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Summary

Eight crep cesidues: 1, sorphum (Sorghum hicoior) straw, 2, waize (Zea mays) siraw, 3, cotlon
(Gossypium Sp ) straw, 4, sunfllower {Helianthus Sp.) straw, 5, cotton (Gossypuem Sp.) seed hulls,
6, groundnut (Arenats hypogeea) hulls, 7, maize (Zea mays) cebs, &, sugarcane (Saccharum officina-
rum) bagassc and two forest grasses 9, Heleropogan contorits dry grass and 10, Sekima nervcsum dry
grass were subjected ta three physical processing |, chopping (2-3 em) 2, grinding (8 mm sieve) and
1, pelleting (10 mm die hales). The processed material was fed ad Lb. aleng with 250 g of concen-
teate mixture per head per day to 6 adult local goats and 16 adult Nellere rams jn ten digestion
experiments and finally assessed the nutrilive value of the pracessed roughages by difference methed.
Grinding increased bulk density by 324 (cottan seed hulls, CSH) to 8R.19, (Sehvna dry prass) while
pelleting of ground mialerial increased hulk density by 539 (maize cebs) to 235 8% (maize straw).
The average particle size ranged from 584.1/" (sorghum straw) 1c 1467/ (CSH). Madulus of unifor-
mity ranged from 2:5:3 (scrghum straw) to 7:2 1 (CSH) while medulus of fineness ranged from
3.4 (sarghum straw) 10 5.4 (CS11) Molasses absorbahility was highest with coticn seed hulls and Jeast
with maize cobs. Pelleting increased DM intake of the residues except cotton seed hulls compared
to grindng. Grinding of chopped materialjunprocessed material incrcased DM intake on sargbum
straw and cotton seed hulls. Sheep cansumed mare DM compated to goats on all the residues except
sorghum and sunflower straws. Pelleting increased nutritive value of 2ll the residues compared to
grinding and chopping Heowever, na difference was chserved in the nutritive value dve ta grinding

and chopping. Goats performed better compared 10 sheep in utilzing the fikrans residues.

{Key Waords: Crop

Introduction

Huge quantities of crop residues, more than
250 million tcuncs (Reddy, 1990) are being pro-
duced annually in India as a renewable resources
but these materials are not being efficiently utiliz
ed in view of fibrous nature and poor nutrilional
quality. Duc to severe shortage of feedstuffs for
the livestack, the ways of explaring increased use
of these materials is of considerable importance.
The nutritive value of these roughages can be
improved by physical processing methods like
chopping, grinding and pelleting which increases
the surface area, density of roughages and expose
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the lignocellulosic fractions for easy access to en-
zymatic digestion. Increased use of crop residues
is one of the tmportant strategies to be pursued
for accelerated meat production from small rumi-
nants. Hence, an attemgt has been made to study
the cffect of physical processing on  physical
characters and nulritive value of eight crop re-
sidues, and Iwo forest dry grasses in goats and
sheep.

Materials and Methods

Eight crop residues: 1, sorghum (Sorghinn
bicclor) straw, 2, maize (Zea mays) straw, 3,
(Gossypium  Sp.) straw, 4, sunflower
(Helianthus Sp.) straw, &, cotton (Gessypium 8p.)
seed hulls, 6, groundnut {Archis hypcqaea) hulls,
7. maize (Zea mays) cobs, 8, sugarcane (Sacchu-
rum  Officinarum) hagasse and two forest dry
grasses 9, Heternpogan contortus and 10, Sefima
nervoswm were procured lecally. Sorghum straw,

cottan
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maize straw, Heteropogan grass and Sehimo grass
were subjecled to three processing methods ||
chopping (2-3 e¢m), 2, grinding (8 mm) and steam
pelleting (8-10 mm die holes) while the remaining
crop residues were subjected to grinding and
pelleting. The processed materials were tested for
physical characters like molasses absorbability,
bulk density, modulus of unifcymity, modulus
of fineness (ASAFE, 1970) and average particle
size¢ (Headley and Pfost, 1970). Each of these
processed materials and unprocessed cotton seed
hulls were fed ad (6. along/™™ 250 g concentrale
mixture (485 maize, 48 5 groundnut cake, 2
mineral mixture and 1 salt) per head per day
in digestion experiments to six adull local male
goats and six adult Nellore rams. Ten digestion
experiments were conducted on geats and sheep
using ten feedstuffs. All the experimental animals
were dewormed and kept in individual metabolism
cages with (eeding and watering arrangements.
Fresh clean water was made available all the time.
After a 30-day preliminary period a 7-day col-
lection was made. The feed, faeces and urinc
samples were analysed using the methods of
AQAC (1980). Fibre fractions were estimated by
the methods of Goering and Van Soest (1970).
Statistical analysis of the data were carried out
I accordance with Snedecor and  Cochran
{1968). The nutritive value of the processed

