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degradabilities of sunflower heads were 54.8 and 37.0%, and the RDP 

and UDP values ( g k g  DM) were 31.0 and 53.0, respectively. 

The digestibility coefficients estimated using six Nellore brown 

rams (29.10 0.37 kg) for DM, CP, EE, CF and NFE, respectively were 

57.59, 33.31, 70.79, 37.65 and 69.24%. The DCP and TDN contents of 

sunflower heads were 2.79 and 53.79%, respectively. The balances for N, 

Ca and P wer-r negative. 

Four isonitrogenous (14% C.P) complete rations with sunflower 

heads replacing groundnut haulms a t  0 (CR-I), 20 (CR-2), 40 (CR-3) and 

100 (CR-4) per cent levels were formulated and evaluated in a completely 

randomised experiment using 24 Nellore brown ram lambs (15.32 +_ 

0.18 kg) in a 90 d growth trial. The ADG (gld), DM1 (gld) and EFU were 

63.73, 656.04, 11.21 ; 76.92, 746.38, 11.40 ; 61.86, 628.78, 11.74 and 

67.36, 654.32, 10.61, respectively for CR-1 to CR-4. 

The nutrient digestibilities of the complete rations 1-4 using 16 

Ne!lore brown ram lambs (19.5 + 0.35 kg), were DM, 62.79, 62.73, 

63-03, 64.5 ; OM, 65.77, 66.21, 67.61, 68-90; CP, 58-78, 71.99, 62.21, 

63-59 ; CF, 43.55, 48.06, 38-92, 43.59; EE, 70.66, 75-21, 78.46, 80.04 and 

NFE, 77.12, 72.44, 76-36? 75-67, respectively- The digestibility coefficients 

cell-wall fractions were NDF, 47.46, 43.77, 48.26, 47-60. ADF 49 75 
7 - 7  

47.14, 38.37, 31-97; hemicellulose, 38.61, 31.21, 45.59, 44.41and 

52.24, 44.92, 44-92> 44-79? m s ~ e c t i v e l ~  for Complete rations 1 to 4. 

The OM digestibility of CR-4 was the highest and significantly 

(P < 0.05) higher than the lambs fed CR-1 or cR-2. The EE digestibility 

of CR-3 or CR-4 was higher (P c 0.05) than that of CR-1, or CK-2. The 

degradabilities of sunflower heads were 54.8 and 37.0%, and the RDP 

and UDP values ( g k g  DM) were 31.0 and 53.0, respectively. 

The digestibility coefficients estimated using six Nellore brown 

rams (29.10 0.37 kg) for DM, CP, EE, CF and NFE, respectively were 

57.59, 33.31, 70.79, 37.65 and 69.24%. The DCP and TDN contents of 

sunflower heads were 2.79 and 53.79%, respectively. The balances for N, 

Ca and P wer-r negative. 

Four isonitrogenous (14% C.P) complete rations with sunflower 

heads replacing groundnut haulms a t  0 (CR-I), 20 (CR-2), 40 (CR-3) and 

100 (CR-4) per cent levels were formulated and evaluated in a completely 
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63-59 ; CF, 43.55, 48.06, 38-92, 43.59; EE, 70.66, 75-21, 78.46, 80.04 and 
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cell-wall fractions were NDF, 47.46, 43.77, 48.26, 47-60. ADF 49 75 
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The digestibility coefficients estimated using six Nellore brown
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0.18 kg) in a 90 d growth trial. The ADG (g/d), DMI (g/d) and EFU were

63.73, 656.04, 11.21 ; 76.92, 746.38, 11.40 ; 61.86, 628.78, 11.74 and

67.36, 654.32, 10.61, respectively for CR—l to CR-4.

The nutrient digestibilities of the complete rations 1-4 using 16

Nellore browu ram lambs (19.5 i 0.35 kg), were DM, 62.79, 62.73

63.03, 64.5 ; OM, 65.77, 66.21, 67.61, 68.90; GP, 58.78, 71.99, 62.21:
63.59 ; CF, 43.55, 48.06, 38.92, 43.59; EE, 70.66, 75.21, 78.46, 80.04 and
NFE, 77.12, 72.44, 76.36, 75.67, respectively. The digestibility coefficients
of cell-wall fractions were NDF, 47.46, 43.77, 48.26, 47.60; ADF, 4975,
47.14, 38.37, 31.97; hemicellulose, 38.61, 31.21, 45.59, 44.41and cellulose
52.24, 44.92, 44.92, 44.79, respectively for COmplete rations 1 to 4-
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digestibility of ADFand cellulose of CR-1, was higher (P < 0.05) than CR- 

4 while i t  was lower than CR-4 for hemicellulose (P  < 0.05). 

The balances of N, Ca, P (gld) in ram lambs fed different complete 

rations were positive and did not differ. 

The DCP and TDN contents of the complete rations 1 to 4 were 

8.29, 60.64 ; 10.25, 61.53, 8.77, 63.19 and 8.90, 64.78% respectively and 

the difference among treatments were non-significant. 

The effective dry matter and protein degradabilities of the 

complete rations 1 to 4 were 56.2, 42.7 ; 65.2, 44.2 ; 71.2, 37.5 and 52.2, 

31.3%, respectively. RDP and UDP values of the complete rations 1 -4 

were 42.7, 57.3 ; 44.2, 55.8; 37.5, 62.5 and 31.3, 68.7, respectively. 

It is concluded from the present study that groundnut haulms in 

complete rations of Nellore brown lambs can entirely be replaced by 

sunflower heads for maintenance and moderate growth. 
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It is concluded from the present study that groundnut haulms in
complete rations of Nellore brown lambs can entirely be replaced by
sunflower heads for maintenance and moderate growth.
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CHAPTER - I 

INTRODUCTION 

The increasing threat of global feed and fodder shortage has led 

to the new awareness of the need for conservation and reuse of 

agricultural crop residues and agro-industrial by-products as livestock 

feeds avoiding competition with human foods and to reduce the 

production cost of milk, meat and other animal products. The annual 

requirement of feeds and fodder is estimated to be 32.66 million tonnes 

of concentrates, 474.07 million tonnes of dry fodder and 490.32 million 

tonnes of green fodder. However, ' only 28.46 million tonnes of 

concentrates, 360.50 million tonnes of dry fodder and 340.30 million 

tonnes of green fodder are available annually (Jain and Shivatar Singh, 

1990). The gap between the availability and requirements of 

concentrates, dry fodder and green fodder is very wide and there is a 

shortfall of 4.20 million tonnes of  concentrates, 113.57 million tonnes of 

dry fodder and 150.02 million tonnes of green fodder. In terms of 

digestible crude protein and total digestible nutrients, the shortfall is 34 

per cent and 37 per cent, respectively (Mudgal and Pradhan, 1988). 

Complete feeds have particular application in situations where crop 

residues, agro-industrial by-products and non-conventional feeds are 

abundant (Iteddy, 1988). Minimization of feed cost and mavimization of 

production could be achieved by blending concentrates, mainly locally 

available by-products and roughage portions to form complete diet. In ad 

libiturn feeding the animals oRen can eat the feeds as much as 

CHAPTER - I 

INTRODUCTION 

The increasing threat of global feed and fodder shortage has led 

to the new awareness of the need for conservation and reuse of 

agricultural crop residues and agro-industrial by-products as livestock 
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they like, without any selection. Further, this approach towards feeding 

of animals, ensures better consumption with desired roughage to 

concentrate ratio and avoid refusal of unpalatable portions of plant 

residues. 

Sunflower crop can be cultivated throughout the year. Over 2.7 

million hectares of land is under sunflower (Helianthus annuus) 

cultivation in India, of which Andhra Pradesh alone constitutes 

approximately 0.39 million hectares (Anonymous, 1994). For every 

hectare a tonne of sunflower heads (Capitulum after removal of seeds) 

is available every year (Anonymous, 1985). Sunflower heads can be used 

as a source of roughage for sheep. At present sunflower heads are 

thrown out as waste material. Sunflower heads can be used as  

unconventional feed ingredient in the complete rations of sheep. Hence, 

in the present investigation a n  attempt was made with the following 

objectives. 

1. To evaluate the nutritive value of sunflower heads in Nellore 

brown sheep. 

2. To study the effect of incorporating sunflower heads a t  different 

levels in complete rations on 

a. Growth and feed efficiency in  Nellore brown lambs. 

b. Nutrient digestibility and nitrogen, calcium and phosphorus 

balance in Nellore brown ram lambs. 

3. TO study the degradabilities of dry matter and protein of complete 

containing varying levels of sunflower heads using Nylon 

bag technique in rumen cannulated steers. 
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CHAPTER - I1 

REVIEW OF LITERATURE 

Crop residues form a potential energy sources for livestock. The 

crop of sunflower is cultivated throughcut the world. It is grown in 

Africa, Canada, USA, Argentina, former USSR, Turkey, Chile, China, 

Europe as a whole, Latin Amerim, India and many other countries. The 

total world production of sunflower in 1993 was 20,489 thousand metric 

tonnes from 18,152 thousand hectares of land. The average yield of 

sunflower a t  world level is also much higher (1129 kglha) as compared 

to yield in India (625 kg/ha) which is around 57.7 per cent (Vishwa Nath 

and Chhotey Lal, 1995). 

The sunflower owes its economic value to its utility as  an  oilseed 

or fodder crop. As a fodder or forage crop, sunflower is fed green or 

converted into silage which is popular in USA, Canada and in some 

other countries. The sunflower crop was introduced into India in 1965. 

The sunflower crop has low water requirements, it can adopt to different 

seasons and can withstand moderate droughts. The sunflower heads are 

harvested by hand, sun-dried and mature seeds are rubbed out of the 

flower centres. The seed kernals are eaten raw. 

2.1 Chemical composition 

2.1.1 Sunflower heads 

Edrees et. al. (1976) reported the chemical composition of sunflower 

heads as protein, 12.50 ; lipids, 1.90 ; ash, 11.80; lignin, 12.0; 

~~nsaponified lipid, 1.40 ; steroids, 1.05 ; glycosides, 0.76 and pectic 

subst8ace, 11.85 per cent and after hydrolysis galacturonic acid, 8.00 ; 
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CHAPTER — II

REVIEW OF LITERATURE

Crop residues form a potential energy sources for livestock. The

crop of sunflower is cultivated throughput the world. It is grown in

Africa, Canada, USA, Argentina, former USSR, Turkey, Chile, China,

Europe as a whole, Latin America, India and many other countries. The

total world production of sunflower in 1993 was 20,489 thousand metric

tonnes from 18,152 thousand hectares of land. The average 'yield of

sunflower at world level is also much higher (1129 kg/ha) as compared

to yield in India (625 kg/ha) which is around 57.7 per cent (Vishwa Nath

and Chhotey Lal, 1995).

The sunflower owes its economic value to its utility as an oilseed

or fodder crop. As a fodder or forage crop, sunflower is fed green or

converted into silage which is popular in USA, Canada and in some
other countries. The sunflower crop was introduced into India in 1965.

The sunflower crop has low water requirements, it can adopt to different

seasons and can withstand moderate droughts. The sunflower heads are
harvested by hand, sun-dried and mature seeds are rubbed out of the

flower Centres. The seed- kernals are eaten raw.

2.1 Chemical composition

2.1.1 SunfloWer heads

Edrees et.al. (1976) reported the chemical composition of sunflower
heads as protein, 12.50 ; lipids, 1.90 ; ash, 11.80; lignin, 12_0;
unsaponified lipid, 1.40 ; steroids, 1.05 ; glycosides, 0.76 and pectic '

substance, “'85 per cent and after hydI‘OlySiS galacturonic acid, 8.00 ;
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galactose, 3.40 ; glucose, 1.70 ; arabinose, 0.13 ; xylose, 0.70 and 

rhamnose 21.00 per cent. 

Saltykova (1977) reported the chemical composition of sunflower 

heads as CP, 7.11 ; TA, 11.04 and phosphorus, 0.40% on dry matter 

basis. 

The chemical composition of different varieties of sunflower as  

reported by Seiler (1984) indicated that the crude protein content 

generally decreased with increasing plant maturity. Leaf and seed 

calcium and potassium contents were above the nutritionally adequate 

levels of 2 to 5, 2 and 8 g / kg,respectively. Stem and leaf phosphorus 

content was sub-optimal for high producing ruminants in all species 

except Helianthus arizosol~er~sis. 

Reddy et. al. (1986) found that the chemical composition of 

sunflower heads was CP, 7.21 ; EE, 2.86 ; CF, 15.83 ; NFE, 62.63 ; TA, 

11.47, Ca, 1.39 and P, 0.18 per cent on DMB. 

Gowd et.al. (1987) reported 7.22 CP, 2.90 EE, 16.63 CF, 62.65 

NFE, 10.60, TA, 1.40 Ca and 0.32% P on dry matter basis in  sunflower 

heads. 

Reddy et. al. (1989) stated that the chemical composition of 

sunflower heads was DM, 88.00 ; OM, 89-40 ; CP, 7.22 ; CF, 16.63 ; EE, 

2.90 ; NFE, 62.65 ; TAl 10.60 ; Ca, 0.69 and P, 0.10% on DMB. 

Proximate composition of sunflower heads reported in the 

literature was '9.43, 3.27, 1'i'.13, 60.79, 11.38, 0.75 a>nd 0.31 per cent $or 

galactose, 3.40 ; glucose, 1.70 ; arabinose, 0.13 ; xylose, 0.70 and 
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except Helianthus arizosol~er~sis. 

Reddy et. al. (1986) found that the chemical composition of 

sunflower heads was CP, 7.21 ; EE, 2.86 ; CF, 15.83 ; NFE, 62.63 ; TA, 

11.47, Ca, 1.39 and P, 0.18 per cent on DMB. 

Gowd et.al. (1987) reported 7.22 CP, 2.90 EE, 16.63 CF, 62.65 

NFE, 10.60, TA, 1.40 Ca and 0.32% P on dry matter basis in  sunflower 

heads. 

Reddy et. al. (1989) stated that the chemical composition of 

sunflower heads was DM, 88.00 ; OM, 89-40 ; CP, 7.22 ; CF, 16.63 ; EE, 

2.90 ; NFE, 62.65 ; TAl 10.60 ; Ca, 0.69 and P, 0.10% on DMB. 

Proximate composition of sunflower heads reported in the 

literature was '9.43, 3.27, 1'i'.13, 60.79, 11.38, 0.75 a>nd 0.31 per cent $or 

galactose, 3.40 ; glucose, 1.70 ; arabinose, 0.13 ; xylose, 0.70 and

rhamnose 21.00 per cent.

Saltykova (1977) reported the chemical composition of sunflower

heads as CP, 7.11 ; TA, 11.04 and phosphorus, 0.40% on dry matter

basis.

The chemical composition of different varieties of sunflower as

reported by Seiler (1984) indicated that the crude protein content

generally decreased with increasing plant maturity. Leaf and seed

calcium and potassium contents were above the. nutritionally adequate
levels of 2 to 5, 2 and 8 g I kg,respective1y. Stem and leaf phosphorus
content was sub-optimal for high producing ruminants in all species
except Helianthus arizonensis.

Reddy et. al. (1986) found that the chemical composition of

sunflower heads was CP, 7.21 ', EE, 2.86 ; CF, 15.83 ; NFE, 62.63 ; TA,

11.47, Ca, 1.39 and P, 0.18 per cent on DMB.

Gowd et.al. (1987) reported 7.22 CP, 2.90 EE, 16.63 CF, 62.65

NFE,» 10.60, TA, 1.40 Ca and 0.12% P on dry matter basis in sunflower
heads. '

Reddy et. al. (1989) stated that the chemical composition of
sunflower heads was DM, 88.00 ; OM, 89.40 ; CP, 7.22 ; CF, 16.63 ; EE,
2.90 ; NFE, 62.65 ; TA, 10.60 ; Ga, 0.69 and P, 0.10% on DMB.

Proximate‘ composrtion of sunflower heads reported in the
literature was 7.43, 3.27, 17.13, 60.79, 11.38, 0.75 and 0.31 per cent for



CP, EE, CF, NFE, TA, Ca and P, respectively (Madan Mohan e t ,  

al., 1997). 

Reddy and Reddy (1998) reported the ~roximate  composition of 

sunflower heads as CP, 7.05 ; EE, 3.51 ; CF, 18.09 ; NFE, 60.67 and TA, 

10.68 per cent on dry matter basis. 

2.1.2 Silage 

Grandhi and Rongoni (1989) reported the chemical composition of 

sunflower silage of florous 305 and gloriasol varieties were 11.6, 6.25, 

27.7 and 38.4 per cent of CP, EE, CF and ADF, respectively. 

2.1.3 Straw 

Reddy et. al. (1987) reported the proximate composition of 

sunflower straw as DM, 96.70 ; OM, 87.98 ; CP, 2.80 ; CF 31.01 ; EE, 

2.00 ; NFE, 52.16 ; TA, 12.03 ; Ca, 0.43 and P, 0.09% on dry matter 

basis. 

Reddy et. al. (1989) obtained the chemical composition of sunflower 

straw as 90.50, 87.97, 2.80, 31.01, 2.00, 62.65, 10.60, 0.69 and 0.10% of 

DM, OM, CP, CF, EE, NFE, TA, Ca and P, respectively on DMB. 

Ramesh Reddy (1992) reported the chemical composition of 

sunflower straw as 84.77, 5-60, 32-00, 1-91, 45.26, 15.23, 0.53 and 0.12% 

of DM, CP, CF, EE, NFE, TA, Ca and P, respectively on DM basis. 

2.1.4 Stalk 

Gomez - O h e r a  (1977) showed the chemical composition of 

sun~flower stalks as DM, 95.4 ; CP, 2.0 ; EE 2.0 ; ash, 4.5 ; CF, 57.9 and 

PJFE, 33.6 per cent. 
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sunflower heads as CP, 7.05 ; EE, 3.51 ; CF, 18-09 ; NFE, 60-67 and TA,
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2.1.2 Silage

Grandhi and Rongoni (1989) reported the chemical composition of

sunflower silage of florous 305 and gloriasol varieties were 11.6, 6.25,
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straw as 90.50, 87.97, 2.80, 31.01, 2.00, 62.65, 10.60, 0.69 and 0.10% of
DM, OM, CP, CF, EE, NFE, TA, Ca and P, respectively on DMB.

Ramesh Reddy (1992) reported the chemical composition of
sunflower straw as 84.77, 5.60, 32.00, 1.91, 45.26, 15.23, 0.53 and 0.12%
of DM, CP, CF, EE, NFE, TA, Ca and P, reSpectively on DM basis.
2.1.4 Stalk

'Gomez Cabrera (1977) showed the chemical composition of

sunflower stalks as DM, 95.4; CF, 2.0 ; EE 2.0 ; ash, 4.5 ; CF, 57.9 and
NFE, 33.6 per cent.



2.2 Cell - Wall Constituents 

Madan Mohan et. al. (1997) reported the forage fibre analysis of 

sunflower heads as NDF, 32.10 ; ADF, 26.78 ; hemicellulose, 5.32 ; 

cellulose 16.48 and lignin 8.36%. 

Fibre analysis carried out by other scientists showed 32.10, 26.78, 

5.32, '16.48 and 8.36 per cent for NDF, ADF, hemicellulose, cellulose and 

lignin in sunflower heads, respectively @ao et. al., 1997). 

Forage fibre analysis of sunflower heads reported by Reddy and 

Reddy (1998) revealed 40.57, 28.60, 11.96, 20.47, 5-79 and 2.34 per cent 

NDF, ADF, hemicellulose, cellulose, lignin and silica, respectively. 

2.3 Chemical Composition of Groundnut  haulms 

Groundnut haulms are the by-products containing the aerial parts 

of the groundnut (Arachis hypogeae) plant which include leaves, stems 

and other parts. 

Musangi and Soneji (1968) reported the chemical Composition of 

groundnut haulms as OM, 93.0 ; CP7 7-0 and CF, 21.0% on DM basis. 

Amrith Kumar and S a m ~ a t h  (1974) reported the chemical 

of groundnut haulms as 11-06, 1-41, 35.09, 42.45, 9.99, 0.85 

and 0.12 per cent of CP, EE, CF, NFE, TA, Ca and P on DMB, 

respectively. 

~h~ yl.oximate composition of groundnut haulms was 9.90, 2.40. 

21.10, 57.30, 9.30, 1.48 and 0.08 per cent for CP, EE, CF, NFE, ash, 

calcium and phosp ~ O ~ U S ,  respectively (Gohl, 1975). 
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21.10, 57.30, 9.30, 1.48 and 0.08 per cent for CP, EE, CF, NFE,
calcium and phosphorus, respectively (Gohl, 1975). aSh



The proximate composition of groundnut straw as reported by 

Kearl (1982) was CP, 7.4 ; CF, 53.5 ; NFE, 29.5 ; EE, 1.0 and TA, 8.7% 

on DMB. 

The proximate composition of groundnut haulms as reported by 

Fomunyam (1985) was 14.6 CP, 20.0 CF, 54.1 NFE, 2.0 EE and 9.3% 

ash on dry matter basis. 

Shukla et. al. (1985) observed that the chemical composition of 

groundnut haulms was 12.8 CP, 3.0 EE, 30.0 CF, 40-70 NFE, 11.93 ash, 

2.40 Ca and 0.42% P on DM basis. 

Durga prasad et. al. (1986) evaluated the chemical composition of 

groundnut haulms and reported CP, 10.4 ; EE, 1.2 ; CF, 25.4 ; NFE, 

50.4 and ash, 12.7% on dry matter basis. 

Rama Prasad et. al. (1988) reported 82.8, 9.4, 22.5, 1.6, 49.3 and 

17.2 % for OM, CP, CF, EE, NFE and TA, respectively on DM basis in 

groundnut haulms. 

Proximate composition of g-roundnut hmlms was reported as 11.45, 

23.08, 3.63, 15.91 and 45.93 per cent for CP, CF, EE, TA and NFE, 

respectively (Narayanaswam~ et. al-3 lggO)- 

Dried poundnut haulms was found to contain DM, 87.0 ; CP, 

11.9 ; EE, 2.2 ; CF, 27-48 ; NFE7 46-3 ; TA, 12.12, Ca 2.32 and P 0.25% 

on DMB (Mandal et. al., 1993). 

The proximate composition of groundnut straw as reported by 

Kearl (1982) was CP, 7.4 ; CF, 53.5 ; NFE, 29.5 ; EE, 1.0 and TA, 8.7% 

on DMB. 

The proximate composition of groundnut haulms as reported by 

Fomunyam (1985) was 14.6 CP, 20.0 CF, 54.1 NFE, 2.0 EE and 9.3% 

ash on dry matter basis. 

Shukla et. al. (1985) observed that the chemical composition of 

groundnut haulms was 12.8 CP, 3.0 EE, 30.0 CF, 40-70 NFE, 11.93 ash, 

2.40 Ca and 0.42% P on DM basis. 

Durga prasad et. al. (1986) evaluated the chemical composition of 

groundnut haulms and reported CP, 10.4 ; EE, 1.2 ; CF, 25.4 ; NFE, 

50.4 and ash, 12.7% on dry matter basis. 

Rama Prasad et. al. (1988) reported 82.8, 9.4, 22.5, 1.6, 49.3 and 

17.2 % for OM, CP, CF, EE, NFE and TA, respectively on DM basis in 

groundnut haulms. 

Proximate composition of g-roundnut hmlms was reported as 11.45, 

23.08, 3.63, 15.91 and 45.93 per cent for CP, CF, EE, TA and NFE, 

respectively (Narayanaswam~ et. al-3 lggO)- 

Dried poundnut haulms was found to contain DM, 87.0 ; CP, 

11.9 ; EE, 2.2 ; CF, 27-48 ; NFE7 46-3 ; TA, 12.12, Ca 2.32 and P 0.25% 

on DMB (Mandal et. al., 1993). 

The proximate composition of groundnut straw as reported by

Kearl (1982) was CP, 7.4 ; CF, 53.5 ; NFE, 29.5 ; EE, 1.0 and TA, 8.7%

on DMB.

The proximate composition of groundnut haulms as reported by

Fomunyam (1985) was. 14.6 CF, 20.0 CF, 54.1 NFE, 2.0 EE and 9.3%
ash on dry matter basis.

Shukla et. al. (1985) observed that the chemical composition of

groundnut haulms was 12.8 CF, 3.0 EE, 30.0 CF, 40.70 NFE, 11.93 ash,

2.40 Ga and 0.42% P on DM basis.

Durga prasad et. al. (1986) evaluated the chemical composition of

groundnut haulms and reported CF, 10.4 ; EE, 1.2 ; CF, 25.4 ; NFE

50.4 and ash, 12.7% on dry matter basis.

Rama Prasad et. al. (1988) reported 82.8, 9.4, 22.5, 1.6, 49.3 and

17.2 % for OM, CP, CF, EE, NFE and TA, respectively on DM basis in
groundnut haulms.

' Proximate composition of groundnut haulms was reported as 11.45
23.08, 3.63, 15.91 and 45.93 per cent for CP, CF, EE, TA and NFE
respectiVely (Narayanaswam-y et- al., 1990).

Dried groundnut haulms was found to contain DM 87 0 ‘ CF
11.9 ; EE, 2.2 ;' CF, 27.48 ; NFE, 46.3 ; TA, 12.12, ca 2 32 and 1.625.;

_. . 0 i - 0
on DM] (Mandal et. al., 1993).



Chemical composition of groundnut haulms was reported as 88.04, 

88.95, 11.21, 1.53, 23.02, 53.19, 11.05, 1.38 and 0.42% for DM, OM, CP, 

EE, CF, NFE, TA, Ca and P, respectively (Ramachandra Reddy, 1995). 

Dhanunjayudu (1996) observed the chemical composition of 

groundnut haulms as DM, 89-65 ; OM, 92.28 ; CP, 9.30 ; EE, 1.50; CF, 

35-09 ; NFE, 46.39; TA, 7.72; Ca, 2.21 and P, 0.42% on &y matter basis. 

Madhavi Latha (1996) reported the chemical composition of 

groundnut haulms as 8.62, 0.63, 32.16, 46.54, 12.05, 1.04 and 0.18% of 

CP, EE, CF, NFE, TA, Ca and P, respectively on DMB. 

Rao et. al. (1997) observed the chemical composition of !groundnut 

haulms as OM, 84.89 ; 0, 9.72; Ca, 1.42 and p, 0.24% on  dry matter 

basis, 

2.3.1 Cell-wall constituents of g roundnut  haulms 

Forage fibre analysis of wxmdnut haulms revealed 44.3, 39.3, 

10.50, 31.10 and 5.0% for NDF, ADF, lignin, cellulose and hernicellul~se, 

respectively (Wanapat and Devendra, 1985). . 

Fibre analysis carried out by Rams prasad et. ((1988) showed 

NDF 48.6, ADF 43.0, hemicellulose 5.6, cellulose 25.8, lignin 9.6 and 

silica 7.5% in groundnut haulms. 

The reported cell-wall fractions of groundnut haulms were 43.19, 

37.34, 5.85, 34.37 and 5.82% fop NDF, B F ,  hengiceliullose, cellulose and 

lignb, respectivf?]~ ((Ramachandm Reddy, 1995). 

Chemical composition of groundnut haulms was reported as 88.04, 

88.95, 11.21, 1.53, 23.02, 53.19, 11.05, 1.38 and 0.42% for DM, OM, CP, 

EE, CF, NFE, TA, Ca and P, respectively (Ramachandra Reddy, 1995). 

Dhanunjayudu (1996) observed the chemical composition of 

groundnut haulms as DM, 89-65 ; OM, 92.28 ; CP, 9.30 ; EE, 1.50; CF, 

35-09 ; NFE, 46.39; TA, 7.72; Ca, 2.21 and P, 0.42% on &y matter basis. 

Madhavi Latha (1996) reported the chemical composition of 

groundnut haulms as 8.62, 0.63, 32.16, 46.54, 12.05, 1.04 and 0.18% of 

CP, EE, CF, NFE, TA, Ca and P, respectively on DMB. 

Rao et. al. (1997) observed the chemical composition of !groundnut 

haulms as OM, 84.89 ; 0, 9.72; Ca, 1.42 and p, 0.24% on  dry matter 

basis, 

2.3.1 Cell-wall constituents of g roundnut  haulms 

Forage fibre analysis of wxmdnut haulms revealed 44.3, 39.3, 

10.50, 31.10 and 5.0% for NDF, ADF, lignin, cellulose and hernicellul~se, 

respectively (Wanapat and Devendra, 1985). . 

Fibre analysis carried out by Rams prasad et. ((1988) showed 

NDF 48.6, ADF 43.0, hemicellulose 5.6, cellulose 25.8, lignin 9.6 and 

silica 7.5% in groundnut haulms. 

The reported cell-wall fractions of groundnut haulms were 43.19, 

37.34, 5.85, 34.37 and 5.82% fop NDF, B F ,  hengiceliullose, cellulose and 

lignb, respectivf?]~ ((Ramachandm Reddy, 1995). 

Chemical composition of groundnut haulms was reported as 88.04,

88.95, 11.21, 1.53, 23.02, 53.19, 11.05, 1.38 and 0.42% for DM, OM, CP,

EE, CF, NFE, TA, Ca and P, respectively (Ramachandra Reddy, 1995).

Dhanunjayudu (1996) observed the chemical composition of

groundnut haulms as DM, 89.65 ; OM, 92.28 ; CP, 9.30 ; EE, 1.50; CF,

35-09 ; NFE, 46.39; TA, 7.72; Ca, 2.21 and P, 0.42% on dry matter basis.

Madhavi Latha (1996) reported the chemical compOSition 0f

groundnut haulms as 8.62, 0.63, 32.16, 46.54, 12.05, 1-04 and 018% Of
CP, EE, CF, NFE, TA, Ca and P, respectively on DMB.

Rao et. al. (1997) obserVed the chemical composition of groundnut
haulms as OM, 84.89 ; CP, 9.72; Ca, 1.42 and F, 024% on dry matter

basis.

2.3.1 Cell—wall constituents of groundnut haulms
Forage fibre analysis of groundnut haulms revealed 44.3, 39-3,

10-50, 31-10 and 50% for NDF, ADF’ lignin, cellulose and hemicellulose,
respectively (Wanapa-t and Devendra, 1985).

Fibre analysis carried out by Rama Prasad et. al. (1988) showed
NDF 48.6, ADF 43.0, hemicellulose 5.6, cellulose 25.8, ligmn 9.6 and
silica 7.5% in groundnut haulms_

The reported cell-wall fractions of groundnut haulms were 43.19,

37-34, 5:85, 34-37 and 5.82% for NDF, A—DF, hemicellluilos‘e, celluJIO'se and

lignin, respectively (Ramachandra Reddy, 1995)-



The cell-wall constituents of groundnut haulms as reported by 

Dhanunjayudu (1996) were NDF, 46.31; ADF, 38.24; hemicellulose, 20.14; 

cellulose, 28.74 ; ADL, 8.37 and silica, 1.13 per cent. 

Forage fibre analysis of groundnut haulm showed 57.39, 44.10, 

13.38, 28.20 and 15.81 56 of NDF, ADF, hemicellulose, cellulose and 

lignin, respectively on DMB Wadhavi Latha, 1996). 

Rao et. al. (1997) reported the forage fibre analysis of groundnut 

haulms as NDF, 47.26 ; ADF, 26.19 ; hemicellulose, 21.06 ; cellulose, 

19.79 and lignin, 44.41 % on dry matter basis. 

2.4 Digestibility and Nutritive value of sunflower h e a d s  

In a complete diet with 48.5 : 51.5 roughage (sunflower heads) to 

concentrate ratio the nutrient digestibilities observed were 68-96! 71-83, 

67.72, 48.77, 74.18 and 77.32% for DM, CM, CP, CF, EE and NFE, 
respectively Reddy et. al. (1986). Further the DM, OM and NFE 

digestibilities in the diet containing sunflower head meal were 

higher (P < 0.01) than the control which contained mixed 

grass as the roughage source. The animals (sheep) were on positive 

I 
balance for N, Ca and P. The DCP and TDN contents of the sunflower 

I head meal containing ration were 9-12 and 66.64% respectively. 

Sunflower heads were used as sole source of roughage (50%) in 

complete feeds (Mash and Pellets) for and were compared wit. 
conventional type of feeding where g of concentrate mixture / day 
and paddy straw ad libitum were fed. The results indicated higher 

digestib&ties of at1 the nutrients, balances of nitrogen, and 
phosphorus and DCP and TDN values with complete rations than the 

control ration (Gowd et. al., 1987). 

