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Sometimes farm amimals compete directly with
man for food, but more oflen. they are the most frac-
licad somelimes the onty. way of furoviding esential
Sfrroleon. %9%, %e/@fm«e more anvmals, husbanded
more efficiontly, will be needed lo impirove bhe gual-
iy of fman diels through aul e world.
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Introduelion

Indian poultry industry has made a commendable stride during last
three decades emanating from backyard ventute into a full-fledged agri-based, self-
sufficient industry. The strides of development have not only been made in
number but also in size, productivity, sophistication image, versatility and self-
sufficiency. Planned systematic institutional rescarch, developmental strategics,
application of modern technologies in poultry breeding, improved management
practices, provision of balanced nutrition and feeds, proper health cover
contributed significantly for present development. Thete is now growing
awareness and an mcreasing appreciation of the social role of poultry farming in
rural development due to its multiple benefits like sclf employment, low input and
quicker returns and also a source of economic upliftment through supplemental
mcome. Mcat from chicken is considered as a cheaper animal protein source that a
low-income group can afford it than goat and other animals meat. Among meat
producing strain of chicken broiler today occupy a pride place is widely accepted
by common people. Broiler has registered a record production of 450 million in
the year 1998 (Anonymous, 1998) from a meagre figure of 4 million in 1971 and is
projected to achieve 6000 nullion during 2015 A.DD. (Anonymous, 1986). At
present poultry meat production is around 6.2 million tones which contributes
13% of total meat production in Indian (FAO, 1998). Despite this gigantic
achievements the per capita availability of poultry meat stands about 900 g/year

(Anonymous, 1998) a wide gap between availability and requirement.

The enormous growth of the poultry industty in recent times calls for a

latge quantity of feed with right proportion of nutrients to enable the hybrid
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varicty of chicken to perform to its full genctic potential. The projcctﬁ‘nnual feed
requirement of poultry industry is 13 million tones for 2000 A.D. (Arun Babu and

Devegowda, 1997).

The major constraint today is availability of quality feed at economic
prices which is the most important pre - requisite for profitable broiler
production, since the feed cost alone accounts for 65 - 70% of total cost of

production.

Broiler rations are usually formulated with energy and protein sources
alongwith minerals and other feed additives.Out of these energy source constitute
more than 50% of rations. Maize is the golden grain that has enjoyed greater
acceptance in poultry ration in India (Reddy and Reddy, 1970; Yaqoob and Netke,
1975) and also clsewhere (Wilson and McNab, 1975) is the choice energy source
in poultry ration. In recent years, the poultry growers had to face several
constramts in using the maize as major ingredients for feed for livestock and
poultry. The reasons may be attributed due to its high dependence for livestock
and poultry, human consumption and prefetential cultivation of rice and wheat
than maize. In order to combat the high demand in various sectors that the

government has recently started mmporting maize. All these factors led to its

limited availability with the conscequential high price.

The high cost of production and hence increasing prices of cereals such
as maize and wheat have necessitated the search for other ingredients to replace
these cereals partly or wholly in poultry feed. Researches were conducted in this
direction to search alternate sources and devise methods for its optimum

utilization in poultry rations. Among various alternate sources of energy, milo and
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millets have been used as promising source of energy for this purpose. Screening
of agricultural product data indicates that sorghum and small millets are produced
in sizeable quantities in this country. India produced 31.15 million tones of coatse
cereal out of which Bihar contributed 7.31 million tones (Singhal, 1999). An all
India estimates indicated that milo and small millets such as jowar (Sorghum
vitlgare), peatl millet (Pennisetum typhoides), finger millet (Elensine coracana) and foxtail
millet (Setaria italica) are produced abundantly with a figure of 9.32, 7.7, 2.76 and
0.82 million tones, respectively (Singhal, 1999). At present, though these millets
are available in Bihar but its incorporation in poultry rations is negligible or in a
very limited amount due to lack of knowledge in its use and also due to presence
of some anti-nutritional factors in different varieties of these grains. Being cheaper

than maize, their inclusion in the diet of broiler will make the ration more

cconomyc.

Chemical composition of sotghum and small millets revealed that these

millets were found to be highet in protein, high in fibte except sorghum but low

in metabolizable energy duce to some anti-nuttitive factors including fibre.

'I'he invariable tesponses by feeding of these feed ingredients, found by

different workers were due to some anti-nuttitive factors such as NSPs, tannins,

and high fibre which is detrimental to growth and inefficient utilization of feed

(Ramchandra ef al. 1977; Alagianagalingam e/ al, 1978; Reddy e al, 1995; Bhaskara

ot al. 1997; Chang and Fuller, 1964). Reports are also available showing even
*y
better weight gain and feed intake by complete replacement of maize with some of

these millets in broiler diets (Asha Rajint ez al, 1986 and Reddy ez al, 1989).
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Anti-nutritive factots present in these cercals ate attributed to the heavy
and strongly adhesive outer seed coat. The ANEs are substances (hat cannot e
degraded/destroyed in the digestive tract of monogastrics and are of two types.
The first variety will by themselves make unavailable and hinder the absorption of

other nutrients whilst the other will directly inhibit the host enzyme responsible

for digestion.

Poultry do not produce enzymes like ccllulase, hemi-cellulase and f3 -
glucanase which are required for digestion of cell wall (fibte) of plant material.
Thus supplementation of multienzyme preparation will be of practical importance
in improving the feeding value of high fibre and other anti-nutritional factors

containing poultry feed ingredients. The area of enzymatic action include :

(7) Removal of deletertous incriminating factors.

(b) Increasing crude fibre digestion.

() Rendering the nutrients more available {or digestion.

(d) Supplementing host endogenous enzyme production during adverse

condition.

Information on complete substitution of maize by the milo & millets
and also the beneficial effect of supplementation of multienzyme on milo and
millets based rations in broiler are meagre and limited. With this view the present
study was planned to study the effect of complete replacement of maize by
sorghum (milo) and some locally available millets with and without enzyme

supplementation 1n broiler ration with the following objectives :

1. To determine the quality of locally available milo and small milets by

analyzing their proximate principles and inorganic constituents.
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To explore the possibility of replacing maize by milo and small millets in
broiler ration.

'T'o observe the effect of dietary enzyme supplementation in milo and
small millets based diets on the performance of broilers.

To develop nutritionally balanced and cconomic ration based on milo

and small millets for broiler.

To determine the extent of reduction i feed cost by substitution of
maize with milo and small millets in broiler ration.

To study the effect of different dietary treatment on carcass trait of

experimental chicks.
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Balanced feed available at cconomic price is by far the most important
prerequisite to accomplish economic broiler production. Cereal grains form the
major component of poultry ration among which maize is traditionally used as
prncipal energy soutrce in broiler rations. However, the increased demand of
maize duc to its varied usc in starch industry and for human consumption led to
shortage and steep tise in price. So in order to reduce the cost of ration and relieve
pressure on the availability of the commodity, rescarches are being conducted in
this direction to include alternate energy soutces in the rations of poultry. Since
the feced accounts for approximately about 60 - 70% of total cost of productions,
it 1s imperative for the nutritionists to explore the possibility for utilizing alternate
energy sources in poultry ration which should be economical and do not produce
any adverse cffect on the performance through meceting  the nutritional
requiretnent of brotler. Among various alternate sources of encrgy, milo and
millets are being explored as potential replacer of maize in broiler ration though
with conflicting reports. Screening of agricultural products reports indicate that
sorghum and millets are produced in sizeable quantity in India and Bihar also. If
these cereals utilised as poultry feed, they would subsequently expand the stock of
available energy sources for use in poultry feed. But their usage in poultry ration is
not too common because of lack of knowledge for its proper utilization. The
presence of some antinutritional factors like tannin, high fibte content, improper
balance of amino acids are a few factors which hinders their potentiality as
complete replacer of maize in poultry rations. Therefore, rescarches have been

conducted in this direction to utilize as much as milo and various millets such as
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pearl millet, finger millet and foxtail millet in poultry ration. An attempt has,
therefore, been made here to review the relevant literature under following

subheadings.

A. Chemical composition and nutritive value of sorghum (milo), peatl
millet, finger millet and foxtail millet and their replacement effect on
maize based rations in poultry.

B. Importance of exogenous digestive enzymes in improving the
productive value of feed ingredients and compound feed.

C. Effect of enzyme supplementation f on the performance and nutrient
utilization in broilers.

1D. Carcass quality affected by nutational factors.

A. Chemical composition and nutritive value of sorghum (milo), pearl

millet, fingermillet and foxtail millet and their replacement effect of

maize based ration in poultry.

The chemical composition and nutritive value of all the above-

mentioned cereals, estimated by various workers, are being presented in table 1, 2,

3 and 4.

i) Sorghum as Energy Source

Sorghum (milo) also known, as jowar (S 013/.')717;2 vufgare) is the third important

cereal crop cultivated widely in India after wheat and tice (Thakur ez al, 1985). 1t is

a popular crop in the arid and semiand topics, with an important feature of its

ability to erow and produce under conditions of drought in low rainfall arca duc
‘ O
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to 1ts special physiological mechanism (Vegetative stasis). Data indicated that India
alone produced 11.88 million tonnes of sotghum annually in a 14.50 million
hectare area with 5 yield of 819 kg/hectare (Singhal, 1999).
Sorghum is a cereal of remarkable genetic diversity. The inflorescence of

head of sorghum consist of 4 panicle ranging from 75 to 500 mm in length and 40
to 200 mm in width. | ach pantcle contains between 800 (o 3000 kernels enclosed
m floral tracts (emma and palea) which usually thresh free of the kernel during
harvesting. I'he kernel, lemma and palca are located inside the glumes (Rooney,
1973). The glumes are black, brown, ted or tan coloured (Arnon, 1972). The seed
-hemselves are red, white, yellow or brown, the pigment being located in the
pericarp and/or the testa. There appcars to be general agreement that the
sorghum kernel or caryopsis in roughly spherical in shape and composed of three
main components :-

. The seed coat - the outer covering;

2. 'The embryo or germ and

3. The endosperm - the storage tissue depending upon the variety the

chemical composition of sorghum is quite variable (Table - 1).