TABLE 1. PHYSICAL CHARACTERS QOF CROP RES!DUES

roughages was calculated by differnce method.
Rasults and Discussion

The physical characters of crop residues as
affected by different processing methads are
presented in table 1. The bulk density of chop-
pedjunprocessed material increased by grinding
and further increased by pelleting. The increased
bulk density on grnding was due to decreased
particle size and further increase on pelleting was
duc (o compaction in the pelleting process.
Grinding increased the bulk density of chopped/
unprocessed material by 324 (CSH) to 88.1%
(Sehima grass). Pelleting of ground material in-
creased the bulk density by 339 (maize cobs)
to 235.8%, (maize straw). These differences in bulk
density among the resdues may be attributed
to differences in particle size, shape, fibre cha-
ractetr and compactness of molecules.

The averape particle sizc ranged from 584.1
(sorghum straw) to 1467/Y (CSH). The modulus
of uniformity (indicative of distribution of par-
ticles in coarse, medium and fine mesh screens
respectively) ranged from 2:5:3 [or sorghum
straw to 7:2:1 for cotton seed hulls while
modulus of fineness (indicative of coarseness of
the particles) ranged from 3.4 (sorghum straw)
to 5.4 (CSH). These resulls indicate that the fibre

Cotton  Sun-

flower

Sorg-  Maize

Characters hum

Bulk density (kgim®)

Chapped 81.5 593 - -
Ground? 133.3 1026 1296 166.7
Pellected 3334 3445 3L1 0 3190
Particle S81.1 6592  891.3 9717
size (4)

Modulus of  2:5:3  3:5:2 5:3:2  3:5:2
uniformity?

Modulus of 14 3.7 4.4 38
finencss®

Molasses 40.0 52.5 373 341
absorbability

Pelletabiiity  very low very low  low low

__swaw _ straw__ straw__Straw _grass

Hetero- Sehima Cotton Ground Maize  Sugar-
pogan seed nut cane

grass  hulls  hulls  cohs bagasse

474 444 1480' 1040' 1480' 556’
875 835 1960 1850 2333  100.0
213.9 2072 35.0 331.0 3591 2437
10523 10797 1467.0 851.0 11480 6252
3:4:31 3:4:3 7:2:1 4:4:2 6:2:2 2:6:2
37 3.6 54 4.2 50 36
334 32.7 550 300 280 4111
low low good low very low low

' Unpracessed

" Greuwad in a hammer atill (46 HP) through 8 mm sieve.
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from sorghum was much brittle and Jess resistant
and yicelded mare particles of uniform size com-
pared to other materials. Cotton seed hulls re-
corded highest particle size and more coarse
particles and this may be due to the presence
of lint attached to the hulls.

Molasses absorbability was highest with cotton
seed hulls and least with maize cobs. The diffe-
rences can be attributed to the shape of the
particles and compactness of molecules. Presence
of lint on cotton seed hulls has helped for in-
creased molasses absorbability. The particles of

matze cobs were compact, smooth and heavy like
solid grits compared to other roughages and this
might have resulted in low molasses absorbability.
The molasses absorbability which ranged from
28.0 (maize cobs) to 55.0% (CSH) indicate that
100 kg of these ground materials can absorb
28.0 to 55.0 kg of molasses.

Pelletability (indicative of smaoth and proper
pelleting without creating  problems  during
processing) was pgood with cotton seed hulls.
Pelleting was very low with sorghum straw, maize
straw and rmaiz¢ cobs compared to other re-