The cell-wall constituents of groundnut haulms as reported by 

Dhanunjayudu (1996) were NDF, 46.31; ADF, 38.24; hemicellulose, 20.14; 

cellulose, 28.74 ; ADL, 8.37 and silica, 1.13 per cent. 

Forage fibre analysis of groundnut haulm showed 57.39, 44.10, 

13.38, 28.20 and 15.81 56 of NDF, ADF, hemicellulose, cellulose and 

lignin, respectively on DMB Wadhavi Latha, 1996). 

Rao et. al. (1997) reported the forage fibre analysis of groundnut 

haulms as NDF, 47.26 ; ADF, 26.19 ; hemicellulose, 21.06 ; cellulose, 

19.79 and lignin, 44.41 % on dry matter basis. 

2.4 Digestibility and Nutritive value of sunflower h e a d s  

In a complete diet with 48.5 : 51.5 roughage (sunflower heads) to 

concentrate ratio the nutrient digestibilities observed were 68-96! 71-83, 

67.72, 48.77, 74.18 and 77.32% for DM, CM, CP, CF, EE and NFE, 
respectively Reddy et. al. (1986). Further the DM, OM and NFE 

digestibilities in the diet containing sunflower head meal were 

higher (P < 0.01) than the control which contained mixed 

grass as the roughage source. The animals (sheep) were on positive 

I 
balance for N, Ca and P. The DCP and TDN contents of the sunflower 

I head meal containing ration were 9-12 and 66.64% respectively. 

Sunflower heads were used as sole source of roughage (50%) in 

complete feeds (Mash and Pellets) for and were compared wit. 
conventional type of feeding where g of concentrate mixture / day 
and paddy straw ad libitum were fed. The results indicated higher 

digestib&ties of at1 the nutrients, balances of nitrogen, and 
phosphorus and DCP and TDN values with complete rations than the 

control ration (Gowd et. al., 1987). 

The cell-wall constituents of groundnut haulms as reported by

Dhanunjayudu (1996) were NDF, 46.31; ADF, 38.24; hemicellulose, 20.14;

cellulose, 28.74 ; ADL, 8.37 and silica, 1.13 per cent.

Forage fibre analysis of groundnut haulm showed 57.39, 44.10,

13 38 28.20 and 15.81 % of NDF, ADF, hemicellulose, cellulose and
lignin, respectively on DMB (Madhavi Latha, 1996).

Rao et. al. (1997) reported the forage fibre analYSiS 0f groundnut

haulms as NDF, 47.26 ; ADF, 26.19 ; hemicellulose, 21.06 ; cellulose,

19.79 and lignin, 44.41 % on dry matter basis.

2.4 Digestibility and Nutritive value of sunflower heads
In a complete diet with 48.5 : 51.5 roughage (sunflower heads) t0

concentrate ratio the nutrient digestibilities observed were 68.96, 71.83,

67.72, 48.77, 74.18 and 77.32% for DM, CM, CP, CF, EE and NFE,
respectively Reddy et. al. (1986). Further the DM. OM and NFE
digestibilities in the diet containing sunflower head meal were
significantly higher (P < 0.01) than the control which contained mixed

grass as the roughage source. The animals (Sheep) Were on positive
balance for N, Ca and P. The DCP and TDN contents 0f the sunflower
head meal containing ration Were 9-12 and 66~64%, reSpectively.

Sunflower heads‘ were used as sole source of roughage (50%) in
complete feeds (Mash and Pellets) for sheep and were compared with
conventional type of feeding where 200 g 01" COncentrate mixture I day
and paddy straw ad‘ libitum were fed. The results indicated highe1
digestibilities of all the nutrients, balances of nitrogen, calcium and
phosphorus and DCP and TDN values with complete rations than the
control ration (Gowd et.al., 1987).



Sunflower straws were included a t  60% level in complete diet for 

sheep and goat, the digestibility coefficients were 45.40, 49.03 ; 48.47, 

51.18 ; 52.78, 52.95 ; 67.90, 71.64, 37.72, 42.10 and 51.20, 52.55% of 

DM, OM, CP, EE, CF and NFE, respectively. However, DM and CF 

digestibilities were significantly (P < 0.01) higher in goats compared to 

sheep. Both sheep and goat were on positive balances of N. Ca and P 

(Ramesh Reddy, 1992). 

The average digestibility coefficients of complete diet for sheep, 

containing 50% sunflower heads were 59.46, 63.21, 61-10, 49.61, 55.58 

and 64.36% for DM, OM, CP, CF, EE and NFE, respectively. All the 

sheep were on positive balance for N, Ca and P (Reddy et.  al., 1989). 

Madan Mohan et. al. (1997) reported the digestibilities of sunflower 

heads, in cross bred bulls as DM, 64.98 ; OM, 69.20 ; CP, 44-79 ; EE, 

59.46 ; NFE, 76.57 ; NDF, 56.00 ; ADF, 64.84 ; hemicellulose, 49.63 ; 

cellulose, 52.97 and lignin, 28.36%. The DCP and TDN values were 3-30 

and 63.67%, respectively. The bulls were on positive balance for nitrogen, 

calcium and phosphorus. 

When sunflower heads were included at 20% level in  a complete 

diet for crossbred bulls with 40 60 roughage to Concentrate ratio the 

digestibilities were 64.84, 67.12, 68.639 59.63, 50.55, 53.68, 57.86, and 

18.46% for DM, OM, CP, mF, ADF, cellulose, hemicellulose and lignin, 

respectively. All the experimental animals were on positive balance for 

N, Ca and P (Rao et. a!., 1997)- 

Flores et. al. (1978) fed chopped sunflower stalks to appetite to 

sheep without or with a supplement of 100 g soyabean oil meal with 

Sunflower straws were included a t  60% level in complete diet for 

sheep and goat, the digestibility coefficients were 45.40, 49.03 ; 48.47, 

51.18 ; 52.78, 52.95 ; 67.90, 71.64, 37.72, 42.10 and 51.20, 52.55% of 

DM, OM, CP, EE, CF and NFE, respectively. However, DM and CF 

digestibilities were significantly (P < 0.01) higher in goats compared to 

sheep. Both sheep and goat were on positive balances of N. Ca and P 

(Ramesh Reddy, 1992). 

The average digestibility coefficients of complete diet for sheep, 

containing 50% sunflower heads were 59.46, 63.21, 61-10, 49.61, 55.58 

and 64.36% for DM, OM, CP, CF, EE and NFE, respectively. All the 

sheep were on positive balance for N, Ca and P (Reddy et.  al., 1989). 

Madan Mohan et. al. (1997) reported the digestibilities of sunflower 

heads, in cross bred bulls as DM, 64.98 ; OM, 69.20 ; CP, 44-79 ; EE, 

59.46 ; NFE, 76.57 ; NDF, 56.00 ; ADF, 64.84 ; hemicellulose, 49.63 ; 

cellulose, 52.97 and lignin, 28.36%. The DCP and TDN values were 3-30 

and 63.67%, respectively. The bulls were on positive balance for nitrogen, 

calcium and phosphorus. 

When sunflower heads were included at 20% level in  a complete 

diet for crossbred bulls with 40 60 roughage to Concentrate ratio the 

digestibilities were 64.84, 67.12, 68.639 59.63, 50.55, 53.68, 57.86, and 

18.46% for DM, OM, CP, mF, ADF, cellulose, hemicellulose and lignin, 

respectively. All the experimental animals were on positive balance for 

N, Ca and P (Rao et. a!., 1997)- 

Flores et. al. (1978) fed chopped sunflower stalks to appetite to 

sheep without or with a supplement of 100 g soyabean oil meal with 
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Sunflower straws were included at 60% level in complete diet for

sheep and goat, the digestibility coefficients were 45.40, 49.03 ; 48.47,

51.18 ; 52.78, 52.95 ; 67.90, 71.64, 37.72, 42.10- and 51.20, 52.55% of

DM, OM, 01’, EE, CF and NFE, respectively. However, DM and CF

digestibilities were significantly (P < 0.01) higher in goats compared to

sheep. Both sheep and goat were on positive balances of N, Ca and P

(Ramesh Reddy, 1992).

The average digestibility coefficients of complete diet for sheep,

containing 50% sunflower heads were 59.46, 63.21, 61.10, 49.61, 55.58

and 64.36% for DM, OM, CP, CF, EE and NFE, respectively. All the

sheep were on positive balance for N, Ca and P (Reddy et. al., 1989).

Madan Mohan et. al. (1997) reported the digestibilities 0f sunflower

heads, in cross bred bulls as DM, 64.98 ; OM, 69.20 ; CP, 44.79 ; EE,

59.46 ; NFE, 76.57 ; NDF, 56.00 ; ADF, 64.84 ; hemicellulose, 49.63 ;

cellulose, 52.97 and lignin, 28.36%. The DCP and TDN values were 3.30

and 63.67%, respectively. The bulls were on positive balance for nitrogen,

calcium and phosphorus.

When sunflower heads were included at 20% level in a complete
diet for crossbred bulls with 40 I 60 roughage to concentrate ratio the
digestibilities were 64.84, 67-12, 68-63, 59-63, 50.55, 53.68, 57.86, and
18.46% for DM, OM, CP, NDF, ADF, cellulose, hemicellulose and lignin,
respectively. All the experimental animals were on positive balance for
N, Ca and P (Rao et. al., 1997).

Flores et. at. (1978) fed chopped sunflower stalks Ito appetite to
sheep without 01‘ With a supplement of 100 g soyabean oil meal with



Vitamins and minerals or a'fter treatment with NaOH solution and the 

addition of supplements and observed daily DM intake of 23.0, 21.6 and 

34.9 g I wk7'. Apparent digestibilities of 50, 52 and 51 per cent for OM 

and 43, 64 and 49 per cent for CP, respectively, were observed. 

Reddy et. al. (1991) studied the effect of physical processing on the 

nutritive value and nutrient utilization of sunflower straw in sheep and 

goat. They recorded higher dry matter intake and digestibilities of DM, 

OM, CF and EE as well as digestible crude protein (P < 0.05) and TDN 

(P c 0.05) values in goats compared to sheep. They also indicated that 

pelleting had no beneficial effect over the ground straw. 

Rai and Shukla (1977) fed unchaffed winter sunflower fodder a t  

sole ration for Kankrej bullocks and recorded dry matter intake of 2.1 kg 

/ 100 kg body weight, digestibility coefficients of 70.53, 82.80, 51.50 and 

74.16 for crude protein, ether extract, crude fibre and nitrogen &ee 

extract, respectively. The DCP and TDN contents were 7-15 and 64.37%) 

respectively. The animals were on positive balance for N, Ca and P. 

Drackley et. al. (1985) reported the results of in. vitro digestibility 

of DM and cell-wall of sunflower crop residue as 40.6 and 31.4 per cent, 

respectively. Sunflower crop residues (SR) a m&ture of stalks and heads 

contained dry matter of 65.4, protein 6.1, m ~ ,  66.9, ADF 56.6, lignin 

15.7 and ash 12.6 per cent- Daily weight gain and propionate in rumen 

fluid, decreased with the increase in the i,nclusion of sunflower crop 

residues in the diet. They Suggested that the acceptable level of this crop 

residue was upto 32% of total ration for growing Holstein - Friesian 

heifers. 

Vitamins and minerals or a'fter treatment with NaOH solution and the 

addition of supplements and observed daily DM intake of 23.0, 21.6 and 

34.9 g I wk7'. Apparent digestibilities of 50, 52 and 51 per cent for OM 

and 43, 64 and 49 per cent for CP, respectively, were observed. 

Reddy et. al. (1991) studied the effect of physical processing on the 

nutritive value and nutrient utilization of sunflower straw in sheep and 

goat. They recorded higher dry matter intake and digestibilities of DM, 

OM, CF and EE as well as digestible crude protein (P < 0.05) and TDN 

(P c 0.05) values in goats compared to sheep. They also indicated that 

pelleting had no beneficial effect over the ground straw. 

Rai and Shukla (1977) fed unchaffed winter sunflower fodder a t  

sole ration for Kankrej bullocks and recorded dry matter intake of 2.1 kg 

/ 100 kg body weight, digestibility coefficients of 70.53, 82.80, 51.50 and 

74.16 for crude protein, ether extract, crude fibre and nitrogen &ee 

extract, respectively. The DCP and TDN contents were 7-15 and 64.37%) 

respectively. The animals were on positive balance for N, Ca and P. 

Drackley et. al. (1985) reported the results of in. vitro digestibility 

of DM and cell-wall of sunflower crop residue as 40.6 and 31.4 per cent, 

respectively. Sunflower crop residues (SR) a m&ture of stalks and heads 

contained dry matter of 65.4, protein 6.1, m ~ ,  66.9, ADF 56.6, lignin 

15.7 and ash 12.6 per cent- Daily weight gain and propionate in rumen 

fluid, decreased with the increase in the i,nclusion of sunflower crop 

residues in the diet. They Suggested that the acceptable level of this crop 

residue was upto 32% of total ration for growing Holstein - Friesian 

heifers. 
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Vitamins and minerals or after treatment with NaOH solution and the

addition of supplements and observed daily DM intake of 23.0, 21.6 and

34.9 g / W255. Apparent digestibilities of 50, 52 and 51 per cent for OM

and 43, 64 and 49 per cent for CP, respectively, were observed.

Reddy et. al. (1991) studied the effect of physical processing on the

nutritive value and nutrient utilization of sunflower straw in sheep and

goat. They recorded higher dry matter intake and digestibilities 0f DM,

OM, CF and EE as well as digestible crude protein (P < 0.05) and TDN
(P < 0.05) values in goats compared to sheep. They also indicated that

pelleting had no beneficial effect over the ground straw.

Rai and Shukla (1977) fed unchaffed winter sunflower fodder at

sole ration for Kankrej bullocks and recorded dry matter intake of 2.1 kg

/ 100 kg body weight, digestibility coefficients of 70.53, 82.80, 51.50 and

74.16 for crude protein, ether extract, Crude fibre and nitrogen free

extract, respectively. The DCP and TDN contents were 7_15 and 64.37%,

respectively. The animals were on positive balance for N, Ca and P.

Dracklefy et. al- (1985) reported the results of in vitro digestibility
of DM and cell~wall of sunflower crop residue as 40.6 and 3111 per cent,
reSpectively. Sunflower crop residues (SR) a mixture of stalks and heads
contained dry matter of 65.4, protein 6.1, NDF, 66.9, ADF 56.6, lignin
15.7. and ash 12.6 per cent. Daily Weight gain and propionate in rumen

fluid, decreased With the increase in the inclusion of sunflower crop
residues in the diet. They suggested that the acceptable level of this crop
residue was upto 32% of total ration for growing Holstein - Friesian

heifers.



2.5 Nutritive value of Groundnu t  h a u l m s  

Shukla et. al- (1985) reported the digestibilities of groundnut 

haulrns in steers as OM, 63-90 ; CP, 54.32 ; EE, 36.25 ; CF, 66.48 and 

NFE, 65.54%. The DCP and TDN values were 5.67 and 55.77%, 

respectively- 

Wanapat and Devendra (1985) reported for DCP and TDN contents 

of groundnut haulms as 11.5 and 58.1% respectively, on dry matter 

basis. 

Studies conducted in Black B e n d  goats to evaluate nutritive 

value of groundnut haulms by Mandal et. al- (1993) revealed the 

digestibility coefficients of DM, OM, CP, CF, EE and NFE a s  54-13, 

55.23, 42.40, 45.09, 42.40 and 64.02% respectively. The DCp and TDN 

reported were 5.05 and 49.17%, respectively. 

Combellas et. al. (1974) reported the average digestibilities for dry 

matter, organic matter, cell contents, crude protein, cell - wall, cellulose, 

ADF, lignin and hemicellulose of two samples of groundnut crop 

harvested mechanically and dried as  59-69 -64.2, 65.4, 50.8, 52.2, 55.4, 

68.1, 25.7 and 19.6%, respectiveb- 

2.5.1 Degradability of Groundnut  haulms 

Prasada Reddy and Anjaneya Prasad (1985) conducted studies on 

protein degradability of groundnot haulms and observed 22.8, 29.8, 34.5, 

38.1 and 50.6% disappearance protein at 3, 6, 9, 15 and 24 h 

incubation period- The readily soluble protein fraction (a) of groundnut 

haulrms was 18.1% while the insoluble but degradable fraction @) was 

69.5% with rate constanth of 0.025 (c). The effective protein 

degradabbility of groundnut haulans they reported was 41%. 

2.5 Nutritive value of Groundnu t  h a u l m s  

Shukla et. al- (1985) reported the digestibilities of groundnut 

haulrns in steers as OM, 63-90 ; CP, 54.32 ; EE, 36.25 ; CF, 66.48 and 

NFE, 65.54%. The DCP and TDN values were 5.67 and 55.77%, 

respectively- 

Wanapat and Devendra (1985) reported for DCP and TDN contents 

of groundnut haulms as 11.5 and 58.1% respectively, on dry matter 

basis. 

Studies conducted in Black B e n d  goats to evaluate nutritive 

value of groundnut haulms by Mandal et. al- (1993) revealed the 

digestibility coefficients of DM, OM, CP, CF, EE and NFE a s  54-13, 

55.23, 42.40, 45.09, 42.40 and 64.02% respectively. The DCp and TDN 

reported were 5.05 and 49.17%, respectively. 

Combellas et. al. (1974) reported the average digestibilities for dry 

matter, organic matter, cell contents, crude protein, cell - wall, cellulose, 

ADF, lignin and hemicellulose of two samples of groundnut crop 

harvested mechanically and dried as  59-69 -64.2, 65.4, 50.8, 52.2, 55.4, 

68.1, 25.7 and 19.6%, respectiveb- 

2.5.1 Degradability of Groundnut  haulms 

Prasada Reddy and Anjaneya Prasad (1985) conducted studies on 

protein degradability of groundnot haulms and observed 22.8, 29.8, 34.5, 

38.1 and 50.6% disappearance protein at 3, 6, 9, 15 and 24 h 

incubation period- The readily soluble protein fraction (a) of groundnut 

haulrms was 18.1% while the insoluble but degradable fraction @) was 

69.5% with rate constanth of 0.025 (c). The effective protein 

degradabbility of groundnut haulans they reported was 41%. 

2.5 Nutritive value of Groundnut haulms

Shukla et. al. (1985) reported the digestibilities of groundnut

haulms in steers as OM, 63.90 ; GP, 54.32 ; EE, 36.25 ; CF, 66.48 and

NFE, 65.54%. The DCP and TDN values were 5.67 and 55.77%,

respectively.

Wanapat and Devendra (1985) reported for DCP and TDN contents

of groundnut haulms as 11.5 and 58.1%, respectively, on dry matter

basis.

Studies conducted in Black Bengal goats to evaluate nutritive

value of groundnut haulms by Mandal et. al. (1993) revealed the

digestibility coefficients of DM, OM, CP, CF, 'EE and NFE as 54.13
55.23, 42.40, 45.09, 42.40 and 64.02%, respectively, The DCP and TD};

values reported were 5.05 and 49.17%, respectively.

Combellas et. al. (1974) reported the average digestibilities for dry

matter, organic matter, 'cell contents, crude protein, cell - wall, cellulose,

ADF, lignin and hemicellulose of mm samples of groundnut crop

harvested mechanically and dried as 59.6, -64.2, 65.4, 50.8, 52.2, 55.4,
68.1, 25.7 and 19.6%, respectively.

2.5.1 Degradability of Groundnut haulms
Prasada Reddy and Anjaneya Prasad (1985) Conducted studies on

protein degradability of groundnut haul-ms and observed 22.8, 29.8, 34.5,
38.1 and 50.6% disappearance of protein at 3, 6, 9, 15 and 24 h
incubation period. The readily SOlu-ble protein fraction” (ayof groundnut
haulmshwas 18.1%, while the insoluble but degradable fragtion (b) was

695% With rate constant/h of 0-025 (C): The [effective protein
degradabil-ity of groundnut haulms they reperted Was 41%



2.6 Effect of supplementation of sunf lower  h e a d s  f o r  l ives tock  

Saltykova (1977) studied in Precoce ewe lambs, the effect of 

feeding TI, sunflower heads (control ration); T,, with 0.5 kg without 

sunflower heads replacing 0.20 kg hay and T3, with 0.35 kg heads to 

replace 0.20 kg straw weight gain and yield of wool were 15.8 to 31.5 

per cent and 9.4 to 16.3 per cent greater with T2 and T, t h a n  with TI. 

Wool taken from the side was 11-43 to 12.78 per cent stronger with the 

test diet ie., T2 and T3. He inferred that the improved values of 

sunflower heads was due to high content of trace elements, upto 183 

rnglkg air-dry matter of sunflower heads. He suggested a daily allowance 

of 350 to 500 g of sunflower heads per animal. 

Reddy et. al. (1989) fed complete feeds containing mixed mass hay 

(MGH), sunflower straw meal (SSM) and sunflower head meal (SHM) a s  

sole source of roughage (50%) to Nellore ram lambs in a growth (180 

days) cum metabolism experiment. Positive N, Ca and P balances were 

~bserved. The average daily gains (64a83 5-91 g) were not significantly 

differeat among the different treatments. 

Marx (1974) fed sunflower forage to Holstein calves and  obtained 

daily weight gain of 0.97 kg in animals fed with sunflower silage as 

against 1.05 kg 1 day in animals fed alfalfa silage. 

'b 

Sheafer (1976) reported that sunflower silage yields as much of 

DM lus corn silage when harvested a t  bloom but the feeding value was 

less than for corn sil'age. 

Garter and Jack (1978) reported that  the lower feeding value of 
sunflower silage was due to lower crude protein and bgher  crude fibre 

content of the plant. 

2.6 Effect of supplementation of sunf lower  h e a d s  f o r  l ives tock  

Saltykova (1977) studied in Precoce ewe lambs, the effect of 

feeding TI, sunflower heads (control ration); T,, with 0.5 kg without 

sunflower heads replacing 0.20 kg hay and T3, with 0.35 kg heads to 

replace 0.20 kg straw weight gain and yield of wool were 15.8 to 31.5 

per cent and 9.4 to 16.3 per cent greater with T2 and T, t h a n  with TI. 

Wool taken from the side was 11-43 to 12.78 per cent stronger with the 

test diet ie., T2 and T3. He inferred that the improved values of 

sunflower heads was due to high content of trace elements, upto 183 

rnglkg air-dry matter of sunflower heads. He suggested a daily allowance 

of 350 to 500 g of sunflower heads per animal. 

Reddy et. al. (1989) fed complete feeds containing mixed mass hay 

(MGH), sunflower straw meal (SSM) and sunflower head meal (SHM) a s  

sole source of roughage (50%) to Nellore ram lambs in a growth (180 

days) cum metabolism experiment. Positive N, Ca and P balances were 

~bserved. The average daily gains (64a83 5-91 g) were not significantly 

differeat among the different treatments. 

Marx (1974) fed sunflower forage to Holstein calves and  obtained 

daily weight gain of 0.97 kg in animals fed with sunflower silage as 

against 1.05 kg 1 day in animals fed alfalfa silage. 

'b 

Sheafer (1976) reported that sunflower silage yields as much of 

DM lus corn silage when harvested a t  bloom but the feeding value was 

less than for corn sil'age. 

Garter and Jack (1978) reported that  the lower feeding value of 
sunflower silage was due to lower crude protein and bgher  crude fibre 

content of the plant. 
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2.6 Effect of supplementation of sunflower heads for livestock

Saltykova (1977) studied in Precoce ewe lambs, the effect of

feeding T1, sunflower heads (control ration); T2, with 0.5 kg without

sunflower heads replacing 0.20 kg hay and T3, with 0.35 kg heads to

replace 0.20 kg straw weight gain and yield of wool were 15.8 to 31_5

per cent and 9.4 to 16.3 per cent greater with T2 and T3 than with T1.

Wool taken from the side was 11.43 to 12.78 per cent stronger with the

test diet ie., T2 and T3. He inferred that the improved values of

_ sunflower heads was due to high content of traceelements. upto 183

mg/kg air-dry matter of sunflower heads. He suggested a daily allowance

of 350 to 500 g of sunflower heads per animal.

Reddy et. al. (1989) fed complete feeds containing mixed grass hay

(MGH), sunflower straw meal (SSM) and sunflower head meal (SHM) as

sole source of roughage (50%) to Nellore ram lambs in a growth (180

days) cum metabolism experiment. Positive N, Ca and P balances Were

observed. The average daily gains (64.83 at 5.91 g) Were not significantly

different among the different treatments.

Marx (1974) fed sunflower forage to Holstein Calves and obt . d
. ' . . _ aine

daily- weight gain of 0.97 kg in animals fed With Sunflow .1. . . er s1 age as
against 1.05 kg / day in animals fed alfalfa silage

_ ‘b

Shea‘fe‘r (1976) reported that sunflower silage yields as much of
DM as corn silage When. harVeSted at bloom but the feeding value was
less than for corn silage, . ‘ '

carrier and J . ,
ack (1978) reported that the lower feeding value of

sunfliawer sil. . _ . 7 ,
age was due to lower crude protein. an. d; higher crude fibre

content of the plan. 1;,



McGuffey and Schingoethe (1980) compared the feeding value of 

sunflower whole plant silage with that of corn silage a s  sole feed in 

lactating Holstein cows fed sunflower silage produced less milk (20.5 vs 

22.4 kg / day) and showed greater fat, less protein, less total solids and 

less fat corrected milk. 

Schvechikova (1981) fed cows with control ration (containing maize 

storage, mixed grass, legume hay, barley straw, wheat meal and dried 

egg white) and three types of pelleted mixture with sunflower wastes 

(containing the stem and flower heads) 50, 25 or 40 per cent, oil seed 

wastes 25, 50 or 40 per cent, white seed wastes 15, 15 or 20 per cent 

and dried but 10, 10 or 0 per cent, respectively. The respective average 

daily milk yield was 12.5, 14-87 15-7 and 15.6 kg, with fat content of 

3.54, 3.67, 3.70 and 3.71 and protein content of 3.28, 3.19, 3.39 and 3-30 

per cent. 

Thomas el. ~ 1 .  (1982) fed concentrate 1 silage diets CP (13%) with 

lucerne 1 grass or sunflower silage a t  40 per cent to Holstein cows. Daily 

silage DM intake (8.3 to 8-4 kg) and yield (17.5 to 17.7 kg) were 

similar for both the diets- Milk fat was lower with sunflower 

than with grass 1 lucerne silage (3.2 vs 3.6 96) but protein content was 

not affected. 

Hubbe1 et. al- (Iga5) found si$!nificantly higher milk yield and 

solids corrected milk in a group of cows given sunflower to 
another group given corn silage- There was no significant difference in 

mean daily dry matter intake between the two groups. 

McGuffey and Schingoethe (1980) compared the feeding value of 

sunflower whole plant silage with that of corn silage a s  sole feed in 

lactating Holstein cows fed sunflower silage produced less milk (20.5 vs 

22.4 kg / day) and showed greater fat, less protein, less total solids and 

less fat corrected milk. 

Schvechikova (1981) fed cows with control ration (containing maize 

storage, mixed grass, legume hay, barley straw, wheat meal and dried 

egg white) and three types of pelleted mixture with sunflower wastes 

(containing the stem and flower heads) 50, 25 or 40 per cent, oil seed 

wastes 25, 50 or 40 per cent, white seed wastes 15, 15 or 20 per cent 

and dried but 10, 10 or 0 per cent, respectively. The respective average 

daily milk yield was 12.5, 14-87 15-7 and 15.6 kg, with fat content of 

3.54, 3.67, 3.70 and 3.71 and protein content of 3.28, 3.19, 3.39 and 3-30 

per cent. 

Thomas el. ~ 1 .  (1982) fed concentrate 1 silage diets CP (13%) with 

lucerne 1 grass or sunflower silage a t  40 per cent to Holstein cows. Daily 

silage DM intake (8.3 to 8-4 kg) and yield (17.5 to 17.7 kg) were 

similar for both the diets- Milk fat was lower with sunflower 

than with grass 1 lucerne silage (3.2 vs 3.6 96) but protein content was 

not affected. 

Hubbe1 et. al- (Iga5) found si$!nificantly higher milk yield and 

solids corrected milk in a group of cows given sunflower to 
another group given corn silage- There was no significant difference in 

mean daily dry matter intake between the two groups. 

15

McGuffey and Schingoethe (1980) compared the feeding value of

sunflower whole plant silage with that of Corn silage as sole feed in

lactating Holstein cows'fed sunflower silage produced less milk (20.5 vs

22.4 kg / day) and showed greater fat, less protein, less total solids and

less fat corrected milk.

Schvechikova (1981) fed cows with control ration (containing maize

storage, miXed grass, legume hay, barley straw, wheat meal and dried

egg white) and three types of pelleted mixture with sunflower Wastes

(containing the stem and flower heads) 50, 25 or 40 per cent, oil seed

wastes 25, 50 or 40 per cent, white seed wastes 15, 15 or 20 per Cent

and dried but 10, 10 or 0 per cent, respectively. The respective average

daily milk yield was 12.5, 14.8, 15.7 and 15.6 kg, with fat Content of

3.54, 3.67, 3.70 and 3.71 and protein content of 3.28, 319’ 339 and 3.30

per cent.

Thomas et. al. (1982) fed concentrate / silage diets CP (13%) with

lucerne I grass or sunflower silage at 40 per cent to Holstein cows. Daily

silage DM intake (8.3 to 8.4 kg) and milk yield (17.5 to 17.7 kg) Were
similar for both the diets. Milk fat content was lower with sunflower
than with grass / luceme silage (32 VS 3-6 0/0) mm protein content Was
not affected.

Hubbel et' al' (1985) found Significantly higher milk yield and

solids corrected milk in a group of COWS given sunflower compared t9

another group given com Silage- There was. no significant difference in
mean daily dry matter intake between the two groups.



2.7 Effect of complete feeds o n  nu t r i en t  util ization 

Interest in complete diet system is increasing in many parts of the 

world because i t  offers a means of controlling the ratio of concentrate to 

roughage and also nutrients consumed, reduces feeding costs and helps in 

utilizing home grown forages and locally available by-products and wastes. 

Complete feeds ensure better consumption and avoid refusal of unpalatable 

materials. 

many developing and under developed countries where thc a is 

severe shortage of feed stuffs, ruminants mainly subsist on crop residues, 

poor quality and a@-@-industrial by-products. The traditionally 

recommended feeding systems in these countries have to be looked 

critically in the present day context and new feeding systems suitable to 

the current needs have to be developed- To minimize feed costs and 

labour and to maximize production is the need of the tinle and could be 

achieved by blending concentrates mainly locally available by-products and 

roughage portions of the ration to form a product called complete feed or 

complete diet. Concentrate and roughage levels may vary from diet to diet 

so as to meet the optimum nutrient requirement of various categories of 

ruminants for different purposes production- 

Shortage of feed and forage is a problem in sheep industry in 

India. Under the circumstances the of complete rations utilizing 

locally available ape-Industrial may be a feasible feeding 

system in developing feeding methods for commercial sheep 

production. 

Where there is a severe shortage of feed stuffs, the complete feed 

system would help in utilizing the locally available crop residules, 

agroindustrial by products and wastes more efficiently for raising livestock. 

The concept and advantages of using complete feeds have been discussed 

(coppock et. ale, 1974 ; Owem, 1984). 

2.7 Effect of complete feeds o n  nu t r i en t  util ization 

Interest in complete diet system is increasing in many parts of the 

world because i t  offers a means of controlling the ratio of concentrate to 

roughage and also nutrients consumed, reduces feeding costs and helps in 

utilizing home grown forages and locally available by-products and wastes. 

Complete feeds ensure better consumption and avoid refusal of unpalatable 

materials. 

many developing and under developed countries where thc a is 

severe shortage of feed stuffs, ruminants mainly subsist on crop residues, 

poor quality and a@-@-industrial by-products. The traditionally 

recommended feeding systems in these countries have to be looked 

critically in the present day context and new feeding systems suitable to 

the current needs have to be developed- To minimize feed costs and 

labour and to maximize production is the need of the tinle and could be 

achieved by blending concentrates mainly locally available by-products and 

roughage portions of the ration to form a product called complete feed or 

complete diet. Concentrate and roughage levels may vary from diet to diet 

so as to meet the optimum nutrient requirement of various categories of 

ruminants for different purposes production- 

Shortage of feed and forage is a problem in sheep industry in 

India. Under the circumstances the of complete rations utilizing 

locally available ape-Industrial may be a feasible feeding 

system in developing feeding methods for commercial sheep 

production. 

