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INTRODUCTION

Many investigations have shown soybean to be a superior plant protein
ﬁourca in poultry diets. It contains the nutritionally important amino
acids except the sulfur amino acids methionine and cystine which can easily
be added as supplements in the feed. Soybean wmeal is therefore the popular
plant protein supplement of pounltry feeds in many countries including the
United States where the plant (soybean) is grown extensively. In some other
countries, including Nigeria, planting of soybean is not very popular, hence
it is not produced in sufficient amount to meat the need of poultry farms,
Some other plant protein sources are therefore in use, including cottonseed
meal.

Cottonseed meal, considered as one of the major plant protein supple-
ments in poultry feeds (Scott et al., 1976), has been reported unfavorable
to chickens, especially when fed as the only protein supplement in the diet.
It is deficlient in lysine and methionine (Grau, 1946), It is also low in
lencine., Even when dsgossypolized, many workers have reported that it has
not promoted satisfactory growth responses in broilers,

Despite these defects, some farmers have found it necessary to include
cottonseed meal in their poultry feeds, due elther to scarcity of other plant
protein supplements or to ready availability and cheapness of the cottonseed
meal. If cottonseed meal is economical to purchase, it is pertinent to seek
a way of improving it for poultry use, Many workers have reported that
feeding cottonsesd meal along with other supplements has resulted in signi-
ficant nutritional improvement, Examples of other supplements include fish

meal and antibiotics, for example chlortaetracycline (C1C).



The objectives of this research were to investigate (1} the comparative
nutritional value of cottonseed plus fish meal protein diets with soybaan
protein diets on the basia of:

(a) weight gain

{b) fead utilization

{¢) feod intake

{(d} wmortality
(2) the effectas of absence or presence of CTC in each of the four wain diets
in line with the abovs criteria, and (3) which of three protein levels of
soybean protein diets (with or without antibiotic - CTC) will best support
broiler growth rate and feed utilization.



REVIEW OF LITERATURE

Soybean meal has become the most important plant protein supplement in
poultry feeds due in part to its low fiber content compared with cottonseed
meal and other plant protein supplements (Nwokolo et al., 1976a).

Evaluation of supplemental protein sources for broilers by Galal et al.
(1977) showed that soybean meal was far superior to cottonseed meal and
single-cell protein (torula yeast) as a sole source of supplemental protein.
They also showed that gain per unit of feed consumed declined linearly as
cottonseed protein replaced soyprotein in the soy-cottonseed diet, Sanford
and Aduku (1975) reported that soybean meal was superior to peanut meal,

Soybean meal having most of its hull usually contains Lhi# protein and
when dehulled, 507 protein (Card and Nesheim, 1966)., VWhen comparing con-
centration and availability of amino acids from palm-kernel, cottonseed and
rapeseed meals, soybean meal was superior to all (Nwokolo et al., 1976a).
Netke and Scott (1968) reported that in solvent extracted soybean meal, all
the essential amino acids were appreciably available. Manoukas et al., (1568)
reported that the niacin (a B-complex vitamin) content of soybean meal was
100% available to the hen,

Evidence has been provided for the superiority of soybean meal over
some other plant protein supplements in mineral availability, especially
calcium, phosphorus, megnesium, manganese, zinc and copper (Nwokolo et al.,
1976b; Griffith, 1968; Lease and Williams, 1967).

The feeding value of some of the soybean by-products also contributes
to the importance of soybeans. For example, the increase in dietary soybean
oil from i to 10% rasulted in significant increases in xanthophyll deposition



in the back skin of both 7 and 8 week old birds (Heath and Shaffner, 1972),
Acidulated soybean soapstock wag found to contain 168 - 260 meg/gm xantho-
phylls and therefore may serve as a pigmenter for brollers (Bornstein and
Budowski, 1967). Data obtained with growing chicks fed a semi-purified diet
indicatad that choline from crude soybean lecithin is as well utilized as
synthetic choline chloride, on the basis of growth, relative liver weight and
prevention of perosis (Lipstein et al., 1977).

Various workers have indicated a number of limitations in the use of
soybean meal despite its superiority over other plant protein ingredients,
Warnick and Anderson (1968) identified sulfur containing amino acids i.e.
mathionine and cystine as most limiting in all soybean meals studied, fol-
lowed by threonine, valine and lysine., They indicated that most, if not all
of the essential amino acids in the raw soybean meal were lesg available to
the chick than they were in the same meal after heat treatment. They also
reported that overheating ths meals reduced the amount of available lysine,

As much as L0Z cystine and 20 to 307 methionine may be destroyed during
acid hydrolysis of soybean (Nelson et al., 1976). Feeding a 173 probain
gsorghum prain-soy dist unsupplementad with methionina, lysine and arginine,
resulted in significant reduction in gain of li-weeks old chicks (Vaggle et
al., 1967). Sanford (1978) obtained positive results supplementing corn-soy
diets with zinc-methionine.