Sorghum grain (red, yellow or whitc) has about 95% of the feed
value of maize. In the most widely grown commetcial hybrids protein content may
range from 10 - 13% depending on the cultivators and on the soil and climatic
condition. The protein of sorghum has much uniform essential amino acid
composition. Compared to maize sorghum is teported to have higher levels of
crude protein, lysine, methionine, fibre, cther extract, ash and phosphotus and
almost twice as much calcium (Gualticri and Rappaccini, 1990). However, due to

presence of antinutritional factor tannin a polyphenol, which lowers its nutritive

value and reduces palatibility duce to its astringent effect. T'annin form complexes
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with protein and some other nutrients, which are not utilized in sorghum based
diets of poultry. T'he ME content of sotghum ranges from 2617 to 3886 Kcal/Kg
depending upon tannin concentration (Lucbert and Casting, 1986; Douglas ef al,
1988). They further suggested that sorghum having less than 1% tannin can be
satisfactorily used in broiler diets. According to some workers (Botnstein and
Lipstein, 1971; Stephenson ef a/, 1971; Rostango e/ al.,, 1973) sorghum amino acids
availability s strictly related to its tannin content. Rostango e/ al,. (1973), compatred
the apparent amino acid digestibility of sorghum with low, intermediate and high
tannin content with that of maize; and digestibility was found to be 73, 41 and
22" respectively. The differences m ML value of sotghum as estimated by a large
number of tescarchers (Lable - 1) was attributed due 1o differences

concentration of tannin in different varicties of sorghum.

‘Tanning, are polyphenols found mtesty of prain. In the gastrointestinal

tract tannins are hydrolysed to gallic acid and pattially excreted in the form of4-0

~ methyl - gallic, utilizing methionine and choline of feed as a soutce of methyl

groups for the 0 - methylation (Potter and Fuller, 1968). Tannins act as anti -

nutritional  factors and high concentration of it shows reduced feed intake

(Rostango, ¢f al, 1973), lower nutrient digestibility and nitrogen retention (Vohra ez

al,, 1966; Nelson ef al, 1975). Such effects may explain the growth depression
(Chang and Fuller, 1964,

observed in broilers fed on bird resistant sotghum

Rostango e/ dl, 1973; Armstrong el al., 1974). The quality and test of meat could

en, 1969). Armstrong ef al (1973)

be altered by tannin was also reported (Peters

studied the influence of the dictary addition of methionine, lysine, carminative and

mincerals such as calcium, mangancesce and zinc on leg abnormality of broilers fed

on BR (bird resistant) sorghum, but could not alleviate the problem.
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Table 1: Chemical Composition of wo_.m_u:n:Qo@aJ

= @ [
\Wdo —~ —~ —_ ) m/l\ 2 m
SL fmX | S S S S q | 2| e
i a g 0 e [ < = = « 3 Reference
No.\ =3 3 i S 2 3 | §E2] © | A
N (@] A M
= O
1. | 3100 _ 11.00 | 280 | 200 ) . - 0.03 | 0.10 |Singh, 1975
2. 3398 | 88.80 9.30 271 2.42 - - - - - Baghel and Netke, 1987
3. | 2645 | 87.30 | 1030 | 3.60 | 3.60 | 78.10 | 3.40 - 0.18 | 032 |Reddyand Reddy,1981
4. | 2593 | 90.20 | 10.00 | 5.70 . ] 279 | 56.0 | 012 | 069 |Sinha eral, 1980
5. |- _ | 1046 | 335 | 249 . 1. _ ] . |Purushothaman and
82.05 65 Thirumalai,1995
6. | 2645 _ 1030 | 460 | 3.60 - ; - . - | Rakshit and Rao, 1994
7. | 2645 | 87.30 | 1030 | 460 | 3.60 | 78.10 | 340 - 0.18 | 0.32 |Panda efal, 1990
8. - _ 1520 | 250 ] 79.50 | 2.80 - . - | Ranjan, 1998
9. 3256 = 8.50 2.00 2.10 - - - 0.04 0.29 | Saxena and Ketelaars,1993.
1034001 _ 11100 | 300 | 300 | 8100 | 200 | - | 003 | 035 |Devendra 1988; Gohl, 1981 and
Harrnis e a/, 1982
11 | 3261 | 8850 | 1050 | 3.00 250 | 70.50 | 2.00 - - - Ozement ¢/ a/, 1962
12. | 2823 | 89.80 | 12.00 | 2.90 . - 193 | 59.80 | 035 | 0.32 |Sharma eral,1979
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To minimize the negative effects of tannins and to improve the
nutritive  value of BR (bird resistant) sorghum several methods have been

proposed :

¢a)Physical and/or chemical treatments; (b) amino acid addition (c) other
chemical and enzymatic addition. OFf the three above mechanism addition of
enzyme has been found effective. Pillai e/ a/ (1995) have added fungal protease to
various tannin level diets and reported that feed can be detoxified by fungal

protcasc.

Feeding value of sorghum in Broiler

Sorghum grain has become increasingly important as a feed ingredient
i recent yvears. Various investigators have reported differences in feeding value of
this grain. Possible causes for this variation have been attributed to the type and
texture of starch and to the tannin content which is usually higher in grains with
dark seed coats. Thayer e al, (1957), teported that seed coat colour alone was not
a reliable indication of the feeding value of given variety. Chang and Fuller (1964),
reported that feeding sorghum grains with high tannin content resulted in .growth
retardation of chicks similar to that caused by feeding equivalent levels of tannic
acid. liuller e al, (1966), found that milo containing 1.6% or more of tannin
depressed chick growth when fed as 50% of diet. Vohra ez a, (1966) reported that
as little as 0.5% tannic acid caused a depression in the growth Of_ chicks by
reduction in feed intake and nitrogen retention. Petersen (1969) achieved the
highest gains in a feeding trial with broilets in corn based diet dted than sorghum

and wheat diets which had similar weight gain but 2% - 3% less than corn fed
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birds;lower feed consumption for sotghum fed birds were also recorded. Damron
ef al,. (1968) fed chicks a dict containing approximately 32% bird resistant grain
without affecting performance with non-significant difference in weight gain.
Stephenson ef af, (1971) reported that amino acid availability in sotghum hybrids
varicd markedly. Nelson er al, (1975) conducted feeding trial with hybrid sorghum
to study the effect of tannin content and dry matter digestion on the energy
utilization and biological availability of amino acids and concluded that dry matter
digested mfluenced amino acid availability and energy utilization more than did
the tannm content. Tannin content has a greater effect on amino acid availability

and varies with brown sced coat colour than non-brown sced coat colour.

Naphade and Tripathi (1974) attempted to evaluate the performance of
starter chicks, grower and layer when fed maize, sorghum, wheat and rice. The test
dict contained 100% maize and the rest feeds contained 50% maize and 50% basal
diet containing sorghum swheat and rice. No significant differences obsctved in
between various treatments for feed consumption, feed conversion, egg

production and performance indices, indicating that any one of the grains could

be substituted with the other.

‘I'hakur and Sharda (1974) replaced maize to the extent of upto 100
percent by sorghum as sole source of energy in broiler rations. Their result
showed better body weight gain than those fed sole maize or various

combinations of sorghum and maize. However, the best combination teported

was 25 percent maize and 75 percent sorghum.

Sharma and Singh (1979), conducted four week trials with sorghum

lines CSV-4. CSV-5 and CSIT with GNC and fishmeal as dictary protein in
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separate experiment, With all vegetable from the diet the average weight gains of
66.3 g, 54.3 g, 61.3 g, 53.6 g and 56.3 g (Sem * 17.6 g) were noted on ground nut
cake based diet with maize, CSV - 4, CSV - 5, CSH - 5 and CSH - 6 grains,
respectively. Differences in weight gain and feed intake were not significant.
Respective mean weight gains on fish meal based diets were 157.1 g, 164.6 g,
162.5 g, 168.2 g and 152 g (Sem £ 18.75), the difference being non - significant.
Feed intake and weight gain on practical starter diets containing the maize and
sorghum lines also did not differ significantly. They concluded that sorghum lines

of commonly cultivar could completely replace maize without il effect.

In a similar trial of tannin free sorghum varieties CSH - 5 and CSH - 6,
Thakur ef al, (1984) reported that performance of broiler fed variety CSH - 6 of
sorghum was supetior to that of CSH -5 m terms of the better essential amino
_acids makeup as compared to variety CSIHE - 5. "They also repotts that 50% maize
could be replaced with CSIT - 6 varicty of sorghum without affecting the body

weight gains of the birds.

Thakur e/ a/ (1985) compared the feeding value of different tannin free

sorghum varictics (SPV - 346 and Local white) replacing maize at 50 and 100%

levels in broiler diet. Body weight gain, feed intake and feed conversion ratio were

non - significantly different (P < 0.05) indicating their equal feed value. The

overall data indicate that both the varieties ie. SPV - 346 and LW could replace

maize completely in broiler dicts. Kaduskar and Khira (1982) also reported that

feed consumption on dict containing 75% sorghum and all sorghum diets was

significantly higher than other.
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[ulan and Proudfoot (1982) reported that the inclusion of sorghum
grain upto 45 percent in starter diet and 58 percent in the finisher diet at the
expense of maize, had no significant effect on mortality, live body weight, feed
conversion ot percentage of grade A carcasses. IFurthermore, thete was not any
significant cffect on weight gain and feed conversion efficiency when the sorghum

containing dicts were made iso-cnergctic to maize diet.