TABLE 3. EFFECT OF PROCESSING CN DMI AND DIGESTIBILITY OF FIBRE FRACTIONS IN GOATS AND

SHEEP
. , NMI Hemu- 5 Lo
Crop residue Processing (% B. wt) NDF ADF cellulose Celiulose  Iignin
o A @ AN %)
Sorghum straw  Chopping 2.8° 49.9d 49 64 50.5¢ 52.1° 17.0¢
Grinding 3.4 47.6¢ 4734 4884 48.0¢ 17.2¢
Pelicting 3.9¢ 56.2¢ 55.7¢ 56.8¢ 56.21 17.99
Maize straw Chopping KL 54.9° 55.4¢ 54.2¢ 56.4° 17.2¢
Grinding e 51.9¢ 51.74 52.0¢ $1.0¢ 17.64
Pellcting 3.5 58.7¢ 59.2¢ 58.0° 58.38 18,7¢
Cotton straw Grinding 3.19 433 40.1 52.8 52.8 215
Pelleting e 412 4.7 39.2 499 194
Sunflower Grinding j.28 45.1 4316 494 42.9 237
straw Pelleting .58 46.8 45.6 44.0 46.9 206
Hetcropogan Chopping 3.0¢ 48.0 4594 51.8% 64.8 12.2
2rass Grinding 3.1¢4 49.8 47 s8¢ 5378 66.3 12.2
Pelleting 4.0° 53.4 51.5° 58.0® 65.0 128
Sehima grass Chopping 2.7¢ 45.9¢ 4434 49.8¢ 51.6 12.0
Grinding 2.84 45,54 44 19 48.8¢ 51.3 122
Pelleting 338 42.4¢ 50.7¢ 57.3¢ 57.6 127
Cotton seed Unprocessed 4.3° 523 50.28 57.2 63.4 18.2
bulls Grinding 4.6° 51.7 50.1 35.5 62.8 18.6
Pelleting 4.6° 56.2 53.90 61.8 62.2 19.0
Groundnut Grinding 31 143 132 19.6 224 31
hulls Pelleting 4.2 19.2 17.6 27.7 27.3 47
Maize cobs Grinding 3.0 45.3 433 47.7 519 9.6
Pelleting 4.0 51.0 487 534 57.6 9.0
Sugarcane Grinding 2,12 44 g0 42,88 48.1 44,84 15.3¢
bagasse Pelleting 2.3 42,30 3970 46.6 48.6° 13.6°

B¢ Values with different superscripts itemwise differ significantly (p < 0.05).
¢ Values with diflerent superscripts itemwise differ significaatly (p < 0.01).

298
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sidues. This may be due to light, fibrous and
coarse nature of the straw particles and more
compact and hard grit like nature of maize cobs
particles. The knowledge of physical characteristics
of these crop residues is helpful in commercizl
processing and fteed compounding.

The chemical composition of different proce-
ssed roughages (table 2) indicate that they werc
paar in crude protein, rich in crude fikre. Gro-
undnut hulls were having highest ¢rude fibre
{60.9%), lignin (31%) and least nitrogen-free
extract (21%) compared to other materials, Lignin
content was moderate in Sehtma  dry grass
(17.2%) and cotion seed hulls (18.9%) and least
in sugarcane bagasse (3.37%).

Voluntary feed intake (table 3) was highest
(4.5% B.Wt.) on cotton seed hulls and leaset on

sugarcane bagasse (2.29 B Wt) among goals and
sheep indicating that cotton seed hulls were highly
palatable and bagasse was least palatable com-
parcd to other residues. Increased DM intake
of pelleted rations on ail the residues ndicate
thar steam pelleting process improved palatability
of these residues compared to ground and chop-
ped forms,  Sheep consumed more DM (lable
4) compared tc goats on all the residues except
sorghum and sunflower straw.

Pelleting increased the digestibility aof neuntral
detergent fibre (NDF) in sorghum straw, maize
straw, Sehima pgrass (p < 0.01) and sugarcane
bagasse (p <C 0.05); acid detergent fibre (ADFK)
in sorghum straw, maize straw, Sehimae  grass
(p < 0.01) Heteropogan grass, cotton sced hulls
and sugarcane bagasse (p < 0.05); hemiceltulose

TABLE 4. EFFECT OF SPEC'ES DIFFERENCE ON DMI AND DIGESTIBILITY OF FIBRE FRACTIONS OF CROP

RESIDUES
DMI Hemi- .
i i ] I.
Crop residue Species % B. wt) NDF ADF cellulose Cellulose ignin
(%) (%) (%) (%) (%
Sorghum straw  Goats 340 52.6¢ 52.8 522 512 17.50
Sheep 318 49.9¢ 48.9¢ 519 52.9 17.22
Maize straw Goats 3.1d 5583 55.9 54.5 54.20 18.0
Sheep 3.4¢ 55.0 55.1 55.0 56.3" 17.7
Colton straw Goats 31 430 418 45.8 529 209
Sheep 1.6 4.5 40.0 46.1 49.8 20.0
Sunflower straw Goals 350 46.3 44.7 52.4 44.1 16.2
Sheep 3.28 45.1 43.6 494 429 2372
Heteropogan Goats 32 50.3 48.3 54.6 £5.4 12.4
£rass Sheep 35 50.5 48.2 54.4 66.0 124
Sehima prass Goats 29 48.5 46.8 53.1 52.8 121
Sheep 30 474 46.0 508 54.2 12.8
Cotton seed Goats 4.0d §7.24 54.44 638 67.0 19.0
hulls Sheep 4.8¢ 50.9¢ 49.4¢ 544 62.2 18.2
Groundnut Goats 33 162 14.7 236 25.5 37
hulls Sheep 4.0 17.3 16.1 236 242 41
Maize cobs Goals 34 5001 47.8 524 55.9 9.6
Sheep 3.6 46.4 44.2 48.6 53.5 9.0
Sugarcane Goats 2.1% 443 412 494 43.3 147
bagasse Sheep 2.48 428 413 45.4 42,1 14.3