As much as 2/5 of soybean meal phosphorus is found to be bound as phytatas,
Nelson et al, (1968) used a phytase produced by Aspergilus ficuum and other
molds to hydrolyze phytate phosphorus in soybean meal. They found that chicks
utilized this hydrolyzed phytate phosphorus as efficiently as they did in-
organic phosphorus, whereas chicks did not utilize phytate phosphorus in

untreated soybean meal.
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Another problem with the use of soybean meal is that trypsin-inhibitor
in raw soybean is oue of the factors affecting its utilization by chicks
(Ham et al., 19L5), due to considereble reduction of trypsin proteolytic
activity (Kakade et al., 1967). Raw aoybean meal causes growth inhibition,
pancreatlc hypertrophy and reduced protein efficlency in the chick (Xakade
et al., 1967; Saxena et al,, 1961), Figsher (1963) contended that the
nutritional defeet in raw soybean diets resulted from unavailability of
amine acids and poor caloric utilizaticn.

Various problems with raw soybean have initiated various proc¢sessing
procedures, Commarcial soybean meal is usually solvent extracted angd it
has proved to be the best compared to others obtained by various processing
methods, In terms of converting feed to gain, Hull et al. (1958) reported
that solvent extracted soybean meal was better than infra-red cooked meal,
but of about the same quality as extruded meal., Vhile pelletted feeds
containing solvent extracted soybean meal did not affect growth or gainm
response, they found it significantly improved feed utilization of diets
containing the infra-red cooked or extruded meal., White et al., (1966) repor-
ted that feeding of infra-red cooked, extruded or autoclaved soybean meals
resulted in body weight gains and feed utilization that did not differ
significantly from the commercial solvant-extracted soybean meal diets.

Evans et al, (19)7) found that heated soybean meals were digesied more
completely than the raw ones, and that heating induces greater avallability
of amino acids (Smith and Secott, 1965; Gutteridge et al., 1561), Feeding
of beans heated at 112°C for 20 minutes was found to give better growth

regponse than feeding those heated at the same temperature for 5 to 8 minutes

(Featherson and Rogler, 1966).
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Another soybean processing method currentlynbeing 1nvestigated is fer-
mentation. Chah et al. (1975; 1976) roported that feeding soybeans fermented
with =ix specias of Aspsrgilli gave significantly improved wsight gain and
feed efficlency, with responses being greater for the lowest protein diets,
None of the cultures induced mortality. The economics of feeding fermentsd
soybean to large flocks howevar had yet to be debtermined, |

Cottonseed meal represents one of the most inexpensive sources of plant
protein for poultry feeding in some parts of the world, especially in many
tropleal areas. Though some nutritional problems have besn ldentified with
the use of cottonseed meal, many workers have gliven encouraging reports
regarding nutritive values of this meal. In an experiment conducted at a
College of Agriculturs in Iran, Bondari and Kazemd (1975) affirmed that “
proteins from cottonszed meal could replace animal proteins (fish meal and
meat meal) in the ration without harmful effects. The animal protein fres
ration proved to be econowmically advantageous,

Waldroup et al, (19673 1958} reported that glandless cottonsesd meal

" could be used to replace part or all of the solvent extracted soybean meal

in nutritionally adequate broiler dists, Iysine supplementation of cotton-
seed meal was neceasary only when more than 75% of the soybean meal was
replaced, It hﬁs also been reported by many workers that degossypolized
cottonsesd meal could be used to replacs 50 to 80% of soybean meal in balan~
ced rations for broilers (Curtin, 195h; Morgan and Willimon, 195L; West,
1955).

Supplementing cottonseed meal has a2lso produced encouraging results,
For example, when supplemented with five limdting amino acids (lysine,

-

methionine, isoleucins, threonine and leucine) glandlesé cottongseed meal



had a net protein utilization (N.P.U.) valus equivalent to that of methionine-
supplemented soybean meal or other high quality proteins (Fisher and Quisen-
berry, 197t). With 0.3% lysine supplemsntation, corn-cottonseed meal ration
was 903 zs effective as the corn-soybean meal ration (Farr and Wattg, 1967).
German and Sherwood {19L8) found that using hi fish meal supplements gave no
significant difference betwazen 20% soybean o0il meal and 20% cottonseed oil
meal with raspec£ to the growth of starter chicks.

Cottonseed meal haa also been showm to be of value in other areas of
nutrition. Cantor and Scott {1972) revealed that bioclogical availabllity
of selenium is greater from cottonseed meal than from either soybean meal
or menhaden fish meal. Cottonseed meal has also been shown to prevent toxi-
city of vanadium in chicks (Berg and Lawrencs, 1971).

Limitations in the use of cottonsesd meal have been associated by various
workers with certaln undesirable characteristics, for example presence of |
gossypel and phytin, deficiency of certain essential amino acids and high
fiber content in some samples, |

Gossaypol is a yellow polyphenolic pigment in glanded cottonseed having
deleterious physiological effects on chickens, Clark (1928) indicated that
in cottonsesd, gossypol is found both as free gossypol, which is extrac-
table with agueous acetone, and az bound gossypol which can be extracted
only after acid treatment.