In another experiment Tishwaratah ef. al. (1994) used two sorghum
genotype CSV - 8R with 117 g/protein and 19.3 g lysine and its shrivel high lysine
mutant with 182 g protein and 28.7 g lysine per kg were, included in hroiler dicts al
250 and 500 g/kg dict at the expense of maize of reference dict part per part. ‘The
body weight of broilers (1 day to 6 weeks) was numerically better on sorghum

dicts than on maize reference dict.

Nagra ef. ab. (1990) evaluated the purebred (0.72% tannin) and hybrid
(0.62%) sorghum grains in diet for starter broilers. Sorghum replaced maize at 25,

50, 75 and 100% levels. Significant (P < 0.05) growth depression was recorded

only with complete replacement of maize by sorghum. Feed efficiency and the

efficiency of protein utilization was not significantly (P < 0.05) affected at 75%

replacement. In a sccond experiment,however, addition of groundnut ofl

significantly (P < 0.05) improved the body weight gain, feed efficiency and protein

cfficicncy, patticularly at highest level of sorghum in the dict.

lishwaraiah ef. @/ (1990) incorporated high lysine sorghum in poultry

feeding which contained 14.1, 296 and 3. 13% crude protein, available lysine and

total tannin, respectively as compared to 10.2, 1.68 and 1.81% in normal sorghum,

clusion of high lysine sorghum at 20% in place of maize resulted in

rcspcctivcl y. In
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signtficantly (" < 0.05) higher weight gain (361 g) over the other dictary treatment,
Despute Tugher crade protam and avadable lysime, sorghum mcluston at 40" was
found to be detrimental for growth, however, 20% high lysine sorghum gave the
best feed cfficiency. A similar depression in growth was also obscerved on account

of feeding high lysinc sorghum at 50% level.

Dixit and Baghel (1997), in a feeding trial replaced maize with sotghum
at 40, 60, 80 and 100% level. Weight gain was higher in control group (maizc),
however, FER and PER were higher (P < 0.05) in broiler fed the diet containing
40% sorghum. Performance index was maximum in control group, while most

economical weight gain was attained in the diet containing 40% sorghum. They

concluded that sorghum could replace maize upto 40%.

Jacob et al. (1996a) cxplored the possibility of over coming any
detrimental effect of sorghum tannin on the growth rate and feed efficiency of
broiler chicks by supplementing the diet with intact CPoor D, 1. - methionine in
two, 4 -week feeding trials of 280 chicks cach. In cach trial the cffects of feeding
maize or brown sorghum were compared under 3 dictary specifications similar to
the control dicts. In trial 1 control dict containing maize was compared with diets
containing combination of white and brown (W/b) sorghum (50/50, w/w) and
white sorghum alone. No significant differences in final body weight among the 3
diets (770.2, 759.0 and 753.0 g for the broiler on the maize, brown sorghum and
W/b sorghum dicts was noted. In trial 2 the weight gain was 822.7, 764.8 and
827.2 g for the broiler on the maize, brown sorghum and white sorghum dicts. In
addition, there were no significant differences in feed conversion ratio (FCR)

between the maize and brown sorghum fed brotlers (2.01 Vs 2.03 in trial 1; and
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1.82 Vs 1.94 in trial 2). In trial 2, however, the FCR for the broilers recetving the
white sorghum dict (1.73) was significantly lower than for those receiving the
brown sotghum dict (1.94), but not significantly different from those receiving the
maize control dict (1.82). No beneficial effect of methionine supplementation on
final body weight or FCR in cither trial was obtained. In trial 1, increasing the
dictary CP content resulted in significantly lower final body weights (708.2 Vs
822.7 g) and higher FCR (2.06 Vs 1.82) for the maize fed broders. "T'he result of
this study suggests that high tannin sorghum can be substituted for white maize in
brotler starter dicts with no significant adverse cffects on growth and feed
efficiency. "The dictary treatments with increased CP or methionine levels, could

not be successful to overcome the detrimental effects of sorghum tannins.

In another trial Jacob e7 a/ (1996b) determined the feeding value of
Kenyan Sorghum, in an 8 weceks brodler trial. The diet used ceither contained white
maize (Hb25) or brown sorghum (serena) based contained mmported soyabean
mcal (SBM), a combination of SI'C and SBM or SSC as the main protein source.
In the broiler trial, mean weekly body weights were significantly higher for chicks
fed on the maize based diets, but at the end of the 8 weeks, however, the
difference between the mean body weights for the 2 groups of brotlers was not
significantly different (2136 Vs 2023 g) for brotler on the maize and sotghum
dicts, 1espectively. Feed conversion ratio (FCR) was not signilicantly allected by
grain type (2.72 Vs 2.76) for broilers on maize and sorghum diets, respectively.

In the last 4 weeks of the broiler trial, mean weekly body weights were

significantly higher for chicks fed on SSC diets than for those receiving SBM diets.

By the end of 8 weck trial the mean body weight of the brotlers receiving the SSC
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dicts was 12,1, hugher (2212 Vs 1972 g) lor broders than receiving the SSC and
SBN dhets, and receiving, SBAL diets. FOR was sipnthicantly lower for chicks
receving SSC diets (2.52) as compared to those receiving the SBM or SFC/SBM

diet (2.86 and 2.88)respectively.

Ozement ef al (1962), in a trial of two nutrient intake levels, studied
that there were no statistically significant differences in feed consumption per
broiler, in average weight, or in average body weight gain among the broilers fed
the five experimental diets. IFeed per unit gain were also not statistically different
among the broilers fed five experimental dicts within high nutrient intake basis. A
comparison between the two nutrient intake levels shows that  significant
differences (P < 0.01) exist for feed consumption per broiler, average body weight
gain and units of feed per unit gain. The interpretation of data revealed that
brotlers fed the low nutrient - intake diets consumed more feed than did the

broders fed the high nutrient - ntake dicts.

Rostango ¢/ /. (1973), fed corn and three varietics of sorghum RS 610,
BR64 and NK300 on an equal weight basis in an experiment and found poor

weight gains and feed conversion and were statistically (P> 0.05) significant to
that of corn.

Sadqgapan ef al (1994), cvaluated sorghum varicties as sole source of
energy and in combination with maizce. The results of which indicated that
performance in terms of body weight gain in broilers fed 50% sorghum + 50%
maize combination was comparable to reference group. Body weight gain at this

level was marginally superior to reference diet, while total replacement resulted 1n
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significantly poor prowth, cumulative feed intake and feed/gain ratio varies

marginally but insignificantly.

Shafique (1973) compated the feeding value of corn, sorghum, wheat
and barley in brolers. The body weight gain, after 6 weeks sese did not differed
significantly; Similarly feed intake were also not different from cach other. The

feed conversion reflected a non-significant lower value.

i1) Pearl millet as Energy Source

Pearl millet, also known as bagju, ranks sixth in the world's cereal
production (1 ulse ¢f w/, 1980) and fourth in India with a production of 6.91 M'I"
In 1990 - 91 under an arca of 10.45 million hectare with a yield of 661 kg/ha.
Pear] millet 1s one of the most drough tolerant of all cereals. It can survive in
lower total rainfall than sorghum. It grows well on light soil under semi arid
condition. Peatl millet can be divided into two broad classes : (a) ecatly millet,
matures within 60 - 95 days and (b) Late scason millet which matures within 130 -
150 days. The pearl millet sced 1s white, pale yellow, brown, grey, slate blue or
purple. Kernels are about one - third the size of the sorghum kernels. The
pericrap of pearl millet appeared similar to sorghum except that no starch granules

were found in the milet mesocrap.

The pcfu'l millet contains more protein ranging from 10.5 to 14.0 which
is high for non - lcguminous sced, a note worthy feature. Bolton e al, (1963)

reported that peatl millet was equal or superior to the grain of maize in protein

and high 1n its mineral content.
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Several workers studied the effect of replacing maize grain by peatl
millet on the performance of broilers. Sharma of al, (1979) obscrved betier
efficiency of energy deposition in broilers on inclusion of pear]l millet in dict at the
expense of maize. Incorporation of pearl millet at the expense of maize part per
part, resulted in lowering metabolizable energy content in pear]l millet than maize
diet; yet the growth of chicks was better on pearl millet than on maize dict. ‘They
reported that the better growth might be due to higher energy utilization with

pearl millet than with maize.

Reddy er al. (1989) conducted three experiments, including bajra as only
source of grain at the expense of maize. In experiment 1 and 2 peatl millet
replaced maize part per part while in experiment 3, bajru replace isocalorically and
sonitrogenously. In all the three experiments the weight gains (Maize Vs bajra
were 846 Vs 1031, 1128 Vs 1330, 900 Vs 126,7 g in cxperiment 1, 2 and 3,
respectively) and feed intake (Maize Vs bajra © 2061 Vs 2411, 2299 Vs 2674, 2083
Vs 2862 g in experiment 1, 2 and 3, respectively) were significandy (P < 0.05)
higher on by/ns diets than on maize dicts. Feed/gain values were (2.38 Vs 2.3,
2.00 Vs 2.01, 2.16 Vs 2.12 respectively in experiment 1, 2 and 3 sespectively) were
similar on both the diets. Inclusion of pearl millet at the expense of maize
isocalorically and isonitrogenously resulted in better growth of chicks in
experiment 3. Incorporation of bagjra at the expenses of maize part per part (in
experiment 1 and 2) resulted in lowering of MU in bgjra than i maize dicts. Yet
the growth of chicks was better on peatl millet than on maize in diet. They opined
that this might be due to higher efficiency of energy utilization with bgjra than

maize. 1t was thus inferred that bajra can be included in broiler diets even upto 600

g/kg (60% level).
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Reddy er al (1991) conducted two experiments to incotporate bajra
(Pennisetnm typhoides) teplacing maize in ground Vs unground feafn and in iso-
caloric and iso-nitrogenous diets in broilers. In the first experiment, bajra replaced
maize at 0, 50 and 100% levels either in ground or unground form. In the second
experiment, bajra replaced maize at 0, 25, 50, 75 and 100% levels in iso-caloric and
iso-nitrogenous diet. In the first experiment the body weight, feed intake, feed
efficiency were not significantly influenced by the incorporation of bgjra cither in
ground or unground form in place of maize. In the second experiment, maximum
weight gain (1344 g) and minimum feed intake (3145.49 g) was observed on the
groups of broilers recetving 100% bgjra grain, however, the feed conversion was

not significantly influenced by source of the gramn fed.