Where there is a severe shortage of feed stuffs, the complete feed 

system would help in utilizing the locally available crop residules, 

agroindustrial by products and wastes more efficiently for raising livestock. 

The concept and advantages of using complete feeds have been discussed 

(coppock et. ale, 1974 ; Owem, 1984). 
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2.7 Effect of complete feeds on nutrient utilization '

Interest in complete diet system is increasing in many parts of the

world because it offers a means of controlling the ratio of concentrate to

roughage and also nutrients consumed, reduces feeding costs and helps in

utilizing home grown forages and locally available by-products and wastes.

Complete feeds ensure better consumption and avoid refusal of unpalatable

materials.

In many developing and under developed countries where there is

severe shortage of feed stuffs, ruminants mainly subsist on crop residues,
poor quality roughages and agro—industrial by—products. The traditionally

recommended feeding systems in these COuntries have to be looked

critically in the present day context and new feeding systems suitable to
the current needs have to be developed. To minimize feed costs and
labour and to maximize production is the need of the time and could be

achieved by blending concentrates mainly locally available by-products and

roughage portions of the ration to form a product called complete feed or

completediet. Concentrate and roughage levels may vary from diet to diet
so as to meet the optimum nutrient requirement of various categories of

ruminants for different purposes of production. .

ShOrtavge of feed and forage is a major problem in sheep industry in

India. Under the circumstances the concept of complete rations utilizing
locally available anndustrial by-products may be a feasible feeding
system in developing stall feeding methods for commercial sheep
production.

Where there is a severe Shortage of feed stuffs, the complete feed
SyStEm would help in Utilizing the locally available crop residues,
agroindustrial by products and wastes more efficiently for raising livestock.
The concept and advantages of using complete feeds have been discussed
(Colplpock et. a-l., 1974 ; OWen, 1984).



The level of roughage in the ration did not signlhcantly affect the 

dry matter intake, rate of gain or feed efficiency in lambs and there was 

no significant interaction between ration form and roughage level 

(Beacom et. al., 1973)- 

The average daily gains of lambs on rations having roughages to 

concentrate ratios of 22 :78, 30 5'0, 38 : 62 and 60 : 40 were 107, 105, 

78 and 47 g, respectively (Katiyar et. al-, 1974). 

In complete feeding system with simultaneous ingestion of forage 

and concentrate, farmers could design diets of high energy concentration 

without the problem of acidosis (Journet and Remond, 1976). 

The average daily gains were 53, 56 and 69 g in lambs fed rations 

with hay to concentrate ratio of 80 : 20, 70 : 30 and 60 : 40, respectively 

(zaheeruddin, 1978). The digestibilities of DM, OM, EE, CP and N$'E 

increased and that of EE decreased with increase in concentrate 

component of the ration. 

The dry matter intake in klmbs increased with increase in  the 

level of concentrate ~ ~ t o . 1 5  kg body weight (Ni  et- al-, 1979) and there 

was no significant difference at 25 and 30-35 kg body-weight between 

groups. Dry matter and protein d'igestibskie~ increased with increasing 

proportion of concenkrate in the diet with lambs at 15 kg body weight. 

Reddy and Reddy (1981) formulated five complete rations using 

crop residues and a ~ o - i n h s t d  I?y-pmdlucts and evaluated in a growth- 

cUm-metaboli~~m exlperi~llent with Deccani Lambs* The lambs were 

alllotted Lo 5 treatment groups ~aadlornly~ The rations conkained 13.70 80 

The level of roughage in the ration did not signlhcantly affect the 

dry matter intake, rate of gain or feed efficiency in lambs and there was 

no significant interaction between ration form and roughage level 

(Beacom et. al., 1973)- 

The average daily gains of lambs on rations having roughages to 

concentrate ratios of 22 :78, 30 5'0, 38 : 62 and 60 : 40 were 107, 105, 

78 and 47 g, respectively (Katiyar et. al-, 1974). 

In complete feeding system with simultaneous ingestion of forage 

and concentrate, farmers could design diets of high energy concentration 

without the problem of acidosis (Journet and Remond, 1976). 

The average daily gains were 53, 56 and 69 g in lambs fed rations 

with hay to concentrate ratio of 80 : 20, 70 : 30 and 60 : 40, respectively 

(zaheeruddin, 1978). The digestibilities of DM, OM, EE, CP and N$'E 

increased and that of EE decreased with increase in concentrate 

component of the ration. 

The dry matter intake in klmbs increased with increase in  the 

level of concentrate ~ ~ t o . 1 5  kg body weight (Ni  et- al-, 1979) and there 

was no significant difference at 25 and 30-35 kg body-weight between 

groups. Dry matter and protein d'igestibskie~ increased with increasing 

proportion of concenkrate in the diet with lambs at 15 kg body weight. 

Reddy and Reddy (1981) formulated five complete rations using 

crop residues and a ~ o - i n h s t d  I?y-pmdlucts and evaluated in a growth- 

cUm-metaboli~~m exlperi~llent with Deccani Lambs* The lambs were 

alllotted Lo 5 treatment groups ~aadlornly~ The rations conkained 13.70 80 
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The level of roughage in the ration did not significantly affect the

dry matter intake, rate of gain or feed efficiency in lambs and there was

no significant interaction between ration form and roughage level

(Beacom et. al., 1973).

The average daily gains of lambs on rations having roughages to

concentrate ratios of 22 :78, 30 :70, 38 : 62 and 60 : 40 were 107, 105,

78 and 47 g, respectiVely (Katiyar et. al., 1974).

In complete feeding system With simultaneous ingestion of forage

and concentrate, farmers could design diets of high energy concentration

without the problem of acidosis (Journet and Remond, 1976).

The average daily gains were 53, 56 and 69 g in lambs fed rations

with hay to concentrate ratio of 80 : 20, 70 : 30 and 60 : 40, reSpectively

(Zaheeruddin, 1978). The digestibilities of DM, OM, EE, CP and NFE

increased and that of EB decreased with increase in concentrate

component of the ration.

The dry matter intake in lambs increased With increase in the
level of concentrate upto‘1-5 kg bOdY weight (Ali et. al., 1979) and there
Was no significant difference at 25 and 3035 kg bodyiweight between
grOups. Dry matter and protein d'i‘ge'stibilities increased with increasing
proportion of concentrate in the diet with lambs at 15 kg body weight.

Redd-y and Reddy (1981) formulated five complete rations using

GNP residues and age-industrial by'Products and evaluated in a growth-

cumwmetaibOHSm Berimem; With Deccan-i Lambs. The lambs were ‘

allotted. to 5 treatment groups mandomly. The rations contained 13.70 to



13.79% CP. Average daily gains recorded for rations 1 to 5 were 45, 43, 

46, 49 and 61 g, respectively. No significant difference was observed anlong 

treatment groups either for ADG or feed intake. No significant difference 

was observed in digestibility of CP, EE, CF, NFE or nitrogen balance 

among the treatments. Positive nitrogen, calcium and phosphorus balances 

were observed. 

Gabrovska and Ganovski (1982) reported that the digestibility ot' dry 

matter, organic matter, crude protein and minerals in lambs was great 

with mainly concentrate diet than with mainly roughage diet. 

Four complete rations formulated by blending stylo hemata hay with 

conventional concentrate mixture in ratios of 60 : 40 (CR-I), 50 : 50 (CR- 

2), 40 : 60 (CR-3) and 30 : 70 (CR-4) were evaluated using Nellore brown 

lambs. Increasing the level of concentrate mixture in the complete ration 

did not affect N retention or the nutritive value. They concluded that 

mixing stylo hemafa hay with a concentrate mixture in a ratio of 40: 60 

(CR-3) was superior to other complete ration for growing and finishing ram 

lambs (Reddy et. al., 1982). 

Krishna Mohan and Naidu (1984) formulated two complete rations 

40 (CR-1) and 50 : 50 (CR-2) ratio and containing and berseem hay in 60 . 
evaluated by individual and p u p  feeding of crossbred ram lambs. Methods 

of feeding did no+, affect n u t ~ e n t  digestibilities. Average daily gain and N 

retention were significa~~tly higher (P < 0.05) in lambs fed 60 : 40 than 50 

: 50 concentrate to roughage ratio- 

Mohan et. al., (1985) fed rations containing groundnut straw 40, 50 

or 60 per cent with concentrates to weaner lambs and recorded no 

13.79% CP. Average daily gains recorded for rations 1 to 5 were 45, 43, 

46, 49 and 61 g, respectively. No significant difference was observed anlong 

treatment groups either for ADG or feed intake. No significant difference 

was observed in digestibility of CP, EE, CF, NFE or nitrogen balance 

among the treatments. Positive nitrogen, calcium and phosphorus balances 

were observed. 

Gabrovska and Ganovski (1982) reported that the digestibility ot' dry 

matter, organic matter, crude protein and minerals in lambs was great 

with mainly concentrate diet than with mainly roughage diet. 

Four complete rations formulated by blending stylo hemata hay with 

conventional concentrate mixture in ratios of 60 : 40 (CR-I), 50 : 50 (CR- 

2), 40 : 60 (CR-3) and 30 : 70 (CR-4) were evaluated using Nellore brown 

lambs. Increasing the level of concentrate mixture in the complete ration 

did not affect N retention or the nutritive value. They concluded that 

mixing stylo hemafa hay with a concentrate mixture in a ratio of 40: 60 

(CR-3) was superior to other complete ration for growing and finishing ram 

lambs (Reddy et. al., 1982). 

Krishna Mohan and Naidu (1984) formulated two complete rations 

40 (CR-1) and 50 : 50 (CR-2) ratio and containing and berseem hay in 60 . 
evaluated by individual and p u p  feeding of crossbred ram lambs. Methods 

of feeding did no+, affect n u t ~ e n t  digestibilities. Average daily gain and N 

retention were significa~~tly higher (P < 0.05) in lambs fed 60 : 40 than 50 

: 50 concentrate to roughage ratio- 

Mohan et. al., (1985) fed rations containing groundnut straw 40, 50 

or 60 per cent with concentrates to weaner lambs and recorded no 
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13.79% CP. Average daily gains recorded for rations 1 to 5 were 45, 43,

46, 49 and 61 g, respectively. No significant difference was observed among

treatment groups either for ADG or feed intake. No significant difference

was observed in digestibility of CP, EE, CF, NFE or nitrogen balance

among the treatments. Positive nitrogen, calcium and phosphorus balances

were observed.

Gabrovska and Ganovski (1982) reported that the digestibility of dry

matter, organic matter, crude protein and minerals in lambs was great

with mainly concentrate diet than with mainly roughage diet.

Four complete rations formulated by blending stylo hemata hay with

conventional concentrate mixture in ratios of 60 : 40 (CR-l), 50 : 504(CR-

2), 4O : 60 (CR-3) and 30 : 70 (CR—4) were evaluated using Nellore‘brown

lambs. Increasing the level of concentrate mixture in the complete ration

did not affect N retention or the nutritive value. They concluded that

mixing Stylo hemata hay with a concentrate mixture in a ratio of 40: 60

(CR-3) was superior to other complete ration for growing and finishing ram

lambs (Reddy et. al., 1982).

Krishna Mohan and Naidu (1984) formulated two complete rations

containing and berseem hay in 60 ; 4-0 (CR-1) and 50 : 50 (CR-2) ratio and
evaluated by individual and group feeding of crossbred ram lambs. Methods

Of feeding did not affect nutrient digestibilities. Average daily gain and N
retention were significantly higher (P < 0.05) in lambs fed 60 : 40 than 50
i 50 concentrate to roughage ratio.

Mohan ét. al., (1985) fed rations containing groundnut straw 40, 50
or 60 per cent with concentrates to weaner lambs and recorded no



differences in nitrogen retention, weight gain and feed efficiency 

decreased gradually as the per cent of ~ o u n d n u t  haulm increased in the 

ration. 

Reddy et. al. (1988) compared complete feed containing 35 per cent 

sunflower straw with a conventional diet containing concentrate mixture 

and mixed grass hay fed separately in  cross bred cows. The voluntary 

feed intake was comparable in both the rations. But conventional ration 

showed higher digestibilities of all the nutrients except ether extract. 

Production of FCM, fat and SNF were 37.0, 10.6 and 2.6 Per cent higher 

on sunflower straw based diet. DM intake per kg FCM and cost of feed 

Per kg FCM were lower by 26.8 and 27.9 per cent on complete feed 

containing sunflower straw- 

An experiment was carried out with Nellore ram lambs fed horse 

gram hay a t  100 (CR-I), 80 (CR-2). 60 (CR-3) and 40 (CR-4) per cent 

along with concentrate mkture and observed higher @' < 0.01) DM, OM, 
CP, EE, NFE, NDF and hemicellulose dige~tibi~ities for CR-3 and CR-4 

than' CR-1 or CR-2 and higher CF digestibility for CR-2 than that  of CR- 

3 OF CR-4. Higher N retention g/d, DCP and TDN of rations were 

observed in lambs fed with roughage to concentrate ratio of 60 : 40 or 

40 : 60 than in lambs fed rations with roughage to Concentrate ratio of 

100 : 0 and 80 20 ( ~ ~ ~ a h a l '  Reddy, 1989)- 

Jayanth Kumar et. al. (1989) studied, the effect of inclusion of 
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reported that bvel of cowpea hay had no effect ADG, DM1 and feed/ 

differences in nitrogen retention, weight gain and feed efficiency 

decreased gradually as the per cent of ~ o u n d n u t  haulm increased in the 

ration. 

Reddy et. al. (1988) compared complete feed containing 35 per cent 

sunflower straw with a conventional diet containing concentrate mixture 

and mixed grass hay fed separately in  cross bred cows. The voluntary 

feed intake was comparable in both the rations. But conventional ration 

showed higher digestibilities of all the nutrients except ether extract. 

Production of FCM, fat and SNF were 37.0, 10.6 and 2.6 Per cent higher 

on sunflower straw based diet. DM intake per kg FCM and cost of feed 

Per kg FCM were lower by 26.8 and 27.9 per cent on complete feed 
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differences in nitrogen retention, weight gain and feed efficiency

decreased gradually as the per cent of groundnut haulm increased in the

ration.

Reddy et. al. (1988) compared complete feed containing 35 per cent

sunflower straw with a conventional diet containing concentrate mixture

and mixed grass hay fed separately in cross bred cows. The voluntary

feed intake was comparable in both the rations. But conventional ration

showed higher digestibilities of all the nutrients except ether extract,

Production of FCM, fat and SNF were 37.0, 10.6 and 2.6 per cent higher

on sunflower straw based diet. DM intake per kg FCM and 90313 0f feed

per kg FCM were lower by 26.8 and 27.9 per cent on complete feed
containing sunflower straw.

An experiment was carried out with Nellore ram lambs fed horse

gram hay at 100 (CR-1), 80 (CR-2), 60 (CR-3) and 40 (CR-4) per cent

along with concentrate mixture and observed higher (P < 0.01) DM, OM,

CP, EE, NFE, NDF and hemicellulose digestibilities for CR3 and CR4

than CR-l or CR2 and higher CF digestibility for CR-2 than that of CR-

3 or CR-4. Higher N retention g/d, DCP and TDN of rations Were

observed in lambs fed with roughage to concentrate ratio of 60 : 40 or

40 : 60 than in lambs fed rations with roughage to concentrate ratio of

100 : 0 and 80 : 20 (Jawahar ReddY. 1989)-

Jayanth Kumar et. al. (1989) studied. the effect of inclusion of
cowpea hay in complete rations on nutrient utiliZation and growth
Performance in sheep. The roughage to concentrate ratio maintained was
70 : 3o (CR-1), 60 : 4‘0 (03472), 50 ': 50 (CR-3) and 40 : 60' (CR4). They
reported that level of GOWpea hay had no effect on ADG, EM; and feed/



gain. Further it was obselved that CP and EE digestibilities of CR-4 were 

higher than CR-1 01- CR-2 Higher (P < 0.05) NDF and cellulose 

digestibilities were observed with complete rations containing 70% roughage 

and 30% concentrates- It was found that  level of roughage source (cow pea 

hay) has no affect on the nitrogen retention in  lambs. They concluded that 

a ration containing 70% cowpea hay and 30% concentrate mixture was 

economical for growing lambs and finishing Nellore lambs. 

Narayana Swamy et. al. (1990) evaluated three isonitrogenous 

complete rations CR-1, ti  CR-3 containing 50% (wlw) of groundnut haulnls 

(CR-I), banyan tree leaves (CR-21, or  red gram straw (CR-3) in ram lambs. 

The ADG reported for CR-3 was significantly (P  < 0.05) higher than those 

of cR-1 or (33-2. Positive nitrogen, Ca and P balances were reported in 

lambs fed different treatments. Significantly lower DM, OM, CP and CF 

digestibilities were reported in lambs fed CR-2 than those fed CR-1 or CR- 

3 and the digestibilities of CR-1 and CR-3 for D M  OM and CP were non- 

significant. 

Satynarayana (1990) observed significantly lowered CF, NDF, 

hemicellulose, cellulose (P < 0-01) and lignin < 0.05) digestibilities in 
. . .  . 

Nellore ram lambs fed Gllr1clma leaf meal replacing COW pea hay in 

complete rations with a to ratio of 60 : 40 and 

reported that diiestibilities of DM, OM, CP, EE, NFE and ADF were non- 

signifcant among different treatments- I t  was also obselT,ed that N 

retention expressed as percent intake or per cent absorbed was non- 

i significant among different treatments. 
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gain. Further it was observed that CP and EE digestibilities of CR—4 were

higher than CR-l 01‘ CR'2 Higher (P < 0.05) NDF and cellulose

digestibilities were observed with complete rations containing 70% roughage

and 30% concentrates. It was found that level of roughage source (cow pea

hay) has no affect on the nitrogen retention in lambs. They concluded that

a ration containing 70% cowpea hay and 80% concentrate mixture was

economical for growing lambs and finishing Nellore lambs.

Narayana Swamy et. al. (1990) evaluated three isonitrogenous
complete rations CR-l, to CR—3 containing 50% (w/w) of groundnut haulms

(CR—1), banyan tree leaves (CR-2), or red gram straw (CR—3) in ram lambs.

The ADG reported for CR-3 was significantly (P < 0.05) higher than those

of CR—l or CR-2. Positive nitrogen, Ca and P balances were reported in

lambs fed different treatments. Significantly lower DM, OM, CP and CF

digestibilities were reported in lambs fed CR-2 than those fed CR-l or CR—

3 and the digestibilities of CR—l and CR-3 for DM, 0M and CP were non—

significant.

Satynarayana (1990) observed significantly lowered CF, NDF,
hemicellulose, cellulose (P < 0-01) and lignin (P < 0-05) digestibilities in
Nellore ram lambs fed Gliricidia leaf meal replacing cow pea hay in
complete rations with a roughage to concentrate ratio of 60 ; 40 and
reported that digestibilities of DM, OM, CP, EE, NFE and ADF were non—
Significant among different treatments. It was also observed that N
retention eXpressed as per-cent intake 01‘ per cent absorbed was non-
si,gnjficant among difi'erent treatments.



Prasad et. al. (1991) fed groundnut haulnls based conlplete diet 

ad libitum, for Mandya, Mandya synthetic, Nellore and Nellore synthetic 

rams weaned at  90 days. Body weight a t  180 days of age averaged 18.05, 

23.79, 20.01 and 26.53 kg, respectively and feed conversion efficiency were 

13.5, 14.5, 14.6 and 14.7. 

Ganesh (1995) studied the replacement value of Amaranthus whole 

plant meal in comparison with groundnut haulms in sheep fed complete 

rations with concentrate to roughage ratio of 50 : 50 and observed no 

significant difference for DM, OM, CP, CF, NDF, ADF7 hemicellulose and 

cellulose among different complete rations. The nitrogen and calcium 

retention expressed as g/d, per cent of intake or per cent of absorbed were 

not affected by replacing groundnut haulms with Amaranthus whole plant 

meal. They concluded that groundnut haulms can be incorporated in 

complete rations upto 45% without any adverse effect for sheep. 

Dhanunjayudu (1996) formulated four complete rations containing 

leguminous hay (cow pea hay, sunhemp hay, groundnut haulms and 

horsegram bhoosa) and concentrate mixture in : 40 ratio. The apparent 

digestibility of DM, OM, CP, NFE and hemice11u1ose in ewes fed four 

complete rations were not statistically significant. Significantly higher (P 

< 0.05) crude fibre digestibility was observed in ewes fed CR-4 in which 

horse gram bhoosa was the roughage when compared to ewes fed 

CR-3 in which groundnut haulms was the roughage source. The average 

daily gains observed in CX-1 to CR4 was 87-95, 62-50, 72.38 and 98.17 g, 

respectively. 

&&avi Laths (1gg6) observed the average daily gain of 52.74 g in  

sheep fed with a complete ration containing 60 : 40 roughage (groundnut 

hatulns) to concentrate ratio- The digestibility coefficients of DM, NFE for 

CR-I were significantly higher than those of CR-2, CR-3 and CR-4 rations. 
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23.79, 20.01 and 26.53 kg, respectively and feed conversion efficiency were 
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Ganesh (1995) studied the replacement value of Amaranthus whole 
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rations with concentrate to roughage ratio of 50 : 50 and observed no 

significant difference for DM, OM, CP, CF, NDF, ADF7 hemicellulose and 

cellulose among different complete rations. The nitrogen and calcium 

retention expressed as g/d, per cent of intake or per cent of absorbed were 

not affected by replacing groundnut haulms with Amaranthus whole plant 

meal. They concluded that groundnut haulms can be incorporated in 

complete rations upto 45% without any adverse effect for sheep. 

Dhanunjayudu (1996) formulated four complete rations containing 

leguminous hay (cow pea hay, sunhemp hay, groundnut haulms and 

horsegram bhoosa) and concentrate mixture in : 40 ratio. The apparent 

digestibility of DM, OM, CP, NFE and hemice11u1ose in ewes fed four 

complete rations were not statistically significant. Significantly higher (P 

< 0.05) crude fibre digestibility was observed in ewes fed CR-4 in which 

horse gram bhoosa was the roughage when compared to ewes fed 

CR-3 in which groundnut haulms was the roughage source. The average 

daily gains observed in CX-1 to CR4 was 87-95, 62-50, 72.38 and 98.17 g, 

respectively. 

&&avi Laths (1gg6) observed the average daily gain of 52.74 g in  

sheep fed with a complete ration containing 60 : 40 roughage (groundnut 

hatulns) to concentrate ratio- The digestibility coefficients of DM, NFE for 

CR-I were significantly higher than those of CR-2, CR-3 and CR-4 rations. 
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Prasad et. al. (1991) fed groundnut haulms based complete diet

ad libitum, for Mandya, Mandya synthetic, Nellore and Nellore synthetic

rams weaned at 90 days. Body weight at 180 days of age averaged 18.05,

23.79, 20.01 and 26.53 kg, respectively and feed conversion efficiency were

13.5, 14.5, 14.6 and 14.7.

Ganesh (1995) studied the replacement value of Amaranthus whole

plant meal in comparison with groundnut haulms in sheep fed complete

rations with concentrate to roughage ratio 0f 50 3 50 and observed no
significant difference for DM, OM, CP, CF, NDF: ADF, hemicellulose and
cellulose among different complete rations. The nitrogen and calcium

retention expressed as g/d, per cent of intake or per cent 0f absorbed were
not affected by replacing groundnut haulms with Alnaranthus whole plant
meal. They concluded that groundnut haulms can be incorporated in

complete rations upto 45% without any adverse effeCt for Sheep.

Dhanunjayudu (1996) formulated four complete rations containing
leguminous hay (cow pea hay, sunhemp hay, groundnut haulms and

horsegram bhoosa) and concentrate mixture in 60 : 40 ratio. The apparent

digestibility of DM, ClM, CP, NFE and hemicellulose in ewes fed four

complete rations were not statistically significant. Significantly higher (P

< 0.05) crude fibre digestibility was observed in ewes fed CR-4 in which
horse gram bhoosa was the roughage source When compared to ewes fed
CR—3 in which groundnut haulms was the roughage source. The average
daily gains observed in CR-1 to CR4 was 87-95, 62.50, 72.38 and 98,17 g,
respectively.

Madlhavi Latha (1936) observed the average daily gain of 52.74 g in
Sheep fed with a complete ration containing 60 ; 40 roughage (groundnut

haul-mS) to concentrate ratio. The digestibility coefficients of DM, NFE for
CR—l were significantly higher than those of CR—2, CR-3 and CR4 rations_
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CHAPTER - I11 

MATERIALS AND METHODS 

The research work was carried out in the department of Animal 

Nutrition, College of Veterinary Science, Tirupati, Andhra Pradesh, to 

evaluate the nutritive value of sunflower heads (capitulum, removed 

after seeds) and also to study the effect of inclusion of sunflower heads 

a t  varying levels in the complete ration for sheep on the nutrient 

digestibility and growth rate. In addition to smflower heads, groundnut 

haulms, maize, groundnut cake, deoiled rice bran, mineral mixture and 

vitamin supplements were used in the metabolism and growth 

experiments. 

3.1 Procurement of ingredients 

Dried sunflower heads were procured from villages around 

Proddatur, Cuddapah district. Dried groundnut haulms were procured 

from villages around Tirupati and Regional Agricultural Research 

Station, Tirupati, Chittoor district. Maize, groundnut cake and deoiled 

rice bran were prchased from Regional Poultry demonstration and 

Research farm, Chittoor 

Experiment  1 

3.2 Nutritive value evaluation of' sunflower heads 

Nutritive value of sunflower heads was assessed in a metabolism 

experiment using six Nellore rams (29.10 * 0.37 kg) fed with 

sunflower heads as sole feed- The rams were dewormed with panacur 

before the start of the They Were penned (2 m x 1 m) 

individually during the preliminary period and shifted to metabolism 

,ages two days prior to and during collection period. 
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3.2 Nutritive value evaluation of' sunflower heads 

Nutritive value of sunflower heads was assessed in a metabolism 

experiment using six Nellore rams (29.10 * 0.37 kg) fed with 

sunflower heads as sole feed- The rams were dewormed with panacur 

before the start of the They Were penned (2 m x 1 m) 

individually during the preliminary period and shifted to metabolism 

,ages two days prior to and during collection period. 

CHAPTER — III

MATERIALS AND METHODS

The research work was carried out in the department of Animal

Nutrition, College of Veterinary Science, Tirupati, Andhra Pradesh, to

evaluate the nutritive value of sunflower heads (capitulum, removed

after seeds) and also to study the effect of inclusion of sunflower heads
at varying levels in the complete ration for sheep on the nutrient

digestibility and growth rate. In addition to sunflower heads, groundnut

haulms, maize, groundnut cake, deoiled rice bran, mineral mixture and

vitamin. supplements were used in the metabolism and growth
experiments.

3.1 Procurement of ingredients

Dried sunflower heads were procured from villages around

Proddatur, Cuddapah district. Dried groundnut haulms were procured

from villages around Tirupati and Regional Agricultural Research

Station, Tirupati, Chittoor district. Maize, groundnut cake and deoiled

rice bran were purchased from Regional Poultry demonstration and
Research farm, Chittoor

Experiment 1

3.2. NutritiVe value evaluation of sunflower heads
Nutritive value of sunfloWer heads was assessed in a metabolism

experiment using six Nellore brown rams (29.10 i: 0.37 kg) fed with
sunflower heads as sole feed. The rams were dewormed with panacur
before the start of the experiment. They were penned (2 m x 1 m)
individually during the preliminary period and shifted to metabolism
(gages two days prior to and during collection period,
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The rams were fed a t  8.30 a.m. and 2.30 p.m. every day. A 14 day 

preliminary period and a 7 day collection period were observed. During 

collection period, faeces voided in 24 h was collected with the help of 

faecal collection bags harnessed to the rams. The daily urine output of 

each was collected in glass bottles kept a t  the bottom of each 

metabolism cages and measured. Few drops of concentrate hydrochloric acid 

were added to each urine collection bottle daily as a preservative. Samples 

of feed, faeces and urine were preserved for further analysis. 

Experiment 2 

3.3 Growth study 

T~ study the effect of replacing groundnut haulms with sunflower 

heads at different levels in complete rations, on the growth performance 

a completely randomi~ed design experiment was conducted for 90 days 

using 24 Ne1lore-br0wn lambs (15.32 + O-18 kg)- The lambs were divided 

into four groups of six animals each and were allotted to one of the 

rations at The lambs were housed in individual pens (2 m 
1 m) 

each provided with a water and a feeder- The complete rations were 

offered ad libitum twice at 8.30 a.m. and 2.30 p.m. The left overs 

were weighed on the next morning to calculate the respective rations 

actually consumed by the lambs. The lambs were weighed at weekly 

intervals before the feed was offered to record the rate  of growth. 
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The rams were fed at 8.30 am. and 2.30 p.m. every day. A 14 day

preliminary period and a 7 day collection period were observed. During

collection period, faeces voided in 24 h was collected with the help 0f

faecal collection bags harnessed t0 the rams. The daily urine output of

each animal was collected in glass bottles kept at the bottom of each

metabolism cages and measured. Few drops of concentrate hydrochloric acid

were added to each urine collection bottle daily as a preservative. Samples

of feed faeces and urine were preserved for further analysis.

Experiment 2

3.3 Growth study

To study the effect of replacing groundnut haulms with sunflower

heads at different levels in complete rationS, on the growth performance

a completely randomised design experiment was conducted for 90 days

using 24 Nelloreibrown lambs (15-32 i 0-13 kg). The lambs were divided
into four groups. of six animals each and were allotted to one of the

rations at random. The lambs were housed in individual pens (2 m x 1 In),

each provided with a Water and a feeder. The complete rations were

offered ad libitum twice daily at 8.30 a.m. and 2.30 pm, The left overs
were weighed on. the next morning to calculate the respective rations
actually consumed by the lambs. The lambs were weighed at weekly
intervals before the mOrnring feed was offered to record the rate of growth.



Exper iment  3 

3.4 Nutrient utilization and  nitrogen balance of ram lambs  fed 

i complete rat ions containing various levels of sunflower 

1 heads.  

3.4.1 P repa ra t ion  of complete rat ions : 

Dried sunflower heads (Helianthus annuus) mound in a hammer 

mill through medium mesh screen (8 mm) were used in the preparation 

of complete rations. Four isonitrogenous rations were formulated keeping 

the roughage to concentrate ratio a t  60 : 40. Groundnut haulms was the 

sole roughage source in all the ~ornplete rations. Complete ration-1 

(CR-1) containing maize voundnut cake (13.5%) deoiled rice bran 

(3.5%) and mineral mixture (3.0%) was used as the control ration. 

Complete rations 2, 3 and 4 20, 40 and 60% of ground 

sunflower heads respectively replacing groundnut haulms. TO make the 

complete rations isonitrogenous, groundnut cake and deoiled rice bran 

levels were marginally adjusted. vitablend was d d e d  to the rations 

@ 25 g/q. 

3.4.2 Metabolism trial 

16 Nellore bmwn ram lambs (19.50 * 0-35 kg) which are taken 

from the growth trial were to evaluate the complete rations for 

their nutrient digestibility and nitrogen balance- The ram lambs were 

confined to individual pens of 2 m x 1 pl with facilities for individual 

feeding and watering. a 14-day prehminal.~ and a 7 day collection 

periods were observed. 
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3.4.2 Metabolism trial 

16 Nellore bmwn ram lambs (19.50 * 0-35 kg) which are taken 

from the growth trial were to evaluate the complete rations for 
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Experiment 3

3.4 Nutrient utilization and nitrogen balance of ram lambs fed

complete rations containing various levels of sunflower
heads.