Gosgypol binds protein, forming a protein-gossypol complex (Balipa and
Lyman, 1957). Hill and Totsuka (198L) reported that levels of gossypol of
0,045% or higher significantly reduced metabolizable energy of a diet con-
talning hexane-extracted glandless cottonseed meal to which the pgossypol was

added. There was zlso increase in pancreatic welight, suggesting interference



by gossypol wi£h functioning of pancreatic enzymes. Narain et al. (1957)
also found C.0L% and higher levels of fres gossypol were toxic and dep~ -
ressad body weight seversly. Feed consumption was depressed at 0,024 or
higher levels. However there was no mortality and replacement with a normal
diet resulted in a remarkable recovery and weight gain,

Various workers have found some or 21l of the following amino acids
Mmiting in cottonseed meal: 1lysine, methionine, isoleucine, threonine,
leucine and valine (Rojas and Scotts, 19693 Fisher, 19653 Johnston and
Vatts, 196k3 Grau, 19L6). Available lysine in cottonseed meal is reduced
during processing of the seed for oil by destruction (Martinez ot al., 1961;

Martinez and Frampton, 1958), and by the addition of gossypol to the seed

protein through the formation of a schlff base with the epsilon amino groups

of lysine (Conkerton and Frampton, 1959).
Nabar and Morgan (1957) reported the fiber content of LL% cottonseed

meal appeared to be responsible for the impalred feed utilization asso-

ciated with feeding of the meal,

Fhytin in cottonseed meal also peses a problem dus to its interference
with utilization of various minerals, particularly zinc (l.ease and Willdams,
1967), calcium (Pensack ot al,, 1958) and phosphorus (Nelson, 1967). Phytic
acld reacts with mineral elements to form simple or mixed salts (phytate) as
wall ag protein complexes. The phytate-protein complex reduces the solubil-
ity of proteins in cottonssed meal (Fontaine et al., 1946). Phytate in
cottonssed meal also chalatss zinc (Rojaz and Scott, 1969).

Various processing methods and supplementations have been shown to
lwprove the nutritional value of cottonseed meal. Heating has produced

remarkable results, Hopkins et al. (1969} indicated, raw, glandless



cottonsecd meals contain a heat-lablle growth inhibitor which is easily
destroved by heat during the direct solvent processing method. Johnston

and Watts (1964) reported unheated hexane extracted glandless meals, when
fed as the principal source of protein in a 21% protein ration, possesses

a proparty which results in slight gumming around the beaks of the chicks, |
This effect was elimincted when the unextracted flakes were either mildly
heated or were extracted with a hemogenous solvent composed of commereial
acetone, hexane and water (AHW).

Use of glandless cotitonseed meal provides a way of overcoming gossypol
toxicity., Mattson et a1, {1960) indicated that the seed of glandfree cotton.
geed meal is essentially free of gossypol.

Enzymatic hydrelysis of phytin in the cottonseed meal by phytase enzyme
produced by Aspergillus ficcum has been of nutritional value. Phytase ‘
hydrolyzes phytate to inositol and inorganic phosphate (Shield et al., 1969).
Metabolizable energy is increased in phytasse-treated meal (Miles and Nelson,
1974). Hydrolysis also caused release of phosphorus and protein {(Rojas and
Seott, 1969),

) Supplementation of cottonseed meal diet with iron {ferrous ion) has
producad weipht gains over the unsupplemented diet (Davenport et al., 1969).
Jonasgen and Demint (1955) indicated that iron inactivates gessypol by
chelation.

Procasging methods of producing cottonseed meal have effects on tha
quality of the meal, Extraction of the raw glanded or glandless cottonseed
flskes, cocked or uncocked, with a solvent mixture of AHW ylelded a cotton-
seed maal that was richer in lysine than the conventional hexane-extracted

meals (Kuck et al., 1975; King et al., 1961). Boatner et al. (15L8) also
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reported that uncooked diethyl ether-extracted cottonseed meal and hydraulic-
pressed cottonseed meal supported growth better than hexane-extracted meals.

Fish meals are commonly used at relatively low levels in poultry dlets
not only to supply an unidentified dietary factor, but also to supplement
the proteins supplied by cereal grains and by vegetable protein supplements
such as soybean and cottonseed meals (Bird et al., 1965). The effect of
fish meal supplementation of poultry diets in promoting fast growth has been
reported by many workers (Peischel et al., 19763 Miller et al., 197h;
Himmers and MeKinney, 197hs Oriffith and Schexnailder, 1971; Smith and
Scott, 1965).

Other values of fish meal in diets have been documented by various
researchers. Spandorf and Leong (1965) reported the biological availability
of calcium and phosphorus in fish meals fed to broiler chicks was about 10%.
Fish meal has also been shown to be a rich source of selenium (Thompson and
Scott, 1969) chlorids and sulfate (Miller, 1970; Miller and Soares, 1972).
Berg (1966) reported fish meal particles inhibited vanadium toxicity which
produces growth depression in chick diet,

Summers (1959) reported fish solubles were a good source of unidenti-
fied growth factor (UGF). Hinton et al, (1972) indicated the UGF response
from fish solubles could be attributed to their sulfate content, But in
197h, Miller reported the existence of UGF in fishery products was demon-
strated by the increase in growth above that obtained by inorganic sulfate
or mathionine effects,

Fish m2als usually differ in protein quality due primarily to the
differences in biological availability of their amino acids., Soarss et al.
(1971) reported chicks fed poor-quality herring fish meal consistently ex-
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creted more amino acids than those fed a good quality protein regardless of
environmental conditions. Waldroup et al, (1965) and Scott et al. (1962)
also reported poor performance when chicks were fed fish meal of lower qua-
1ity.