In o feeding el "Thakur and Prasad (1992) replaced maize part per part
with rice wheat and pearl millet and also replaced 100% of these grains in the dict
of broilers. No significant difference was obtained in replaced diet with that of
control dict. Body weight gain at 50% and 75% teplacement of peat] millet with
maize found intermediate place between broiler receiving rice and wheat. When
FCR was considered peatl millet (2.80 % 0.01) followed the maize (2.56 £ 0.02).
Considering 0 - 8 week period collectively, body weight gain was highest with
100% peatl millet (P < 0.05), however, best FCR was obtained in maize ration

which was similar 10 50% pearl nullet rion.

Prasad ef al. (1997) conducted a feeding experiment where pearl millet
was included in broiler dicts replacing ground maize in grain or ground forms.
Analysis of eight weeks data revealed significanty higher (P < 0.05) weight gain by

broiler fed pearl millet flour dict as compared to pearl millet grain. lowever, both

Page No. # 20




Table 2 : Chemical composition of Peag] millet (bajra)

S] m l«\.).o - < & & S Hw ...m .m -
Zm. p> W m W\ mm\ m@\ /WE\ ..M ..rm -.m, W m../o Reference
= £ 74

L {2640 | _ | 1170 | 420 | 180 . - - | 015 | 0.20 | Singh, 1982

2. | 2642| 89.20 | 1270 | 490 | 220 | 7820 | 200 - | 013 | 0.72 | Reddy and Reddy, 1981
312693 _ | 11.90 | 450 - - 270 | 5920 | 0.13 | 0.56 | Shrivastav ef 2/, 1990

4. | 2655 | 90.10 | 10.50 | 5.40 ; - 6.90 | 59.80 | 0.13 | 0.75 | Sinha ez al, 1980

5. | 2642| 89.60 | 1270 | 490 | 220 | 7820 | 2.00 - | 013 | 0.32 | Panda ez al, 1990

6. ; _ | 1170 | 550 | 110 | 7890 | 280 - ; - | Ranjan, 1998

7. 2642 _ 12.70 4.90 2.20 - - - 0.13 | 0.72 | Saxena and Ketelzars, 1993

8. - _ | 1296 | 498 | 232 | 7711 | 263 - ] - | Purushothaman and Thirumalai, 1995
9. | 3445 _ 10.60 | 6.90 1.80 | 74.70 aa.oo - - - | Prasad er @/, 1997

10. | 2723 | 88.00 | 11.40 | 430 ; . 275 | 60.80 | 0.31 | 0.39 |Sharma ef al, 1979

113300 | _ | 1400 | 350 | 200 | 7850 | 201 | - | 005 | 0.30 | Devendra, 1988; Gohl, 1981 and

Harns ef al, 1982
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forms in all age group (14, 2", 3 and 4™ week) produced higher (I < 0.05) weight
gain as compared to ground maize diet. On the other hand, late feeding of grains
(4" week) produced as good weight gain as flour fed group. Feed conversion ratio
was favourable (P < 0.05) with grain feeding to carly ages of broiler chicks than
the late grain fed and ground maize/peat] millet fed groups. It may be inferred
from above results that pear millet in both forms (grain/ Qour) was considered as a

better energy source for brotlers than maize.

Quresht (1967), conducted feeding trials with broiler chicks for 18
weeks, on starting and growing ration containing maize and peat] millet separately
or in combination. No statistically significant differences in body weight gain and
feed/gain quotient were found among rations. Ile concluded that rations
containing maize alone or maize and peatl millet are better than peat] millet alone
for chicks. Simhace e al (1971), obscrved a poor feed conversion ratio of the

chicks on diet with pearl millet only than diets with maize alone or in combination

with peat] millet.

iii) Finger millet as Energy Source
Finger millet (/ Sensine coracand) s also termed as ragh, marna 1S an

important staple food in India. Tt is widely grown m hilly lateritic sotls 1 500 -

1000 mm rainfall belt of tropics and sub tropics (Rachic, 1975). In certain part of

India, two crops per year are grown. 'I'ne height of plant may range from 40 cm -

100 cm. "The type of inflorescence is straight and open spikes, incurred or close

. N L. y o :
spikes and branched spikes resembling a cock's comb, length of the spikes ranges

from 3 - 13 cm: colour of grain may vary from white, through orange red, deep

Page No. #22




brown, purple to almost black. I'he time of maturity varics from 3.5 to 6 months.
It was grown in 21.5 lakh hectare and produced 2.676 MT having a yicld of 1242

kg/h. The grain is fibrous and contains tannin from 7.52 g/kg - 7.6 g/kg that

makes its iimated use i poultry diet,

Sceveral wotkers have tried it in poultry ration. Ayyaluswami and
Jaganathan (1967) replaced rugr at 20 and 45% in chick’s mash. There was not any
significant different in body weight gain. The male bird receiving maize and those
recerving ragt at 40" in first trial did not differed significantly but in second trial
they differed significanty (P < .05), however, female rcceiving maize and 45%
rag/ differed significantly (P < 0.05) in first trial whereas they do not differed in
second trial. Live weight gain of maize Vs 40% ragi was 485 : 488 and feed intake
was 1234 Vs 1352, In second trial the results differed. The live weight gain in
maize Vs 40% ragi was 556 : 514 and feed intake was 1502 g : 1547.g

Rao ct al., (1996) conducted feeding trial cach for 56 days duration to
study the performance of broilers fed with rugi. The ground rag/ was incorporated
at 0, 25, 50, 75 and 100 percent levels in place of maize. Non - significant
differences were observed for body weight gains among different treatments,
except for 75 percent percent unground rugi and 100 percent unground and
ground rag/ fed groups, which showed significantly poor growth (P < 0.01) in

broilers fed with 100% ground/unground rgg/ as compared to other treatments.

Reddy er o/ (1996) studied the nutritive value of finger millet (1iknsine
conand) and the effects of its inclusion as unground and ground form m the dict

on growth . was—investigated. Rae/ in unground or ground form at 600 g/ kg
replaced corn ot corn + deoiled rice bran (IDORB) part per part. Each of the dicts
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was fed to 4 groups X 8 WI. male chicks from 1 to 28 days, 6 groups X 6
[lubbard broiler female from 1 to 35 days. I'rom the data of chemical
composition, kewsine coracana contained slightly lower protein and cther extract
but higher crude tibre, calciunm and phosphorus than corm. In Wl male chicks,
weigh gain feed intake and feed/gain, energy intake and liability were similar on all
the diets. In broilers, replacement of corn with Eleusine coracana, either in unground
or ground from at 600 g/kg resulted in lower weight gain and pooter feed
cfficiency. The cost of feeding for broiler production with Llensine coracana ground

dict only was lower than other diets.

Netke and Baghel (1982), in a limited studies conducted with 7ug,
advocated its use as substitute for maize in growing cockerels. "The Ragt - GNC
dict was the main objective and it was compared with reference diet containing
Maize - GNC - fishmeal dict. A third group of cockerels was fed Ragi - soyabean
extraction diet. These dicts were fed for a 6 - week period from 10" to 14" weeks.
The gain in weight of the birds fed Maize - GNC fish meal diet was 10.6 g/day.
The birds receiving Ragi - GNC diet did not grow well but when GNC was
replaced by soyabean extraction (Ragi - SOBM diet) the growth rate of the birds
shot up. The feed consumption of the birds did not differ much. The studies thus
indicated that even though the requirement of lysine and mcthionine in grower
dietis less than that for starter dict, Ragi - GNC diet without fish mcal would not
support proper growth. The fact that growth was improved with Ragi - Soyabean

extraction diet indicated the Ragi - GNC dict was deficient in lysine. The

methionine deficiency did not appear to be a problem as the growth rate with Rag;

- SBM diet was similar to that obtained in reference dicet.
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It was thus concluded that Ragi could be used in grower diet if
combined with Soyabean extraction. Yeong and Ali (1976) found no significant
differences in feed intake or feed efficiency when maize was replaced by g/ at

levels 15, 30, 45 or 60 and feed intake was higher for rug based diet.

iv) Foxtail millet as Energy Source

Foxtail millet (Setaria italica) also known as Kawni ot Kangni - is short
plants, the seeds of which are smaller and are enclosed in thin outer hulls. FFoxtail
millet can be grown at low rainfall arcas and can tolerate a wide range of sotls
from light sands to hcavy clay and gives rcasonable yields on comparatively
infertile soils. The time of maturity varies between 80 - 120 days depending upon
the varictyggiving a good yicld as other crops of much longer duration. The car
head is medium in size, slightly thick and compact seed densely packed with

uniform spread of bristles arranged symmetrically.

The chemical composition of foxtail millet reported by different
workers is given in Table 4. The relatively high fibre content, along with the
coarseness of the sceds and the presence of hulls of high level of tannins limits

from the usefulness of foxtail millet as energy feed ingredient.

