.27

b
 0.75 

Total gain
**

   8.13
a
 6.59

b
 6.18

b
 0.39 

ADG (g/day)
**

 45.15
a
 36.61

b
 34.34

b
 2.18 

DM intake (g/day) 

Concentrate
** 

192.46
a
 166.17

b
 159.04

b
 4.07 

Wheat straw   136.98 142.66 141.66 1.60 

Total DM
*
 329.44

a
 308.83

b
 300.69

b
 9.00 

GLS intake 

(µmol/day) 

0.00
c 

10681.41
a 

6956.42
b 

1039.95 

                       a b c 
Mean values bearing different superscripts within a row differ                

significantly; 
**

 (P<0.01)   
*
(P<0.05)
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The DM intake and weight gain of kids (Table 1) were significantly (P<0.05) lower in RMC 

treatments as compared to GNC which might be attributed to considerably high GLS content 

(>100 µmol/g DM) of both raw and water soaked RMC to exert deleterious effect on feed 

intake which in turn growth performance of kids (Hill, 1991). Average GLS intake (µmol/d) 

by kids was significantly (P<0.01) lower in RMC-sani as compared to that of RMC-dry and it 

was nil in GNC.  

 

Blood biochemical profile 

 Parameters of hematology and blood chemistry (Table 2) have been used to assess the 

metabolic status of the animals.   

 

Hematology  

 The Hb concentration (9.50 - 10.30 g/dl) was significantly (P<0.01) lower in RMC 

treatments as compared to GNC which could be attributed to GLS interference on normal 

copper metabolism which in turn reduced availability of copper for Hb synthesis (Ludke and 

Schone, 1988) and counter hypothyroidism (Pitt-Rivers and Trotter, 1964; Kaneko et al., 

1997). Nevertheless, the levels of Hb and PCV in all the kids were within the reported 

physiological range (Hb, 8.0 - 12.0 g/dl; PCV, 22.0 - 38.0 %) for goats (Rodostits et al., 

2003). 

 

Table 2: Table showing hematological parameters, blood biochemical      

 parameters and thyroid weight of kids under different dietary treatments. 

 

Attributes 

Treatments  

SEM GNC RMC-dry RMC-sani 

Hematological parameters 

Hb (g/dl)** 10.30
a 

9.50
b 

9.56
b 

0.20 

PCV (%) 35.14 33.97 34.06 0.68 

Serum biochemical parameters 

T3 (nmol/L) 1.21 1.19 1.15 0.06 
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a b c 

Mean values bearing different superscripts in a row within periods differ                

 significantly.      ** (P<0.01), *(P<0.05) 

Serum SCN
-
, T3 and T4 hormones  

  

Serum SCN
- 

concentration was linearly (P<0.01) increased at different periods and it was 

significantly (P<0.01) higher in RMC treatments (11.11 - 14.32 µg/ml) as compared to GNC 

(6.54 µg/ml) due to GLS intake. Among RMC treatments, serum SCN
-
 concentration was 

significantly (P<0.01) lower in RMC-sani as compared to that of RMC-dry. Serum SCN
- 

concentration reflected the markedly different levels of total GLS intake by kids and was 

closely correlated with average daily GLS intake as expected (Spiegel et al., 1993; Schone et 

al., 1997; Tripathi et al., 2001). The SCN
-
 ions are major degradation products from indolyl 

GLS. When absorbed from digesta to the blood, the SCN
-
 ions are transferred to different 

vital organs (Emanuelson et al., 1993). It may competitively inhibit the transfer of Iodide to 

the thyroxine precursors in the thyroid gland; SCN
-
 ions and Iodide are thus considered to be 

important in relation to studies of the quality of RMC (Nicolas Mabon et al., 1999). The 

SCN
- 
also derived from isothiocyanate (Van Etten, 1969) and cyanate (CN

-
) which released 

from nitrile compounds (Schone et al., 1997), and produced same effects. 