The level of fish meal in the dict has been shown to have an effect on
its feeding value. Some workers in this area have reported contrasting
results, For example, while Hinners and Costa (1973) reported progressive
improvements from the fish meal diet as the feeding level increased from
0 to 10%, Hardin et al., (1964) found no significant difference in the growth
rate of brollers on the three diets containing 5, 10 and 15% of a solvent
extracted, 707 protein fish meal. Rojas et al. (1969) reported similar
results. They found no significant differences in body welght galin or feed
utilization by replacing soybean meal with peruvian fish meal in breiler
diets at 3.5, 5, 8, 10, 15 and 20% levels. Anderson et al. (1968) obtained
significantly greater weight gains and feed efficiency with a corn-goybean
diet than with elther herring or aunchovy meal diets when the fish meal pro-
vided only 5% of the protein,

. Schumaier and MeGinnis (1969) indicated fish meal will not support
maxdmum chick growth when it is the only source of protein. Supplementation
of fish meal proteln with other proteins way improve growth rste of chicks
by improving smino aceld balance or by some undetermined factor, Miller and
Kiffer (1970) reported that fish meal fed as a sole source of protein
resulted in excessive dietary level of lysine. Vhen fish mecal replaced all
gsoybean meal in the diet, growth of broilers was significently depressed
{(Waldroup et al., 1965).

Miller et al, (1970) reported length of storage at room temperature of
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fish meal produced a growth denressing effect on chickens,

Fresence of fishy flaver in Droller wmeat has been cne of the limitations
to the use of fish meal. Uabb et al. (1974) reported feeding 6.0, 8.0 and
10,0% fish meal for 16 weeks with no withdrawal produced turksy meat which
was significantly more fishy and more rancid than the coutrol. Contrarily,
Hardin et al. (196h) indicated up to 15% solvent extracted fish meal in a
broiler diet did not produce a fishy flavor in broiler meat.

Dansky {(1952) found that 1% Menhaden fish o0il in the diet of broilers
was acceptable, 2% was borderline and 3 to 4% resulted in definits undesir-
able fishy flavor. Sala and Chiarella (1963) reported no fishy flavor was
found 4in broilers fed 24% anchovy meal which contributed only 1.4% fish oil
to the diet. Carrick and Hange (1962) found that supplementing the diet
with 2% cod-liver oil did not result in off-flavor of the preducts but at
Lf levels, serious fishy flavors were noted.

. The nutritive value of fish meel can be affected ﬁy heat treatment.
Smith and Scott {1965) reported a loss of available lysine to the chick upon
heat treatment of fish meal., Dry heating of fish meal at about 120°C in 2
forced draft oven Increased severity of glzzard erosion in breilers (Hopkins
et al., 1976; Rinehart et al,, 1976). Gizzard lining erosions were quite
prevalent and severe when chicks were fad inadequate wethionine; conditions
were improved considerably but unot totally prevented by the 0.7 to 1.25%
levels of sulfur amino acids in the diet (Muller et al., 1975). -

:: Treatment of fish meal with anti-oxidant has also resulted in improving
Autritional value of the meal, Ousterhout and Matterson (1968) reported
ethoxyquin additions to fish meal generally improved metabolizable energy

contents and lysine availability up to 2CZ.
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Inclusion of antibiotics especially chlortetracycline (CTC) in pouliry
feeds has been reported to be of greab value to the birds, CTC is an anti-
biotic isclated from Streplomyecss aurcofaciens,

Chlortetracyeline addition to powliry dicts was reported by many workers
not only to prevent dlsease occurrence, but also promote growlh and feed effi-
ciency (Miller, 1979; BRegin, 1971; Robblec and Biely, 1970; Borgo and
McGinnis, 1968; Noran and lMeGinnis, 1968; Turk, 1967)., TFowler and Quisen-
berry (1958} indicated CTC increagsed faed consumption of hens during summar,
CTC has baen reported to prevent wortality due to Pasteurella mltocida
(Wang et al., 1973; Prier, 1950), Salmonella typhimurium (Quarles et al.,
1977), Mycoplasma gallisepticum {Simkins et al., 1970} and aflatoxdcosis
(Smith et al., 1971). | |

The efficacy of antibiotics in promoting growth has been explained to _;ﬁ]
be due to thair action against those intestinal microbes interfering with
absorption of nutrients (Tyssen and DeSommer, 1963). Supporting this view,
Lotenkov and Podluzknaya {1967) reported that CTC at 20 mg/keg feed stimulated
intestinal absorption of amino acidas in chicka, Pensack and Huhtanem (1963)
postulated dietary antibiotics exert their growth stimlating effect during
a limited critical perioed early in the life of the chick, During this peried
malabsorption of feged nutrlents is suppressad, resulting in increased weight
gains, improved feed efficiency and deercasad feezl output, Biely and larch
(1951) on the other hand explained growth response due to antibioctics may be
due, in somz instances, to a sparing offect on the dietary requiremant for
B-complex vitaminag.

The tetracycline antibiotics have been reported to loss their poiency

dua to heat and alkalina treatment (Cima and Berti, 1955), and due to pre=



1

sence of caleium ioné in the intestine (Price ¢t al., 1958). Ths calcium
iong causa formalion of non-absorbabls CTC-calcium complexes at the site
of CIC absorption in the intestinal tract, thereby reducing or preventing
CIC absorptiom.