Feeding value of Foxtail millet (Kangni)

Baghel and Netke (1979) used the &aneni in place of corn in Corn -

GNC rations. There was not any significant (P < 0.05) effect on the growth rate

and feed consumption. ‘The feed conversion efficiency was not affected upto 30%

level of kangni in the diets. At levels above 30% feed conversion efficiency
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Table 4 : Chemaical composition of Foxtail millet Qmaﬁmﬁu

o0 & z
m > S g m
SL | = S S S| £ 2 |52 s« .
No. ¥ W & g ol m m .m < mw W Reference
~ @) m O s > 0
&3] Z ° < 5
= K o
|
L | 3244 | 8906 | 10.94 | 230 | 1060 | 6081 | 380 | - : - | Netke and Baghel , 1982
2. | - | 845 | 1094 | 230 | 106 | 60.81 | 380 | - : ~ | Baghel and Netke, 1982
3. | 3400 | 8836 | 1081 | 228 | 1053 | 6098 | 376 | - : - | Baghel ez al, 1985
4. | 2863 | 90.60 | 10.60 | 480 | 9.10 | 7190 | 3.60 | 7400 | - _ | Bhaskara et al. 1997
5. |2645| - | 1090 | 860 | 880 | - i - | 021 | 003 |Singh, 1982
6. |3319| 8845 | 1094 | 230 | 10.60 | - | - : : . | Baghel and Netke, 198"
! i . -
7. | - - | 1580 | 680 | 630 | 6540 | 570 | - | 061 | 011 |Ramanathaneral, 1975
|
8. | 3550 | 89.00 | 10.00 | 250 | 200 | 73.00 | - - | 020 | - |Plaw, 1962
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significantly improved. When the autoclaved soyabean meal or soyabean
extractions were used as the sole protein supplement in place of GNC the
performance of birds improved with the increase in level of kangur. The PER
value of kangni diets did not differ from that of corn - kangni mixed diets. Further
studics on kangni - GNC diets indicated that the diet was much superior to corn -
GNC plus 11% or 16% fishmeal diets in its growth promoting action. The kangni
GNC dict in its turn was further improved by supplementation with upto 11%
fishmeal. It thus, appeared that &angni can replace entire maize in starter chicks

ration with advantage.

In another feeding trial Baghel and Netke (1982) replaced corn with
kangni in statter chicks diet. When kangni replaced corn in corn - GNC diets
containing cither sovabean meal or soyabean extraction as the protein supplement
significant improvement in weight gains of chicks was noted. Though Kangni
contained higher levels of lysine and methionine than corn, however, gangni GNC
diets was still deficient in lysine, methonine and some other amino acids. Similarly
Mosse et. al. (1989), studied the amino acid composition of 13 samples of §. #alica

from 6 Chinese and 1 IFrench cultivar was determined as a function of their N

content which ranged from 1.82 to 3.65 g/100 g grain DM. I'he levels of amimo
acids in gram DN increased lincarly with N content, with correlation cocff. close
‘o 1 for most of them regardless of genotype or phenotype. Amino acid contents

m grain CP changed as quadratic functions of N content. Glycine, cysteing, lysine,

histidine and arginine contents in the G were 92, 48, 150, 42 and 72% , resp.,

lower in low-protein gain (1 g/100 g DM) than in high-protein grain (4g/100 g

DM). Valine, threonine, tyrosine, methionine and aspartate + asparagine contents

cted by grain N content. Alaninc, proline and glutamate +
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GNG - Fish meal diet. ‘These findings would suggest that kanugni could be used as a
substitute for maize cither in GNC - fishmeal based or soyabean extraction based

diet. Similarly Kraft ef. a/, (1971) totally teplaced maize with foxtail millet, did not

found any significant difference in body weight gain .

Reddy and Narahari (1997 D), incorporated foxtail millet n white
leghorn layers diet at graded levels of 0,10,20,30 and 40 percent in first expetriment
and at 0, 33 and 65 pereent levels i second experiment by replacing the maize at
50 and 100 percent on isonitrogenous and isocaloric basis. ‘The cgg weight, body
weight, body weight gain, fertility, hatchability, albumin index, yolk index were
comparable between dictary treatments. The foxtail millet in layer diets at 40
percent and above levels increased feed intake significantly (P<0.01) and

decreased feed cfficiency.

Nooruddin et.al, (1997) conducted an expetiment on broiler chicks to
evaluate the feeding value of foxtail millet as energy source in the ration of brotler,
in which foxtail millet was replaced at 50%, 75% and 100% of maize (w/w) for
both starter and finisher tation There was a non-significant influence on body

weight gain, [‘CR and PI by teplacement upto 50%. It was, thus, concluded that

foxtail miller can safely replace 50% of maize m broilcr dicts without any adverse

offect on body weight gain and feed cfficiency.

v) Comparative utilization of sorghum, pearl millet, finger

millet and kai:gni vis-a-vis maize.

Singh and Barsaul (1976) conducted expetiments to replace maize by

coarser grains like batley, sorghum and peatl millet in poultry mashes. Fort this
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glutamine showed increases of 94, 76 and 62% respectively., in high-protein grain.
Lysine was the only limiting essential amino acid. "The N-to-protein conversion
factor increased markedly with grain N content and was higher than in rye,
sorghum or maize. The prolamin:glutelin ratio was about 3 and was independent

of gran N content.

Reddy and Narahari (1997a), experimented with foxtail millet (Setaria
italica) by incorporating it at 0, 10, 20, 30 and 40% levels in experiment 1. In
expeniment 2 maize replaced with ground, germinated and pelleted foxtail millet
cach at 0, 50 and 100% level on isonitrogenous and isocaloric basis in broiler dicts.
The waght gain was in favour of 40°4 foxtail millet, but the feed intake and feed
cfficiency did not reveal any trend irrespective of the dictary levels of foxtail
millet. Consequently insignificant variations were obscrved at 8 weeks of age.
Pelleting of foxtail millet improved the performance of broilers compated to raw,
germinated and maize-based diets. However, the weight gain was depressed with
the total replacement of maize by germinated foxtail millet. The income over feed
cost per bird was more or less directly proportional to the dictary level of raw and

pelleted foxtail millet, but it was lower m germinated foxtail mallet group.

Netke and Baghel (1982) conducted feeding trial in broiler by replacing

maize with &aneni. The studies indicated that complete replacement of maize by

kangni in conventional Maize - GNC starter diet did not adversely affect the

performance of the birds except for feed efficiency. The infetior feed efficiency of

the kangni diet is because of the lower ME value. As expected, when soyabean

extraction was used in place of GNCand fishmeal, performance of the birds fed

Kagni - soyabean extracted dict was found superior to those of birds fed Maize -
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white Leghorn and Rhode Tsland Red breed were taken. ‘T'wo metabolic trials
being conducted. No difference in the digestibility coefficients and balance of
nutrients i two breeds was found at third and ninth weeks respectively. The
balances of nitrogen, calcium and phosphorus in all the groups were positive. “The
feed conversion ratio was better in pearl millet group than in other groups. "Lhus, -
it was concluded that maize could be completely replaced by barley, sorghum ot

peatl millet in mashes for growth production.

Nagra ¢/ ul. (1987) studicd comparative feeding value and economics of
feeding maize, triticale, jowar, batley, rice kant and pearl millet. "The test cereals n
the diets replaced half the quantity of maize (W/W). Growth rate of.statter pullets
(2 - 8 wecks) was not affected by treatment but cfficiency of feed utilization was
significantly (P < 0.05) low in barley containing dict. Duting grower period (9 - 20
weeks) the growth rate of pullets fed test cereals was comparable to the control
except maize : batley group. The efficiency of feed utilization was significantly (P

< 0.05) lower on maize : batley and maize : jowar dicts.

Sinha ef @/, (1980), determined the comparative cfficiency of utlization
of maize, peatl millet, sorghum, wheat and rice polish in broiler chicks. Weight
gains in birds were comparable in diets containing maize, peatl millet and rice
polish, sorghum and wheat. The efficiency of conversion of dietary protein and

ML into carcass cnergy and nitrogen was the highest with pearl mullet in diet,

deselyfollowed with-peatd-millet in-dict closely followed by the maize in the diet.

The MEE value of maize, pearl millet, sorghum, wheat and rice polish was

determined to be 3440, 2665, 2593, 3045 and 2778 Kcal/kg)tespcctivcly.
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Abate and Gomez (1984), conducted two experiments to substitute
finger millet (I=lewsine coracana) and bulrush millet (Pennisetnm typhoides) expetiment
was—eondueted to determine acceptability levels and growth performance when
bulrush millet or finger millet was substituted for maize at 0, 20, 40 or 60% in
both broiler starter and finisher feeds. The chicks fed on the bulrush millet gave
significantly (P < 0.01) higher weight gain (1649 g/chick at 55 days) than those
contaming finger millet (1580 g/chick) over the 8-wecek experimental period.
[However, the differences in body weight gain between the treatments and control
(1594 g/chick) were not significant. Birds fed on finger millet dicts utilized the
feed propetly; the FCE value over 0 - 5 weceks being 2.18, the value significantly
different (P < 0.01) from those observed for bulrush millet (1.97) or the control
L.97). However, the feed utilization on finger millet dicts improved during the last
three weeks (fintsher stage) of the trial, to give an overall value comparable to
values noted for the bulrush millet treatments and the control. In view of the
higher protein content in the bulrush millet tested, subsequent experiments were
conducted to determine the value of using bulrush millet not only as an energy
source but also as a part substitute for protein supplemented in broiler dicts. The
bulrush millet included at 70% was shown to effectively replace part of the
vegetable protein supplement provided the dict was supplemented with upto 0.3%

lysine.