3.4.1 Preparation of complete rations :

Dried sunflower heads (Helianthus annuus) grOund in a hammer

mill through medium mesh screen (8 mm) were used in the preparation

of complete rations. Four isonitrogenous rations were formulated keeping

the roughage to concentrate ratio at 60 : 40. Groundnut haulms was the

sole roughage source in all the complete rations. Complete ration-1
(CR-1) containing maize (20%), groundnut cake (135%) deOiled rice bran

(35%) and mineral mixture (3.0%) was used as the control ration.-

Complete rations 2, 3 and 4 contained 20, 40 and 60% of ground
sunflower heads respectively replacing groundnut haulms. To make the

complete rations isonitrogenous, groundnut cake and deoiled rice bran

levels were marginally adjusted. Vitablend was added to the rations

'@ 25 g/q.

3.4..2- Metabolism trial
16 Nelloré brown ram lambs (19-50 a: 0'35 kg) which are taken

from the growth trial Were used to evaluate the complete rations for
their nutrient digestibility and nitrogen balance. The ram lambs wereconfined to individual pens of 2 m x 1 m with facilities for individual
feeding and water-ing- A 14-day preliminary and a 7 day collection
Pariods were observed-



The ram lambs were allotted to one of the complete ration, a t  

random and fed ad libiturn twice daily a t  8-30 a.m. and 2-30 p.m. The 

left overs were weighed on the next day morning to estimate the exact 

quantity of the respective complete rations consumed. The rams were 

shifted to metabolism cages two days prior to and during the collection 

period. The live weights of the rams were recorded before the s tar t  and 

a t  the end of each period prior to offering feed and water. Fresh drinking 

water was made available all the time. During each period of metabolism 

trial faeces voided in 24 h was collected with the help of faecal collection 

bags harnessed to the ram lambs. The daily urine output of each animal 

was measured by in the glass bottles kept a t  the bottom of 

each metabolism cage. Few drops of concentrate hydrochloric acid were 

added to each urine collection bottle daily as a Preservative. Samples of 

feed, faeces and urine were preserved for further analysis. 

Experiment 4 

3.5 in situ dry matter I protein degradabilitJ' of sunflower 

heads and the complete rations 

'ITL sitll evaluation of dry matter and protein degradability of 

sunflower heads and complete rations was carried out using nylon bag 
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The ram lambs were allotted to one of the complete ration, at

random and fed ad libitum twice daily at 8-30 am. and 2-30 p.m. The

left overs were weighed on the next day morning to estimate the exact

quantity of the respective complete rations consumed. The rams were
shifted to metabolism cages two days prior to and during the collection
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at the end of each period prior to offering feed and water. Fresh drinking

water was made available all the time. During each period of metabolism

trial faeces voided in 24 h was collected with the help of faecal collection

bags harnessed to the ram lambs. The daily urine Olltput of each animal

was measured by collecting in the glass bottles kept at the bottom of

each metabolism cage. Few drops 0f concentrate hydrOChloric acid were

added to each urine collection bottle daily as a preservative. Samples of

feed, faeces and urine were preserved for further analysis_

EXperiment 4

3.5 In situ dry matter / protein degradability of Sunflower

heads and the complete rations
‘ 11L situ evaluation of dry matter and protein degradability of

sunflower heads and complete rations was carried out using nylon bag

technique. Nylon bags 0f 15 x 7 cm with a pore size of 28-30 pm were

uSed for incubating feed samples in the rumen 0f fis‘tulated steers.

Samples of dried sunflower heads and complete rations were
ground in a laboratory Wiley mill using a medium mesh screen of 2 mm.

The ground materials were Stored in air tight screen capped plastic

bottles. Five grams of ground feed samme was taken in each bag. lags

were 6195861 and secured With a nylon String after Placing a glass ar‘ble

in it to prevent firom floating on the 1’11m digesta. FiVe “bags each were



incubated in the ventral sac of rumen of five steers (385 * 5.82 kg). Bags 

were secured with the help of a 60 cm long nylon string to allow free 

movement of the bags in the X-umen. At the end of 12, 24, 36, 48 and 

72 h incubation, the bags were removed from the rumen, washed under 

tap water and dried to a constant weight a t  70°C for 48 h in  a forced 

draft oven and the per cent dray matter 1 protein disappearance was 

calculated. The constants a, b and c of McDonald model (1981) were. 

derived by iterative least square analysis with the aid of a computer 

(Microtech - PC - 486). An out flow rate (K) value of 0.05 I h was used. 

3.6 Collection of samples 

3.6.1 Feed : 

Samples of sunflower heads and experimental rations offered were 

collected daily and composited for chemical analysis. The left over feed 

during each day of the collection period was weighed and aliquots were 

taken for chemical analysis. 

3.6.2 Faeces : 
F~~~~~ voided by each adult ram during 24h was weighed a t  

8-30 and a 5% was cornposited in ~ol f lhene  bags and frozen 

in a deep freeze. At the end of each collection period representative 

faecal samples were oven dried7 pound though medium mesh screen of 

a Wiley mill and *laced in air tight polythene bottles until analysed. 

3.6.3 Urine : 

Urine voided individual rams during 24 h was measured a t  

8.30 a.m. and 2% ali¶uoe of urine was composited in glass bottles and 

kept in refrigerator till aandysed. 
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movement of the bags in the rumen. At the end of 12, 24, 36, 48 and
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3.6.3 Urine :

Urine voided by individual rams during 24 h was measured at
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kept in refrigerator till analysed.



3.7 Chemical analysis : 

Samples of sunflower heads, groundnut haulms, maize, groundnut 

cake and deoiled rice bran were analysed for proximate principles (AOAC, 

1980). Samples of fresh faeces and aliquots of urine were used to 

determine the nitrogen content: The cell - wall constituents of ground nut  

haulms, sunflower heads and faeces were determined as per the procedure 

of Goering and Van Soest (1970)- Calcium and phosphorus in feed samples 

and dung were determined by the ~ ~ ~ e t h o d  suggested by Talapatra et. al. 

(1940). Calcium and Phosphorus in urine was estimated by using the 

methods of Ferro and Ham (1957) and F'iske and Subba Row (1925), 

respectively. 

3.8 Statistical analysis 

The data were subjected to analysis of variance (Snedecor and 

Cochran, 1968). 
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CHAPTER - IV 

RESULTS 

4.1 Chemical composition of sunflower heads 

The chemical composition of sunflower heads used in the 

experiment is  resented in Table 1 and the chemical composition of 

Sunflower heads as reported by various authors is presented in Table 2. 

Sunflower heads used in the present investigation contained 8.40, 4.10, 

17.13, 54.92 and 15.45 per cent of CP, EE, CF, NFE and TA, 

respectively on DMB. The calcium and ~ h o s ~ h o r u s  contents of the 

sunflower heads were 2.69 and 0.33%, respectively- 

4.1.1 Cell - Wall Constituents 

The cell-wall constituents of sunflower heads is presented in 

Table 3. The per cent NDF, ADF, hemicellulose, cellulose and ADL were 

27.19, 22.10, 5.09, 16.01 and 6.09, respectively- 

4.2 Digestibility coefficients of nutrients and nutritive value of 

sunflower heads 

The average dry matter intake rams fed sunflower heads as  sole 

feed was 673 gld or 2.31 kg loo kg weight. The digestibility 

coefficient of the different nutrients were 57-59, 33.31, 70.79, 37.65 and 

69.24%, respectively for DM! "9 EE, CF and NF'E (Table 4). The DCP 

and TDN values of sunflower heads were 2-79 and 53.69%, respectively 

(Table 4). 
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17.13, 54.92 and 15.45 per cent of CP, EE, CF, NFE and TA,

respectively on DMB. The calcium and phosphorus contents of the

sunflower heads were 2.69 and 0.33%, respectively,

4.1.1 Cell - Wall Constituents-

The cell-wall constituents of sunflower heads is presented in

Table 3. The per cent NDF, ADF, hemicellUlOSB, Cellulose and ADL were
27.19, 22.10, 5.09, 16.01 and 6.09, respectively.

'4.2 Digestibility coefficients of nutrients and nutritive value of
sunflower heads I
The average dry matter intake of rams fed sunflower heads as sole

feed was 673 g‘ld 6r 2.31 kg / 100 kg bodyrweight- The digestibility
coefficient of the dififerent nutrients were 57.59, 33.31, 70.79, 37.65 and
69.24%, respectively for DM’ CP’ EE’ CF and NFE (Table 4)- The 13013
and TDN values of Sunflower heads were 2.79. and 53.69%, respectively
(Table 4).



Table 1 Chemical composition (%) of sunflower headsa  

Drp matter 86.92 

Organic matter 84.5.5 

Crude protein 8.40 

Ether extract 

Crude fibre 

Nitrogen free extract 54.92 

Total ash 15.45 

-Acid insoluble ash 

Calcium 

Phosphorus 0.33 
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Table 1 Chemical composition (%) of sunflower headsa

Dry matter I 86.92

Organic matter 84-5-5

Crude protein 8.40

Ether extract 4.10

Crude fibre 17.13

Nitrogen free extract 54.92 .

Total ash 15.45

Acid insoluble ash 1-93

Calcium 2.69

Phosphorus 0.33

“ 0n dry matter basis except for dry matter



'B'a8bEe 2 Chemical composition of sunflower heads as reported by various authors 

DM OM CP EE CF NFE TA AIA Ca P Reference 

1.93 2.69 0.33 Present investigation 

- - - Edrees et. al. (1976) 

- - 0.4 Saltykova (1977) 

0.26 1.39 0.18 Reddy et. al. (1986) 

- - - Delic et. al. (1987) 

1.05 1.40 0.12 Gowd et. al. (1987) 

88.00 89.40 7.22 2.90 16.63 62.65 10.60 1.05 0.69 0.10 Reddy et. al. (1989) 

87.90 88.62 7.43 3.27 17.13 60.79 11.38 0.92 0.75 0.31 Madan Mohan et. al. (1997) 

87.90 88.62 7.43 3.27 17.13 60.79 11.38 0.92 0.75 0.31 Raoet.a1.(1997) 

90.47 89.32 7.05 3.51 18.09 60.67 10.68 - - Reddy and Reddy (1998) 
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Table 2‘ Chemical composition of sunflower heads as reported by various authors

D'M OM CP EE CF NFE TA AIA Ca P Reference
86.92 84.55 8.40 4.10 17.13 54.92 15.45 1.93 2.69 0.33 Present investigation

—— — 12.50 1.90 — — 11.80 —— — — Edrees et. al. (1976)
— — 7.11 — — — 11.04 —— ~—— 0.4 Saltykova (1977)

— 88.53 7.21 2.86 15.83 62.63 11.47 0.26 1.39 0.18 Reddy et. al. (1986)
— _ 9.00 5.00 21.00 — — — — — Delic et. al. (1987)
88.29 89.40 7.22 2.90 16.63 62.65 10.60 1.05 1.40 0.12 Gowd et. al. (1987) ,
88.00 89.40 7.22 2.90 16.63 62.65 10.60 1.05 0.69 0.10 Reddy et. al. (1989)
87.90 88.62 7.43 3.27 17.13 60.79 11.38 0.92 0.75 0.31 Madan Mohan et. al. (1997)
87.90 88.62 7.43 3.27 17.13 60.79 11.38 0.92 0.75 0.31 Rao et. al. (1997)

90.47 . 89.32 7.05 3.51 18.09 60.67 10.68 — — — Reddy and Reddy (1998)



Table 3 Fibre components of sunflower heads (% of DM) 
. - 

. . 

Neutral detergent fibre 27.19 

Acid detergent fibre 22.10 

Hemicellulose 5.09 

Cellulose . 16.01 

Acid detergent lignin 6.09 
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Cellulose . 16.01

‘. 9Acid detergent lignin 6 O



Table 4 The average digestibility coefficients of organic 
nutrients and nutritive value of sunflower heads 

Nutrient digestibility (%) 

DM 

' CP 

EE 

CF 

NFE 

Nutritive value (%) 

DCP 

TDN 53.79 * 1.29 
- -  - .  . . . . 
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. . - 'cTable 4 The average digestibility coefficxents 0f 13:51:21
nutrients and nutritive value of sunflower

Nutrient digestibility (%)
DM 57.59 :h 1.64

‘ CP _ 33.31 i 2-06
EE ‘ 70.79 :f: 2-57
CF 3165&:214
NFE ' 69.24 ah 1.95
Nutritive value (%)

:1: 0.42. DCP 2.79
. :i: 1.29



Table 5 Digestibility (%) of cell - wall fractions of 
sunflower heads 

NDF 

ADF 

Hemicellulose 

Cellulose 20.37 +. 3.32 
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Digestibility (%) of cell - wall fractions ofTable 5
sunflower heads

NDF 27.10 t 3.0

ADF 23.97 i 3.44

Hemicellulose 40.74 i 2.47

20.37 :t 3.32Cellulose
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The digestibility coefficients of cell-wall fractions of sunflower heads is 

presented in Table 5. The average digestibility coefficient of celI - wall fractions 

of sunflower heads were 27.10, 23-96, 40.74 and 20.37 per cent, respectively, 

for NDF, ADF, hemicellulose and cellulose. 

The sunflower heads when fed as  a sole ration to the rams resulted in 

a negative balance for N (-1.28 +. 0.51), Ca (-0.77 _+ 0.14) and P (-0.82 _+ 0.14) 

t Table 6). 

4.3 In situ evaluation of sunflower heads Dry matter / protein 

disappearance. 

In situ evaluation of sunflower heads was carried out by suspending 

nylon bags filled with ground sunflower heads in the rumen of fistulated steers 

for 12, 24,36,48 and 72 h. The average dry matter and protein disappearance 

values for the corresponding hours of incubation were 53.15, 68.19, 78.86, 

82.43,83.4% and 32.84,51.44,68.45,75.95 and 78.325, respectively (Table 7). 

4.3.1 Effective degradability 

The constants 'a7 (readily soluble), 'b' (insoluble but degradable fraction 

with time) and 'c' (rate constant I h) Were 17.63, 67.51, and 0.0613 ; 0.00, 

82.67, and 0.0486 respectively, for dry n~at te r  and protein fractions of 

sunflower heads. The effective degradability values were 54.8 and 37 -0, 

respectively, for dry ma'tter and protein of sunflower heads. 
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The sunflower heads when fed as a sole ration to the rams resulted in
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In situ evaluation of sunflower heads was carried out by suspending
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4.3.1 Effective degradability
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with time) and ’c’ (rate constant I h) were 17.63, 67.51, and 0.0613 ; 0.00,
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Fab;le 7 Average in situ dry matter I protein disappearance and effective 
dry matter i protein degradability (EPD) of sunflower heads 

Incubation (h) DM disappearance (%) Protein disappearance (%) 

12 53.15 A 3.50 32.84 k 2.70 

Efge ctive 
degr adability 

a = readily soluble, 
b = insoluble but degradable with time 
c = rate constant / h 
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Table 7 Average in situ dry matter I protein disappearance and effective
dry matter I protein degradability (EPD) of sunflower heads

Incubation (h) DM disappearance (%) Protein disappearance (%)

12 53.15 i 3.50 32.84 :t 2.70

24 68.19 i 2.11 51.44 i 1.39

316 78.86 i 1.33 68.45-d: 1.77

48 82.43 :1: 1.23 75.95 :4: 0.84

.72 83.41 :1: 1.35 78.32 :t 0.65

Effective
degradability

a 17.63 0.00

b 67.51 I 82.67

0 0.0613 0.0486

'ED '-(%) 54.8 37.0

a = readily soluble,
b = insoluble but degradable with time
c = rate constant / h

36



4.4.1 Chemical composition of feed ingredients  

The chemical composition of different feed ingredients used in the 

preparation of complete feeds is presented in Table 8. The chemical 

composition of groundnut haulms was 9.07, 1.32, 32.08, 45.43 and 12.10 

. per cent, respectively for CP, EE, CF, NFE and TA on DMB. The 

chemical composition of maize grain used was CP, 11.40 ; EE, 2.53 ; 

CF, 2.80 ; NFE, 81.30 and TA, 1.97 per cent, on dry matter basis. The 

CP, EE, CF, NFE and TA contents of groundnut cake and deoiled rice 

bran were 45.41, 15.84; 6.42, 0.70; 7.05, 18.20; 34.73, 48.69 and 6.39, 

16.57 per cent, respectively on DMB. 

4.4.2 Calcium and Phosphorus contents of feed ingredients  

Among the feed ingredients used for formulating complete rations, 

sunflower heads contained the highest amount of calcium and lowest 

amount of phosphorus (Table 8). The calcium and phosphorus contents 

of maize and groundnut haulms were 0.20, 1.04 and 0.23 and 0.20 per 

cent, respectively. 

4.5 Ingredient Composition of Complete rations 

Four complete rations were formulated with 60 : 40 roughage to 

ratio. Groundnut haulms was the roughage component and 

maize (20), groundnut cake (13.5), deoiled rice bran (3.5) and mineral 

mixture (3%) formed the concentrate part. Groundnut haulms was 

replaced a t  0 (CR-11, 20 (CR-Z), 40 (CR-3) and 100% (CR-4) levels by 

sunflower heads in the experimental rations (Table 9). To the 

isonitrogenous the ~roportions of groundnut cake and DORB wk 
marginaUy adjusted. 
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4.4.1 Chemical composition of feed ingredients
The chemical composition of different feed ingredients used in the

preparation of complete feeds is presented in Table 8. The chemical
composition of groundnut haulms was 9.07, 1.32, 32.08, 45.43 and 12.10
per cent, respectively for CP, EE, CF, NFE and TA on DMB. The
chemical composition of maize grain used was GP, 11.40 ; EE, 2.53 ; -

CF, 2.80 ; NFE, 81.30 and TA, 1.97 per cent, on dry matter basis. The
CP, EE, CF, NFE and TA contents of groundnut cake and deoiled rice

bran were 45.41, 15.84; 6.42, 0.70; 7.05, 18.20; 34.73, 48.69 and 6.39, l
16.57 per cent, respectively on DMB.

4.4.2 Calcium and Phosphorus contents of feed ingredients

Among the feed ingredients used for formulating complete rations,

sunflower heads contained the highest amount of calcium and lowest

amount of phosphorus (Table 8). The calcium and phosphorus contents

of maize and groundnut haulms were 0.20, 1.04 and 0.23 and 0.20 per

cent, respectively.

4.5 Ingredient Composition of Complete rations

Four complete rations were formulated with 60 : 4O roughage to

concentrate ratio-Groundnut haulms was the roughage component and

maize (20), groundnut cake (13.5), deoiled rice bran (3.5) and mineral

mixture (3%) formed the concentrate part. Groundnut haulms was
replaced at 0 (CR~'1), 20 (CR-2), 40 (CR-3) and 100% (CR-4) levels by
sun-flower heads in the experimental rations (Table 9). To make the
rations isonitrogenous the proportions of groundnut cake and DORB were
marginally adjusted.



Tabh 8 Chemical composition (96) of feed ingredients in complete rations" 

DM @P CF EE NFE Total ash ALA Ca P 

Groundnut haulms 91.53 9.07 32.08 1.32 45.43 12.1 6.79 1.04 0.20 

,Sunfiower head meal 86.92 8.40 17.13 4.10 54.92 15.45 1.93 2.69 0.33 

Maize grain (ground) 91.86 11.40 2.80 2.53 81.30 1.97 0.46 0.20 0.23 

G<roundnut cake (Expeller) 92.72 45.41 7.05 6.42 34.73 6.39 2.26 0.22 1.03 

Rice bran (Solvent extraction) 92.36 15.84 18.20 0.70 48.69 16-57 9.52 0.35 1.81 

"On dry matter basis except for dry matter. 
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Talbflfe 8 Chemical composition (‘70) of feed ingredients in complete rations“
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DM CP CF EE NFE Total ash AIA Ca P

Groundnut haulims- 91.53 9.07 32.08 1.32 45.43 12.1 6.79 1.04 0.20

Sunflower head“ meal 86.92 8.40 . 17.13 I 4.10 54.92 15.45 1.93 2.69 0.33

Maize grain ‘(g‘roumfiv)’ 91.86 11.40 2.80 2.53 81.30 1.97 0.46 0.20 0.23

Groundnut cake (Ex'pe‘ll'er) 92.72 45.41 7.05 6.42 34.73 6.39 2.26 0.22 1.03

Rice bran (Solvent extraction) 92.36 15.84 18.20 0.70 48.69 16.57 9.52 0.35 8 1.81

a011a dry matter basis except for dry matter.



TaMe 9 Ingredient composition (%) of complete rations containing varying 
levels of sunflower heads 

Feed stuffs CR-1 . CR-2 CR-3 CR-4 

Groundnut haulms 

SuUn~flower head mleal 

Maize grain (ground) 

G,round6nut cake (Expelkr) 

Rice bran (solvent extraction) 

Mineral mixturea with salt 

vitabhendb 

" Mineral' mixture with salt contained Ca 22%, P 9%, NaCl22%, Cobalt 0.01%, 
Copper 0.06%, Iron 10.4%, Iodine 0.2%, Zinc 0.15% and Mn 0.09% 

Vitablrend AD, vitamin feed supplement each gram contained Vit A 50, 000 IU and 
vitamin D, 5,000 1U. 
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vitamin D, 5,000 1U. 
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'IJP'aMe 9 ‘ Ingredient composition (‘70) of complete rations containing varying
levels of sunflower heads '

Feed stuiffs » CR-l . CR-2 CR-3 CR-4

Groundnut haulms 60 40 20 0

Sunflower head: meal 0 20 40 60

Maize grain (ground) 20 20 20 20

Groundnut cake {(Expeller) 13,5 12.0 12,5 13.0 '

Rice bran (solvent extraction) 3 5 5.0 4 5 4.0

Mineral mixturea with salt 3 71 3 3

Vitab‘rliendb < I 25 g >

“ Mine-rat mixture with salt contained Ca 22%, P 9%, NaCl 22%, Cobalt 0.01%,
Copper 0.06%, Iron (0.4%, Iodine 0.2%, Zine 0.15% and Mn 0.09%

b Vitabrlend AD3 vitamin feed supplement each gram contained Vit A 50, 000 IU and
vitamin D3 '5,‘0'0 IU.



4.5.1 Chemical composition of complete rations 

The chemical co~nposition of complete rations on DMB is presented in 

Table 10. The dry matter content of the complete rations 1 to 4 varied from 

88.7 to 93.2%. There was no variation in per cent organic matter and crude 

protein from among the rations. The CF content wss highest in CR-1 (21.7%) 

and lowest in CR-4 (12.6%). The ether extract (4.2%) content wss highest in 

the CR-4 and lowest in the CR-1 (2.5%). Nitrogen free extract content in the 

complete rations increased with increased percentage of sunflower heads in the 

ration. Total ash and AIA contents of the complete rations ranged from 11.15% 

to 12.59% and 2.52% to 4.40%, respectively. Calcium percentage increased 

gradually from CR-1 to CR-4 while the phosphorus content varied from 0.48% 

to 0.52% among the complete rations. 

4.5.2 Cell-wall constituents of complete rations 

The cell-wall constituents of complete rations is presented in Table 11. 

The per cent NDF and ADF values in complete rations I to 4 were 45.26,35.96 

; 39.92, 31.47 ; 37.89, 27.93 and 33.06, 22.29, respectively. T ~ ~ N D F  and ADF 

contents of CR-3 and CR-4 were lower by 7.37,8.03 and 12.2, 13.67 percentage 

units, respectively compared to CR1. Higher hemicelldose content was 

observed in CR-4 (10.76) followed by CR-3 (9.96), CR-I (9.3) and CR-2 (8.45%). 

However, content was highest in CR-1 (28.6%) and least in CR-4 

(16.2%). Acid detergent lignin levels decreased from 7.41 to 6.12% in CR-1 to 

(33-4 due to decreased pmpodions of groundnut haulms. 
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(33-4 due to decreased pmpodions of groundnut haulms. 
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4.5.1 Chemical composition of complete rations

The chemical composition of complete rations on DMB is presented in

Table 10. The dry matter content of the complete rations 1 to 4 varied from

88.7 to 93.2%. There was no variation in per cent organic matter and crude
protein from among the rations. The CF content wss highest in CR-l (21.7%)
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to 0.52% among the complete rations.

4.5.2 Cell-wall constituents of complete rations

The cell-wall constituents of complete rations is presented in Table 11.

The per cent NDF and ADF values in complete rations 1 to 4 were 45.26, 35.96

; 39.92, 31.47 ; 37.89, 27.93 and 33.06, 22.29, respectively. Thre'NDF and ADF
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CR-4 due to decreased proportions of groundnut haulms.



Table 10 Chemical composition (%) of complete rationsa 

- -  -- - 

Dry matter 

Organic matter 

Crude protein 14.12 14.25 14.12 14.01 

Crude fibre 

Ether extract 

Nitrogen free extract 50.58 49.91 54.68 56.62 

Total ash 11.15 11.45 11.97 12.59 

Aci6 insoluble ash 

Calcium 

Phosphorus '0.48 0.47 0.52 0.48 

aOn dry matter basis except for dry matter 

Table 10 Chemical composition (%) of complete rationsa 

- -  -- - 

Dry matter 

Organic matter 

Crude protein 14.12 14.25 14.12 14.01 

Crude fibre 

Ether extract 

Nitrogen free extract 50.58 49.91 54.68 56.62 

Total ash 11.15 11.45 11.97 12.59 

Aci6 insoluble ash 

Calcium 
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Tabie 10 Chemical composition (%) of complete rationslal

_ ‘ CR-l CR—2 CR-3 CR-4

Dry matter 93.20 91.02 90.93 88.65

Organic matter _ 88.85 88.55 88.03 87.41

Crude protein 14.12 14.25 14.12 14.01

Crude fibre 21.69 21.57 15.46 12.58

Ether extract 2.46 2.82 3.77 4.20.
Nitrogen free extract 50.58 49.91 54.68 56.62

Total ash 11.15 11.45 11.97 12.59

Acid: insoluble ash 4.40 ‘ 4.17 2.66 2.52

Calcium 1.39 1.83 2.11 2.56
.PhOSPhorus 0.48 0.47 0.52 0.48

aOn dry atter basis except for dry matter



Tablo 11 Cell - wall hactions of complete rations (% of DM) 

Nutrient CR-1 CR-2 CR-3 CR-4 Groundnut haulms 

Neutral detergent fibre 45.26 39.92 37.89 33.06 57.14 

Acid detergent fibre 35.96 31.47 27.93 22.29 43.29 

Hemicellu~ose 9.30 8.45 9.96 10.76 13.85 

Cellulose 28.55 24.32 21.24 16.17 28.21 

Acid dehergent lignin 7.41 7.15 6.69 6.12 15.08 

Tablo 11 Cell - wall hactions of complete rations (% of DM) 

Nutrient CR-1 CR-2 CR-3 CR-4 Groundnut haulms 

Neutral detergent fibre 45.26 39.92 37.89 33.06 57.14 

Acid detergent fibre 35.96 31.47 27.93 22.29 43.29 

Hemicellu~ose 9.30 8.45 9.96 10.76 13.85 

Cellulose 28.55 24.32 21.24 16.17 28.21 

Acid dehergent lignin 7.41 7.15 6.69 6.12 15.08 

Table 11 Cell - wall fractions of complete rations (% of DM)

Nutrient CR-l CR-2 CR-3 CR-4 Groundnut haulms

Ne-fitrél detergent fibre 45.26 69.92 37.89 33.06 57.14

Add detergent fibr9 35.96 31.47 27.93 22.29 43.29

Hemicel‘lhulose' 9.30 8.45 9.96 10.76 13.85

Cellulose 23.55 24.32 21.24 16.17 28.21

Acid «fetergent lignin 7.41 7.15 6.69 6.12 15.08
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4.6 In vivo evaluation of complete rations 

4.6.1 Growth  Experiment  

The effect of replacing groundnut haulms with sunflower heads at  

0, 20, 40 and 100% levels in complete rations 1 to 4 on the feed intake, 

growth rate and feed efficiency of 24 Nellore brown lambs (15.32 * 0.18 

kg) for a period of 90 days in a completely randomised design is 

presented in Table 12. 

Lambs fed on CR-2 gained 13.19, 15.06 and 9.56 g higher weights 

per day compared to those fed CR-1, CR-3 and CR-4, respectively. 

However, the difference between the ADG of lambs fed different complete 

rations was non-significant. 

The total feed consumed by the lambs fed complete rations 1 to 4 

was 62.70, 73.50, 61.70 and 65.50 kg, respectively. Although the lambs 

fed CR-2 consumed higher quantity of feed, the difference between the 

feed consumption by the lambs fed different rations were non-significant. 

Dry matter intake (gld) of lambs fed complete rations 1-4 was 656.04, 

746.38, 628.78 and 654.32 , respectively. Dry matter intake expressed in 

kg / 100 kg body weight or g l ~ z o f  lambs fed complete rations 1 to 4 

were 3-69, 74.15 ; 3.90, 81.55 ; 3.39, 70.49 and 3.63, 74.75, respectively. 

However, dry matter intake of lambs expressed in gld, kg/100 kg body 

weight and g/ w&I5 did not show any significant difference among 

different treatments. 

The of feed required per ~ tn i t  gain (feed : gain ratio) was 

not varied in CR-I to CR-4. However the difference among the lambs fed 

different; rations was non-sig&ficant. The cost per kg feed 

( R ~  kg) and cost per kg weight gain (RS. I kg) for CR-1 to CR-4 

wew 3-24, 36.33, O . H ,  35.48 ; 3-06, 36-94 3.01, 31.94, respectively. 
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4.6 In vivo evaluation of complete rations
4.6.1 Growth Experiment

The effect of replacing groundnut haulms with sunflower heads at

0, 20, 40 and 100% levels in complete rations 1 to 4 on the feed intake

growth rate and feed efficiency of 24 Nellore brown lambs (15.32 a: 0.18

kg) for a period of 90 days in a completely randomised design is
presented in Table 12.

Lambs fed on CR~2 gained 13.19, 15.06 and 9.56 g" higher weights

per day compared to those fed CR-l, CR-3 and CR-4, respectively.

However, the difference between the ADG of lambs fed different complete

rations was non-significant.

The total feed consumed by the lambs fed complete rations 1 to 4

was 62.70, 73.50, 61.70 and 65.50 kg, respectively. Although the lambs

fed CR-2 consumed higher quantity of feed, the difference between the

feed consumption by the lambs fed different rations were non-significant

Dry matter intake (g/d) of lambs fed complete rations 1-4 was 656.04,

746.38, 628.78 and 654.32 , respectively. Dry matter intake expressed in

kg / 100 kg body Weight or g / Wgsof lambs fed complete rations 1 to 4

were 3.59, 74.15 ; 3.90, 81.55 ; 3.39, 70.49 and 3.63, 74.75, respectively.

However, dry matter intake of lambs expreSSed in g/d, kg/lOQ kg body

weight and g/ WK‘l‘,” did not show any significant difference among
different treatments.