Many workers have reported that sodium sulfate has successfully poten-
tiated CTC, thus reducing the non-absorbable CTC-calcium complexes and
ineraasing the blood level of CTC mueh higher than in birds fed CTC alone
{Stuart et al., 19663 Gale and Baugn, 1955; Nelson et al., 196L: Nelson
and Peeler, 19561), Peterson (1958) in another work reported, terephthalic
acid also potentiated CTC significantly,

Some side effects of CTC have been reported, Menge (1973) stated CIC
had no significant growth stimulatery effect on birds when fed animal pro-
tein diets, March and Biely (1967) reported antibiotics administration
increased the incidenca of curled toe paralysis in chicks fed a riboflavin.

deficient diet,



MATRRIALS AND METHCDS

Four broiler starter dlets were formulated containing three different
levels of protein, 2L, 22, 20 and 20%, respectively. The first thrse, i.e.
the 2l, 22 and 207 protein diots contained soybean meal as the source of
protein. The fourth diet contained degossypolized cottonseed meal and
menhadden fish mesal as combined sources of protein,

_ The formulated diets were mechanically mixed abt the Department of
Grain Science and Tndustry feed mill, bagged, labelled, conveyed and kep£
at the Poultry Rasearch Center, The diets were isocaloric., These dictas
constitutad the first four treatments of the expariment (Treatments 1, 2,
3 and k), To each of these diets was added 23 gms of the antibiotic
chlortetracycline (CIC) per 100 1lbs ration (1 1lb/ton)., These made up
treatments 5, 6, 7 and 8. These eight diets were fed to chicks for the |
First four weeks of Expariments I and IT, Tables of the formulated diets.
aro contained in the Appendix (Tables Al and a2),

The broilar finisher diets fed for the last four wecks (5 to 8 weeks
of age) containad 20, 18, 16 and 164 protein, respectively. Each was 4%
less than ths starter diets, They wore treated similar to the starter
dlets; the first thres contained soybean meal and the fourth, cottonseed
and fish meals. 7To each also was added 23 gms CTC per 100 1bs diet., All
eight diets were also isocaloric and contained ground corn and sorghum
grain as basal ingredients.

A total of 2L0 day-old meat-strain, Hubbard broiler male chicks were
used for each Experiment., The chicks ware randomized into lots, 10 chicks

par lot, Lots waere randomly assigned to battery pens, Three lots consti-
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tutod the replicates for each diet treatment. Tight diet treatments with
3 replications each were used for a total of 2l lots as shown in the deaign

belows-

Table 1. Experimental design

Lots Per Diet Treatment

2hdr 204p 20%p 20%P Total
S.BIM. S.B.M. S.BUM. CCS.MI + F.M.
without CTC 3 3 3 3 12
With CTC 3 3 3 3 12
2l

The chicks were vaccinated with intraccular Newcastle disease vaccine
on arrival at the Poultry Research Center. All chicks were wing-banded,
individually weighed and kepit in electrically heated brooder batieries
with wire floor for the first four weeks. They were later transferred to
unhesated batteries for the last four weeks where five birds were placed
in each battery compartment,

Throughout the 8-waek pericd of each experiment, feed and water were
providaed Eg libitum. The birds were individually weighed in grams every
two weeks and feed remaining was weighed back to determine the amount of
feed consumzd by two week perieds. The first experiment was conducted
during April te June and the second between August and October, This made
it possible to avoid soms of the hot summer mouths between late June and

T



17

early August becausc there were no effective cooling facilities in the
building,

The data were analyzed statistically using the two-way and pooled
analyses of variance ag deseribed by Snedscor and Cochran (1971), Veight
gain, feed utilization and feed intake were the main facltors analyzed and

comparad for the treatments,



RESULTS AND DISCUSSION

Data were analyzed for averages of weight gain, feed utilizatibn éna
foed intake for the 0-2, 2-L, L-6, 6.8, 0-Ii, 0-6 apd 0-8 weeks growing
periods, respectively, Hesults will be presented and discussed under the
heading of Source of protein, Addition of CIC, and Protein levels,

Analyses of variance and pooled means for weight galn, feed utiliza-
tion and feed intake of Experiments I and II are presented in Tables 2-4.
Analysis of vardance data showed thers were significant differences between
results obtained from the two experiments during some of ths growing periods.
Since the two Experiments were run at different months of the year (Experi-
ment II following Experiment I) and the birds, though same breed and from
same hatchery, were hatched at different periods, thesa could constitute
posgible sources of variation in the two Experiments. Pooled data for the
two Txperiments is thersfore a useful average, Discussion will therafors be
bagsed on these pooled results. Data for average welght gain, feed utiliza-
tion and feed intake of Experiments I and II are in the Appendix (Tables

A-10 to A-15),

Source of Protein

The soyprotein diots were significantly superior to the combined cotton-
gaad and fish weal protain diets with regardas to average welpht gains during
all the growing periods (Table 2, Figure 1). These results ars consistent with
the work of Nwokolo et al. (1976) and Galal et al, (1977) who raeported soy-
bean meal was of higher nutritional gquality than cottonsaed meal as a protein

supplament in broiler diets,
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Table 5. Mertality rats

Total Mortality Pooled Tobal

Diet, Expt. I Expt. II No. _ %

1 (°hgP - S.B.M.) 3 5 8 13.3
2 (22%P - S,B.M.) - 4 6.6
3 (20%p - 35.B.M.) 3 L 7 11.6
L (20¥p - C.5.M., + F.M.) 6 - 6 10.0
(t-4) - cre 7 8 15 6.25

(1-4) + ¢1C s 5 10 Lavt
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The significantly lower conasumption of the cottonseed diet could explain
why birds fad this diet grew significantly poorer than those on th2 soypro-
tein diets (Table ). Naber and Morgan (1957) suggested the high fiber
content of cottonsesed meal could be responsible for impaired fzed utiliza-
tion associated with the meal. Low palatability as well as less acceptabi-
lity could be possible causes of the significantly low consumption of the
cottonseed diet.