T4 (nmol/L)** 75.88
a 

64.66
b 

69.74
ab 

3.76 

Serum SCN
- 
(µg/ml)** 6.54

c 
14.32

a 
11.11

b 
0.63 

Glucose (mg/dl)** 57.23
a 

45.69
b 

44.31
b 

1.33 

Total cholesterol (mg/dl)** 72.28
b 

90.14
a 

86.28
a 

2.51 

Urea (mg/dl) 40.75 42.61 40.99 0.84 

Total protein (g/dl)* 7.20
a 

6.90
b 

6.84
b  

0.13 

Albumin (g/dl)* 4.20
a 

4.00
b 

3.93
b  

0.07 

Globulin (g/dl) 3.00 2.89 2.89 0.09 

LDH (IU/L) 320.53 331.36 324.82 4.63 

SGOT  (IU/L) 98.79 104.92 99.46 2.28 

Thyroid gland (g/kg PSW) 0.070 0.072 0.073 0.002 
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 Serum T3 concentration was varied in a narrow range throughout the experimental 

period and did not differ significantly (P>0.05) among the treatments. However, serum T4 

concentration showed a sequential decline with advancement of feeding period and it was 

significantly (P<0.01) lower in RMC-dry as compared to GNC. The kids given RMC-sani 

diet exhibited an intermediate T4 value as observed for GNC and RMC-dry treatments. This 

could be attributed to a possible mild hypothyroidic condition arising out of different 

concentrations of serum SCN
- 
between RMC treatments. Dietary SCN

- 
affect the iodination 

of T3 to T4 by blocking the iodide pumping mechanism of thyroid gland, resulting in serum 

T4 concentration get reduced without change in serum T3 concentration (Papas et al., 1979). 

Similar finding was observed in different species fed with raw RMC (Aherne and Lewis, 

1978; Papas et al., 1979; Lardy and Kerley, 1994). However, as serum SCN
-
 concentration 

reduced in kids fed with water soaked RMC based diet,                        T4 concentration was 

increased to comparable levels with other two treatments.  

Serum metabolic and enzyme profiles  

 Serum glucose level was significantly (P<0.01) declined periodically and lower in 

RMC treatments (44.31 - 45.69 mg/dl) as compared to GNC (57.23 mg/dl) which might be 

attributed to anti-thyroidal properties of GLS. The thyroid gland, by helping with selective 

activity of the intestinal tract for sugar, increases blood sugar if it is overactive and decreases 

blood sugar if it is under active. Glucosinolates through their anti-thyroid activity could be 

hypothesized to decrease the normal metabolism and thereby reduce circulating glucose 

levels in the body (Ludke and Schone, 1988). The level of serum cholesterol was followed 

the reverse trend to serum glucose level in the kids among treatments. Serum cholesterol in 

RMC treatments showed an increase over the period than that of GNC, however within the 

physiological range of 70 - 130 mg/dl for goats (Kritchevsky, 1958) which attributable to 

long term feeding of RMC inducing, possibly a mild hypothyroidic condition. Depressed 

thyroxine levels can create increased serum cholesterol by preventing the formation of bile to 

reduce cholesterol level which also used as diagnostic accuracy (66%) for hypothyroidism 

especially in small animals (Kaneko et al., 1997).  

The levels of total serum protein and albumin were significantly (P<0.05) lower in 

RMC treatments which could also be attributed to mild hypothyroidism (Walmsley and 

White, 1994; Rosenthal, 1997). Similar findings were reported in lactating ewes (Tripathi et 

al., 1999) and growing lambs (Tripathi et al., 2001) fed with mustard oilcake based diet. The 
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LDH and SGOT enzyme activities of all the kids did not differ significantly (P>0.05) among 

treatments and within the physiological range of 123 - 392 IU/L and 167 - 513 IU/L, 

respectively for goats (Kaneko et al., 1997). It indicates that the levels and duration of 

exposure to dietary GLS from RMC did not have adverse effect on physiological functions of 

liver, heart or skeletal muscles of kids. 

Histology of thyroid gland 

 Although no significant (P>0.05) difference was observed in weight of thyroid    (g/kg 

PSW) among the treatments, the histological study of thyroid gland revealed that the effects 

of RMC feeding per se was indicative of mild thyroid perturbations due to long term feeding 

of RMC to the growing kids.  