Asha Rajini (1986), experimented using jowar (Sorvhum vilpare), ragi or
finger millet (E/ensine coracand) and pearl millet (Pennisetnm typhoides) replacing maize
l.n contr()l d]ct at thc lcv‘C] 37.5“/" ()F dlct ’l'thC was a Sigﬂiﬁcaﬂt (l) < UO])

improvement in weight gain of broilers when maize in the control diet was

completely replaced by rag/ at eight weeks of age. There was no significant
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difference in feed intake or feed cfficiency. Similatly, no significant different in the
feed mtake, weight or feed cfficiency was observed when maize was replaced by

jonar. 1t appeared from this study that ragi or peatl millet could form entire grain

part of brotler diet.

Purushothaman and Thirumalai (1995a), experimented with egger strain
chick, for inclusion of sorghum or pear] millet or finger millet or a mixture of
these millets and to compare the efficiency between the millets and maize. The
final weight gain of birds fed millet except peat]l millet based dict was significantly
lowet than control. The cffect of mixture of the millet dict was comparable with
pearl millet based diet, but significantly lower than control. Tlowever, feeding or
| finger millet or pearl millet or sorghum or mixture of millet was recorded to

provide comparable growth as that of maizc.

‘T'he progressive feed consumption was comparable i all the diets
except the finger millet group where feed intake was significantly low. The
efficiency of feed conversion was poorer in sorghum, pearl miller and mixed millet

dicts, whereas finger millet based dict was comparable with the control.

Sadagopan et.al (1996), reviewed the cfficiency of pearl millet (PM),
finger millet (FM) and sorghum (SG) as individual sources of energy in place of
yellow corn (YC) was cvaluated in two broiler feeding trials. In trial 1, YC was
totally replaced with PM ungrounded FM and SG without balancing for calorific
value of diets. A commercial multienzyme mix was added to the second set of the
three test dicts. Seven experimental diets were formulated and cach was fed to 24
pure bred broilers from 1 to 7 weeks. In trial 2, tsocaloric diets having two ME

level, 2530 and 2750 Kcal/kg were formulated using separately YC, PM ground
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M, ungrounded FM and SG. Each of the ten experimental dicts was fed to 30
commercial brotlers from 1 to 7 weeks. Performance of broilers fed PM and SG in
terms of body weight (1164-1217g), feed efficiency (2.09-2.36) and dry matter
digestibility (54.6-67.0" ) was statistically similar to YC, irrespective of differences
in cnergy levels (trial 1). When the diet were balanced for energy, PM and SG
produced significantly better body weight (1847 g), feed cfficiency (1.89) and dry
matter digestibility (68-70.4°0) over YC and I'M. Ungrounded I'M adverscly
affected the performance and grinding significantly improved its feeding value.
Performance of broilers was significantly better at 2750 Kcal for all the cereals
over over 2530 Keal. Towever, low energy dicts containing PM and SG was as
cfhicient as high-energy YC diets. Linzyme supplementation showed a marginal
smprovement in PM and SG dicts. Processing yield were similar in all groups but
weights of gizzard lining and abdominal fat were significantly more in PM and SG
groups. Weights of gizzard and giblets and length of small intestine were
significantly more in FM and low energy dicts. The results cleatly reflect the utility

of PM and SG as effective alternatives to YC, particularly in low energy diets. *

Irench (1947), included as much as 60% bulrush millet or white seeds
finger millet in layer's diets without any reduction in egg production. He
concluded that there was little or no difference in feeding value for poultry
between bulrush millet, white sced finer millet and maize. Further studies
(Johnson and Raymond, 1964; Rachic and Peters, 1977) have shown that the

amino acid make-up of finger millet and bulrush millet protein makes them

reliable sources of all essential amino acids except lysine.
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Purushothaman and "Thirumalai(1995h)experimented with egger strain
pullet by replacing maize with sorghum ,bajra and finger millet and their
combination in I:1:1 ratio. During the growing phase, the weight gain, feed
consumption and feed efficiency were g@omparable in all the dicts, exept for bajra

based diet where reduced weight gain and feed efficiency were observed.

vi) Anti-nutritional factors present in milo and millets

Inclusion of milo and millets in poultry rations are being limited duc to
presence of some anti-nutritive factors. The level of anti-nutritive factors may vary
according to the type and cultivar of these small grams. "The high content of
tannin ranging from 0.24 - 0.46" o (Wessles, 1970; Vohra e of, 1966; Chang and
Iuller, 1964) of sotghum makes incompatible for poultry 1n utilization of the
nu rrients. The pearl millet is reported for content of some anti-nutritional factors,
possibly tannin (Alagianagalinngam 1978). Similarly, high tannin content and
coarseness (Ramchandra ef al, 1977; Singh ef al, 1987) makes ragt unsatisfactory
for use in poultry ration. Likewise, the high content of fibre in foxtail mullet (9.1 -
10.1°%) and tannin content, 1.3 g/kg (Bhaskara e/ a/, 1997) has made the gfain

inefficient in nutrient utilisation i broiler dicts.

It has been established that tannin binds protein (Oh e af, 1980) and
inhibits digestive enzymes (Tamir and Alumot, 1969) makes its limited feeding
value. Besides, this tannin has an astringent cffect and saliva mixed with tannin
makes reduced feed intake and malabsotption of nutrient in the intestine. Gous e/
ul. (1983) established a negative correlation between ME and tannic acid content

because of decreased digestibility with increasing tannic acid content.
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The feed stuffs of plant origin have a complex chemical structure. The
cell wall of such feed stuffs are not uniformly nutritious because of their principal
component consist of cellulose, hemicellulose, silica, pectin cte. ‘These contents in
general are called Non o starch polysaceharides (NSP). The NSIP and - lignin
constitute the deitary fibre (Lrowell ef a/, 1976). The fibre is considered to be
indigestible in acidic and alkaline medium. The higher the level of the fibre the
more bulky the ration becomes and therefore the supply to the bird of the
digestible portion of the dict is testricted. Conversely, lower the fibre content, the
more efficient will be the conversion of feed into meat. ISI tecommends a
maximum of 6% crude fibre inbroder ration, therefore, rations cotaining 10 - 20%
crude fibre may on occasion be suggested as fibre serves as a nutrient diluent due
to 1ts poor digestibihty and reduces avatlable energy content of the diet

(Prabhakaran, 1982).

Bestdes  the above-mentioned NSP - fraction there are other NSP
nolvmer chiefly found in cereals and legumes. The polymer B - D - glucans and
pentosans form the major soluble NSP components in the cereal endosperm cell
wall. The water-soluble portion of NSP, is notorious for forming a gel like
viscosity in the intestinal tract. Increased viscosity in intestine results in decreased
feed mtake, lowered food passage m intestine, lowered Lat digestibility (Salih ef af,,
1991) reduced rate of diffusion in intestine impaired diffusion and connective
transport of lipase, oils and bile salts micclle within gastrointestinal contents
potential nutricnts (¢g. fat) and digestive sccretion (Le. Lipase, bile salts) and
transportt to cpithelial surface, increased enzyme activity in gastrointestinal tract

and increased fermentation in small intestine (Choct e/ al, 1996). Increased
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viscostty causes proliferation rate of enterocytes of the jejunum,distal fleum and

decreased activity of specific epithelial surface enzymes.

B. [Importance of exogenous digestive enzymes in improving the

productive value of feed ingredients and compound feed.

The starch s located within the endosperm of cereal grain in protein
matrix. The cells are differentiated by a complex wall composed of carbohydrate
fractions with lesser amount of protein and phenolic acids. Adams (1992) opined
that cxtra hydrolytic activity supplicd by a multi-cnzymes complex such as
celluloytic and hemicellulolvtic enzymes might well improve the ability of the host
digestive tract to better digest the feed mngredient. ‘The break down of endosperm
cell walls surrounding the starch granules and protein bodies makes available
nutrients  previously protected by mntact cell walls. "T'he liberation of enclosed

nutrients may be a major mede of action of enzymes used 1n feeds.

FFibres and various non - starch polysacharides (NSPs) are the most
important anti - nutritional factors in the Indian poultry dicts. The predominant
NSPs in cereal grain are cellulose. The hemicelluloses, encountered 1n the ceteals
are predominantly Pentosans and B - glucans. These two components, cellulose
and hemicellulose are rather inert, relatively insoluble and resistant to digestion
forms insulating coat on digestible nutrients thus reducing the nutrient supply.
Soluble fibres slow down the transit rate, but their getling ion exchange and

absorbing characteristics retard digestion and absorption (Krogdahl, 1986).
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The poultry being a monogastric animal, its gastro - intestinal tract, is
incapable of digesting plant cell wall components due to lack of degrading
enzymes of these components. Besides, this another physiological limitation of
presence of low density of micro - organisms in caeca makes the dietary fibres to
approach imtact in the hindgut. Three different enzymes of the multicomponent
cellulose system is cellobiohydrolase, endo - glucanase and B - glucosidase arc

nvolved 1n the degradation of crystalline ccllulosc in glucose.

Insufficient production of enzymes such as cellulose, hemicellulose and
B - glucanase is the main reason for escape of some potentially digestible starch
and proteins from the small intestine of poultry without undetgoing degradation.

(Grahan e¢f af, 1988; Pcttersson and Aman, 1989; Low and Longland, 1990).

Therefore, dictary cnzyme supplementation will be of practical importance in

improving the feed value of low energy and high fibre feed for poultry. Enzymatic
treatments such as cellulytic enzymes combined with commercial proteolytic
cnzymes have been found cffective in chemical alteration of high fibre feed stuffs
resulting in improvement of protein digestibility and  metabolizable  cnergy.
I:nzyme supplementation, therefore, has been beneficial in four ways.

) Ly removing deleterious mcriminating factors.

b) by increasing the crude fibre digestion

¢) by rendering the nutricnt mote available for digestion

d) by supplementing host endogenous  enzyme production during

adverse climatic condition
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C. Effects of enzyme supplementation on the performance and nutrient

utilization in broilers

F'aking into the above consideration, several works have (fl'ivd the

enzymatic supplementation with positive effect on performance in broiler diets.