Chicks fed ths soyprotein diets had significantly better feed utiliza-
tion at 0-2, 2-4, 0-L and 0-6 weeks (Table 3, Figure 2). At L-6 weeks,
there was no significant difference in feed utilization bastween the diets
containing the two main sources of protein, This could be due to the age
of the birds. From 0-l; weeks they were on atarter diets., After L weeks
they had probably adjustaed to the feed and were able to utilize it better
at 4-6 weeks, At 6-8 weeks, diet li (Cottonseed diet) was significantly
better utilized than diet 1 (24% soyprotein diet), but not significantly
better than diets 2 and 3 (22 and 20% soyprotein diets), At this 6-8 weeks
period, the birds on cottonseed diet were believed to have made somes compen-
satory gains, hence the significant improvement in feed utilization.

At 0-8 weeks, diets 1 and 2 were significantly better utilized than
diets 3 and 4., At this period thers was no significant difference in feed
utilization batween diets 3 and L (the 20% soyprotein diet and the 20%
cottonseed diet), Compensatory gains as well as better feed utilization of
the cottonseed diet at L-6 and 6-8 weeks could have bean responsible for
this., This result complements the report of Fisher and Quisenberry (1977)
that supplemented cottonseed meal had an equivalent net protein utilization

with soybean meal.
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Consumption of cotionsesd diet did not ineroase mortality when compared
to soyprotein dists as seen in Table 5. This result suggesta that the
cottonased dist only reduced the thriftiness of the birdas as the birds ate
less and gainsd lass wolight but that the diet did not contain a toxin that .
would cause mortality. With this kind of diet mortality could be a problenm
1f thero was a diseass outbrzak or if the blrds were exposed to infection

bacause of thair unthriftiness.

Addition of CIC

Analyses of variance showed that there was no signifycant interaction
betweon diets and antibiotic with regards to welght pgain, feed utilization
and feed intake (Tables 2-h), This indicatez that each diet had tho same
effect on wolght gain, feed utilization or feed consumpiion with or without
addition of the sntiblottec, This non-interaction effect counld be due to the
raising of the birds in cages rathar than floor or possible reduction in
potency of the antiblotic., If birds woere raised on the floor where they
would bs exposed to their fecea with greater risk of infections, CIC wight
improve the effsct of the diets. Cima and Bertl (1955) reported tetracy-
eline antiblotica lose their potency under heat treatment., The hot weather
under which the birds were raised conld reoduce the potency of the CIC and
henca producs less effect on the birds, These same reasons could probably
explain why the CTC did not have any significant affect on weight gain
throughout the growing period (Table 2).

Chlortetracycline producad a significant improvement on feed utilizatiom
at 6-8, 0-5 and 0-8 wesks (Table 3), This is in agrsement with Borgo and
McOinnis (1968), There was algnificant reduction in feed consumption asz a
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result of CTC addition at L5 and O-5 woeks (Table L), At L5 weeks, the
E birds changed diet to finishsr rations which was lowsr in protein, This
I could ba a pogsible reason for the lowersd feed consumpition. This result
however disagrees with ths observation of Fowler (1968) that CIC inereased
feed conaumption of hens especlally during summer.

Addition of CIC to dieta reduced total mortality rate from 6.25 to
4.17% (Table S). This is expected and it agrees with Millsr (1979).

™

Proteln levals

There wors no significant differences in average welght gains of
broilers on the three protein levels (24, 22 and 20%) during all the growing
perioda except ab O-k weeks (Table 2), At O0-4 weeks, weight gain from diet I
(242 protein) was significantiy higher than diet 2 (22% protein). Thers were
ne significant differences betweon diets 1 and 3 and betwsen diets 2 and 3,
Considering the averagse welpght gains diet 3 (the lowest protein lavel diet)
_ would ba more prefsrable from an econonic standpoint,
_% Diet 1 had significantly better feed utilization than diet 2 only at
| 0-li weeks, But dist 1 was significantly better utilized than dist 3 at all
E periods except 6-8 weeks. At 6-8 weoks there was no significant difference
between the throe diets (Table 3). Diet 2 was significantly better than
diet 3 at -5, 0«6 and (-8 weeks, Considering feed utillzation result,
diet 2 would bs recommended,

Consumptlon of diet 3 was signlificantly higher than diets 1 and 2 a%
. 0=2, 2-Li and 0-l weeks (Table L), At other perlods, there was no significant
i difference betweeon the diets. There was no significant difference in consump=-

tion of dlets 1 and 2. Average feod consumtion of diet 3 at 0-8 weeks was
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higher though not significant, than either diet 1 or 2. Higher feed consump-
tion relative to a proportional normal gain is not an advantage. From thess
results, diet 2 will be of praference,

Percentage mortality from the thres diets were 13,3, 6,6 and 11.6 reas-
pectively (Table 5), This also puts diet 2 above the others,

From all thess results, diet 2 (the 22% soyprotein starter diet) would

ha recommended,
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SUMMARY AND CONCLUSIONS