The amount of feed required P61“ unit gain (feed : gain ratio) was
not varied fm ‘CR-l to CR-4. However the difference among the lambs fed
different Compilefie rations was non-significant. The cost per kg- feed
(Rs. / kg) and cost per kg live Weight gain (Rs. / kg) for CR-l to CR4
were 3.24, 36.33, 3.11, 35.48 ; 3:06, 35.94 and 3.01, 31.94, respectively,



'P'abte 1% Growth performance of Nellore brown lambs fed different proportions of sunflower heads 
in the complete rationsa 

CR-1 CR-2 CR-3 CR-4 SEM 
-- -- - 

Initial body weight (kg) 15.26 * 1.31 15.43 * 1.10 15.73 0.83 14.86 f 1.33 

Final body weight (kg) 

Weight gain (kg) 

Average daily gai.11 (g) 

Total feed consumed (kg) 

Average daily feed consumption (gld) 689 * 66.21 808 * 74.70 678 i 36.15 720 i 74.35 

Dry matter intake (gld) 656.04 * 62.34 746.38 * 68.72 628.78 * 32.26 654.32 * 65.65 

Dry matter intake (g I wg61 d) 74.15 h 3.43 81.55 * 4.48 70.49 =t 3.28 74.75 * 3.46 

Dlry matter 1 100 kg body weight (kg) 3.59 * 0.12 3.90 * 0.16 3.39 * 0.16 3.63 k 0.14 

Feed efficiency 

Cost of feed (Rs. / kg) 

Cost per kg live weight gain @s. I kg) 36.33 4.01 35.48 * 5.57 35.94 * 3.89 31.94 k 1.36 

a, no significant difference between the treatments 
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Cost per kg live weight gain @s. I kg) 36.33 4.01 35.48 * 5.57 35.94 * 3.89 31.94 k 1.36 

a, no significant difference between the treatments 
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Table 122 Growth performance of Nellore brown lambs fed different proportions of sunflower heads
in the complete rationsa

CR-l CR-2 CR-3 CR-4 SEM

1616151 body Weight (kg) 15.26 4 1.31 15.43 a: 1.10 15.73 4 0.83 14.86 :1: 1.33 —
Final body weight (kg) 21.06 4 1.54 22.43 4 0.97 21.36 :t 0.76 21.00 a; 1.71 —
Weight gain (kg) 5.80 :i: 0.58 7.00 i 0.87 5.63 :i: 0.73 6.13 d: 0.48 0.68

Average daily gain (g) 63.73 :i: 6.47 76.92 :1: 9.56 61.86 i 8.12 67.36 :E 5.36 7.49

Total feed consumed (kg) 62.70 :1: 6.02 73.50 :1: 6.79 61.70 :i: 3.28 65.50 :1: 6.76 5.87

Average daily feed: consumption (g/d) 4 ‘ 689 i 66.21 808 :l: 74.70 678 :1: 36.15 720 :l: 74.35 64.8

Dry matter intake (g/d)‘ 656.04 4 62.34 746.38 4 68.72 628.78 4 32.26 654.32 :E 65.65 58.9
Dry atter intake (g / W325i d) 74.15 4 3.43 81.55 :i’: 4.48 70.49 4 3.28 74.75 :1: 3.46 3.72
Dry matter / 100 kg body weight (kg) 3.59 :1: 0.12 3.90 :h 0.16 3.39 :1: 0.16 3.63 i 0.14 0.15

Feed eficiency 11.21 4 1.24 11.40 4 1.79 11.74 :5 1.27 10.61 4 0.45 1.28
Cost of feed (Rs- / kg) 3.24 3.11 3.06 3.01 —
Cost per kg live weight gain (Rs. / kg) 036.33 3: 4.01 35.48 i: 5.57 35.94 :I: 3.89 . 31.94 i 1.36 ——

a, no significant difference between the treatments



4.6.2 Nutr ien t  digestibility . 
The data on nutrient digestibility of ram lambs fed four complete 

rations are presented in Table 13. The average DM digestibility values 

were 62.8, 62.7, 63.0 and 64.5% for complete rations 1 to 4, respectively. 

The difference between the DM digestibility among the rations was non- 

significant. 

The average OM digestibility values were 65.77, 66.21, 67.61 and 

68.90% for complete rations 1 to 4, respectively. The per cent 

digestibility of OM of CR4 was signifcantly higher (P < 0.05) than that 

of CR-1 or CR-2 while the differnce between the CR-3 and CR-4 was 

non-significant. 

The apparent digestibility of CP for the complete rations 1 to 4 

were 58.8, 71.9, 62.2 and 63.6%, respectively. Inclusion of sunflower 

heads a t  any level in complete rations had no significant effect on the 

CB digestibility. 

The digestibility values of CF for CR-1 to CR-4 were 43.55, 48.06, 

38.92 and 43.59%, respectively. The per cent digestibility of C F  of CR-2 

was signifimntly higher (P < 0.05) than that of CR-3 while the difference 

between the CR-2 and CR-4 was non-significant. The average 

digestibility values of EE for CR-1 to CR-4 were 70.66, 75.21, 78.46 and 

80.04%, respectively. The per cent digestibility of EE of CR-3 or CR-4 

was sipscantly higher (P < 0.05) than that of CR-1 while the difference 

between GR-1 and CR-2 or CK3 and CR-4 were non-significant. The 

average digestibility values of NFE for 'CR-1 to CR-4 were 77.12, 72-44) 

76.3Cand 75.67%, respectively- The per cent digestibility of NFE of 

eR-1, (33-3 or CR-4 were significantly higher (P < 0.05) than that of 

GR-2. 
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4.6.2 Nutrient digestibility

The data on nutrient digestibility of ram lambs fed four complete
rations are presented in Table 13. The average DM digestibility values
were 62.8, 62.7, 63.0 and 64.5% for complete rations 1 to 4, respectively.
The difference between the DM digestibility among the rations was non~

significant.

The average OM digestibility values were 65.77, 66.21, 67.61 and

68.90% for complete rations 1 to 4, respectively. The per cent

digestibility of OM of CR4 was signifcantly higher (P < 0.05) than that

of CR-l or CR-2 while the differnce between the CR-3 and CR4 was

non-significant.

The apparent digestibility of GP for the complete rations 1 to 4

were 58.8, 71.9, 62.2 and 63.6%, respectively. Inclusion of sunflower

heads at any level in complete rations had no significant effect on the

CP digestibility.

The digestibility values of CF for CR-l to CR-4 were 43.55, 48.06,

38.92 and 43.59%, respectively. ‘The per cent digestibility of CF of CR-2

was significantly higher (P < 0.05) than that of CR-3 while the difference

between the CR=2 and CIR-4 was non—significant. The average

digestibility values of EE for CR-l to CR-4- were 70.66, 75.21, 78.46 and

80.04%, respectively. The per cent digestibility of EE of CR3 or CR-4

was significantly higher (P < (3-05) than that Of CR-l While the difference

betWeen CR-l and CR2 or CR-3 and CR-4 were non-significant. The .,
average digestibility values of NFE for (JR-1 to CR-4 were 77.12, 72.44,

76.36and 75.67%, respectively. The per cent digestibility of NFE of
CR-i, 03-3 or (JR—4 were significantly higher (P < 0.05) than that of

CR2.



Table 18 Effect of inclusion of varying levels of sunflower heads on nutrient digestibility 
of complete rations 

CR-1 CR-2 CR-3 CR-4 SEM 

Dry matter 62.79 A 0,89 62.73 f 0.71 63.03 f 0.64 64.53 f 0.20 0.66 

Organic matter* 65.77a f 1.21 66.21a f 0.51 67.61ab f 0.53 68.90~ * 0.31 0.72 

Crude protein 58.78 f 1.81 71.99 f 5.0 62.21 f 1.27 63.59 * 2.89 3.09 

@ru&e fibre* ~ l3 .55~  f 2.48 48.06aC f 2.35 3 8 . 9 ~ ~ ~  f 1.42 43.5gab * 0.32 1.86 

Either extract* 70.66a f 1.19 75.21a f 1.49 78.4Gab f 1.44 8 0 . 0 4 ~ ~  f 2.00 1.56 

Nitrogen free extract* 77.12a f 1.28 7 ~ . 4 4 ~  f 1.41 76.36a f 0.40 75.67a f 0.39 0.99 

' abc values bearing different superscriptd in a row differ significantly * P < 0.05 
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Table 13‘
of complete rations
Effect of inclusion of varying levels of sunflower heads on nutrient digestibility

. 'CR-l 011-2 CR-3 CR-4 SEM
Div matter 62.79 4 0.89 62.73 4 0.71 63.03 4 0.64 64.53 4 0.20 0.66
@‘rgamc' mat-ter* 65.773 4 1.21 66.21a 4 0.51 67.61ab 4 0.53 68.901) 4 0.31 0.72
Crude protein 58.78 4 1.81 71.99 4 5.0 62.21 4 1.27 63.59 4 2.89 3.09
'Cmde fibre" 4355* 4 2.48 48.06“ 4 2.35 36.92ab 4 1.42 43.59ab 4 0.32 1.86

Ether extract" 70.6634 1.19 75.21a 4 1.49 76.46ab 4 1.44 80.048134 2.00 1.56

nen 399 9mm" 77-123 i 1-28 , 72.441) 4 1.41 76.368 4 0.40 75.67a 4 0.39 0.99
* abc

values bearing different superscripts in a row differ significantly * P < 0.05



4.6.3 DigestibiIity of cell-wall constituents of complete rations 

The digestibilities of cell-wall constituents for CR-1 to CR-4 are 

presented in Table 14. 

The data on apparent digestibility of cell-wall constituents revealed that 

the digestibility of NDF was 47.46, 43.77, 48.26 and 47.60% and that of ADF 

49.75,47.14, 38.37 and 31.97%, respectively, for complete rations 1 to 4. It was 

observed that leveI of sunflower heads in complete rations did not affect the 

digestibility of NDF. The per cent digestibility of ADF of CR-3 or CR-4 were 

significantly lower (P < 0.01) than those of the CR-1 and CR-2. Significant (P 

< 0.01) difference between CR-3 and CR-4 was observed for ADF digestibility. 

There was no significant difference between CR-1 and CR-2 for ADF 

digestiility. The average digestibility values in hemicellulose for CR-1 to CR-4 

were 38.61,31.21,45.59 and 44.41%, respectively. The per cent digestibility of 

hemicellulose of CR-3 or CR-4 were significantly higher (P < 0.05) than those 

of CR-1 and CR-2. The differekes between CR-I and CR-2 or CR-3 and CR-4 

for hemicellulose digestibility were non-significant. The digestibility coefficients 

of cellulose for complete rations 1 to 4 were 52.24, 44.92, 44.92 and 44.79%, 

respectivsly. The per cent digestibility of cellulose of CR-1 was significantly 

higher (P < 0.01) than those of CR-2 and CR-3 or CR-4. The differences among 

the treatments of CR-2, CR-3 and CR-4 were non-significant. 
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4.6.3 Digestibility of cell-wall constituents of complete rations

The digestibilities of cell-wall constituents for CR-l to CR—4 are
presented in Table 14.

The data on apparent digestibility ofcell-wall constituents revealed that
the digestibility of NDF was 47.4.6, 43.77, 48.26 and 47.60% and that ofADF
49.75, 47.14, 38.37 and 31.97%, respectively, for complete rations 1 to 4. It was

observed that level of sunflower heads in complete rations did not affect the

digestibility of NDF. The per cent digestibility of ADF of CR-3 or CR-4 were

significantly lower (P < 0.01) than those of the CR-l and CR-2. Significant (P

< 0.01) difference between CR—3 and CR-4 was observed for ADF digestibility.

There was no significant difference between CR-l and CR2 for ADF

digestiility. The average digestibility values in hemicellulose for CR~1 to CR-4

were 38.61, 31.21, 45.59 and 44.41%, respectively. The per cent digestibility of

hemicellulose of CR-3 or CR-4 were significantly higher (P < 0.05) than those

of CR-l and CR-2. The differences between CR-l and CR-2 or CR—S and CR4

for hemicellulose digestibilitywere non—significant. The digestibility coefficients

of cellulose for complete rations 1 to 4 were 52.24, 44.92, 44.92 and 44.79%,

respectively. The per cent digestibility of cellulose of CRal was significantly

higher (P < 0.01 ) than those of CR—2 and CR3 or (JR-4. The difTerences among

the treatments of CR—2, CR—3 and CR—4 were non-significant,



Tabbe 14 Digestibility (9%) of cell - wall fractions of complete rations 

GR-2 CR- 3 CR-4 SEM 

NDF 47.46 * 1.96 43.77 * 0.96 48.26 j~ 1.41 47.60 +- 0.59 1.33 

"" values bearing different superscripts in a row differ significantly * P < 0.05 " ' P  P 0.01 
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GR-2 CR- 3 CR-4 SEM 
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Table 14 Digestibility (070) of cell - wall fractions of complete rations
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(CR-1 CR-Z CR—3 CR—4 SEM

NDF 47.46 i 1.96 43.77 1: 0.96 48.26 i 1.41 47.60 i 0.59 1.33

ADF====H 49.75a i 2.15 47.14n i 1.32 38.37b : 0.494 31.97c .4 0.54 1.31

Hemicellulose‘*‘ 38.61ab 4 4.96 31.213 4 0.73 45.59b i 2.14 44.4113 i 4.04 3.39

C'el‘lfilose’” 52.24“ i 0.78 4.41.92h i 0.67 44.92h i 1.91 44.79b i- 1.70 1.38

ab“ values bearing different superscripts in a row differ significantly * P < 0.05 M P < 0.01



4.7 Balance of ni t rogen 

The effect of feeding complete rations containing 0-100% of 

sunflower heads on nitrogen balance in Nellore brown ram lanlbs'is 

presented in Table 15. 

The average nitrogen intake expressed as g/d or g / W::/ d Of ram 

lambs fed complete rations 1 to 4 was 15.95, 1.72 ; 15.88, 1.65 ; 15.06, 

1.60 and 13.55, 1.39, respectively. There was no significant (P > 0.01) 

differences in the N intake, faecal or urinary nitrogen excretion among 

different treatments. The nitrogen retention expressed as g/d, per cent 

of intake or per cent of absorbed was 7.29, 45.46, 78.13; 7.62, 50.28, 

68.09; 5.95, 39.58, 63.56 and 4.40, 34.80, 54.06 for complete rations 1 to 

4, respectively. Nitrogen retention expressed as g/d, per cent of intake or 

per cent of absorbed did not differ significantly among the four 

treatments. There was significant difference (P < 0.01) between CR-1 and 

(33-4 or CR-2 and CR-4, but there was no significant difference between 

the CR-3 and CR-4 for N retention expressed as g 1 w:: / d. I t  was 

observed that substitution of groundnut haulms by sunflower heads upto 

100% level in the complete rations did not affect the N retention in 

Nellore ram lambs. 

4.8 Balance of Calcium 

The data on calcium retention in lambs fed complete rations is 

presented in Table 16. The average daily intake of calcium was 9-81, 

12-74, 14-07 and 15.48 g, respectively, for CR-1 to CR-4. The calcim 

,tention expressed as glday, Per cent of intake and per cent of absorbed 

were 2-41, 25-66, 87.49 ; 2.77, 22-92 82.56 ; 2-42, 17.17, 81.61 and 3-14, 

20.71, 82-87, rewecti~e?v for the ram hrnbs fed CR-1 to CR-4. ~h~ 

di,fferences in callcium r e t e n t h  among the raIll lambs fed different 

were non-sig~ifica~t.  
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4.7 Balance of nitrogen

The effect of feeding complete rations containing 0-100% of
sunflower heads on nitrogen balance in Nellore brown ram lambs'is

presented in Table 15.

The average nitrogen intake expressed as g/d or g / W135/ d of ram

‘ lambs fed complete rations 1 to 4 was 15.95, 1.72 ; 15.88, 1.65 ; 15.06,
1.60 and 13.55, 1.39, respectively. There was no significant (P > 0.01)

differences in the N intake, faecal or urinary nitrogen excretion among
different treatments. The nitrogen retention eXpressed’ as g/d, per cent

of intake or per Cent of absorbed was 7.29, 45.46, 78.13; 7.62, 50.28,

68.09; 5.95, 39.58, 63.56 and 4.40, 34.80, 54.06 for complete rations 1 to

4, respectively. Nitrogen retention expressed as g/d, per cent of intake or

per cent of absorbed did not differ significantly among the four

treatments. There was significant difference (P < 0.01) between CR-l and

CR-4 or CR-2 and CR4, but there Was no significant difference between

the CR-3 and CR—4 for N retention expressed as g / W2,” / d. It was

observed that substitution of groundnut haulms by sunflower heads upto
100% level in the complete rations did not affect the N retention in

Nellore ram lambs.

4.8 Balance of Calcium

The data on calcium retention in lambs‘fed complete rations is

presented .in Table 16. The average daily intake of calcium was 9.81,
12.74, 1497 and 15.48 g, respectively, for CR—l to CR4. The calcium

retention expressed as g/day, per cent of intake and per cent of absorbed
were 2.41, 25.66, 87.49 ; 2.77, 22.92 , 82.56 ; 2.42, 17.17, 81.61 and 3.14
2.0711, 32.37, respectively for the ram lambs fed (JR-1 to .C'LR-4. The,
differences in calcium retention among the ram lambs fed different
complete rations were nonemgmfican-t.
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TaWe 16 Balance of c a l c i u m  i n  sheep fed complete rations 

CR-1 CR-2 CR-3 CR-4 SE m e a n  
- - 

Calcium intake (gld) 9.81 zt 1.44 12.74 * 1.39 14.07 zt 0.26 15.48 * 2.65 1.66 

Faecal Ca (gld) 7.04 zt 1.28 9.36 * 1.43 11.09 k 0.26 11.66 f 2.05 1.44 

Urinary Ca (gld) 0.35 k 0.08 0.56 zt 0.17 0.55 zt 0.07 0.67 k 0.14 0.12 

@a retention egld) 2.41 k 0.14 2.77 zt 0.17 2.42 zt 0.20 3.14 h 0.48 0.28 

Ca balance (% ilntake) 25.66 * 2.36 22.92 3.55 17.17 * 1.34 20.71 * 1.04 2.29 

Ca balance (% absorbed) 87.49 J: 2.74 82.56 zt 3.68 81.61 5 1.12 82.87 * 1.17 2.43 

TaWe 16 Balance of c a l c i u m  i n  sheep fed complete rations 

CR-1 CR-2 CR-3 CR-4 SE m e a n  
- - 

Calcium intake (gld) 9.81 zt 1.44 12.74 * 1.39 14.07 zt 0.26 15.48 * 2.65 1.66 

Faecal Ca (gld) 7.04 zt 1.28 9.36 * 1.43 11.09 k 0.26 11.66 f 2.05 1.44 

Urinary Ca (gld) 0.35 k 0.08 0.56 zt 0.17 0.55 zt 0.07 0.67 k 0.14 0.12 

@a retention egld) 2.41 k 0.14 2.77 zt 0.17 2.42 zt 0.20 3.14 h 0.48 0.28 

Ca balance (% ilntake) 25.66 * 2.36 22.92 3.55 17.17 * 1.34 20.71 * 1.04 2.29 

Ca balance (% absorbed) 87.49 J: 2.74 82.56 zt 3.68 81.61 5 1.12 82.87 * 1.17 2.43 

Table 16 Balance of calcium in sheep fed complete rations

51

_ CR-l CR-2 CR-3 CR-4 SE mean

0416mm intake (g/d) 9.31 4 1.44 12.74 4 1.39 14.07 4 0.26 15.43 4 2.65 1.66
FaeeavI-‘Ca (9/6) 7.04 4 1.23 9.36 4 1.43 11.09 4 0.26 11.66 4 2.05 1.44
Urinary Ca (9/6). 0.35 4 0.03 0.56 4 0.17 0.55 4 0.07 0.67 4 0.14 0.12

Ga retention (ta/d) 2.41 4 0.14 2.77 4 0.17 2.42 4 0.20 3.14 4 0.43 0.28

Ga balance ‘(% intake) 25.66 4 2.36 22.92 4 3.55 17.17 4 1.34 20.71 4 1.04 2.29
Ga. balance (%_ absorbed) 37.49 4 2.74 32.56 4 3.63 31.61 4 1.12 32.37 4 1.17 2.43



4.9 Balance of Phosphorus  

The average daily intake of phosphorus from complete rations 1 

to 4 were 3.38, 3.27, 3.46 and 2.89 g, respectively (Table 17). There was 

no significant difference among the treatments in P intake. 

Faecal and urinary excretion of phosphorous did not show any 

significant difference (P > 0.01) among complete rations. Phosphorus 

retention values (g/d) for CR-1 to 4 were 1.88, 1.87, 2.07 and 1.85, 

respectively. However, the differences among the treatments were non- 

significant. Phosphorus retention expressed as % of intake or % of 

absorbed did not show any significant difference among ram lambs fed 

the four complete rations. 

4.10 Nutritive value of complete rations 

The nutritive value of the four complete rations is presented in 

Table 18. The DCP values of complete rations 1 to 4 were 8.29, 10.25, 

8.77 and 8.90, respectively and the DCP content of CR-2 was higher 

(P < 0.05) than that of CR-1, CR-3 or CR-4. 

The TDN values of complete rations 1 to 4 were 60.64, 61.53, 

63.19 and 64.78, resp.ectively and the TDN content of CR-4 was higher 
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The average daily intake of phosphorus from complete rations 1

t0 4 were 3.38, 3.27, 3.46 and 2.89 g, respectively (Table 17). There was
no significant difference among the treatments in P intake.
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significant difference (P > 0.01) among complete rations. Phosphorus
retention values (g/d) for CR-l to 4 were 1.88, 1.87, 2.07_ and 1.85,

respectively. However, the differences among the treatments were non-

significant. Phosphorus retention expressed as % of intake or % of

absorbed did not show any significant difference among ram lambs fed

the four complete rations.

4.10 Nutritive value of complete rations

The nutritive value of the four complete rations is presented in

Table 18. The DCP values of complete rations 1 to 4 were 8.29, 10.25,

8.77 and 8.90, respectively and the DCP content of CR-2 was higher

(P < 0.05) than that of CR-1, CR-3 or CR-4.

The TDN values of complete ratibns 1 to 4 were 60.64, 61.58,

63.19 and 64.78, respectively and the TDN content of CR4 Was higher

(P < 0.01) than that of CR-l or CR-2.

The digestible energy and metabolizable energy (Meal / kg) values

for CR-1 to CR~4 were 2.66, 2.71, 2.78, 2.85 and 2.15, 2.19, 2.25 and

2.30, respectively. The nutritive ratios for the different complete rations

6.33, 1 : 5.07, 1 : 6.20 and 1 : 6.31 for CR4, CR-2, CR-3 and

CR4, respectively. Grams digestible protein / Meal DE and grams

digestible protein / Meal ME Were 31.14, 357.78, 31.56, 31.20. and 38.51,

46.72., 38.99, 38.56. respe

were 1 :

ctively for CR-l to CR-4_



4.9 Balance of Phosphorus  

The average daily intake of phosphor~s from complete rations 1 

to 4 were 3.38, 3.27, 3.46 and 2.89 g, respectively (Table 17). There was 

no significant difference among the treatments in P intake. 

Faecal and urinary excretion of phosphorous did not show any 

significant difference (P > 0.01) among complete rations. Phosphorus 

retention values (gld) for CR-1 to 4 were 1.88, 1.87, 2.07. and 1.85, 

respectively. However, the differences among the treatments were non- 

significant. Phosphorus retention expressed as % of intake or % of 

absorbed did not show any significant difference among ram lambs fed 

the four complete rations. 

4.10 Nutr i t ive  value of complete rat ions 

The nutritive value of the four complete rations is presented in 

Table 18. The DCP values of complete rations 1 to 4 were 8.29, 10.25, 

8.77 and 8.90, respectively and the DCP content of CR-2 was higher 

(P < 0.05) than that of CR-1, CR-3 or CR-4. 

The TDN values of complete rations 1 to 4 were 60.64, 61.53, 

63.19 and 64.78, respectively and the TDN content of CR-4 was higher 

(P c 0.01) than that of CR-1 or CR-2. 

The digestible energy and metabolizable energy weal / kg) values 

for CR-1 to (33-4 were 2.66, 2.71, 2.78, 2.85 and 2.15, 2.19, 2.25 and 

2.30, respectively. The nutritive ratios for the different complete rations 

were 1 6.33, 1 : 5-01, 1 : 6.20 and 1 : 6-31 for CR-1, CR-2, CR-3 and 

CR-4, respectively Grams digestible protein Mcal DE and grams 

digestible protein / Mcal ME were 31-14, 37-78, 31-56, 31.20 and 38-51, 

46.72, 38.99, 38-56, respectively for CR-1 CR-4. 

4.9 Balance of Phosphorus  

The average daily intake of phosphor~s from complete rations 1 

to 4 were 3.38, 3.27, 3.46 and 2.89 g, respectively (Table 17). There was 

no significant difference among the treatments in P intake. 

Faecal and urinary excretion of phosphorous did not show any 

significant difference (P > 0.01) among complete rations. Phosphorus 

retention values (gld) for CR-1 to 4 were 1.88, 1.87, 2.07. and 1.85, 

respectively. However, the differences among the treatments were non- 

significant. Phosphorus retention expressed as % of intake or % of 

absorbed did not show any significant difference among ram lambs fed 

the four complete rations. 

4.10 Nutr i t ive  value of complete rat ions 

The nutritive value of the four complete rations is presented in 

Table 18. The DCP values of complete rations 1 to 4 were 8.29, 10.25, 

8.77 and 8.90, respectively and the DCP content of CR-2 was higher 

(P < 0.05) than that of CR-1, CR-3 or CR-4. 

The TDN values of complete rations 1 to 4 were 60.64, 61.53, 

63.19 and 64.78, respectively and the TDN content of CR-4 was higher 

(P c 0.01) than that of CR-1 or CR-2. 

The digestible energy and metabolizable energy weal / kg) values 

for CR-1 to (33-4 were 2.66, 2.71, 2.78, 2.85 and 2.15, 2.19, 2.25 and 

2.30, respectively. The nutritive ratios for the different complete rations 

were 1 6.33, 1 : 5-01, 1 : 6.20 and 1 : 6-31 for CR-1, CR-2, CR-3 and 

CR-4, respectively Grams digestible protein Mcal DE and grams 

digestible protein / Mcal ME were 31-14, 37-78, 31-56, 31.20 and 38-51, 

46.72, 38.99, 38-56, respectively for CR-1 CR-4. 

4.9 Balance of Phosphorus
The average daily intake of phosphorus from complete rations 1

to 4 were 3.38, 3.27, 3.46 and 2.89 g, respectively (Table 17). There was
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Faecal and urinary excretion of phosphorous did not show any
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retention values (g/d) for CR-1 to 4 were 1.88, 1.87, 2.07 and 1.85,

respectively. However, the differences among the treatments were non-

significant. Phosphorus retention expressed as % of intake or % of

absorbed did not show any significant difference among ram lambs fed
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4.10 Nutritive value of complete rations

The nutritive value of the four complete rations is presented in

Table 18. The DCP values of complete rations 1 to 4 were 8.29, 10.25,

8.77 and 8.90, respectively and the DCP content of CR-2 was higher
(P < 0.05) than that of CR-l, CR—3 or CR-4.

The TDN values of complete rations 1 to 4 were 60.64, 61.58,

63.19 and 64.78, respectively and the TDN con-tent of CR-4 was higher

(P < 0.01) than that of CR-l or CR-2.

The digestible energy and metabolizable energy (Mcal / kg) values
for CR-1 to CR-4 were 2.66, 2.71, 2.78, 2.85 and 2.15, 2.19, 2.25 and
2.30, respectively. The nutritive ratios for the different complete rations

were 1 : 6.33, 1 : 5.07, 1 : 6.20 and 1 : 6.31 for CR-1, CR-2, CR-B and

(IR-4, respectively. Grams digestible protein / Meal DE and grams

digestible protein / Meal ME were 31.14, 37.78, 31.56, 31.20 and 38,51, .

46-72, 38.99, 38.56, reSpectively for CR—l to CIR-4.



Tablte 1'7 Balance of Phosphorus in sheep fed complete rations 

CR-1 CR-2 C R-3 CR-4 SE mean 

Phosphorus intake (gld) 3.38 & 0.49 3.27 -+ 0.35 3.46 A 0.06 2.89 k 0.49 0.39 . 

Faecal P (gld) 1.13 k 0.14 0.97 i 0.16 0.90 k 0.04 0.71 A 0.19 0.14 

Urinary P (gfd) 8.36 * 0.08 0.42 h 0.12 0.48 * 0.02 0.32 f 0.09 0.05 

P retention (gld) 1.88 i 0.33 1.87 k 0.08 2.07 f 0.05 1.85 f 0.25 0.21 

P balance (% intake) 54.85 k 2.00 58.55 k 3.74 59.87 A 1.47 65.86 f 4.09 3.03 

P balance (% absorbed) 83.41 i 4.15 82.56 k 3.73 81.09 A 0.88 85.57 f 2.78 3.15 
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CR-l CR-2‘ 7 . _ __ - ‘ CR-3 CR—4 SE mean
Phosphorus intake (g/d) 3.38 :5 0.49 3.27 4 0.35 3.46 4 0.06 2.89 a: 0.49 0.39
Faecal P (g/d) 1.13 4 0.14 0.97 4 0.16 0.90 4 0.04 0.71 5 0.19 0.14
Urinary P (g/d) 0.36 :1: 0.08 0.42 :h 0.12 0.48 :1: 0.02 0.32 :i: 0.09 0.05

P retention (g/d)‘ 1.88 3. 0.33 1.87 4 0.08 2.07 4 0.05 1.85 a: 0.25 0.21
P balance (% intake) 54.85 a: 2.00 58.55 5: 3.74 59.87 a: 1.47 65.86 4 4.09 3.03
P ba-lance_ (% absorbed) 83.41 :t 4.15 82.56 i 3.73 81.09 4: 0.88 85.57 4 2.78 3.15



Il'abJe 18 Nutritive v a l u e  of complete r a t ions  

Item CR-1 CR-2 CR-3 CR-4 

Digestible crude protein (DCP) kg 1 100 kg* 8.29" 10 .25~ 8.77" 8.90" 

Total digestible nutrients (TDN) kg 1 100 kg*" 60.64" 61.53" 63.19"~ 64.78" 

Nutritive ratio 1 : 6.33 1 : 5.07 1 : 6.20 1 : 6.31 

Digestible energya (DE) M cal 1 kg 2.66 2.7 1 2.78 2.85 

Metabolizable energyb ('ME) Mcal I kg 2.15 2.19 2.25 2.30 

&am digestible protein / M cal DE 31.14 37.78 31.56 31.20 

Gram digestible protein I M cal ME 38.51 46.72 38.99 38.56 

a value of 4.409 Mcal I kg TDN was used. 
value of 0.81 DE was used. 

abc values bearing different superscripts in a row differ significantly * P < 0.05, ** P < 0.01 
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Table 1.8 Nutritive value of complete rations

_ Item CR-l CR—2 CR-3 CR-4

Digestitle crude protein (DCP) kg ./ 100 kg* 3.29a 10.25b 3.77a 3.90‘1
Total digestible nutrients (TDN) kg / 100 kg** 60.64a 61.53al 63.19ab 64..78b

Nutritive ratio . 1 : 6.33 1 2 5.07 1 : 6.20 1 : 6.31 ‘
Digestible energya' (DE) M cal / kg 2.66 2.71 2.78 2.85
Metabolizable energyb (ME) Mcal / kg 2.15 2.19 2.25 2.30

Gram digestible protein / M cal DE 31.14 37.78 31.56 31.20
'Grana digestible protein / M cal ME _ 33.51 46.72 38.99 38.56

a value of 4.409 Meal / kg TDN was used.
- b value of 0.81 DE was used.

“be values bearing different superscripts in a row differ significantly * P < 0.05, ** P < 0.01



4.11 In situ evaluation of complete rat ions 

The dry matter / protein degradability of the four complete rations 

evaluated in five steers using nylon bag technique is presented in 

Table 19 and 20. 

The DM disappearance of the complete ration 1 or 4 was 

significantly lower (P c 0.01) than that of complete ration 3 a t  12 h 

incubation while no sigmficant difference could be observed among CR-2, 

3 or 4 during the same period. At 24 h incubation significantly lower 

(P < 0.01) DM disappearance was observed in CR-2 than that of CR-I, 

CR-3 or CR-4. The DM disappearance of CR-2 was significantly lower 

(P < 0.01) than that of CR-3 or CR-4 and there was no significant 

difference between CR-3 and CR-4 at 36 h. At 48 and 72 h there was no 

significant difference between CR-1 and CR-2 or between CR-3 and CR-4. 

A significant difference was observed between CR-1 or CR-2 and CR-3 or 

CR-4 for DM disappearance. 

The protein disappearance of the complete rations 3 or 4 was 

significantly lower (P < 0.01) 'than that of complete ration 1 or 2 at 

12 h incubation while no significant difference could be observed between 

CR-2 and CR-3 during the same period (Table 20). At 24, 36 or 48 h no 

significant difference was observed in the protein disappearance between 

C R - ~  and (33-4. At 24 h incubation protein disappearance of CR-1 was 

significantly higher (P < 0.01) than that of CR-2, CR-3 or CR-4 while 

there was no significant difference between CR-2 and CR-3. ~t 36 h 

incubation protein disappearance of CR-1 was significantly higher ' 

- @ < 0-01) than that of CR-2, CR-3 or CR-4- At 48 h incubation protein 

disappearance of CR1 was significantly higher (P < 0.01) than that of 

CR-2, CR-3 or (33,-4. T& difference in protein disappearance values were 
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4.11 In situ evaluation of complete rations

The dry matter / protein degradability of the four complete rations

L'-._;

evaluated in five steers using nylon bag technique is presented in

Table 19 and 20.