 

Figure 1: Image showing histological section of    

thyroid tissue of kid fed GNC diet 

 

Figure 2: Image showing histological section of  

thyroid tissue of kid fed RMC-dry diet 

 

Figure 3: Image showing histological section of  

thyroid tissue of kid fed RMC-sani diet 
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 The histological section of thyroid (Figure 1) from kids of GNC had shown unique 

features of thyroid viz. almost uniform size and shaped follicles lined by flattened epithelial 

cells and contained homogenous colloid with little interfollicular tissues. On the other hand, 

the histological sections of thyroid from kids under RMC treatments had shown hyperplasia 

and hypertrophy of the follicles indicated by variable in size and shape, and loss of colloid 

indicated by variable in its colour intensity. However, thyroid (Figure 2) from kids fed RMC-

dry diet containing large amount of GLS showed more pronounced histopathological changes 

than those (Figure 3) from kids fed RMC-sani diet containing substantially reduced amount 

of GLS. Similar finding of dose dependent effect of GLS on thyroid histological changes was 

observed in calves fed with two varieties of rapeseed meal containing different levels of GLS 

(Papas et al., 1979).  

 The possibility of mild hypothyroidism due to GLS intake by ruminants may also 

vary according the age of the animal since pre-ruminant kids have a weak ability to detoxify 

GLS metabolites due to non-functional rumen and have enhanced demand of Iodine for the 

thyroxine precursors (Walinder, 1972; Papas et al., 1979; Derycke et al., 1999). Generally, 

Iodine absorbed in the body as Iodide ions get oxidized to organic Iodine by the action of 

thyroid peroxidase enzyme before incorporated in to thyroxine precursors. In the presence of 

GLS derivatives, the action of thyroid peroxidase shifted from oxidation of Iodide to that of 

GLS derivatives (Schone et al., 2001). This detoxification of GLS derivatives by thyroid 

peroxidase consumes excess organic Iodine and demand for Iodine taken by thyroglobulin 

resulted in compensatory hyperplasia and hypertrophy of thyroid epithelia (Taurog, 1985). 

Conclusions 

Despite reduction in the substantial amount of GLS content of RMC by overnight 

water soaking, high GLS content of both raw and water soaked RMC based diet induced 

significant but mild hypothyroidic changes and poor growth performance of growing kids; 

however, intensity of changes in thyroid activity was comparatively low in kids fed with 

water soaked RMC based diet. In future, it will be better to develop low GLS oilseed rape 

cultivars by breeding in addition to physical processing methods.   

Abbreviations 

RMC rapeseed-mustard cake 

GLS glucosinolates 

DM dry matter 
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SCN
-
 thiocyanate 

T3  triiodothyronine 

T4 thyroxine 

CP crude protein 

ADG average daily gain 

PSW Pre-slaughter weight 

 

 

Acknowledgement 

 The authors thank Director, IVRI, Izatnagar (India) for necessary facilities provided 

to complete this study successfully in time. Financial assistance procured by ICAR, New 

Delhi (India) greatly acknowledged. 

 

References 

1. Agnihotri, A. and Nutan Kaushik. (2000), “Incorporation of superior nutritional 

quality traits in Indian B.juncea”, Indian Journal of Plant Genetic Resources, Vol.12 

No.3, pp. 352-358.   

2. Aherne, K.S. and Lewis, A.J. (1978), “The nutritive value of Tower rapeseed meal for 

swine”, Animal Feed Science and Technology, Vol. 3, pp. 235-242. 

3. Ahlin, K., Emanuelson, M. and Wiktorson, H. (1994), “Rapeseed products from 

double low cultivars as feed for dairy cows - Effects of long term feeding on thyroid 

function, fertility and animal health”, Acta Veterinaria Scandinavica, Vol.35, pp. 37-

53. 

4. Banday, M.T. and Verma, S.V.S. (2003), “In vitro detoxification of rapeseed meal”, 

Indian Journal of Animal Nutrition, Vol. 20 No.1, pp.70 - 75. 

5. Bowler, R.G. (1944), “The determination of thiocyanate in blood serum”, Journal of 

Biochemistry, Vol.38, pp.385 - 388. 

6. Derycke, G., Mabon, N., Mandiki, S.N.M., Bister, J.L., Wathelet, J.P., Marlier, M. and 

Paquay, R. (1999), “Chemical changes and influences of rapeseed antinutritional 

factors on lamb physiology and performance. 1. Animal performance and thyroid 

histology”, Animal Feed Science and Technology, Vol.81, pp.81-91. 

http://www.aarf.asia/
mailto:editoraarf@gmail.com
mailto:editor@aarf.asia


International Research Journal of Natural and Applied Sciences            

Volume-1, Issue-5 (October 2014)                          ISSN: (2349-4077) 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

             International Research Journal of Natural and Applied Sciences (IRJNAS) 

             Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia Page 25 

7. Emanuelson, M., Ahlin, K.A. and Wiktorsson, H. (1993), “Long-term feeding of 

rapeseed meal and full-fat rapeseed of double low cultivars to dairy cows”, Livestock 

Production Science, Vol.33, pp.199-214. 