This study was designed to find which of thrse levels of protein in
soyprotein diets would best support broiler growth; effect of comblned
cottonsecd meal and figh meal as proteln sources in the diety and effect
of the addition of chlortetracyeline to each of the diets,

Two experiments were conducted, one replicating the other, using four
main diets, with and without chlortetracyeline (CTC). The first three star-
tor diets contained 24, 22 and 207 soybean meal as the source of protein.
The fourth starter diet comtzined 20% protein using a corbination of cotton-
seed and fish meals as sources of protein, The finisher diets cottained L3
less protain than the starter diets,

Each experiment was conducted for a pericd of eight weeks. A total of
240 broilers were used, 30 birds per diet treatment. Velght of the birds
as well as feed consumed was measured every two weeks. Data were analyzed
for weight gain, feed utilization and feed consumption using the two way
and pooled analysis of variance techniques.

The following conclusionz could be drawn from results obtaincd from
this research:«

1. Among the soybean protein diets, the 22% protsin starter diet (184
finisher) was more preferable than either the 24 or 20% diet becauss
it had significantly better feed utilization., Tt was least consumed

and it supported the least mortality rate. There was no significant

diffarence in average weight pain from the three dietls.
2. The combined cottonseed plus fish meal protein diet was generally infe-

riér to the soyprotein dists in terms of weight gain and feed intake.
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Consumntion of the cottonseed diects was generally below what could be
considered normal, hence welght gaing of birds consuming it werc genc-
rally poor.

Feed utilization of the 203 protein soybean diet was not significantly .
different from that of 207 protein cottonseed meal plus fish meal diet.
The later was, however, significontly poorer than the 22 and 2h% protein
soybean diets in feed utilization,

There wera no significant interactions between CTC and diets for weight
gain, foed utilization and feed intake. | |

It was observed that CTC produced significant improvement in terms of
feed utilization at 6-8, 0-6 and 0-8 weeks. This effect was noticed
when all results from four diets were pooled,

There was lower morbtality rate among birds fed the CTC supplemented
diets,

Though the cottonseed diet did not support weight gain and feed utili-
zation as well as tha soyprotein diets, it was found that the cottonseed

diet did not% increase th2 moritality rate,
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Table A-1 Composition of the broiler starter diets

Concentration (1bs/100 1bs)

Diets (with Percent Protein)

Ingredients 2LgP 22%p 20%P 20%P
Corn, ground 22,0 24,0 28.0 27.5
Sorghum grain, ground 22.0 27.0 28.5 29.0
Fat 6,0 5.0 5.0 6.0
Alfalfa meal, dehy., 17% Prot, 2.0 2.0 2.0 2.0
congs’ 1.5 1.5 1.5 1.5
Soybean meal, 4% prot.,, sol. extr, 4L.0 38.0 32.5 -
Cottenseed meal (degossypolized) - - - 2L.0
Fish meal - - - 7.5
Premix A |

Dicaleium phosphate 1.0 1.0 1.0 | 1.0
Limestone 1.0 1.0 1.0 1,0
Salt . 0.5 0.5 0.5 0.5

Total 100.0 100.0 100.0 100.0




L3

Premix 132 (pms)

Vitamin A (10,000 IU/gm) & 18

Vitamin D, (15,000 ICU/gm) - 6

Vitamin B,, (20mg/1b) - 12

B-Complex vitamin mix- - L6

D-L Methionine - 35

Trace mineral rl'd.:ut!J - 23

Corn, ground - Lk.6

Total 181.6 gms (0.L 1b)

ﬁm'cd.l:;:iotic:5

1Corn distillers dried grains with solubles
2pdded in equal amounts to all rations
3B—-co‘mplex vitamin mix supplying in mg/lb: riboflavin 8,000;
Pantothenic acid 14,720; niacin 24,000; choline chloride 80,000,
hTrace mineral mix supplying by #: Mn 10; Fe 103 Cu 1; 2Zn 53 12 0.33
Co 0.1,
5Chlor*t.e‘c.rac;,rclﬁ.ne (Aureomycin or aurofac 50) was added as second treatment

to each of the diets at the rate of 23gms/100 1lbs diet.
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Table A-2 Composition of the broiler finisher diets

Concentration (1bs/100 1bs)

Diets (with percent protein)

Ingredients 20%P 18%p 168 163p
Corn, ground 26,0 29,5 32,0 32.5
Sorghum grain, ground 25.5 29.0 32.0 32.0
Fat 9.0 8.0 8,0 8 5
A1falfa meal, dehy. 17% Prot, 2.0 2.0 2.0 _ 2.0
congs! 1.5 1.5 1.5 s
Soybean meal, LL% Prot., sol. extr. 33.5 27,5 22.0 -
Cottonseed meal {degossypolized) - - - 16.0
Fish meal - - - 5.0
Premix A |

Dicalecivm phosphate 1.0 1.0 1.0 1.0
Limestone 1,0 1.0 1.0 1.0
Salt 0.5 0.5 0.5 0.5

Total 100.0 100.0 100.0 100.0
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Fremix B2 {zms)