The DM disappearance of the complete ration 1 or 4 was

significantly lower (P < 0.01) than that of complete ration 3 at 12 h

incubation while no significant difference could be observed among CR-2,

3 or 4 during the same period. At 24 h incubation significantly lower

(P < 0.01) DM disappearance was observed in CR-2 than that of CR-l,

CR-3 or CR-4. The DM disappearance of CR-2 was significantly lower

(P < 0.01) than that of CR-3 or CR-4 and there was no significant

difference between CR-3 and CR-4 at 36 h. At 48 and 72 h there was no

significant difference between CR-l and CR-2 or between CR-3 and CR-4.

A significant difference was observed between CR-l or CR-2 and CR-3 or

CR—4 for DM disappearance.

The protein disappearance of the complete rations 3 or 4 was

significantly lower (P < 0.01) ‘than that of complete ration 1 or 2 at

12 h incubation while no significant difference could be observed between

CR—2 and CR-3 during'the Same period (Table 20), At 24, 36 or 48 h no

significant difference Was observed in the protein disappearance between

CR-3 and CR-4. At 24 h incubation protein disappearance of CR-l was
significantly higher (P < 0-01) than that Of CR'Z: CR‘3 01‘ CR-4 while
there was no significant difference between CR-2 and CR-3_ At 36 h
incubation protein disappearance of CR-l was significantly higher .

(P < 0.01) than that of CR-Z, CIR-3 or CR4. At .48 h incubation protein

disappearance of CR-l was sigmfiéantl'y higher (P < 0.01) than that of
CR2, GER-3 or (CR-4. The difference 1n protein disappearance Values were



Table 19 : Average in situ dry matter' disappearance (%) and effective degradability of complete rations 

Incubation interval (h) CR-1 CR-2 . CR-3 CR-4 SE means 

72** 80.3ga f 0.11 80.63a * 0.76 82.91b * 0.66 84.77b 0.16 0.50 

Effective degradability 

a = readily soluble ; b = insoluble but degradable with time ; c = rate constant I h ; out flow rate (k) = 0.05 h 
abCvalues bearing different superscripts in a row differ significantly ** P < 0.01 

Table 19 : Average in situ dry matter' disappearance (%) and effective degradability of complete rations 
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72** 80.3ga f 0.11 80.63a * 0.76 82.91b * 0.66 84.77b 0.16 0.50 

Effective degradability 

a = readily soluble ; b = insoluble but degradable with time ; c = rate constant I h ; out flow rate (k) = 0.05 h 
abCvalues bearing different superscripts in a row differ significantly ** P < 0.01 
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Table 19 2 Average in situ dry matter disappearance (%) and effective degradability of complete rations

Incubation interval (h) ‘ CR-2CR-l CR—3 CR-4 SE means

12** 58.68a 4 1.80 64.34ab 4 2.75 71.471) 4 1.52 55.918 4 2.00 2.06
24** 74.07a 4 0.88 72.95ab 4 1.43 78.63ac 4 1.23 76.983 4 0.73 1.10
36** 77.758 4 0.20 77.438 4 1.08 81.80b 4 0.84 82.43b 4 0.80 0.80
48** 79.298 4 0.7 78.723 4 0.89 ‘ 82.30b 4 0.63 83.721) 4 0.54 0.63
72** 80.39a 4 0.11 80.633 4 0.76 82.91b 4 0.66 84.77b 4 0.16 0.50

Effective degradability

a 7.59 45.46 51.21 0.00
b 72.45 35.17 31.80 84.54
0 0.1020 0.0641 0.0843 0.1100

ED (%) 56.2 . 65.2 71.2 52.2

abc
a. = readily- soluble; b = insoluble but degradable with time ; c = rate constant / h ; out flow rate (k) = 0.05 / h

values bearmg different superscripts in a row differ significantly ** P < 0.01



Tabla 20 Average in situ protein disappearance (%) and effective degradability protein (EPD) of 
complete rations 

Incubation interval (h) CR-1 CR-2 CR-3 CR-4 SE means 

12** 41.4ga k 1.57 41.65~~ f 1.67 35.80ab f 1.5 22.36"' * 1.45 1.51 

Efltective degradability 

c 0.1850 0.0413 0.0625 0.0949 
, 

EPD (%) 42.7 44.2 37.5 31.3 

a = readily soluble ; b = insoluble but degradable with time ; c = rate constant I h ; out flow rate (k) = 0.05 1 h 
abevalues bearing different superscripts in a row differ significantly ** P < 0.01 
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Efltective degradability 
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57

Table 210 Average in situ protein disappearance (%) and effective degradability protein (EPD) of 1

complete rations

lncnbation interval (11) CR-l CR—2 CR-3 CR-4 SE means

12“ > 41.493 i: 1.57 41.65ab :1: 1.67 35.80ab :l: 1.5 22.36ac :i: 1.45 1.51

24** 74.151a 1 1.92 50.03b :2 1.35 51.67b :1 1.19 54.831” 1 0.45 1.33
36“ 80.11a i 0.45 77.43b t 0.46 66.78c i 0.43 68.12c :h 0.50 0.46

48‘” 81.543 a: 0.43 79.73b i 0.23 69.08c i 0.39 69.976 :1: 0.45 4 0.38

72** 83.07“” :1: 0.50 82.358‘ :1: 0.46 - 69.74b :t 0.46 70.69b :l: 0.50 0.24

Effective degradability

a 0.00 7.05 0.00 0.00

b- 82.30 82.10 72.13 71.60

C 0.1350 (0.0413 0.0625 0.0949

EPD (%) I _ 42.7 ‘ 44.2 37.5 31.34
:11: readily soluble ; b — insoluble but degradable with time; c—— rate constant / h; out flow 1ate (k) — 0.05 / h

values bearing different superscripts in a row differ significantly ** P < 0.01
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non-significant between CR-1 and CR-2 or CR-3 and CR-4 a t  72 h incubation. 

A significant (P < 0.01) difference could be observed between CR-1 and CR-3, 

CR-2 and CR-3 or CR-2 and CR-4 during the same period. 

4.1 1.1 Effective degradability 

The constants a, b and c derived from incubation measurements of dry 

matter / protein disappearance by iterative least square a .  ;:llysis with the aid 

of computer are presented in Table 19 and 20. 

The readily soluble dry matter fraction was highest (51.21) for CR-3 and 

CR-4 showed the least (0.00). The insoluble but degradable fraction was 

highest (84.54) with CR-4 and least (31.80) with CR-3. The effective 

dePadability of dry matter was highest (71.2) in CR-3 while CR-4 had the 

lowest (52.2). The values were intermediary for CR-2 (65.2) and CR-1 (56.2). 

Highest soluble protein fraction (7.05) was observed for CR-2. While 

there was no readily soluble fraction (a) in CRYl, CR-3 or CR-4 (Table 20). The 

insoluble but degradable with time fraction 'b' values were 82.30, 82.10, 72-13 

and 71.60%, respectively for CR-1, CR-2, CR-3 and CR-4. The effective protein 

degradability was highest (44.2) for CR-2 and least (31.3%) for CR-4. Complete 

rations 1 and 3 showed intermediary values (42.7 and 37.5 8) for effect-ve 

protein degradability- 
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Tdbk 21 Plane of nutrition of ram lambs fed complete rations 

Intake 

Body Metabolic Intake 1 w,y 
weight body weight rations DM 

(kg) (kg) DCP TDN DE ME -. 

% body (g) (g)  call (M cal) DM DCP DE ME 
(g) weight (g) (g) (Mcal) (Mcal) 

CR- 1 19.17 9.13 707 ' 3.64 58.32 431.76 1.89 1.53 76.48 6.33 0.20 0.16 
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Table 21 Plane of nutrition of ram lambs fed complete rations

Intake

Complete Body .Metabo.1'ic Intake I 9'75rations weight body weight DM 1“
(kg) (kg) DCP TDN DE ME

( ) % body ‘9 (g) (M cal) (M cal) DM DCP DE ME .
g weight (g) (g) (Meal) (Mcal)

‘CR-l 19.17 9.13 707 3.64 58.32 431.76 1.39 1.53 76.48 6.33 0.20 0.16

CR-2 ‘ 20.07 9.47 697 3.43 69.85 427.85 1.88 1.51 72.96 7.57 0.19 0.15

CR—3 20.02 9.45 667 3.36 58.54 421.53 1.85 1.50 70.99 6.24 0.19 0.15

CR-4 20.32 9.55 605 2.93 52.62 391.05 1.72 1.38 62.70 5.46 0.18 0.14

ICAR
(1985) 20 9-45 700 3.50 50.0 400.0 1.76 1.42 74.07 5.29 0.18 0.15

Kearl
20 9.45 660 3.30 30.6 360 1.58 1.27 69.84 3.23 0.16 0.13(1982)



4.12 Plane of nutrition of experimental animals 

The data on plane of nutrition of ran1 lambs fed different complete 

rations are pesented in Table 21. The dry matter intake expressed as 

g/d and as  per cent body weight of lambs fed complete rations were 707, 

3-64; 697, 3.43; 667, 3.36 and 605, 2.93, respectively for CR-1, CR-2, CR- 

3 and CR-4. However, the differences in dry matter intake expressed as 

g/d or per cent of live weight were non-significant among the ram lambs 

fed different rations. The DCP intake of ram lambs on CR-1, 2 or 3 were 

higher than that of ram lambs on CR-4, though the differences were 

non-significant. The TDN intake (g/d) of ram lambs on complete ration 

1 was higher followed by ram lambs fed CR-2, CR-3 and CR-4. 

Intakes of DM (g) and DCP (g) per kg metabolic body weight were 

76.48, 6.33; 72.96, 7.57; 70.99, 6.24 and 62.70, 5.46, respectively, for 

CR-1, 2, 3 and CR-4. The intake of DE and ME (Mcall kg metabolic body 

weight) were 0.20, 0.16 ; 0.19, 0.15 ; 0.19, 0.15 and 0.18, 0.14, 

respectively for CR-1 to CR-4. 
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respectively for CR-1 to CR-4. 
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CHAPTER - V 

DISCUSSION 

A major factor limiting production of high quality proteins through 

development of the animal i n d u s w  is the shortage of feedstuffs for these 

animals. Ruminants will have to depend more on products that  cannot 

be utilized by human population such as crop residues which represent 

a potential source of energy. Any attempt to improve the intake of these 

residues alone or in  combination with concentrates would be of much 

practical and economic value in the developing countries like India. It 

has been estimated that one tonne of sunflower heads are available fiom 

each hectare of land under sunflower cultivation in India (Anonymous, 

1985). At present, this material is generally thrown out as  waste. A 

knowledge of the comparative nutritive value of sunflower heads and the 

levels of supplementation required for particular purpose is needed if 

these heads are to be included as a component of rations for' ruminants. 

5.1 Chemical composition of sunflower heads 

Chemical analysis of sunflower he-ads showed that the dry matter 

content was 86.92%. The OM, CP, EE, CF, NFE, TA and AIA on DMB 

were, 84.6, 8.4, 4.1, 17.1, 54.9, 15.5 and .1.9%, respectively (Table 1). The 

OM content ~bserved in the present study was lower than the values 

reported for sunflower heads by Reddy et. al. (19861, C h ~ d  et. al. (1987), 

Reddy et. al. (1989), Madan Mohan et. al. (1997), Rae et. al. (1997) and 

~ ~ d d ~  and Re&y (1998). The crude probin content observed in the 

present study was lower than that reported (12.5%) by Edrees et. at. 

(1976) and (9.0%) Delic eta (1987)- However, it is higher than the 

values reported by Sal t~kova  (1977)~ Reddy et- al. (1989, Gowd eta 

(1987), Reday et. al. (198% Madna @f. CZ~. (1997), Rae et. a~ 
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A major factor limiting production of high quality proteins through

development of the animal industry is the shortage of feedstuffs for these

animals. Ruminants will have to depend more on products that cannot

be utilized by human population such as crop residues which represent

a potential source of energy. Any attempt to improve the intake of these

residues alone or in combination with concentrates would be of much

practical and economic value in the developing countries like India. It

has been estimated that one tonne of sunflower heads are available from

each hectare of land under sunflower cultivation in India (Anonymous,

1985). At present, this material is generally thrown out as waste. A

knowledge of the comparative nutritive value of sUnflower heads and the

levels of supplementation required for particular purpose is needed if

these heads are to be included as a component of rations for. ruminants.

5.1 Chemical composition of sunflower heads .

Chemical analysis of sunflower he‘ads showed that the dry matter
content was 86.92%. The OM, CP, EE, CF, NFE, TA and AIA on DMB

were, 84.6, 8.4, 4.1, 17.1, 54.9, 15.5 and 1.9%, reSpectively (Table 1). The

OM con-tent observed in the present study Was IOWer than the Values

reported for sunflOWer heads by Reddy et. al. (1986), Gowd et. al. (1987),
Reddy et. al. (1989), Madan Mohan et. al. (1997), Rao et. al. (1997) and
Reddy and Reddy (1998). The crude protein content observed in the
present study was lower than that reported (12.5%) by Edre'es et. al.
(1976) and (9.0%) Delic etuql.(1987). However, it is higher than the
values reported by Saltykova (19977), Reddy et- al- (1986), Gowd et. al.
(1987), Reddy et. al- (1989),, Madna MOhan et. al. (1997), Rao et. al.
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(1997) and Reddy and Reddy (1998). Seiler (1984) indicated that crude 

protein content generally decreased with increasing plant maturity. The 

variation in CP content observed in the present study compared to those 

reported in literature might be due to variation in the plant maturity. 

Delic et. al. (1987) and Reddy and Reddy (1998) have reported high 

(21.0, 18.1%) crude fibre values in sunflower heads compared to the CF 

values observed in the present study, while Reddy et. al. (1986) reported 

a lower value (15.8%). The variation in the reported values of crude fibre 

also might be due to differences in duration (days) of maturity (Vishwa 

Nath and Chhotey Lal, 1995). 

The EE content sunflower heads reported in the literature ranged 

from 1.90 (Edrees et. al., 1976) to 5.0% @elk et. al., 1987). The observed 

value (4.10%) in the present study is within the range. The NFE content 

observed in the present study (54.92%) is the lowest compared to the 

values (60.67 to 62.65%) reported in the literature (Gowd et.  a,?., 1987, 

Reddy and Reddy, 1998). This might be due to higher protein (8.4%) and 

TA (15.45%) contents. - 

The calcium content (2.69%) observed in the present study is 

higher than all the values reported earlier in the literature for sudower  

heads. The lowest value (0.69%) Was reported by Reddy et. al. (1989). 

However, the phosphorus content (0.33%) observed in the present 

investigation is similar to the values reported by Madan Mohan et. al. 

(1997) and et. al. (1997). Lower values of 0-12 and 0.10% were 

reported by Gowd et. al. (1987) and Reddy et- al- (1989), respectively, 

while Saltykova (1977) reported 0.456 in ~unflower heads. The AIA 

content (1.93%) is higher than that reported literature, which might 

be due to with soil, since the Sunflower heads were 
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observed in the present study (54.92%) is the lowest compared to the

values (60.67 to 62.65%) reported in the literature (Gowd et. al., 1987,

Reddy and Reddy, 1998). This might be due to higher protein (8.4%) and .

TA (15.45%) contents.

The calcium content (2.69%) observed in the present study is

higher than all the values reported earlier in the literature for sunflower
heads. The lowest value (0.69%) was reported by Reddy et. al. (1989).
However, the phosphorus content (0.33%) observed in the present
investigation is similar to the values reported by Madan Mohan et. al.
(1997) and Rao et. al. (1997). Lower values of 0.12 and 0.10% were

reported by. Gowd et. al. (1987) and Reddy 9* 01- (1989): respectively,
While Saltykova (1977) reported 0.4% P in sunflower heads. The AIA
ecu-tent (193%) is higher than that reported in literature, which might
be due to contamination with soil, since the sunfloWer heads Were



collected directly from the field. Gowd et. al. (1987) and.Reddy et. al. 

(1989) have reported a value of 1.05% AIA in sunflower heads, while 

Reddy et. al. (1986) reported 0.26% ,MA. 

The fibre component of sunflower heads (Table 3) in the present 

study revealed 27.19 NDF, 22.10 ADF, 5.09 hemicellulose, 16.01, 

cellulose and 6.09% ADL. The NDF and ADF contents observed in the 

Present study are lower than the values reported by Madan Mohan et. 

al. (1997) and Reddy and Reddy (1998). Hemicellulose and cellulose 

contents observed in the present study are in agreement with the 

reported values of Madan Mohan et. al. (1997) but lower than those 

reported (11.96%) by Reddy and Reddy (1998). Reddy and Reddy (1998) 

reported 5.79% ADL in sunflower heads which is similar to the present 

observation. However, Madan Mohan et. al. (1997) reported higher ADL 

(8.36%) in sunflower heads. The variations observed in the cell-wall 

fractions might be due to stage of maturation of the sunflower crop a t  

the time of harvest. 

5.2 Nutritive value of sunflower heads 

Nutritive value of sunflower heads in terms of digestible crude 

protein (DCP) and total digestible nutrients (TDN) was determined by 

a conventional metabolism trial using Nellore brown rams (29.1 

0.37 kg) fed sunflower heads as sole feed. 

The daily dry matter intake of the mms was 673 gm (2.31 kg / 

100 kg body weight or 53.84 ~ IW:" ) .  The dry matter XQcomrnended for 

maintenance of rams weighing 29 kg is 725 to 730 g (about 2.5 kg/l0okg 

body weight) according to ICAR (1985) or Kearl (1982). These 

observations in&ate that sunflower heads were not very palatable and 

collected directly from the field. Gowd et. al. (1987) and.Reddy et. al. 
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(1989) have reported a value of 1.05% AIA in sunflower heads, while

Reddy et. al. (1986) reported 0.26% AIA.

The fibre component of sunflower heads (Table 3) in the present
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reported (11.96%) by Reddy and Reddy (1998). Reddy and Reddy (1998)
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observation. However, Madan Mohan et. al. (1997) reported higher ADL

(8.36%) in sunflower heads. The variations observed in the cell-wall
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the time of harvest.
a

5.2 Nutritive value of sunflower heads

Nutritive value of sunflower heads in terms of digestible crude

protein (DCP) and total digestible nutrients (TDN) was determined by

a conventional metabolism trial using Nellore brown rams (29_1 i

0.37 kg) fed sunflower heads as sole feed.

_ The daily dry matter intake of the rams was 673 gm (2.31 kg /

100 kg body weight or 53.84 g/wkfs). The dry matter recommended for.

maintenance of rams weighing 29 kg is 725 to 730 g (about 2.5 kg/IOOkg

bOdy weight) according 1:0 ICAR (1985) or Kearl (1982), These

ObServaztions indicate that sun-flower heads were not very palatable and-



if fed alone may not meet the maintenance requirement (zero 

growth) of the adult rams. Madan Mohan et. al. (1997) opined that the 

poor palatability of sunflower heads might be due to more fibrous nature 

of the material. Further, they reported that; bulls could not relish this 

material as sole ration. However, Gomez Cabrera (1977) reported mean 

daily intake of 23.05 CJ/MT,": body weight when chopped sunflower stalks 

were fed 1-0 Precoce sheep. This indicated that sunflower heads are more 

palatable than the stalks. The digestibility coefficients for the different 

nutrients from the sunflower heads observed in the present study were 

57.6, 33.3, 70.8, 37.7 and 69.2% for DM, CP, EE, CF and NFE, 

respectively (Table 4). The DCP and TDN values of sunflower head meal 

were 2.79 and 53.79%, respectively. 

Higher digestibilities of DM (64.98461, CP (44.79%) and NFE 

(76.57%) and lower digestibility of EE (59.46%) were reported by Madan 

Mohan et. al. (1997) for sunflower heads when fed as  sole roughage to 

crossbred bulls compared to the values obtained in the present study 

- with sheep. Further, they reported higher nutritive value in terms of 

DCP (3.30%) and TDN (63.67%). Gomez cabrera (1977) reported lower 

digestibility values for DM (42.4%) and NFE (62.9%) but higher EE 
(75.6%) and CF (43.1%) values for chopped sunflower stalks in Precoce 

sheep which indicate that the heads have a higher digestibility than the 

stalks. 

The digestibility coefficients of cell-wall fractions were NDF, 27.1. 

ADF, 23-97; hemicellulose, 40.75 and cellulose, 20.23% in sunflower 

heads studied in the present investigation (Table 5). Madan Mohan et. 

al (1997) reported higher digestibility of cell-wall fractions of sunflower 

heads in to the values obtained in the sheep a t  present 

if fed alone may not meet the maintenance requirement (zero 

growth) of the adult rams. Madan Mohan et. al. (1997) opined that the 

poor palatability of sunflower heads might be due to more fibrous nature 

of the material. Further, they reported that; bulls could not relish this 
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daily intake of 23.05 CJ/MT,": body weight when chopped sunflower stalks 

were fed 1-0 Precoce sheep. This indicated that sunflower heads are more 

palatable than the stalks. The digestibility coefficients for the different 

nutrients from the sunflower heads observed in the present study were 

57.6, 33.3, 70.8, 37.7 and 69.2% for DM, CP, EE, CF and NFE, 

respectively (Table 4). The DCP and TDN values of sunflower head meal 

were 2.79 and 53.79%, respectively. 

Higher digestibilities of DM (64.98461, CP (44.79%) and NFE 

(76.57%) and lower digestibility of EE (59.46%) were reported by Madan 

Mohan et. al. (1997) for sunflower heads when fed as  sole roughage to 

crossbred bulls compared to the values obtained in the present study 

- with sheep. Further, they reported higher nutritive value in terms of 

DCP (3.30%) and TDN (63.67%). Gomez cabrera (1977) reported lower 

digestibility values for DM (42.4%) and NFE (62.9%) but higher EE 
(75.6%) and CF (43.1%) values for chopped sunflower stalks in Precoce 

sheep which indicate that the heads have a higher digestibility than the 

stalks. 

The digestibility coefficients of cell-wall fractions were NDF, 27.1. 

ADF, 23-97; hemicellulose, 40.75 and cellulose, 20.23% in sunflower 

heads studied in the present investigation (Table 5). Madan Mohan et. 

al (1997) reported higher digestibility of cell-wall fractions of sunflower 

heads in to the values obtained in the sheep a t  present 
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if fed alone may not meet the maintenance requirement (zero
growth) of the adult rams. Madan Mohan et. al. (1997) opined that the

POOI‘ palatability of sunflower heads might be due to more fibrous nature

0f the material. Further, they reported that bulls could not relish this

material as sole ration. However, Gomez Cabrera (1977) reported mean

daily intake of 23.05 g/Wk‘;75 body weight when chopped sunflower stalks

Were fed to Precoce sheep. This indicated that sunflower heads are more

palatable than the stalks. The digestibility coefficients for the different

nutrients from the sunflower heads observed in the present study were

57.6, 33.3, 70.8, 37.7 and 69.2% for DM, CP, EE, CF and NFE,

respectively (Table 4). The DCP and TDN values of sunflower head meal

were 2.79 and 53.79%, respectively.

Higher digestibilities of DM (64.98%), GP (44.79%) and NFE

(76.57%) and lower digestibility of EB (59.46%) were reported by Madan

Mohan et. a1. (1997) for sunflower heads when fed as sole roughage to
crossbred bulls compared to the values obtained in the present study
with sheep. Further, they reported higher nutritive value in terms of

DCP (3.30%) and TDN (63.67%). Gomez cabrera (1977) reported iower

digestibility values for DM (42.4%) and NFE (62.9%) but higher EE

(75.6%) and CF (43.1%) values for chopped sunflower stalks in Precoce

sheep which indicate that the heads have a higher digestibility than the

stalks.

The digestibility coefficients of cell-wall fractions were NDF, 27.1;
ADF, 23,97; hemicellulose, 40.75 and cellulose, 20.23% in sunflOWer

heads studied in the present investigation (Table 5). Madan Mohan et.
al. (1997) gamma higher digestibility of cell—wall fractions of sunflower

heads in cattle compared to the values obtained in the sheep at present,



The balances of N, Ca and P are presented in Table 6. The results 

indicate a negative balance (g/d) for N (-1.28), Ca (-0.77) and P (-0.823. 

From Table 4 it was observed that the digestibility of N was only 

33.31%. Lower protein degradability as  observed in the present study 

might have reflected in lower digestibility of N from cell-wall fractions. 

Added to this, there was higher N excretion from urine resulting in 

negative balance for N. The negative balances for Ca and P might be 

due to unavailability of these minerals from sunflower heads. Contrary 

to the observations of present investigation, Madan Mohan et. al. (1997) 

reported positive balances for N, Ca and P in cross-bred bulls. G~rnez 

Cabrera (1977) who fed chopped sunflower stalks to Precoce sheep 

reported that they have lost nitrogen and minerals. 

5.3 ~n situ evaluation of sunflower heads 

Effective degradability of dry matter protein of sunflower heads 

was determined by nylon bag technique. Fifty three per cent of DM has 

disappeared by 12 h time and further 30% by the end of 72 h. In 

general, there was a linear increase in DM disappearance of sunflower 

heads with increase in the interval of incubation period (Table 7). 

The soluble dry matter fraction (a) of sunflower heads was 17.63 

and that of insoluble but degradable fraction 03) was 34.65 with a rate 

constant (c) of 0.0613 and the effective dry matter degradability was 

54.80 per cent. 

There was a linear increase in protein disappearance of sunflower 

heads by extending the period of incubation in the rumen to 72 h. The 

average CP disappearance values increased by 18.6, 11.01, 7.5 and 2-37 

percentage units by extending the period of incubation &om 12 to 24, 36, 

48 and 72 h mble 7); respectiveb 

The balances of N, Ca and P are presented in Table 6. The results 

indicate a negative balance (g/d) for N (-1.28), Ca (-0.77) and P (-0.823. 

From Table 4 it was observed that the digestibility of N was only 

33.31%. Lower protein degradability as  observed in the present study 

might have reflected in lower digestibility of N from cell-wall fractions. 

Added to this, there was higher N excretion from urine resulting in 

negative balance for N. The negative balances for Ca and P might be 

due to unavailability of these minerals from sunflower heads. Contrary 

to the observations of present investigation, Madan Mohan et. al. (1997) 

reported positive balances for N, Ca and P in cross-bred bulls. G~rnez 

Cabrera (1977) who fed chopped sunflower stalks to Precoce sheep 

reported that they have lost nitrogen and minerals. 

5.3 ~n situ evaluation of sunflower heads 

Effective degradability of dry matter protein of sunflower heads 

was determined by nylon bag technique. Fifty three per cent of DM has 

disappeared by 12 h time and further 30% by the end of 72 h. In 

general, there was a linear increase in DM disappearance of sunflower 

heads with increase in the interval of incubation period (Table 7). 

The soluble dry matter fraction (a) of sunflower heads was 17.63 

and that of insoluble but degradable fraction 03) was 34.65 with a rate 

constant (c) of 0.0613 and the effective dry matter degradability was 

54.80 per cent. 

There was a linear increase in protein disappearance of sunflower 

heads by extending the period of incubation in the rumen to 72 h. The 

average CP disappearance values increased by 18.6, 11.01, 7.5 and 2-37 

percentage units by extending the period of incubation &om 12 to 24, 36, 

48 and 72 h mble 7); respectiveb 
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The balances of N, Ca and P are presented in Table 6. The results

indicate a negative balance (g/d) for N (—1.28), Ca (-0.77) and P (082).
From Table 4 it was observed that the digestibility of N was only

33.31%. Lower protein degradability as observed in the present study

might have reflected in lower digestibility of N from cell-wall fractions.

Added to this, there was higher N excretion from urine resulting in

negative balance for N. The negative balances for Ca and P might be

due to unavailability of these minerals from sunflower heads. Contrary

to the observations of present investigation, Madan Mohan et. al. (1997)

l"91301‘ted positive balances for N, Ca and P in cross-bred bulls. Gomez

Cabrera (1977) who fed chopped sunflower stalks to Precoce sheep

reported that they have lost nitrogen and minerals.

5.3 In situ evaluation of sunflower heads

Effective degradability of dry matter / protein of sunflower heads

Was determined by nylon bag technique. Fifty three per cent of DM has

disappeared by 12 h time and further 30% by the end of 72 h_ In

general, there was a linear increase in DM disappearance of sunflower

heads with increase in the interval of incubation period (Table 7).

The soluble dry matter fraction (a) of sunflower heads was 17.63

and that of insoluble but degradable fraction (b) Was 34.65 with a rate

Censtan-t (C) of 0.0613 and the effective dry matter degradability Was

54.80 per cent. '

There was a linear increase in protein disappearance of ‘sunflower

heads by extending the period of incubation in the rumen to 72 h. The

a-Ve1;age CP disappearance values increased, by 18.6, 17.01, 7.5 and 2.37

percentage units by extending the period of incubation from 12 to 24, 36,

48 and 72 h (Table 7); respectively.



It has  been observed in the present investigation that sunflower 

heads had no readily soluble protein fraction. The fi-actional degradability 

of insoluble but degradable with time fraction, b (82.67) was higher. The 

rate constant 1 h, C was 0.0486 (Table 7). The rumen degradable protein 

(RDP) and undegradable dietary protein (UDP) of Sunflower head protein 

Were 37.0 and 63.0 g/100 g, respectively. Literature on dry matter / 

protein degradability of sunflower heads is not available. The UDP value 

of 63 indicates that  this fraction is available a t  abomasum or not 

available to the animal leading to a negative balance for N (Table 6) in 

the present experiment. 

5.4 FormuIation and preparation of complete rations 

The chemical composition of the different feed ingredients used in 

the complete rations is shown in Table 8. Four isonitsogenous complete 

rations were formulated by replacing groundnut haulms with sunflower 

heads at 0 (CR-I), 20 (CR-2), 40 (CR-3), and 100% (CR-4) levels, 

maintaining a roughage to concentrate ratio of 60:40 (Table 9). The 

ingredients of the concentrate mixture were maize grain, groundnut cake 

and rice bran (solvent extracted). The CP values of the different 

ingredients used in the complete rations were groundnut cake, 45.4, rice 

bran, 15-84; maize, 11.41 and groundnut haulms, 9.07%. The CP value 

of groundnut haulms was about similar to that of sunflower heads. The 

CF content of groundnut haulms (32.08%) was the highest while those 

of sunflower heads (17.13%) and deoiled rice bran (18.24%) were about 

similar, Sunflower heads showed highest Ca content followed by 

groundnut haulms (1.04%). Maize, groundnut cake and rice bran 

contained 0.20, 0.22 and 0.35% Ca, res~ectiveb'. The P content was 

highest (1.81 in rice bran followed by m n d n u t  cake (1.08%) 
. 

~~~~~d~~~ hadms, head and maize ~ & n  contained 0.20, 0.38 

It has  been observed in the present investigation that sunflower 

heads had no readily soluble protein fraction. The fi-actional degradability 

of insoluble but degradable with time fraction, b (82.67) was higher. The 

rate constant 1 h, C was 0.0486 (Table 7). The rumen degradable protein 

(RDP) and undegradable dietary protein (UDP) of Sunflower head protein 

Were 37.0 and 63.0 g/100 g, respectively. Literature on dry matter / 

protein degradability of sunflower heads is not available. The UDP value 

of 63 indicates that  this fraction is available a t  abomasum or not 

available to the animal leading to a negative balance for N (Table 6) in 

the present experiment. 

5.4 FormuIation and preparation of complete rations 

The chemical composition of the different feed ingredients used in 

the complete rations is shown in Table 8. Four isonitsogenous complete 

rations were formulated by replacing groundnut haulms with sunflower 

heads at 0 (CR-I), 20 (CR-2), 40 (CR-3), and 100% (CR-4) levels, 

maintaining a roughage to concentrate ratio of 60:40 (Table 9). The 

ingredients of the concentrate mixture were maize grain, groundnut cake 

and rice bran (solvent extracted). The CP values of the different 

ingredients used in the complete rations were groundnut cake, 45.4, rice 

bran, 15-84; maize, 11.41 and groundnut haulms, 9.07%. The CP value 

of groundnut haulms was about similar to that of sunflower heads. The 

CF content of groundnut haulms (32.08%) was the highest while those 

of sunflower heads (17.13%) and deoiled rice bran (18.24%) were about 

similar, Sunflower heads showed highest Ca content followed by 

groundnut haulms (1.04%). Maize, groundnut cake and rice bran 

contained 0.20, 0.22 and 0.35% Ca, res~ectiveb'. The P content was 

highest (1.81 in rice bran followed by m n d n u t  cake (1.08%) 
. 