8. Hill R. (1991), “Rapeseed meal in the diets of ruminants - A review”, Nutrition 

Abstract and Reviews (series B), Vol.61, pp. 139 -155. 

9. Kaneko, J.J., Harvey, J.W. and Bruss, M.L. (1997), Clinical Biochemistry of Domestic 

Animals. 5
th

ed., Academic Press, San Diego, USA. 

10. Kearl, L.C. (1982), Nutrient requirement of ruminants in developing countries. 

International Feed-stuff Institute. Utah Agricultural Experimental Station. Utah State 

University, Logan, Utah. USA. 

11. Kritchevsky, D. (1958), In: Kaneko, J.J., Harvey, J.W. and Bruss, M.L. (Eds). Clinical 

Biochemistry of Domestic Animals. 5th ed., Harcourt Brace & Company, Singapore. pp. 

578. 

12. Lardy, G.P. and Kerley, M.S. (1994), “Effect of increasing the dietary level of 

rapeseed meal on intake by growing beef steers”, Journal of Animal Science, Vol. 72 

No.8, pp.1936 -1942. 

13. Ludke, H. and Schone, F. (1988), “Copper and iodine in pig diets with high 

glucosinolate rapeseed meal. 1. Performance and thyroid hormone status of growing 

pigs fed on a diet with rapeseed meal treated with copper sulphate solution or 

untreated and supplement of iodine, copper or a quinoxaline derivative”, Animal 

Feed Science and Technology, Vol. 22, pp. 33-43. 

14. Mawson, R., Heaney, R. K., Zdunczyk, Z. and Kozlowska, H. (1994), “Rapeseed meal-

Glucosinolates and their antinutritional effects. Part 4. Goitrogenicity and internal 

organs abnormalities in animals”, Nahrung, Vol.38, pp 178-191.  

15. Nicolas Mabon., Wathelet, J.P, Guy Derycke, Mandiki S.N.M, Bister, J.L, Michel 

Marlier and Raymond, P. (1999), Correlation between breakdown products of 

glucosinolates and the amount of rapeseed meal introduced in the diets of 80 lambs 

and 32 bulls. Evolution of 5-vinyl-1, 3-oxazolidine-2-thione (5-VOT) and thiocyanate 

ions in biological fluids and organs. 10
th

 International Rapeseed Congress, Canberra, 

Australia. pp. 180. 

16. Nugon-Boudon, L., Rabot, S., Wal, J.M. and Szylit O. (1990), Interactions of the 

intestinal microflora with glucosinolates in rapeseed meal toxicity: first evidence of 

http://www.aarf.asia/
mailto:editoraarf@gmail.com
mailto:editor@aarf.asia


International Research Journal of Natural and Applied Sciences            

Volume-1, Issue-5 (October 2014)                          ISSN: (2349-4077) 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

             International Research Journal of Natural and Applied Sciences (IRJNAS) 

             Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia Page 26 

an intestinal lactobacillus possessing a myrosinase like activity in vivo. Journal of 

Science of Food and Agriculture, Vol. 52, pp. 547-559. 

17. Pachauri, S.P. (1997), Effects of iodine deficiency in livestock. In: Pandav, C.S. and 

Rao, A.R. (Eds). Iodine deficiency disorders in livestock. Ecology and Economics. 

Oxford University Press. New Delhi. pp. 133-148. 

18. Papas, A., Ingalls, J.R. and Campbell, L.D. (1979), “Studies on the effects of 

rapeseed meal on thyroid status of cattle, glucosinolate and iodine content of milk and 

other parameters”, Journal of Nutrition, Vol. 109, pp. 1129-1139.  

19. Pitt-Rivers, R. and Trotter, W.R. (1964), The thyroid gland. Butterworths, London.  

20. Quinsac, A., Lessire, M., Krout, M., Ribaillier, D., Cooc, J.P., Fauduet, H. and Rollin, 

P. (1994), “Improvement in the nutritive value of high and low glucosinolate 

rapeseed meal by aqueous extraction”, Animal Feed Science and Technology, Vol.48, 

pp. 265-272. 