Vitamin A (10,000 IU/gm) - 15.0

Vitamin D3 (15,000 ICU/gm} - 6.0

Vitamin By, (20mg/1b) - 12,0

B-complex vitamin mix> - L6.0

D-I methionine - 35,0

Trace minersl wixt - 23,0

Corn, ground - 20.0

Total 227.0 gms (0.5 1b)
Ant.ibio‘oicg

| 1Corn distillers dried grains with solubles

© 2p4ded in equal amounts to all rations

3B-complex vitamin mix supplying in mg/lb: riboflavin 8,000;
pantothenic acid 1L,720; niacin 24,000; choline chloride 80,000,

hTrace ﬁineral mix supplying by %t Mn 10; Fe 10; 2Zn 5; Cu 13

12 0.3; Co 0.1,

5Chlortetracycline (Aureomycin or aurofac 50) was added as second treatment

to esach of the diets at the rate of 23gms/100 lbs diet. .
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Table A-3. Average 0-2 wezk weight gains and feed utilization,
Poolad Experiments (I & 1I)

Diets> Av, Wi, gain (gms) Av. Feed Utilization'
1 275.58 1.h2k
2 26).)2 1,501
3 276.00 1.551
4 133.58 2.009
Ranked diets for average Wt, gain32 3 1 2 L
Ranked diets for Av, Feed utilization® L 3 2 1

1Kg Feed per kg gain

2Ranked diets are based on Duncan's Multiple Range test., Any diets
not underscorad by the same line are significantly different,
JDiets: 1 - 2LZP Soybean

2 - 22%P Soybean
3 -~ 20%P Soybean
L - 207P Cottonseed + Fish meal
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Table A-h, Average 2-l week weight gains and feed utilization,
Pooled Experiments (1 & IT)

Diets Av, Wi, gain {gms) Av, Peed Utilization
1 SLh.83 ' 1,73
2 530,00 1.782
3 53L.67 1.863
k 307.50 2,126
Ranked diets for Av., Wt gains 1 3 2 b
Ranked diets for Av, Feed utilization h 3 P 1
Table A-5, Average L-6 week weight gains and feed utilization,

Pooled Experiments (I & II)

Diets Av, Wt, gain (gms) Av. Feed utilizationl
1 he .67 2.2L49
2 7h8.50 2.2L0
3 709.08 2.407
L 530.50 2.370
Ranked diets for Av. Wt. gains 2 1 3 L

Ranked diets for Av., Feed Utilization 3 N 1 2




Table L6, Average 6-8 week welght gains and fsed utilization,
Pooled Bxperiments (I & I1)

Diets Av, Vit, gain (gms) Av, Feed utilization
1 756.33 2.766
2 779.83 2,672
3 763,83 2,7h1
h 681.50 2.582
Ranked dists for Av, Wt. gains 2 3 1 L
Ranked diets for Av, Feed Utilization 1 3 2 H
Table A-T Average O-L week weight gains and feed utilizationm,

Pooled Experdimeants (I & IT)

Dicts Av. Wb, gazin {gms) . Av. Fead utilization
1 §op,L2 1,628
2 787.00 1.708
3 810,67 1.749
'k 437,58 | 2,095
Ranked diets for Av, Wt. gains 1 3 2 L

Ranked diests for Av. Feed utilization l 3 2 1

L8
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Table A-8, Average 0-6 wesk weight gaing and feed utilization,
Pooled Experiments (I & II)

Diets Av, Wi, gain {gms) Av, Feed utilization
1 1565,83 o © 1,928
2 1542.58 1.966
3 1521.75 2.061
l 971.67 2.240
Ranked diets for Av, Wt, gains 1 2 3 L
Ranked diets for Av. Feed utilization L 3 2 1
Table A-9. Average 0-8 week weight pains and feed utilization,

Pooled Experiments (I & II)

Diets Av, Wi, gain (gms) Av, Fead Utilization
1 2331.33 2.2L2
? 2323.33 2.229
3 2287,25 . 2.336
L 1660,.33 2.420
Ranked diets for Av, Wi, gains 1 2 3 L

Ranked diets for Av. Feed utilization h 3 1 2
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Four diets, with and without chlortatracycline (CTC) were tested in

two experiments to determine which of three protein lavels of soyprotein
diets would best suppert broller growth; the comparative effects of combined
cottongsed and fish meal protein diets with other diets on broiler perfor-
mances and the benefits of CTC supplementation in each of the diets. The
first three of the four main diets contained three levels of protein, 2k, 22
and 20%, respectively in starter diets with soybean as the source of protein,
The fourth diet contained 20% protein with combined cottonseed and fish meels
as protsin sources. Broiler finisher diets contained L% less protein than
the starter diets. There were a total of sight diets and each was fed to 30
birds for eight weeks in each experiment. Weight galn and feed utilization
were the main criteria for evaluation of these diets.

It was found that the 22% proteln soybean diet was more prefereble than
either the 2k or 20% diet because it had significantly better feed utiliza-
tion. Among the three diets, 1t was least consumed. It supported the 1e;st.
mortality rate. Average welght gain was not significantly different for the
three diets,

The cottonseed diet was penerally inferior to the éoyprotein diets ih.
terms of weight pgaln, feed utilization and feed consumption, Consumption
of the cottongeed diet was sbnormally low. However feed ubtilization from
20% soyprotein diet was not sigmificantly different from that of the 203
protein cottonseed diet, Mortality dus to the cottonseed diet was also
found to be no higher than the soybean diets, : - ;-g'f:_u

Supplementation with CTC had no significant effect on.weight gain, -

feed utilization and feed intake but it did reduce mortality.