~~~~~d~~~ hadms, head and maize ~ & n  contained 0.20, 0.38 
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It has been observed in the present investigation that sunflower
heads had no readily soluble protein fraction. The fractional degradability
0f insoluble but degradable with time fraction, b (82.67) was higher. The
rate constant / h, C was 0.0486 (Table 7). The rumen degradable protein

(RDP) and undegradable dietary protein (UDP) of Sunflower head protein
were 37.0 and 63.0 g/100 g, respectively. Literature on dry matter /

Protein degradability of sunflower heads is not available. The UDP value -
0f 63 indicates that this fraction is available at abomasum or not

available to the animal leading to a negative balance for N (Table 6) in

the present experiment.

5.4 Formulation and preparation of complete rations

The chemical composition of the different feed ingredients used in

the complete rations is shown in Table 8. Four isonitrogenous complete

rations were formulated by replacing groundnut haulms with sunflower
heads at 0 (CR-l), 20 ((311.2), 40 (CR-3), and 100% (CR-4) levels,

maintaining a roughage to concentrate ratio of 60:40 (Table 9). The

ingredients of the concentrate mixture were maize grain, groundnut cake

and rice bran (solvent extracted). The CP values of the different
ingredients used in the complete rations were groundnut cake, 45.4, rice

bran, 15.84; maize, 11.41. and groundnut haulms, 9.07%. The CP value
of groundnut haulms was about similar to that of sunflower heads. The

CF content of groundnut haulms (32.08%) was the highest while those
of sunflower heads (17.13%) and deoiled rice bran (18.24%) ‘Were about
Similar. Sunflower heads showed highest Ca content fol-lowed by

groundnut haulms (1.04%)- Maize, groundnut cake and rice branContained 0.20, 022 and 035% 05;, respectively. The P content was

highest (1.81%) in rice bran followed by groundnut cake (108%). '
Groundnut 1:13.11].i sunflower head and maize grain contained 0.20, 0.38



and 0.23% p, respectively (Table 8). The chemical analysis of groundnut 

haulms was carried out in this laboratory. The digestibilities of various 

nutrients in groundnut haulms were DM, 54.13; CP, 42.40 ; EE, 42.40; 

CF, 45.09 and NFE 64.02% (Mandal et. al., 1993). 

5-4.1 Chemical  composition 

The chemical composition of complete rations 1 to 4 is presented 

in Table 10. The crude fibre content of CR-1 (21.69%) or CR-2 (21.57%) 

was higher than CR-3 (15.46%) or CR-4 (12.58%) which was due to the 

higher CF content of groundnut haulms (32.01%) included at 60 and 40% 

levels in CR-1 and CR-2, respectively. The Ca content of CR-3 (2ll%) for 

CR-4 (2.56%) was higher than those of CR-1 (1.89%) or CR-2 (1.83%) 

since they contain larger quantity of sunflower head meal. There was no 

variation in p content of the different complete rations except a slight 

increase in CR-3. The cell-wall fractions of the complete rations is 

presented in Table 11. The NDF, ADF, cellulose and ADL contents were 

highest in CR-1 followed by CR-2, CR-3 and CR-4 which is due to 

Proportion of groundnut haulms included in these  ati ions a s  the 

groundnut haulms contained 57.14, 43.29, 28.21 and 15.08% of NDF, 

ADF, cellulose and ADL, respectively. The hemicellulose percentage of 

CR-4 was highest followed by CR-3, CR-2 and CR-1. 

5.5 Growth study 
T~ assess the effect of incorporating sunflower head meal in place 

of groundnut haulms in mmplete rations a- 90 d growth trial was 

Conducted with Nellore brown lambs (18.39 kg * 0.22)- Highest average 

daily gain (ADG) was in the lambs fed CR-2 followed by (33-4, 

CR-1 (-33-3 ( ~ ~ b l e  12). The daily feed consumption dso  followed the 

same trend. The feed for the different m ~ l e t e  rations 1 to 4 

and 0.23% p, respectively (Table 8). The chemical analysis of groundnut 

haulms was carried out in this laboratory. The digestibilities of various 

nutrients in groundnut haulms were DM, 54.13; CP, 42.40 ; EE, 42.40; 

CF, 45.09 and NFE 64.02% (Mandal et. al., 1993). 

5-4.1 Chemical  composition 

The chemical composition of complete rations 1 to 4 is presented 

in Table 10. The crude fibre content of CR-1 (21.69%) or CR-2 (21.57%) 

was higher than CR-3 (15.46%) or CR-4 (12.58%) which was due to the 

higher CF content of groundnut haulms (32.01%) included at 60 and 40% 

levels in CR-1 and CR-2, respectively. The Ca content of CR-3 (2ll%) for 

CR-4 (2.56%) was higher than those of CR-1 (1.89%) or CR-2 (1.83%) 

since they contain larger quantity of sunflower head meal. There was no 

variation in p content of the different complete rations except a slight 

increase in CR-3. The cell-wall fractions of the complete rations is 

presented in Table 11. The NDF, ADF, cellulose and ADL contents were 

highest in CR-1 followed by CR-2, CR-3 and CR-4 which is due to 

Proportion of groundnut haulms included in these  ati ions a s  the 

groundnut haulms contained 57.14, 43.29, 28.21 and 15.08% of NDF, 

ADF, cellulose and ADL, respectively. The hemicellulose percentage of 

CR-4 was highest followed by CR-3, CR-2 and CR-1. 

5.5 Growth study 
T~ assess the effect of incorporating sunflower head meal in place 

of groundnut haulms in mmplete rations a- 90 d growth trial was 

Conducted with Nellore brown lambs (18.39 kg * 0.22)- Highest average 

daily gain (ADG) was in the lambs fed CR-2 followed by (33-4, 

CR-1 (-33-3 ( ~ ~ b l e  12). The daily feed consumption dso  followed the 

same trend. The feed for the different m ~ l e t e  rations 1 to 4 
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and 0.23% p, respectively (Table 8). The chemical analysis of groundnut
haulms was carried out in this laboratory. The digestibilities of various
nutrients in groundnut haulms were DM, 54.13; GP, 42.40 ; EE, 42.40;

CF, 45.09 and NFE 64.02% (Mandel et. al., 1993).

5.4.1 Chemical composition

The chemical composition of complete rations 1 to 4 is presented

in Table 10. The crude fibre content of CR-l (21.69%) or CR-2 (21.57%)
Was higher than CR-3 (15.46%) or CR-4 (12.58%) which was due to the

higher CF content of groundnut haulms (32.01%) included at 60 and 40%
levels in CR-l and CR-2, respectively. The Ca content of CR-3 (211%) for

CR-4 (2.56%) was higher than those of CR-l (1.89%) or CR-2 (1.83%)

since they contain larger quantity of sunflower head meal. There was no

Variation in P content of the different complete rations except a slight

increase in CR-3. The cell-wall fractions of the complete rations is

presented in Table 11. The NDF, ADF, cellulose and ADL contents were

highest in CR-l followed by CR-2, CR-3 and CR-4 which is due’to
Proportion of groundnut haulms included in these rations as the

groundnut haulms contained 57.14, 43.29, 28.21 and 15.08% of NDF,

ADF, cellulose and ADL, respectively. The hemicellulose percentage of

CR-4 was highest folloWed by 012-3, CR—Z and (312.1.

5.5 Growth study
To assess the effect of incorporating sunflower head meal in ' place

of groundnut haulms in complete rations a- ‘90 d growth trial was

Conducted with Nellore brown lambs (18.39 kg i 0.22). Highest average

daily gain (ADG) Was observed in the lambs fed CR-Z followed by CR4,

(JR—1 and (33,3 (Table 12). The daily feed" Consumption also followed the

Same trend. The feed efficiency for the different complete rations 1 to 4



Was 'l-21, 11.4, 11.74 and 10.61, respectively. The differences among the 

treatments for ADG, daily feed consumption or feed efficiency were non- 

Signscant indicating that sunflower head meal could safely be 

lnCorporated in the rations of lambs- replacing groundnut haulms even 

upto loo% level. The dry matter intake (gld) by the lambs was 656, 746, 

629 and 654 for complete rations 1 to 4, respectively (Table 12). 

According to ICAR (1985) the dry matter requirements of lambs weighing 

l8 kg with 50 g growth per day is 620 g and for 100 g growth 720 g. 

The lambs fed CR-1 656 g indicating a growth rate more 

than 50 g but less than 100 g/day. Kearl (1982) has rec0mIUended 608 

to 650 g for 50-100 g The present observations of' DM 

Mns~mption by the lambs in CR-1 and CR-4 are within these limits. The 

lambs fed complete ration C R - ~  consumed 746 g and the ADG was 

77 g which is in accordance with ICAR (1985) and Kearl 

recommendations for lambs with 19 kg body weight growing a t  the rate 

Of 50 to 100 g per day. The lambs fed CR-3 consumed 629 g of feed with 

62 g ADG. This is also the range for 50 g of growth per day 

by ICAR (1985) and Kearl (1982) for lambs weighing 19 

kg- The DM intake calculated for 100 kg body weight was 3.59, 3-90? 

3.39 and 3.63 for complete rations 1-4 and the differences among the 
"tiOns was non-simificant The DM consumption / w r  Was 74, 82, 71 - 
and 75 g/d for complete rations 1-4, respectively and the differences were 

non-significant among the rations. Cost of the complete feeds per kg 
Mere Rs. 3-24, 3-11, 3-06 and 3.01, respectively for complete feeds 1-4. 

- - 

The cost per kg live weight gain was Rs. 36.33, 35-48? 35-94 and 31.94, 

respectively for complete rations 1 to 4. Thus there is a saving of 
2-33, 1 . 0 ~  and 12.08% in the cost for kg live weight of the sheep by 

rnzaJ a t  20, 40 and 60% level in the 
incorporating h 

EOmplete rations, 2-4, respectively- 

Was 'l-21, 11.4, 11.74 and 10.61, respectively. The differences among the 

treatments for ADG, daily feed consumption or feed efficiency were non- 

Signscant indicating that sunflower head meal could safely be 

lnCorporated in the rations of lambs- replacing groundnut haulms even 

upto loo% level. The dry matter intake (gld) by the lambs was 656, 746, 

629 and 654 for complete rations 1 to 4, respectively (Table 12). 

According to ICAR (1985) the dry matter requirements of lambs weighing 

l8 kg with 50 g growth per day is 620 g and for 100 g growth 720 g. 

The lambs fed CR-1 656 g indicating a growth rate more 

than 50 g but less than 100 g/day. Kearl (1982) has rec0mIUended 608 

to 650 g for 50-100 g The present observations of' DM 

Mns~mption by the lambs in CR-1 and CR-4 are within these limits. The 

lambs fed complete ration C R - ~  consumed 746 g and the ADG was 

77 g which is in accordance with ICAR (1985) and Kearl 

recommendations for lambs with 19 kg body weight growing a t  the rate 

Of 50 to 100 g per day. The lambs fed CR-3 consumed 629 g of feed with 

62 g ADG. This is also the range for 50 g of growth per day 

by ICAR (1985) and Kearl (1982) for lambs weighing 19 

kg- The DM intake calculated for 100 kg body weight was 3.59, 3-90? 

3.39 and 3.63 for complete rations 1-4 and the differences among the 
"tiOns was non-simificant The DM consumption / w r  Was 74, 82, 71 - 
and 75 g/d for complete rations 1-4, respectively and the differences were 

non-significant among the rations. Cost of the complete feeds per kg 
Mere Rs. 3-24, 3-11, 3-06 and 3.01, respectively for complete feeds 1-4. 

- - 

The cost per kg live weight gain was Rs. 36.33, 35-48? 35-94 and 31.94, 

respectively for complete rations 1 to 4. Thus there is a saving of 
2-33, 1 . 0 ~  and 12.08% in the cost for kg live weight of the sheep by 

rnzaJ a t  20, 40 and 60% level in the 
incorporating h 

EOmplete rations, 2-4, respectively- 
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:::t:e-::, 11.4, 11.74 and 10.61, respectively. The differences among the
. S for ADG, daily feed consumption or feed efficiency were non~

.Slgm'ficant indicating that sunflower head meal could safely be
Incorporated in the rations of lambs— replacing groundnut haulms even
“pm 100% level. The dry matter intake (g/d) by the lambs was 656 746

629 and 654 for complete rations 1 to 4, respectively (Table 12)
According to ICAR (1985) the dry matter requirements of lambs weighing

18 kg With 50 g growth per day is 620 g and for 100 g growth 720 g.
The lambs fed CR-l consumed 656 g indicating a growth rate more

than 50 g but less than 100 g/day. Kearl (1982) has recommended 608

to 650 g for 50 100 g growth. The present observations of DM

Consumption by the lambs in CR-l and CR-4 are within these limits. The

lambs fed complete ration CR-2 consumed 746 g and the ADG was

77 g Which is in accordance with ICAR (1985) and Kearl (1982)

recommendations for lambs with 19 kg body weight growmg at the iate

of 50 to 100 g per day, The lambs fed CR-3 consumed 629 g of feed with

62 g ADG This is also within the range for 50 g of growth per day

recommended by ICAR (1985) and Kearl (1982) for lambs weighing 19

kg, The DM intake calculated for 100 kg body weight was 3. 59, 3.90,

3' 39 and 3.63 for complete rations 1-4 and the differences among the

was 74, 82, 71rations was non--significant The DM consumption lwk‘fs

and 75 g/d for complete rations 1-4, respectively and the differences were

non’Significant among the rations. Cost of the complete feeds per kg

Were Rs 3 24 3 11 3.06 and 3.01, respectively for complete feeds 1 4
3. 36.33, 35.48, 35.94 and 31.94,The cost per kg live weight gain was R

respectively for complete ratlons 1 to 4 Thus there is a saving of

2'33» 1.07 and 12.08% in the cost for kg live weight of the sheep by

incorporating sunflower head meal at 20, 40 and 60% level in the

complete rations, 2-4, respectively



5-6 Nutr ien t  digestibility 

To assess the digestibility of different nutrients from the complete 

rations 1 to 4 a metabolism trial was conducted taking 4 ram lambs 

fiom each group during the growth experiment. The lambs were kept in 

metabolism cages two days prior to and during the collection period of 

7 days. The digestibility of dry matter ranged horn 62.73 to 64.53% but 

was non-signscant among the complete rations 1-4. The digestibility of 

crude protein ranged from 58.78 to 71.99% for complete ration 1 to 4. 

There was no significant difference among the complete rations 1 to 4. 

However, significant differences (P < 0.05) were observed among the 

complete rations 1-4 in the digestibilities of OM, CF, EE and NFE 

(Table 13). Highest digestibility of CF was observed in  CR-2 and the 

lowest in CR-3 which was significant (P < 0.05). The EE digestibility was 

highest in CR-4 followed by CR-3, CR-2 and CR-1. Differences between 

CR-1 and CR-3 or CR-4 was signscant (P < 0.05). The NFE digestibility 

was highest in CR-I followed by CR-3, CR-4 and CR-2 and the difference 

between CR-2 and other rations was significant (P < 0.05). Reddy et. al. 

(1986) compared a complete ration containing 48.5% sunflower heads 

(sole source of roughage) with complete rations containing mixed grass 

hay, mixed grass hay + subabul, subabul + sunflower heads as  roughage 

sources and reported highest digestibilities of DM, OM, CP, EE, NFE 

(p < 0.01) and CF (P < 0.05) in the complete ration containing sunflower 

heads a t  48.5% level. The complete ration containing sunflower 

heads+subabul showed higher values of digestibility in DM, OM and 

MFE (p < 0.01) compared to rations containing mixed grass alone or 
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To assess the digestibility of different nutrients from the complete 

rations 1 to 4 a metabolism trial was conducted taking 4 ram lambs 

fiom each group during the growth experiment. The lambs were kept in 

metabolism cages two days prior to and during the collection period of 

7 days. The digestibility of dry matter ranged horn 62.73 to 64.53% but 

was non-signscant among the complete rations 1-4. The digestibility of 

crude protein ranged from 58.78 to 71.99% for complete ration 1 to 4. 

There was no significant difference among the complete rations 1 to 4. 

However, significant differences (P < 0.05) were observed among the 

complete rations 1-4 in the digestibilities of OM, CF, EE and NFE 

(Table 13). Highest digestibility of CF was observed in  CR-2 and the 

lowest in CR-3 which was significant (P < 0.05). The EE digestibility was 

highest in CR-4 followed by CR-3, CR-2 and CR-1. Differences between 
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5.6 Nutrient digestibility
To assess the digestibility of different nutrients from the complete

rations 1 to 4 a metabolism {trial was conducted taking 4 ram lambs

f1'0111 each group during the growth experiment. The lambs were kept in

metabolism cages two days prior to and during the collection period of

7 days. The digestibility of dry matter ranged from 62.73 to 64.53% but

was non-significant among the complete rations 1-4. The digestibility of

Crude protein ranged from 58.78 to 71.99% for complete ration 1 to 4.

There was no significant difference among the complete rations 1 to 4.

However, significant differences (P < 0.05) were observed among the

complete rations 1-4 in the digestibilities of OM, CF, EE and NFE

(Table 13). Highest digestibility of CF was observed in CR-2 and the

lowest in CR-3 which was significant (P < 0.05). The EE digestibility was
highest in CR-4 followed by CR-3, CR-2 and CR-l. Differences between

CR-l and. CR-3 or CR-4 was significant (P < 0.05). The NFE digestibility

was highest in CR-l followed by CR-3, CR-4 and CR2 and the difference

between CR-2 and other rations was significant (P < 0.05). Reddy et. al.

(1986) compared a complete ration containing 48.5% sunflower heads

(sole source of roughage) with complete rations containing mixed grass

hay, mixed grass hay + subabul, subabul. + sunflower heads as roughage

sources and reported highest digestibilities of DM, OM; CP, EE, NFE

(P < 001) and CF (P < 0.05) in the complete ration containing sunflower

heads at 48.5% level. The complete ration containing sunflower

heads+subabul showed higher values of digestibility in DM, OM and

NFE (P <_ 0.01) compared to rations containing mixed grass alone or

mixed grass 4-» subabnl forming the roughage component.~ In another

experiment Gowd et. al. (1987) reported digestibility values of nutrients
from complete rations containing paddy straw or sunflower heads as
roughage source. The ration containing sunflower heads showed higher



digestibility to the one containing paddy straw as  roughage 

Source. Reddy et. al. (1989) compared a complete ration containing 

sunflower heads with complete rations containing mixed grass hay or 

sudower  straw. Significantly higher digestibility of NFE (P<0.05) from 

complete rations containing sunflower heads was reported. For other 

nutrient digestibility the differences were non-significant. Reddy and 

Reddy (1998) reported that DM, OM, CP and CF digestibilities of 

complete rations containing sunflower heads fed to Ongole bull calves 

were significantly higher (P < 0.01) than conventional diet containing 

concentrate mixture and chopped sorghum straw. The results of the 

present investigation are in agreement with those cited above. 

The digestibility of cell - wall contents is presented in Table 14. 

The digestibility of NDF is non-significant in the ram lambs fed different 

complete rations. However, significant differences were observed in the . 

digestibility of other fractions of cell wall. Highest digestibility of ADF 

(P c 0.01) was observed in CR-1 or CR-2 ram lambs compared to CR-3 

or CR-4 ram lambs. Ram lambs fed CR-4 showed the lowest digestibility. 

The difference between CR-3 and CR-4 was significant (P c 0.01). 

Hemicellulose digestibility was highest in CR-3 and lowest in CR-2 fed 

ram lambs. The differences in digestibility between CR-2 and CR-3 or 

CR-1 fed ram lambs was significant (P < 0.01). However the difference 

between CR-2, CR-3 and CR-4 fed ram lambs was non-s iwcant .  Lignin 

digestibility &owed the same trend as that of cellulose. Higher 

digestibilities of NDF (58.18, 52-43), ADF (48.52, 44-12), hemicellulose 

(54.59, 51-72) and cellulose (51.97, 52.45) and hwer lignin digestibility , 

(15.01, . %) in crossbred b d s  @a0 et. a2.J 1997) and Ongole bull calves 

(ReddY and Reddy, 1998), respectively have been reported with complete 

rations containing sunflower heads as  roughage component. This might 

be due to higher fi,bre digestibil@ in cattle compared to sheep. 
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complete rations. However, significant differences were observed in the . 

digestibility of other fractions of cell wall. Highest digestibility of ADF 

(P c 0.01) was observed in CR-1 or CR-2 ram lambs compared to CR-3 

or CR-4 ram lambs. Ram lambs fed CR-4 showed the lowest digestibility. 

The difference between CR-3 and CR-4 was significant (P c 0.01). 

Hemicellulose digestibility was highest in CR-3 and lowest in CR-2 fed 

ram lambs. The differences in digestibility between CR-2 and CR-3 or 

CR-1 fed ram lambs was significant (P < 0.01). However the difference 

between CR-2, CR-3 and CR-4 fed ram lambs was non-s iwcant .  Lignin 

digestibility &owed the same trend as that of cellulose. Higher 

digestibilities of NDF (58.18, 52-43), ADF (48.52, 44-12), hemicellulose 

(54.59, 51-72) and cellulose (51.97, 52.45) and hwer lignin digestibility , 

(15.01, . %) in crossbred b d s  @a0 et. a2.J 1997) and Ongole bull calves 

(ReddY and Reddy, 1998), respectively have been reported with complete 

rations containing sunflower heads as  roughage component. This might 

be due to higher fi,bre digestibil@ in cattle compared to sheep. 
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digestibility compared to the one containing paddy straw as roughage
source. Reddy et. al. (1989) compared a complete ration containing

sunflower heads with complete rations containing mixed grass hay or

sunflower straw. Significantly higher digestibility of NFE (P<0.05) from

complete rations containing sunflower heads was reported. For other
nutrient digestibility the differences were non-significant. Reddy and
Reddy (1998) reported that DM, OM, CP and CF digestibilities of

complete rations containing sunflower heads fed to Ongole bull calves

were significantly higher (P < 0.01) than conventional diet containing

concentrate mixture and chopped sorghum straw. The results of the

present investigation are in agreement with those cited above.

The digestibility of cell - wall contents is presented in Table 14.

The digestibility of NDF is non-significant in the ram lambs fed different

, complete rations. However, significant differences were observed in the

digestibility of other fractions of cell wall. Highest digestibility of ADF

(P < 0.01) was observed in CR-l or CR-2 ram lambs compared to CR-3
or CR-4 ram lambs. Ram lambs fed CR-4 showed the lowest digestibility.
The difference between CR-3 and CR-4 was significant (P < 0.01).
Hemicellulose digestibility was highest in CR-3 and lowest in CR-2 fed
ram lambs. The differences in digestibility between CR-Z and CR-3 or

CR-l fed ram lambs was significant (P < 0.01). However the difference

between CR-2, CR-3 and CR-4 fed ram lambs was non-significant. Lignjn

digestibility showed the same trend as that of cellulose. Higher

digestibilities of NDF (58.18, 52.43), ADF (48.52, 44.12), hemicenulose
(54.59, 51,72) and cellulose (51.97, 52-45) and lower lignin digestibility
(15.01, ~ %) in crossbred bulls (R30 et. al., 1997) and Ongole bull calves
(Reddy and Reddy, 1998), respectively have been reperted with complete
rations Containing svunflower heads as roughage component. This might
be due to higher fibre digestibility in cattle compared to sheep_



5.7 Balance of Nitrogen 

The balance of N in ram lambs fed complete rations 1-4 is shown 

in Table 15. The N retention (gld) was highest in ram lambs fed CR-2 

(7.62) followed by CR-1 (7.29), CR-3 (5.95) and CR-4 (4.40). However, the 

differences were non-significant. Lower protein degadability of CR-4 has 

reflected in  lower N Nitrogen retention when expressed per kg 

metabolic body weight I d was significantly lower (P C 0.01) in ram 

lambs fed CR-4 to CR-I or CR-2. Higher nitrogen retention in 

sheep fed complete rations containing 48.5% sunflower heads was 

reported by Reddy et. al. (1986). Gowd et. al. (1987) showed higher N 

retention in sheep fed complete rations containing sunflower heads as 

sole roughage compared to conventional ration containing concentrate 

mixture and paddy straw. Rao el. al. (1997) observed higher N Balance 

in crossbred bulls fed complete ration containing sunflower heads than 

those fed complete ration containing sorghum straw. The present 

observations are in accordance with the observations cited above. 

5-8 Balance of calcium 

The balance of Ca in ram Iambs fed complete rations 1-4 is shown 

in Table 16. The Ca retention (gld) was highest in lambs fed CR-4 (3.14) 

followed by (33-2 (2.77), CR-3 (2.42) and CR-1 (2.41). However, the 

differences were non-significant. Higher Ca retention in sheep fed 

complete ration containing 48.5% sunflower heads was reported by Reddy 

et. (1986). G o d  et. al. (1987) showed higher Ca retention in sheep 

fed complete rations containing sunflower heads as  sole roughage 

compared to conventional ration containing concentrate mixture and 

paddy straw Rae et. ~ 1 .  (1997) observed higher Ca balance in crossbred 

bulls fed wmplete ration containing ~ ~ d ' b w e r  heads than those fed 
I straw. The present observations are Complete rations containing sorghu 
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5.7 Balance of Nitrogen
The balance of N in ram lambs fed complete rations 1-4 is shown

in Table 15. The N retention (g/d) was highest in ram lambs fed CR-2

(7-62) followed by CR-l (7.29), CR-3 (5.95) and CR-4 (4.40). However, the
differences were non-significant. Lower protein degradability of CR-4 has

reflected in lower N retention. Nitrogen retention when expressed per kg
metabolic body weight / d was significantly lower (P < 0.01) in ram

1irlmbs fed CR-4 compared to CR-l or CR-2. Higher nitrogen retention in

Sheep fed complete rations containing 48.5% sunflower heads was

rePorted by Reddy et. al. (1986). Gowd et. al. (1987) showed higher N

retention in sheep fed complete rations containing sunflower heads as

$016 roughage compared to conventional ration containing concentrate

mixture and paddy straw. Rao et. al. (1997) observed higher N Balance

in crossbred bulls fed complete ration containing sunflower heads than

those fed complete ration containing sorghum straw. The present

Observations are in accordance with the observations cited above

5-8 Balance of calcium

The balance of Ca in ram lambs fed complete rations 1—4 is shown

in Table 16 The Ca retention (g/d) was highest in lambs fed CR-4 (3.14)

followed by CR-2 (2.77), CR-3 (2.42) and 'CR-l (2.41). However, the

e non significant. Higher Ca retention in sheep feddifferences wer
sunflower heads was reported by Reddy

complete ration containing 48.5%

et. al. (1986). Gowd et. al. (1987) showed higher Ca retention in sheep

fed complete rations containing sunflower heads as sole roughage

colupared to conventional ration containing concentrate mixture and

paddy straw Rao et al. (1997) observed higher Ca balance in crossbred

bulls fed complete ration containing sunflower heads than those fed

Complete muons containing sorghum StraW- The Present obserVations are



in accordance with the observations of Reddy et. al. (1986)) Gowd et. al. 

(2987) and Rao et. al. (1997). 

5.9 Balance of Phosphorus 

The balance of P in ram lambs fed complete rations 1-4 is shown 

in  Table 17. The P retention (g/d) was highest in lambs fed CR-3 (2.07) 

followed by CR-1 (1.88), CR-2 (1.87) and CR-4 (1.85). However, the 

differences were non-si&cant. Higher P retention in sheep fed complete 

rations containing 48.5% sunflower heads was reported by Reddy et. al. 

(1986). Higher P retention in sheep fed complete rations containing 

sunflower heads as  sole roughage compared to conventional ration 

containing concentrate mixture and paddy straw was reported (Gowd et. 

al. 1987). Reddy et. al. (1989) reported higher P retention in sheep fed 

complete ration containing 50% sunflower heads as sole roughage 

compared to the complete diet containing mixed grass hay. Higher P 

balance in crossbred bulls fed complete rations containing sunflower 

heads than those fed complete diet containing sorghum straw was 

reported by Rao et. al. (1997). The present observations are in accordance 

with observations cited above. Although the balance of Ca and P were 

negative when sunflower heads were fed as sole feed, the. sunflower 

heads when incorporated into complete feeds, positive balances were 

recorded for these minerals. The Ca and P supplemented from the 

concentrates and mineral mixture, supplied adequate quantities of these 

minerals to result in  a positive balance. 

5-10 Nutritive vahe of ~0IXlpllete rations 

me nutritive vdue of the complete rations 1 to 4 in terms of 

DCP, TDN, DE and ME are presented in Table 18. The DCP value of 

C R - ~  (10.25) was highest alnd eR-1 lowest (8.29) while CR-3 (8.77) and 

in accordance with the observations of Reddy et. al. (1986)) Gowd et. al. 

(2987) and Rao et. al. (1997). 
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recorded for these minerals. The Ca and P supplemented from the 

concentrates and mineral mixture, supplied adequate quantities of these 
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in accordance with the observations of Reddy et. al. (1986), Gowd et. al.

(1987) and Rao et. al. (1997).

5.9 Balance of Phosphorus

The balance of P in ram lambs fed complete rations 1-4 is shown

in Table 17. The P retention (g/d) was highest in lambs fed CR-3 (2.07)
followed by CR-l (1.88), CR-2 (1.87) and CR-4 (1.85). However, the

differences were non-significant. Higher P retention in sheep fed complete

rations containing 48.5% sunflower heads was reported by Reddy et. al.

. (1986). Higher P retention in sheep fed complete rations containing

sunflower heads as sole roughage compared to conventional ration

containing concentrate mixture and paddy straw was reported (Gowd et.

al. 1987). Reddy et. al. (1989) reported higher P retention in sheep fed

complete ration containing 50% sunflower heads as sole roughage

compared to the complete diet containing mixed grass hay. Higher P

balance in crossbred bulls fed complete rations containing sunflower

heads than those fed complete diet containing sorghum straw was

reported by Rao et. al. (1997). The present observations are in accordance

With observations cited above. Although the balance of Ca and P were

negative when sunflower heads were fed as sole feed, the- sunfl0wer

heads when incorporated into complete feeds, positive balances were

recorded for these minerals, The Ca and P supplemented from the

concentrates and mineral mixtm'e, supplied adequate quantities of these

minerals to result in a positive balance.

5_10 Nutritive value of complete rations '

The nutritiVe value of the complete rations .1 to 4 in terms of .
DCP, TDN, DE and ME are presented in Table 18. The DCP value of
CR-2 (10.25) was highest and (CR-1 lowest (8.29) while CR3 (377) and



CR-4 (8.90) were intermediary. The DCP content of CR-2 was 

significantly higher (P c 0.05) than that of CR-I, CR-3 or CR-4. The 

TDN values of (33-4 (64.78) and CR-3 (63.19) were higher than CR, 

(60.64) or CR-2 (61.53%). The TDN content of CR-4 was significantly 

higher (P < 0.01) than that of CR-1 or CR-2. The DCP value obtained in 

the present investigation with 60% sunflower head meal in complete 

ration is lower than the values 9.12% reported by Reddy et. al. (1986) 

in sheep but higher than 8.32% reported by Gowd et. al. (1987) and 

7.27% reported by Reddy et. al. (1989) in sheep or 8.58% (Rao et. aE. 

1997) and 8.89% (Reddy and Reddy, 1998) in cattle where sunflower 

head meal was the sole source of roughage. The TDN value of 64.78% 

obtained in the present study is lower than the value (66.64%) reported 

by Reddy et. al. (1986) but higher than the values reported by Gowd et. 

al. (1987), &ddy et. aE. (1989), Rao et. al. (1997) and Reddy and Reddy 

(1998). Reddy et. al. (1986) reasoned that the higher TDN content of 

complete rations containing sunflower head meal due to its higher energy 

content. In the present investigation when sunflower head meal was fed 

as sole roughage a TDN content of 53.79% was recorded which is higher 

than that of groundnut haulms (49.17%) as reported by Mandal et. al. 

(1993). ~ ~ w d  et. al. (1987) observed higher (< 0.05) TDN value in 

complete ration containing sunflower head meal and attributed it  to 

better palatability and higher nutrient content and digestibility. 