“t Valucs with different superseripts itlemwise differ significantly {p < 0.05)
© Values with different supcrscripts itemwise d:ffer significantly (p < 0.01).
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in sorghum straw, maiZze straw, Sehime grass
{p < 0.01), cotton straw and Heleropogan grass
{p << 0.05), cellulose and lignin digestibilities in
sorghum straw, maize straw and sugarcane ba-
gasse (p < 0.01). Sorghum straw and maize straw
recorded higher (p < 0.01) NDF and ADF di-
gestibilities and lower (p < 0.01) lignin digestibility
on chopped ration compared to ground. Goats
recorded higher digestibilities of NDF and ADF
in sorghum straw and cotton seed hulls (p <
0.05) and lignin in  sunflower straw compared to
sheep. Devendra (1978, 1979a and 1979b) has
reporied efficient utilization of fibrous residues
by goats.

The data of the nutritive valuc of the residucs
obtained by dillerence method (talbe 35) indicate
an increased trend of digestible protein {DP) and
TDN values due to pelleting on all the residues
though thecse values werc statistically significant
(p < 0.05) only in the case of Ieteropogan and

Sehitna grasses. The higher nutritive value on
pelleted rations may ke atiributed to Thigher
digestibilities of the nutpents on these rations.
Goats recarded higher DP and TDN values on
all the residues except maize straw indicating that
goats were superior to sheep in ulilizing the
nutrients from these roughages, The DP value
was lowest on cotton seed huils and sugarcane
bagasse (1.4%) and highest on maize straw
(3.3%,) while the TDN values was least on gro-
undnut huils (22.5%,) and highest on cotton seed
hulls (53.5%) compared to other residues.

These results indicate that pelleting increased
the nutritive value of these poor quality roughages
compared to grinding and chopping. In order
to wutilize fibrous crop residues in the rations of
small ruminants, they have to be subjected to
at least a minimum processing like chopping/grin-
ding. . Sheep were superior in DM intake and
goats were superior in utilization of nutrients from

TABLE 5. EFFECT OF PROCESSING ON THE NUTRITIVE VALUE OF FIBROUS RESIDLES AMONG GOATS AND

SHEEP
Crop rtesidues . _ __ _ _Chopping
Sorghum straw DpP 1.3
TDN 438
Maize straw DP 3.2
TDN 494
Cotton straw nep —
TDN =
Sunflower straw DP =
TI3N
Heteropogan grass DP 16
TDN 47.00
Sehima grass DP 1.3
TDN 51.28
Cotton seed hulls DP 1.2
TDN 52.5
Groundnut hulls DP -
TDN -
Maize cobs DP -
TDN =

Sugarcane bagasse  DP
TDN -

Grinding Pellcting
0.8 2.6
43.6 52.6
24 4.3
48.0 54.0
2.3 2.7
51.5 49.3
2.2 2.4
43.9 47.3
1.6 2.0
48.1% 51.8
1.5 2.0
50.17 56.30
1.3 L.6
52.6 554
28 32
18.7 26,2
1.8 1.8
429 433
11 1.6
50.8 492

ant Values with different supersceipts row wise differ significanily (p < 0.05).
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TABLE 6. EFFECT OF SPECIES D FFERENCES ON
THE NUTRIT VE VALUE OF FIBROLIS CRCP

RES.CUES

Residue Goats  Sheep
Sorghum straw DpP 1.3 2.4
TON 481 451

Maize straw DP 3] 34
TON 50.1 509

Cotton straw np 25 24
TDN 50.9 499

Sunflawer straw DP 24 2.2
TDN* 477 436

Heteropogan grass  DP 1.8 1.6
TON 505 4R .7

Sehima grass Dp i.6 1.6
TDN* 55.4 50.6

Cotton seed hulls nDp 14 1.2
TDN 56.9 50.1

Groundnut hulls DP 3.0 3.0
TDN 2313 21.6

Maize cobs DP 1.9 1.7
TDN 7.0 44.2

Sugarcane bagasse  DP** 1.7 1.0
TDN** 576 42.4

*p <005, **p<00i

fibrous residues The nutrients from cotton seed
hulls were tetter utilized and those of greundnnt
hulls were least utilized by both the species of
animals.
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