Sinha et al, (1981) teported that in poultry digestive enzymes ate
present in less than optimum quantity and their extra provision from exogenous
sources would improve the overall feed utilization, while Rakshit and Rao (1994),
stated that predigestion of fibrous feed using microbial enzymes could allow their
utilization in poultry feeding. IFeeding of novel items together with exogenous
feed grade enzymes has been reported to be capable of suppotting the broiler
performance (Devegowda and Nagalakshmi, 1992; DI Koning and Perdok, 1996;
[adorn and Widemer, 1996).

Arunbabu and Devegowda (1997) supplemented a multiecnzyme mix
(Nutricnzymc™) to diets having varying CI¥ level. A gencral trend of decrease in
feed conversion c'fﬁcicnc.\' was noted with increase in dictary fibre level. However,
feed conversion elficiency improved significantly with enzyme supplementation in
5 percent crude fibre level upto 4 weeks of age; Bedford (1990) attributed the

improvement of broiler performance with enzyme supplementtion to the lowered
viscocity of intestinal contents, reduced rate of passage and an cventual enhanced
utilization of nutrients. Also Devegowda and Nagalakshmi (1992) and Sutesh
(1995) observed significant tmprovement in feed efficiency with enzyme

supplementation.

Bhatt ef «f, (1991) reported that Novozyme SP - 243, a fibre degrading

enzyme, containing cellulose and hemicellulose activity has a significant cffect (P
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< 0.05) on body weight and feed cfficiency when it was added at 20 g/100 kg in
brotler diet. Morcover, the digestibility cocflicient of different nutrients increased
with the supplementation of enzyme which, however, failed to correspond with

the biological performance of broler chick.

Suresha and Devegowda (1996), tepotted that supplementation of
cellulolytic enzyme improved the performance of broiler. ‘The enzyme used
contamed cellulase, B - glucosidase, hemicellulase supplemented at 0.75 and 1.5 kg
per ton of feed containing 5.5, 6.5 and 7.5% crude fibre. It was found that enzyme
at 1.5 kg per ton of feed resulted i significant (P < 0.05) improvement in body
weight in the dict fed containing 5.5 and 6.5% crude fibre and feed efficiency was
improved m the group fed dict containing 5.5 and 7.5% crude fibre. It was thus

concluded that improvement m performance might be attributed to better

utilization of energy from fibrous material.

Kaoma et. al (1995), experimented with broiler chickens which were
fed on a starter, followed by a finisher, diet based on wheat, barley, soyabean- meal,
fish meal, mcat - and - bone meal and mineral - and - vitamin premix, or that diet
supplemented with an enzyme preparation containing - xylanase and
arabinoxvlanase. The enzyme preparation given to the 5" group in both
experiments was a development product also containing 3 - glucanase and
arabinoxylase activitics. ‘The basal dict was given as mash in experiment 1 and
pelleted in experiment 2. In experiment 1 liveweight gain from 1 to 42 days old
was 131001, 1383.4, 13834.4, 13682, 1462.2 and” 1436.5 g respectively.
Corresponding gain for experiment 2 was 1479.8, 1643.5, 1704.4, 16128.8 and

1614.3 g Iiced : gain ratio was 2.31, 2.22, 213, 2.09 and 2.09 and 2.04 in
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experiment 1 and 2.25, 1.97m 2.03, 2.10 and 2.01, in expetiment 2. The enzyme

preparations wete morte cffective with the starter diet than with the finisher dict.

Pisarski and Wojcik, (1995) in a trial with 810 Pentra chickens fed on a
diet based on wheat or barley and supplemented with glucanase 1 or 2 g/kg for 1
to 21, 22 to 49 or from 1 to 49 days old. The amount of glucanase given did not
affect body weight gain, feed conversion efficiency, dressing percentage, carcass
meat content and abdominal fat content. However, duration of application of

glucanase influenced body weight, feed conversion efficiency and carcass values.

In the another experiment, the same author used enzyme pentosanase,
added to the diet based on triticale, bartley or rye, or both and given to 780 caged
Petra chickens, significantly increased body weight gain during the second phase
of finishing. There was a cereal X enzyme interaction with respect to body weight
gain. Pentosanase increased dressing percentage, but had no effect on catcass

meat content or percentage of abdominal fat.

NKumararaj of of (1993), studicd the influence of pelleting and enzyme

supplcmcntation of peatl millet for brodler. In a 3 X 2 X 2 factoral experiment

three levels (0, 50, 100%) of pearl millet replaced maize with and without pelleting

and enzyme snpplcmcnlnlinn. T'he brodler starter feed with maize rcplaccd by

pcar! millet at 100% level supplcmcntcd with cnzyme produccd the heaviest

broiler at the end of 2™ and 4" week of age. At 6" and 8" week, enzyme

supplementation group did not show any signficant difference in body weight,

fced consumption did not reveal  significant  difference- Increased,  feed

consumption was noticed in 100% peatl millet group. The best FCR was in
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broders fed with 100% pearl millet teplaced from 0 - 4 wecks but from 5 - 8 weeks

100% maize fed group had better feed efficiceny.

Aravind e 4l (1993) conducted a study to replace maize by sorghum
variety CSIT - 5 with or without cnzyme amylase in isocaloric and isonitrogenous
brotler starter dicts (0 - 4 weeks). Maize was substituted with sorghum at 0, 50 and
100% with or without addition of amylase. Inclusion of sotghum at the expense of

maize part per patt did not affect the feed intake. Significantly better weight gain
and feed cfficiency was observed by complete replacement of maize with
sorghum. No improvement in cither weight or feed efficiency was observed upon

the enzyme supplementation at both levels of inclusion of sotghum.

Supic (1996) experimented with Hybro chickens for 42 days. 4 groups
of birds were fed on basal starter and finisher diets of maize, soyabean otl meal,
sunflower oil meal, fishmeal, fand and minerals and vitamins. The starter and
finisher dicts were given from 1 to 21 and from 22 to 42 days old, respectively.
Basal diets were given without or with the enzyme preparation “Bio - feed” Alfa”
300 g/tonne singly or combined. Average live weight at 6 weeks old was 2116.8,
2074.8, 2122.9 and 2136.2 g, respectively. Percentage mortality was 0, 2, 4 and 2%

feed @ gain ratio was 1.98, 2.08, 2.04 and 1.98.

Prakash and Morton (1996) conducted a study to assess the beneficial
effects of cellulase and protease enzymes supplemented 1o high fibre dicts on the
performance of commercial layers. Four dicts having different energy and fibre
levels classified as low, medium high and very high fibre dicts fed in twelve dictary
trcatments of 3 replicates cach replicate having 32 birds. Egg production, feed

intake, mortality, egg weight and health status was recorded on a daily basis and
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feed efficiency per egg was estimated. Significant differences (P < 0.05) in feed
consumption, feed cfficiency and egg production was noticed between tteatmeﬁts.
Cellulase enzyme supplemented to high fibre diets significantly improved egg
production whereas supplementation of protease enzyme did not have any
mfluence. linzyme inclusion in different dictary treatments did not have any
influence on cgg weight or survivability but reduced the moisture content 1n
droppings. In conclusion supplementation of cellulase enzyme appear to be more

beneficial than supplementation of protease enzyme to diets.

Rao and Devegowda (1996) explored the possibility of effective
utilization of standard broiler dicts or diets containing low quality agricultural by -
products by supplementing with suttable enzyme preparations which were
examined in 3 experiments. An 7n riro study by employing forced feeding method
was also conducted to study the digestabilities of these enzymes. Birds consumed
more feed and attained better body weights with low energy diets in experiment 1
irrespective of protease of superzyme ot their combined supplementation. When
maize and wheat based rations were supplemented with a combination of
xylanase, protease and amylase in experiment 2, feed consumption was increascd
irrespective of energy variation in diets and birds attained less body weight in low
energy fed groups.Jn experiment 3 performance of birds varicd depending on the
level of salsced inclusion in dicts and supplementation of these diets with tannase
did not produce significant influence on performance of birds. Similatly "selfeed"
and "canolzyme" failed to produce significant improvement in non - salseed fed
group. Metabolic study revealed  that supplementation of cnzymes  reduced

moisture content of droppings, improved fibre digestibility and teduced tannin

content of feeds.
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Suresh and Devegowda (1996) revealed that encrgy is a2 major limiting
factor in poultry feed formulation rather than protein in many of the developing
countries. Therclore, an attempt was made to study the efficacy ol cclluloytic
enzymes to derive more energy by improving digestibility of fibre. Diets were
[ormulated so as to contain 5.5, 6.5 and 7.5% crude fibre subplcmcntation with an
enzyme proporttion containing cellulose, B - glucosidase, hemicellulase at three
levels 0, 0.75 and 1.5 kg per ton of feed. Body weight, feed intake and mortality
were recorded. Supplementation of enzyme at 1.5 kg per ton of feed resulted 1n
significant (P < 0.05) improvement in body weight i groups fed dict containing
5.5 and 6.5%0 crude fibre and feed cfficiency in group fed dict containing 5.5 and

7.5 crude fibre. In conclusion, improvement in performance may be attributed

to the better utilization of energy from fibrous materials.

[essclman ef al (1981;1982), stated that on enzymatic addition eg. B -
glucanase as well as reconstitution in broiler chicken dicts resulted in improved

feed consumption and weight gain. The action of B - glucanase is to hydrolyze the

highly viscous B - glucan i batley feed which lead to mmprovement in feed

cfficiency for poultry. ‘I'teatment of low - ot - high viscosity batley feed which

leads to improved feed efficiency for chicken showed increased weight gain and

feed efficiency (I esselman and Aman, 1986).