The gram digestible protein 1 M cal ME was highest in CR-2 

(46.72) followed by CR-3 (39.39)9 CR-4 (38.56) and CR-I (38.51). The 

differences between different complete rations for DM, ME gram 

digestible / A.4 eal DE or gram digestible protein M cal ME were 

non-significant. 
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al. (1987), &ddy et. aE. (1989), Rao et. al. (1997) and Reddy and Reddy 

(1998). Reddy et. al. (1986) reasoned that the higher TDN content of 

complete rations containing sunflower head meal due to its higher energy 

content. In the present investigation when sunflower head meal was fed 

as sole roughage a TDN content of 53.79% was recorded which is higher 

than that of groundnut haulms (49.17%) as reported by Mandal et. al. 

(1993). ~ ~ w d  et. al. (1987) observed higher (< 0.05) TDN value in 

complete ration containing sunflower head meal and attributed it  to 

better palatability and higher nutrient content and digestibility. 

The gram digestible protein 1 M cal ME was highest in CR-2 

(46.72) followed by CR-3 (39.39)9 CR-4 (38.56) and CR-I (38.51). The 

differences between different complete rations for DM, ME gram 

digestible / A.4 eal DE or gram digestible protein M cal ME were 

non-significant. 
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CR4 (8.90) were intermediary. The DCP content of CR-Z was

Significantly higher (P < 0.05) than that of CR-l, CR-3 or CR-4. The
TDN values of CR-4 (64.78) and CR-3 (63.19) were higher than CRI
(60.64) or CR-Z (61.53%). The TDN content of CR-4 was significantly

higher (P < 0.01) than that of CR-l or CR-2. The DCP value obtained in
the present investigation with 60% sunflower head meal in complete
ration is lower than the values 9.12% reported by Reddy et. al. (1986)

in sheep but higher than 8.82% reported by Gowd et. al. (1987) and
7.27% reported by Reddy et. al. (1989) in sheep or 8.58% (Rao et. al.

1997) and 8.89% (Reddy and Reddy, 1998) in cattle Where sunflower

head meal was the sole source of roughage. The TDN value of 64.78%

obtained in the present study is lower than the value (66.64%) reported

by Reddy et. al. (1986) but higher than the values reported by Gowd et.

al. (1987), Reddy et. al. (1989), Rao et. al. (1997) and Reddy and Reddy

(1998). Reddy et. al. (1986) reasoned that the higher TDN content of

complete rations containing sunflower head meal due to its higher energy

content. In the present investigation when sunflower head meal was fed

as sole roughage a TDN content of 53.79% was recorded which is higher

than that of groundnut haulms (49.17%) as reported by Mandal et. al.

(1993). Gowd et. al. (1987) observed higher (< 0.05) TDN value in

complete ration containing sunflower head meal and attributed it to

better palatability and higher nutrient content and digestibility.

The grain digestible protein / M cal ME was highest in CR-2

(46.72) followed by CR-3 (39.39), CR-4 (38.56) and CR-l (38.51). The

differences between different complete rations for DM, ME gram

digestible protein / M cal DE or gran digestible protein / M cal ME were

non-significant.



5*11 in situ eva lua t ion  of complete rat ions 

The dry matter / protein degradability of complete rations was 

determined by incubating nylon bags containing samples in the rumen 

Of cannulated steers. 

There was linear increase in DM disappearance in all the complete 

rations with extension of the incubation period from 12 h to 72 h. The 
DM of CR-2 and CR-3 were higher than that of CR-1 or 

CR-4 a t  12 h and 24 h of incubation period. However, a t  36 h CR-I and 

CR-4 showed higher disappearance values than CR-2 or CR-3. At 12 h 

'"Cubation the disappearance value of CR-3 was highest and significantly 

(P < 0.01) differently from CR-1 and CR-4. At 24 h of incubation higher 

(' c 0.01) disappearance was observed for CR-3 compared to CR-2- At 

36 h CR-3 and CR-4 showed higher (P < 0.01) disappearance than CR-1 

Or CR-2. The disappearance values of CR-I, CR-2, CR-3 and CR-4 a t  48 

and 72 h showed the same trend as at 36 h. Among the complete 

highest readily soluble dry matter fraction (a) was observed in 

CR'-3 (51.21) while (33-4 had the least (0.0%). This has resulted in 

71.47% DM disappearance for CR-3 by 12  h incubation and 55.91% 

DIM disappearance for CR-4 at the same period (Table 19). 

~h~ highest insoluble but degradable with time fraction @) was 

observed with (-33-4 (84.54) while CR-3 had the least (31.80). The rate 

constant ICI similar for CR-1 and CR-4 and for CR-2 and CR-3. The 

observed degradability of dry matter was least for CR-4 (52.2%), 

While for C R - ~ ,  CR-2 and CR-3 the Val lues were 56.2, 65.2 and 71.2, 
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5. - .11 In Sltu evaluation of complete rations
The dry matter / protein degradability of complete rations was

determined by incubating nylon bags containing samples in the rumen
of cannulated steers.

There was linear increase in DM disappearance in all the complete

rations With extension of the incubation periodtfrom 12 h to 72 h. The

DM disappearance of CR-2 and CR3 were higher than that of CR-I or

CR4 at 12 h and 24 h of incubation period. However, at 36 h CR-l and
CR‘4 Showed higher disappearance values than CR-2 or CR-3. At 12 h

incubation the disappearance value of CR-3 was highest and significantly

(P < 0.01) differently from CR-l and CR-4. At 24 h of incubation higher

(P < 0-01) disappearance was observed for CR-3 compared to CIR-2. At

36 h CR3 and CR-4 showed higher (P < 0.01) disappearance than CR-l

or CR2. The disappearance values of CR-l, CR-2, CR-3 and CR4 at 48

and 72 h showed the same trend as at 36 h. Among the complete

ratiOflS, highest readily soluble dry matter fraction (a) was observed in

CRLB (51.21) while CR-4 had the least (0.0%). This has resulted in

71-47% of DM disappearance for CR-3 by 12 h incubation and 55.91%

DM disappearance for CR-4 at the same period (Table 19).

The highest insoluble but degradable with time fraction (b) was

_ ObSerVed with CR-4 (84.54) while CR-3 had the least (31.80). The rate

conStant 'C' was similar for GR-l and CR-4 and for CR-2 and CR-3. The

Observed effective degrada‘bility of dry matter was least for CR-4 (52.2%),

2 and CR-3 the values were 56.2, 65.2 and 71.2,While for CR-l, CR-
respectively.



The trend for protein disappearance of the complete rations 

followed the same trend of DM disappearance (Table 20). Protein 

disappearance of CR-1, CR-2 or CR-4 was higher than CR-3 except a t  

12 h incubation. Significantly higher (P < 0.01) protein disappearance 

values were observed between CR-1 and CR-2 or CR-3 or CR-4 a t  24 hr 

incubation. Differences in protein disappearance values were significant 

(P < 0.01) between CR-1 and CR-2 or between CR-2 and CR-3 or CR-4 

at 36 h incubation. The above trend was followed a t  48 h incubation. At 

72 h incubation the differences in protein disappearance values of CR-1 

and CR-2, CR-3 and CR-4 were non-significant. 

The highest readily soluble protein fraction 'a' was observed with 

CR-2 (7.05) while CR-1, CR-3 and CR-4 did not show any value. The 

insoluble but degradable protein fraction 'b' decreased linearly fiom CR-1 

to CR-4. The trend for DM disappearance values of sunflower head meal 

alone have reflected in the disappearance values of CR-4 which contained 

60% sunflower head meal in the ration. Similarly the ED (%) of DM of 

sunflower head meal has been reflected in the ED of CR-4. The effective 

protein degradability values and the balance of N, showed similar trend 

for complete rations 1-4. Highest effective protein degradabilit~ (44.2%) 

was with CR-2 while CR-4 had the least (31.3%). The RDP and 

IJDP (g/lOO g) content of protein of CR-1 to CR-4 were 42.7, 57.3 ; 44.2; 

55.8 ; 37.5, 62.5 and 31.3, 68.7, respectively. 

5-12 Plane of nutrition of experimental animals 

~ ~ ~ ~ . ~ ~ t  intake of complete rations is presented in Table 21. The 

daily DM intake expressed as g/d, Per cent of weight O r  g/w;" have 

decreased from C R - ~  to CR-4 with an increase in the level of sunflower 

heads in mmple& ration but the differences among the different rations 
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followed the same trend of DM disappearance (Table 20). Protein 

disappearance of CR-1, CR-2 or CR-4 was higher than CR-3 except a t  

12 h incubation. Significantly higher (P < 0.01) protein disappearance 
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The trend for protein disappearance of the complete rations
followed the same trend of DM disappearance (Table 20). Protein
disappearance of CR-l, CR-2 or CR-4 was higher than CR-3 except at

12 h incubation. Significantly higher (P < 0.01) protein disappearance

values were observed between CR-l and CR—2 or CR-3 or CR-4 at 24 hr
incubation. Differences in protein disappearance values were significant
(P < 0.01) between CR-l and CR—2 or between CR2 and CR—3 or CR-4

at 36 h incubation. The above trend was followed at 48 h incubation. At
72 h incubation the differences in protein disappearance values of CR-l

and CR-2, CR-3 and CR4 were non-significant.

The highest readilysoluble protein fraction 'a' was observed with

CR-Z (7.05) While CR-l, CR-3 and CR-4 did not show any value. The

insoluble but degradable protein fraction 'b' decreased linearly from CR-l

to CR-4. The trend for DM disappearance values of sunflower head meal

alone have reflected in the disappearance values of CR-4 which contained

60% sunflower head meal in the ration. Similarly the ED (%) of DM of

sunflower head meal has been reflected in the ED of CR-4. The effective

protein degradability values and the balance of N, showed similar trend

for complete rations 1-4. Highest effective protein degrada'bility (44.2%)

was observed with CR-Z while CR-4 had the least (31.3%). The RDP and

UDP (g/100 g) content of protein of CR-l to CR-4 were 42.7, 57.3 ; 44.2;

55.8 ; 37.5, 62.5 and 31.3, 68.7, respectively.

5.12 Plane of nutrition of experimental animals

Nutrient intake of complete rations is presented in Table 21. The

DM intake expressed as g/d, per cent of weight or .g/wkg'ls have
daily

decreased firom CR"1 '50 CR'4 With an increase in the level of sunflovVer

heads in complete ration but the differences among the different rations
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were non-significant. The intake of DCP and TDN by ram lambs fed 

different complete rations did not differ significantly. 

As per the nutrient requirements of livestock (ICAR, 1985), the 

requirements suggested for growing lambs weighing 20 kg body weight 

are DM 700 g, DCP 50 g and TDN 400 g. Kearl (1982) has recommended 

660 g of DM, 30.6 g of DCP and 360 g of TDN for growing sheep of 20 

kg body weight. 

The intake of nutrients by the Iambs fed CR-1 and CR-2 were 

within the recommended levels of ICAR (1985) for growing rams of 20 

kg body weight. The nutrient intakes of lambs fed CR-3 and CR-4 @CP 

and TDN) were within the recommended levels of ICAR (1985) except for 

a marginal shortage of TDN and a shortage of DM in CR-4. The nutrient 

intake of the lambs fed CR-1 to CR-4 were higher than the recommended 

levels of Kearl (1982) except for DM for growing sheep of 20 kg body 

weight. 

In  the present study, it bas been observed that replacement of 

groundnut haulms with sunflower heads upto 100% level in complete 

rations (R : C ratio 60 : 40) did not affect the ADG or nutrient 

digestibility or plane of nutrition in Nellore sheep. 
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660 g of DM, 30.6 g of DCP and 360 g of TDN for growing sheep of 20 

kg body weight. 

The intake of nutrients by the Iambs fed CR-1 and CR-2 were 
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were non-significant. The intake of DCP and TDN by ram lambs fed

different complete rations did not differ significantly.

As per the nutrient requirements of livestock (ICAR, 1985), the
requirements suggested for growing lambs weighing 20 kg body weight
are DM 700 g, DCP 50 g and TDN 400 g. Kearl (1982) has recommended
660 g of DM, 30.6 g of DCP and 360 g of TDN for growing sheep of 20

kg body weight.

The intake of nutrients by the lambs fed CR-l and CR2 were

within the recommended levels of ICAR (1985) for growing rams of 20

kg body weight. The nutrient intakes of lambs fed CR—3 arid CR-4 (DCP

and TDN) were within the recommended levels of ICAR (1985) except for

a marginal shortage of TDN and a shortage of BM in CR-4i The nutrient

intake of the lambs fed CR-l to CR-4 were higher than the recommended

levels of Kearl (1982) except for DM for growing sheep of 20 kg body

weight.

In the present study, it has been observed that replacement of

groundnut haulms with sunflower heads upto 100% level in complete

rations (R : C ratio 60 : 40) did not affect the ADG or nutrient

digestibility or plane of nutrition in Nellore sheep.
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CHAPTER - VI 

SUMMARY 

The demand for food grains in India to meet the requirements of 

the fast growing human population is ever increasing which leaves little 

Scope for cultivation of fodder crops. The farmer will have to depend 

Increasingly on agro-industrid by-products and crop residues to feed his 

animals. There is an urgent need to explore economical, unconventional 

feed ingredients in view of escalating cost of livestock feeds. Sunflower 

is cultivated in 2.7 million hectares in India. For every hectare a tonne 

of sunflower heads is available every year. At present sunflower heads 

are thrown out a s  waste. 

In the present investigation, a n  attempt was made to determine 

the nutritive value of sunflower heads and to study the effect of their 

inclusion in complete rations replacing groundnut haulms a t  0, 20, 40 

and 100% levels on nutrient digestibility and growth performance in 

sheep and in situ DM and protein degradability in steers. 

The chemical composition of sunflower heads showed CP, 8.4 ; EE, 

4.10 ; CF, 17.13 ; NFE, 54.92 ; TA, 15.45 and AIA, 1.93%. Cell-wall 

&actions of sunflower heads revealed NDF, ADF, hemicellulose, cellulose 

and lignin contents as 27.19, 22.10, 5.09, 16.01 and 6.09%, respectively. 

~h~ nutritive value of sunflower heads was assessed by conducting 

a metabolism experiment using siu NeUore brown rams (29.10 0.37 kg) 

fed sunflower heads as a sole feed. The digestibility coefficient for 

nutrients in sudower heads were 57-59, 33-31, 70.79, 37.65 and 69.24% 

for DM, CB, EE, CF and NFE, respectively. The nutritive value was 
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CHAPTER - VI

SUMMARY

The demand for food grains in India to meet the requirements of
the fast growing human population is ever increasing which leaves little
scepe for cultivation of fodder crops. The farmer will have to depend

increasingly on agro-industrial by-products and crop residues to feed his
animals. There is an urgent need to explore economical, unconventional

feed ingredients in view of escalating cost of livestock feeds. Sunflower

is Cultivated in 2.7 million hectares in India. For every hectare a tonne

of Sunflower heads is available every year. At present sunflower heads

are thrown out as waste.

In the present investigation, an attempt was made to determine

the nutritive value of sunflower heads and to study the effect of their

l-Ilr:lusion in complete rations replacing groundnut haulms at 0, 20, 40

and 100% levels on nutrient digestibility and growth performance in

Shaep and in situ DM and protein degradability in steers.

The chemical composition of sunflower heads showed CE 8.4 ; EE,

4,10 . CF 17,13 ; NFE, 54.92 ; TA, 15.45 and MA. 1.93%..Cell-Wall

fi'actions of sunflower heads revealed NDF, ADF, hemicellulose, cellulose

and lignin contents as 27.19, 22.10, 5.09, 16.01 and 6.09%, respectively.

The nutritive value of sunflower heads was assessed by conducting

a metabolism experiment using six Nellore brown rams (29.10 :i: 0.37 kg)

fed sunflower heads as 3 Sole feed. The digestibility coefficient for

nutrients in sunflower heads were 57.59, 33.31, 70.79, 37.6.5 and 69.24%
for DM, 0?, EE, CF and NFE, respectively. The nutritive value Was
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DCP, 2.79 and TDN, 53.79%. Negative balance for. N, Ca and P was 

observed when sunflower heads were fed alone. This indicated that 

sunflower heads alone could not support the requirements of N, Ca & P. 
. 

Hence the effect of incorporation of sunflower heads in complete rations 

was studied. 

For evaluation of DM and protein degradability of sunflower heads, 

in situ, nylon bag technique was adopted using 5 permanently rumen 

fistulated steers. The average disappearance values for DM were 53.15 

5 3.50, 68.19 3t 2.11, 78.86 3t 1.33, 82.43 * 1.28 and 83.41 1.35 and for 

CP 32.84 k 2.70, 51.44 3t 1.39, 68.45 * 1.77, 75.95 0.84 and 78.32 k 

0.65 per cent a t  12, 24, 36, 48 and 72 h incubation, respectively. The 

readily soluble fraction (a), insoluble but degradable &action (b) and rate 

constant / h (c) were 17.63, 0.00 ; 67-51, 82.67 and 0.0613, 0.0486, 

respectively, for dry matter and protein fractions of sunflower heads. 

Sunflower heads protein had 37.0 and 63.0% of RDP and UDP, 

respectively. The study indicates that the effective degradability of dry 

matter and protein were 54.8 and 37.0% for sunflower heads, 

respectively. 

Four isonitrogenous complete rations with sunflower heads a t  0 

(CR-I), 20 (CR-2), 40 (CR-3) and 100 (CR-4) per cent levels replacing 

groundnut haulms were formulated and evaluated in a completely 

randomised design using 16 Nellore brown ram lambs (19.50 a 0.35 kg). 

~h~ chemical composition of complete rations 1 to 4 for CP, CF, EE, 
~,JFE and TA were 14-12, 14.25, 14-12, 14-01 ; 21-69, 21.57, 15.46, 12.58; 

. 50.58, 49.91, 54.68, 56.6? and 50.58, 49.91, 64.68, 
2.46, 2.82, 3.77, 4.20 , 
56.62n, respectively. The cell-wall fraction of the complete rations 1 to 

F, ADF, hemiceUulose, c e l l ~ l ~ s e  and lignin were 45.26, 
4 observed for 

DCP, 2.79 and TDN, 53.79%. Negative balance for. N, Ca and P was 

observed when sunflower heads were fed alone. This indicated that 

sunflower heads alone could not support the requirements of N, Ca & P. 
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4 observed for 
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DCP, 2.79 and TDN, 53.79%. Negative balance for. N, Ca and P was
observed when sunflower heads were fed alone, This indicated that
sunflower heads alone could not support the requirements of N, Ca & P_
Hence the effect of incorporation of sunflower heads in complete rations
was studied.

For evaluation of DM and protein degradability of sunflower heads,
in situ, nylon bag technique was adopted using 5 permanently rumen
fistulated steers. The average disappearance values for DM were 53.15

:1: 3.50, 68.19 :i: 2.11, 78.86 :1: 1.33, 82.43 :h 1.28 and 83.41 i 1.35 and for

GP 32.84 :t 2.70, 51.44 d: 1.39, 68.45 :1: 1.77, 75.95 :1: 0.84 and 78.32 a;

0.65 per cent at 12, 24, 36, 48 and 72 h incubation, respectively. The

readi soluble fraction (a), insoluble but degradable fraction (b) and rate

constant / h (c) were 17.63, 0.00 ; 67.51, 82.67 and 0.0613, 0.0486,

respectively, for dry matter and protein fractions of' sunflower heads.

Sunflower heads protein had 37.0 and 63.0% of RDP and UDP,

respectively. The study indicates that the effective degradability of dry

matter and protein were 54.8 and 37.0% for sunflower heads,
v

reSpectively.

. Four isonitrogenous complete rations with sunflower heads at 0

(CR-1) 20 (012-2), 40 (CR-3) and 100 (CR-4) per cent levels replacing

groundnut haulms were formulated and evaluated in a completely

randomised design using 16 Nellore brown ram lambs (19.50 :1: 0.35 kg)-

The chemical composition of complete rations 1 to 4 for CP, CF, EE,

’NFE and TA were 14.12, 14.25, 14.12, 14.01 ; 21.69, 21.57, 15.46, 12.58;

2.46, 282’ 3.77, 4,20 ; 50.58, 49.91, 54.68, 56.62 and 50.58, 49.91, 54.68,

56.62%, respectively. The cell-Wall fraction of the complete rations 1 to

4 observed for NDF, ADF, hemicellulose, cellulose and hgmn were 45.26,



39.26, 37.89, 33.06 ; 35.96, 31.47, 27.93, 22.29; 9.30, 8.45, 9.96, 10.76; 

28.55, 24.32, 21.24, 16.17 and 7.41, 7.15, 6.69, 6.1236, respectively. 

The complete rations were evaluated in a completely randomised 

growth experiment for 90 days using 24 Nellore brown (15.32 + 0.18 kg) 

weaner lambs. The ADG (g), DM1 (g) and EFU were 63.73, 656.04, 

11.21; 76.92, 746.38, 11.40 ; 61.86, 628.78, 11.74 and 67.36, 654.32, 

10.61, respectively for CR-1 to CR-4. Highest feed efficiency values were 

observed in ram lambs fed CR-4 (10.61) than those fed CR-1 (11.21), 

CR-2 (1 1.40) and CR-3 (1 1.74). The feed cost for kg live weight gain were 

Rs. 36.33, 35.48, 35.94 and 31.94 for CR-1 to CR-4, respectively. 

During the growth experiment one ram Iamb was selected from 

each treatment as and when they reach 20 kg body weight and kept in 

metabolism cages for evaluation of digestibility of nutrients in complete 

rations. The DM digestibility of CR-4 (64.53%) was higher than that of 

CR-1 (62.79%), CR-2 (62.73%) or CR-3 (63.03%) but there was no 

significant difference among the complete rations. The OM digestibility 

of CR-4 (68.90%) or CR, (67.61%) were significantly higher (P c 0.05) 

than that of CR-1 (65.77%) or CR-2 (66.21%). The average CP 

digestibility was 58.78, 71.99, 62.21, and 63.591, respectively, for CR-1 

to CR-4. Inclusion of sunflower heads even upto 100% level in complete 

rations did not show any adverse effect on CP digestibility. The CF 

digestibility of CR-2 (48.06%) was significantly higher @' < 0.05) than 

that of C R - ~  (38.92%). There was no significan~t difference between CR-1 

and CR-2 (733 or cR-4. The ether extract digestibility of CR-3 (78.46%) 
9 

or C R - ~  (80.04%) we" significantly higher (P < 0.05) than that of CR-I 

(70.66%) and CR-2 (75.z1 %). NFE digestilbility of CR-1 ('77.12%), or CR-CJ 
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10.61, respectively for CR-1 to CR-4. Highest feed efficiency values were 

observed in ram lambs fed CR-4 (10.61) than those fed CR-1 (11.21), 

CR-2 (1 1.40) and CR-3 (1 1.74). The feed cost for kg live weight gain were 

Rs. 36.33, 35.48, 35.94 and 31.94 for CR-1 to CR-4, respectively. 

During the growth experiment one ram Iamb was selected from 

each treatment as and when they reach 20 kg body weight and kept in 

metabolism cages for evaluation of digestibility of nutrients in complete 

rations. The DM digestibility of CR-4 (64.53%) was higher than that of 

CR-1 (62.79%), CR-2 (62.73%) or CR-3 (63.03%) but there was no 

significant difference among the complete rations. The OM digestibility 

of CR-4 (68.90%) or CR, (67.61%) were significantly higher (P c 0.05) 

than that of CR-1 (65.77%) or CR-2 (66.21%). The average CP 

digestibility was 58.78, 71.99, 62.21, and 63.591, respectively, for CR-1 

to CR-4. Inclusion of sunflower heads even upto 100% level in complete 

rations did not show any adverse effect on CP digestibility. The CF 

digestibility of CR-2 (48.06%) was significantly higher @' < 0.05) than 

that of C R - ~  (38.92%). There was no significan~t difference between CR-1 

and CR-2 (733 or cR-4. The ether extract digestibility of CR-3 (78.46%) 
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or C R - ~  (80.04%) we" significantly higher (P < 0.05) than that of CR-I 

(70.66%) and CR-2 (75.z1 %). NFE digestilbility of CR-1 ('77.12%), or CR-CJ 

(76.36%) or CR-4 (75.67%) were significantly higher (P < 0.05) than 
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CR-2 (11.40) and CR-3 (11.74). The feed cost for kg live weight gain were
Rs. 36.33, 35.48, 35.94 and 31.94 for CR-l to CR-4, respectively.
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that of CR-2 (72.44%). There was no significant difference between CR-I 

and CR-3 or CR-4. The difference in the digestibility of NDF among 

complete rations 1 to 4 were nonsignificant. Digestibility of ADF in 

lambs fed CR-1 (49.75%) or CR-2 (47.14%) was significantly higher 

(P < 0.01) than that of CR-3 (38.37%) or CR-4 (31.97%). The 

hemicellulose digestibility of CR-3 (45.59%) or CR-4 (44.41%) was 

significantly higher P<0.05) than that of CR-1 (38.61%) or CR-2 

(31.21%). Digestibility of cellulose in lamb fed CR-1 (52.24%) was 

significantly higher (P < 0.01) than that of CR-2 (44.92%) or CR-3 

(44.92%) or CR-4 (44.79%)- 

Replacement of groundnut haulms with sunflower heads iit varying 

levels in complete rations did not influence the nitrogen utilization in 

ram lambs. Nitrogen retention expressed as g/d or g / w:: for complete 

rations 1 to 4 were 7.29, 0.79; 7.62, 0.80 ; 5.95, 0.63 and 4.40, 0.44, 

respectively. Nitrogen retention gram per metabolic body weight in CR-2 

was significantly higher (P < 0.01) than that of CR-4. Nitrogen retention 

expressed as  per cent of absorbed decreased f?om CR-I to CR-4 linearly 

but the difference were non-significant. 

Calcium intake and retention (&Id) in ram lambs fed complete 

rations 1 to 4 were 9.81, 2.41 ; 12.74 ; 2-77 ; 14-07> 2-42 and 15.48, 3.14, 

respectively, phosphorus intake and retention (&id) in ram lambs fed CR- 

1 to CR-4 were 3.38, 1.88 ; 3-27, 1-87 ; 3-46, 2-07' and 2.89, 1.85, 

respectively The differences in both the intake and retention of Ca and 

p among the lambs fed different complete mtions were non-significant. 
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that of CR-2 (72.44%). There was no significant difference betwee CR
and CR3 or CR—4. The difference in the digestibility of NDF I:uno ‘1
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The nutritive value of complete rations in terms of DCP and TDN 

were, 8.29, 60.64; 10.25, 61.53; 8.77, 63.19 and 8.90, 64.78%, respectively 

for CR-1 to CR-4. The daily total DM1 expressed in g/d or per cent of 

live weight or g / WF in ram lambs was 7.07, 3.64, 76.48 ; 697, 3.43, 

72.96 ; 66 7, 3-36, 70.99 and 605, 2.93, 62.70, respectively for CR-1 to 

CR-4. The intake of DCP and TDN (g) of ram lambs fed CR-I to CR-4 

were 58.32, 431.76; 69.85, 427.85 ; 58.54, 421.53 and 52.62, 391.05, 

respectively. 

The dry matter and protein degradability of the four complete 

rations were evaluated in five steers using nylon bag technique. The dry 

matter and protein disappearance showed linear increasing trend in all 

the complete rations with extension of the incubation period from 12 to 

72 h. The readily soluble fraction of dry matter (7.59, 45.66, 51.21 and 

0.00) for the complete rations 1 to 4 showed an increasing trend upto 

CR-3 and a zero degradability was observed in CR-4. The readily soluble 

fraction of protein for the complete rations 1 to 4 were observed to be, 

0.00, 7.05, 0.00 and 0.00. The insoluble but degradasble fraction of DM 

was 72-45, 35-17, 31-80 and 84.54 for the complete rations 1 to 4 

respectively ~ i ~ h ~ ~  degradability was observed for CR-4 folhwed by CR- 

1, (33-2 and CR-3 the insoluble but degradable fraction of protein 

(82.30, 82.10, 72-13 and 71.60) for the complete rations 1 to 4 showed a 

decreasing trend. 

~h~ degrad&ility of dry matter and the effective protein 

- " - 

52.2% and 42.7, 44.2, 37s5 31.3 %, respectively. Highest effective DM 
degradability was observed in CR-3 followed by ''-29 CR-1 and CR-4. In 
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The nutritive value of complete rations in terms of DCP and TDN
Were 8,29, 60,64; 10.25, 61.53; 8.77, 63.19 and 8.90, 64.78%, respectively
for CR-1 to CR4, The daily total DMI expressed in g/d or per cent of
live weight or g/ W12,“ in ram lambs was 7.07, 3.64, 76.48 ; 697, 3.43,
72.96 ; 667, 3.36, 70.99 and 605, 2.93, 62.70, respectively for CR-l to
CR 4. The intake of DCP and TDN (g) of ram lambs fed CR-l to CR-4

Were 58.32, 431.76; 69.85, 427.85 ; 58.54, 421.53 and 52.62, 391.05,
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case of EPD highest degradability was observed in CR-2 followed by 

CR-1, CR-3 and CR-4. The RDP and UDP (gI100 g) contents of 

protein of 42.7, 57.3 ; 44.2, 55.8; 37.5, 62.5 and 31.3, 68.7, respectively. 

The following conclusions were drawn from the  present  s tudy : 

1. The nutritive value of sunflower heads in terms of DCP and TDN 

was 2.79 and 53.79%, respectively, 

2. The ADG and EFU in growing lambs fed complete ration 1 to 4 

were not significantly different. Inclusion of sunflower heads in 

place of groundnut haulms reduced the cost (Rs. / kg) of ration by 

0.13, 0.18 and 0.23 in CR-2, CR-3 and CR-4, respectively. Cost 

per kg livb weight gain (Rs. 1 Kg) was 36.33, 35.48, 35.94 and 

31-94, respectively for CR-I to CR-4. 

3. Inclusion of sunflower heads at 0, 20, 40 and 100% level replacing 

groundnut haulms for Nellore brown ram lambs had no significant 

effect on digestibilities of DM, CP and NDF. There was no adverse 

effect on N retention in ram lambs fed complete rations containing 

sunflower heads even upto 100% level. 

4. The a ,  b, c constants of dry matter for the complete rations 1 to 

4 were 7.59, 72.45, 0.1020 ; 45.46, 35.17, 0.0641 ; 51.21, 31.80, 

0.0843 and 0.00, 84.54, 0.1100, respectively. The effective 

degradabilit~ Of d r y  matter in complete rations 1 t o  4 were 56.2, 

65.2, 71.2 and 52.2%. respeetiveb. The a, b, c ~ ~ n s t a n t  of protein 

for the 
rations 1 to 4 were 0.00, 82-30, 0.1350; 7.05, 

. 0.00, 72-13, 0.0625 and 0.00, 71.60, 0.949, 
82.10, 0.0413 , 
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protein of 42.7, 57.3 ; 44.2, 55.8; 37.5, 62.5 and 31.3, 68.7 respectively

The following conclusions were drawn from the present study -

The nutritive value of sunflower heads in terms of DCP and TDN
was 2.79 and 53.79%, respectively.

The ADG and EFU in growing lambs fed complete ration 1 to 4
were not significantly different. Inclusion of sunflower heads in
place of groundnut haulms reduced the cost (Rs. / kg) of ration by
0.13, 0.18 and 0.23 in CR—Z, CR-3 and CR-4, respectively. Cost

per kg live weight gain (Rs. / Kg) was 36.33, 35.48, 35.94 and

31.94, respectively for CR-l to CR-4.

Inclusion of sunflower heads at 0, 20, 40 and 100% level replacing

groundnut haulms for Nellore brown ram lambs had no significant

effect on digestibilities of DM, CP and NDF. There was no adverse

effect on N retention in ram lambs fed complete rations containing

Sunflower heads even upto 100% level.
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respectively. The effective protein degradability for complete rations 

1 to 4 were 42.7, 44.2, 37.5 and 31.3 per cent, respectively. 

The results of the present investigation indicated that groundnut 

hau l~ns  can be completely replaced by sunflower heads in complete rations 

without affecting the nutrient digestibility, N retention and growth in 

Nellore brown sheep. 
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respectively. The effective protein degradability for complete rations

1 to 4 were 42.7, 44.2, 37.5 and 31.3 per cent, respectively.

The results of the present investigation indicated that groundnut

hauhns can be completely replaced by sunflower heads in complete rations

Without affecting the nutrient digestibility, N retention and growth in

Nellore brown sheep.
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