21. Rodostits, O.M., Gay, C.C., Blood, D.C. and Hinchcliff, K.W. (2003), Veterinary 

Medicine - A text book of the diseases of cattle, sheep, pig, goats and horses. 9
th

 ed., 

Book Power, China. 

22. Rosenthal, P. (1997), “Assessing liver function and hyperbilirubinemia in the new-

born”, Clinical Chemistry, Vol.43, pp.228-234. 

23. Sang, J.P. and Truscott, R.J.W. (1984), “Liquid chromatographic determination of 

glucosinolates in rapeseed as desulphoglucosinolates”, Journal of the Association of 

Official Analytical Chemists, Vol.67, pp. 829-833. 

24. Schone, F., Leiterer, M., Hartung, H., Jahreis, G. and Tischendort, F. (2001), 

“Rapeseed glucosinolates and iodine in sows affect the milk iodine concentration and 

the iodine status of piglets”, British Journal of Nutrition, Vol. 85, pp. 659 - 670. 

25. Schone, F., Rudolph, B., Kirchheim, U. and Gunter Knapp. (1997),“Counteracting 

the negative effects of rapeseed and rapeseed press cake in pig diets”, British Journal 

of Nutrition, Vol. 78, pp. 947-962. 

26. Singhal, K.K. and Senani, S. (1991). “Effect of soaking mustard cake in water on 

glucosinolates content and nitrogen solubility”, VI. Animal Nutrition Research 

Worker’s Conference. Bangalore. pp.276. 

27. Spiegel, C., Bestetti, G.E., Rossi, G.L. and Blum, J.W. (1993), “Normal circulating 

triiodothyronine concentrations are maintained despite severe hypothyroidism in 

http://www.aarf.asia/
mailto:editoraarf@gmail.com
mailto:editor@aarf.asia


International Research Journal of Natural and Applied Sciences            

Volume-1, Issue-5 (October 2014)                          ISSN: (2349-4077) 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

             International Research Journal of Natural and Applied Sciences (IRJNAS) 

             Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia Page 27 

growing pigs fed rapeseed press cake meal”, Journal of Nutrition, Vol.123, pp.1554-

1561. 

28. Taurog, A. (1985). Hormone synthesis: thyroid iodine metabolism. In: Werner’s the 

thyroid, 5
th

  Edn. Lippincott Company. pp. 53 - 97. 

29. TERI (Tata Energy and Research Institute), (2003). NATP on sustainable 

management of plant biodiversity: chemical characterization of rapeseed-mustard for 

glucosinolate content. Project Report No. 99BB64. National Bureau of Plant Genetic 

Resources, ICAR, New Delhi, India, pp.58.  

30. Tripathi, M.K., Mishra, A.S., Misra, A.K., Mondal, D. and Karim, S.A. (2001). “Effect 

of substitution of groundnut with high glucosinolate mustard (Brassica juncea) meal 

on nutrient utilization, growth, vital organ weight and blood composition of lambs”, 

Small Ruminant Research, Vol. 39, pp.261-267. 

31. Tripathi, M.K., Tyagi, A.K. and Karim, S.A. (1999). “Feeding value of mustard 

oilcake to lactating ewes”, Indian Journal of Animal Science, Vol. 69 No.11, pp. 988 - 

990. 

32. Tyagi, A.K., Tripathi, M.K. and Karim, S.A. (1997). “Effect of soaking on 

glucosinolate of mustard cake and its utilization in sheep feeding”, Indian Journal of  

Animal Science, Vol. 67, pp. 76-77. 

33. Van Etten, C.H. (1969). Toxic constituents of plant foodstuff. In: Liener, E. (Eds) 

Goitrogens. Academic Press, New York. pp.103 -142. 

34. Vincent, I.C., Williams, H.L. and Hill, R. (1988). “Rapeseed meal in the diet of 

pubertal heifers during early pregnancy”, Animal Production, Vol. 47, pp. 39-44. 

35. Walinder, G. (1972). Radiation effects in the thyroid gland of CBA mice, Thesis. 

Division of Radiobiology, Research Institute, Swedish National Defence (FOA), Dept. 

1, S-7204 Sundbyberg 4, Sweden. 

36. Walmsley, R.N. and White, G.H. (1994). A guide to diagnostic clinical chemistry. 3
rd

 

ed., Blackwell Scientific Publication. London. pp. 255.  

 

http://www.aarf.asia/
mailto:editoraarf@gmail.com
mailto:editor@aarf.asia