Madacsi (1998) cxpcrimcntcd with low tannin sorghum to determine

nutritive value of grain included an addition of o - amylase, B - glucanase and an

cnzyme blend (Pigase) containing amylasces, protemase and cclluloses 1n different

treatments. In all treatments the feed consumption was non - significant except

pigase where a significant (P < 0.05) increase in feed consumption was observed
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in comparison to corn and sotghum without enzyme. "T'he feed consumption was
non - significant for all the treatment groups, however, numerical value for diets
containing o - amylase, & - amylase + P - glucanase and pigase were high in
comparison to corn and sorghum containing diets. B - glucanase diet was having
non - significantly less body weight gain than corn diet but more that the diet
conststing sorghum. Likewise, the feed efficiency ratio was non - significant, but
the efficiencey for sorghum was better than maize and also better in case of dict
supplemented with pigase. ‘T'he dict containing oo - amylase, 3 - glucanase, « -

amylase + B - glucanase werOc having poor feed cfficiency.

Rost e/ al. (1987) found a significant improvement in MIE value for
barley after addition of multicnzyme and a tendency for carbohydrate and fat

digestibility to increasc.

D. Carcass quality affected by nutritional factors

With the increased acceptance of chicken meat the demand for broiler

has tisen steeply. In a country with as large a population as India, the fastest way

to provide animal protein s through brotler meat. Global pattern also reveals that
meat consumption is increasing towards pork and poultry since seventies. Such a
demand has stimulated the formulation of ration for a particular weight and body
composition at marketing. ‘The inclination of poultry farmers s to produce
broilers with less body fat and more lcan meat as the excessive body fat can posc
wastc management problems and in future processing the lean fat attached to
brotler backs poses a labour problem. Therefore, the carcass composition 15 as

mmportant as the weight gain and feed efficiency of meat type chickens.
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Effect of replacing maize with milo & millets on carcass

traits.

In a ten week feeding trial Sharda and Thakur (1977) showed that the
birds fed 75 and 100% sorghum in the dict showed comparatively highet carcass
weights than those of the chicks of other groups being fed 50%, 25% and 0%
sorghum m thetr diets. The dressing percentage was similar in all groups. "The live
weight, dressed weight and eviscerated weight of the chicks of sotghum groups
were slightly higher than those of the birds of maize group. The differences
among the different treatments were not found to be statistically significant (P <
0.05). The replacement of maize with sotghum, however, affected yellow
pigmentation in the broiler shanks and skin. The maxtimum pigmentation was
observed in the maize group and its intensity diminished gradually as the maize
was increasingly replaced by sorghum. Sanford (1972) observed maximum yellow
pigmentation in the shanks and skin of broilers fed yellow corn endosperm grain
and regular sorghum grain. The weight of different organs expressed as
pereentages of body weights did not differ significantly due to the difference in
trcatments. ‘1'hakur es. a/ (1980), also found no significant differences for dressed
and cviscerated weight when maize was replaced by tannin free sorghum in broiler
ration.

Petersen (1969) reported that variation existed in chemical composition
of chicken meat and the variations were much greater for fat, moisture or dry
matter content. The fat content was highest with sorghum and lowest with batley,

11.5% and 8" tespectively. [le further opined that fat was deposited at the
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expense of moisture, which was seen from the fact that the sum of these two
components was almost constant for all treatments. Results also indicated that
female chicken contained less protein and more fat than males. The differences in
this respect were as great as 15%, In conscquence, difference in meat protein was
observed between male and females were significant. It was also revealed that fat
synthests in chicken might also vary according to the grain used in the diet.
Chickens fed on the sorghum diet had the highest fat deposition while fat content

of the chicken fed on sorghum plus tannin diet was 20% less.

Work of Reddy e7 v/ (1991) revealed that percent liver and ready - to -
cook ytelds were not significantly influenced by inclusion of cither ground or
unground peatl millet in place of maize. [lowever, percent gizzard and giblets
were significantly (P < 0.05) influenced by incorporation of bgjrz in diets. Lowest
gizzard and giblet weights were recorded in the broilers reated on the diets
containting 50% maize and 50% ground peatl millet and maximum gizzard weight
was recorded in the broders fed on the diet continuing 100% ground maize and
the values were statistically signtlicant.

Reddy and Narahari (1997a) studied the cffect of feeding foxtail millet
and its processed forms at different levels on carcass quality and hematological
character. 1t was found that ready - to - cook yield carcass protein were not
influenced by foxtail millet and its processed format and level.

Purushothaman and Natanam (1997) reported that inclusion of little
millet (Panicum sumatrense) at 40%o level resulted in an increased dressing percentage

whereas no variation was observed in liver and trimmable fat.
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Pander and Sahoo (1991) have shown that dietary crude fibre affected
sipnificantly the pre slhwphter live weipht, weight of hlood, head, shank and feet,
giblets and eviscerated weight. Chicks fed on crude fibre level of 7.5 to 9.0% had
higher pre - slaughter weight, lever weight, with of blood, head, shank and feet
was also higher in chicks fed on 7.5 to 9.0% crude fibre level. Weight of giblet and
pre - slaughter live weight were also higher in chicks fed on 7.5 to 9.0% crude

fibre level.

Leeson e/ al (1996) examined the effect of commercial enzyme,
Roxazyme, on performance and carcass characteristics of tutkeys and chickens. It
was noticed that there was an increment (P < 0.05) in carcass weight of Roxazyme
- fed chickens (1848 Vs 1942 g) which was associated with increased fat
deposition (33.4 Vs 41.9 g) and a 6 increase (P < 0.01) in breast meat yield (397

Vs 421 g).

Lessire, (1995) reviewed the relation between dictaty factors and fat
deposition in poultry. The determinant roles of increased energy intake and energy
to protein ratios rather than lipid intake on fat deposition and the effect of the

origin and composition of dictary lipids on fatty acid profiles in adipose tissue was

examied.

Pisarski and Wojcik (1995) studied the cffect of glucanase
supplemcntation and period of application on the broiler chicken. The amount of
glucanasc given (dosage) did not affect dressing percentage, carcass meat content

and abdominal fat content. However, duration of application of glucanase

influenced carcass values. Similarly, pentosanase addition increased dressing
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percentage, but had no effect on carcass meat content or percentage of abdominal

fat.

I'hakur and Kulkarni (1991) studiced the cffect of Novozyme SP - 243, a
fibre degrading enzyme, on carcass component of broiler. ‘The values of dressing
percentage of total edibles, inedible and various cuts were also comparable in

three groups showing no effect of Novozyme on the yield of carcass components.

Sadagopan e/ al. (1996) studied the comparative cfficiency of pearl
millet, finger millet and sorghum as alternative to yellow corn in broiler rations.
They found that processing vields were similar in all groups but weights of gizzard
lining and abdominal fat were significantly more in pearl millet and sorghum
group. Weights of gizzard and giblets and length of small intestine wete

significantly more in finger millet low energy diets. The results clearly reflected the

utility of pearl millet and sorghum.

Dixit and Baghel (1998) conducted an experiment involving eighty
chicks to study the carcass traits of broilers influcnced by incorporati-on of
sorghum in-stcad of maize in their dict. Studics indicated that use of sorghum
istead of maize did not influence (P < 0.05) the dressed, cviscerated and drawn
weights (cviscerated + giblet weights) as well as blood, head and feather losses of

broilers, while most of the organs weight and shank plus wingtip losses were

significantly (P < 0.05) higher in broilets fed sorghum based diet.
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The present experiment was conducted on day old broiler chicks for a
period of seven weeks i the Department of Animal Nutrition, Bihar Velerinary
College, Patna with the collaboration of Poultry Unit of Animal Production
Research Institute, Rajendra Agricultural University, Pusa, Samastipur (Bihar). The

techniques adopted for the selection and maintenance of experimental birds,

collection and analysts of data are presented below.

A. Procurement of Digestive Multienzyme and its composition

A propricﬁ"' multicnzyme (Polyzyme) manufactured by M/S ZLEUS
BIOTECH PRIVATE LIMITLED, CH - 26, 7" Main Saraswathipuram, Mysorc -
570009, INDIA was used in this experiment. This multienzyme feed additive was
produced from Trichoderma longibrachiatum Rifai by solid state fermentation, which

contained the following mentioned enzymes as declared by the company.

Endoxylanase - 2000 U/g
Beta - glucanasce - 600 U/g
Pectinasce - 60 U/g
Amylasc - 1500 U/g
Cellulose - 15U/g
Protease : GO0 Ul /g
Phytase - 20U/g
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B. Selection of feed ingredients and computation of mashes

The feed ingredients, to be used for study, were procured in one lot,
conststed of maize, milo (sorghum) and millets - Peard millet (bajra), Vinger millet
(riggry and  Foxtal millet (Kungn) which served as energy source. A vegetable
protein mixture with soyabean meal, mustard oil cake and sunflower cake in 2:1:1
ratto was prepared and fishmeal as animal protein source was incorporated in
ration. All the ingredients were analysed for the proximate principles and minerals
(AOAC, 1975). The proximate composition of the grains and protein sources used

in prepating experimental ration are presented in table 5.

C. Formulation of experimental rations for different dietary treatments

Based on analysed crude protein value and published metabolizable
cnergy value, nine experimental diets for both starting and finishing phases of
growth were formulated. A basal ration consisting of maize as major eﬁetgy
source was formulated as per standard recommendation (BIS, 1991) which served
as control dict. Other experimental dicts were prepared in such a way that maizc
of the control diet was totally substituted by milo (Sorghum) and millets (bgjra,
manra] i and Femgand) quantitatively without and with polyzyme at the rate of 50
/100 kg (0.05%) of ration. The rate of inclusion of polyzyme in both starter and
finisher rations were same. The composition of diets (both starter and finishers)
used in feeding experiment are given in table 6 and 7, respectively. Treed

ingredients, feed supplements, additives and enzyme were homogencously mixcd.
<
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