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Abstract

Chemical analyses-and ln vivo digestion trial were conducted to cornpare conttonseed
nreal (cSM) wirh feather rneal (FM) as supplerne,rs in the dies of growing sheep. The
supplernents were analysed for the proxinlate conlponents and gross elergy. The
digestion trial (using 20 crossbred whether larnbs) compared a basll ration (a) which
contained 657a ground naize, ?8Vo chopped ,y.gru* straw, 67c molasses and lVo
lirnesro.e tlour (8.9% cp) with rario,s in which (6) cSM was added to the basal ro
supplenrent 507o of total'nitrogen (cSM-50. l4.ggo cp)" (c) co,nrnercial FM was added
to the basal to supplernent40V" of totalN (FMJo. l4.6Wt CP) and (d) corrrar*rcial FM
was added kr the basal ro supplerrrenr 50.9o oi total nirrogen (FM-50, is.seo clrl.

FM co.rai,ed rrigher cp, erher ex.tract (EEi end gross energy {cE) rl"lu* csM.
However, CSM had higher acid detergent fibl*r (ADF). rotrl nsh andirirrogen free cxu.ecf
(NFE) than FM. Both protei, supprements (FM anct csilI) were digesld t* a similar
degree (P>'05). Howcver, protein digestibiliry was signific*nr!v lrig[er (F<.05) tbr rhe
supplenrented ratiorrs than for the basai ratioo. N re tentiotr ro.s-* highci(Fq.{J-5-\ f*:. :he FFi -
40 dict than for the CSM-50 and FM-50 diets with rro difterr-.ne{: (l}>.iisi ;r*io*g tirr: iw.r
lauer diers. Digesribirity of EE was in the order: csl,rt-50: FM4{} = Fi{-.:{}> rra*rr
(P<.05). Digestibility of ash was higlrcr (P<.0rll i for rlr* CliM-50 <iier tilln tlr a;iy i:lih,:
other diets. Digestibility of NFE wos higher ftrr th* sr:J:plerrrenled di*r-s rhart tgi rlir 

.bls;j
diet (P<'05). The study showedthat FM cornpared weii rritlrCSht *s lrrole:ri ru1":pl*;ri*iri:
for groiing shecp (yter unit of N basis).

Introduction

By_-products (especially those high in N) are becoming very irnFrtant ilr livestock
rations. Church (1978) pointed out that protein is imporrant iitteolng airlmats because it is
the nutrient foul{in highest concentration (other than water) in oigar-rJand muscte tissues.Aderibigbe and Church (1983) observed that although teattrers aria taL* are atmosl fureprotein (85- 1007o CP)' these are mostly keratine whictiare not readily difistrtrle in the narural
state. but are utilizable by ruminant animals if processed rt,'ougn sic.am cookipg unrlerpressure.

. fs the Nigerian poultry ind.ustry expands, there will be an increase in the number ofrendering plants with subsequent increased production of feathers which are by-products ofthese plants' Feeding feather meal to ruminants and other livestock will help to reduceenvironmental polrution, produce edibre rivestock products from non_edible waste andreduce competition between livestock and humans for food.
The objective of this slutly was to comliard,Iffitiilidtio meal (which is a widely usedprotein supplement in ruminants' ralions) with feather meal as piotein supplements tbr

growing sheep.
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Materials and Methods

Chernical analyses and in vivo digestion trial were conducted to compare cottonseed

meal (CSM) with feather meal (FM) as protein supplements for growing sheep.

Chemical Analyses:

Each supplement was analyzed for dry matter (DM), crude protein (CP), ether

extract {EE) and ash hy the methods described in AOAC (1975). Acid detergent fiber
(ADF) was det*tmined by the method of Van Soest (1963) using the modified micro-
procedure of Waldern t1971). Nitrogen free extract (NFE) was obtained by difference

except that ADF was used instead of crude fiber. Gross energy was determined using a

Parr adiabatic Oxygen bomb calorimeter.

In Vivo Digestion:

The trial involved 20 crossbred wet[er lambs alloted to four treatments (equalized as

to weight) with five lambs per treatment. The triat compared a high concentrate (8.970CP)

(8.97o CP) basal ration (a) which contatned65Vo ground maize,287o chopped rygrass straw,

67o sugar cane molasses and llo limestone flour with rations in which (b) CSM was added

to the basal to supplement 507c of total N, resulting in a 14.8Vo CP diet; (c) commercial FM
\'.,as added to the basal to supplement 4AVo fital$ {.14.670 CP) and (d) commercial FM was

xrtied to the basal to supplement 5070 of total I'-{ (15.8V0 CP). The chemical components of
ihe basal ration and eech protein supplement are shown i;: table l. The daily t'eeding scheduie

during the digestio* trid is shown in table 2.Duly feed wa.i divided into two equal parls and

fed at 0800 lir. end ir.riit hr" The basal as w*ll ax each supple;.r:ent were weighed sspa:"ately

and thoroughty nixed (ior supplemented diets) betore being t*3.
Each trial consisted of a 14-day pre-adjustment period daririg wlrich arrimais were kept

in fourcoveredpens bedded with wood shavings. Aft*rpr*-arljusln-:enr" anintals rv*ri: housed

in rnetatrolism cages designed to allow separation of u:ir-ic and faeces ii"rr:r ?-qry t:Jjust'ne nt

perioi! and a l0-day collectien p*:'ir<}. Aniqlals were gradually atlapled to *."rp*riirie:ttal tiiets

(ftorn a diet of grass hay) tiuring the pre-adjustment periixl and brought tc full fr:erl of
experimental drets (acl libiutnt) in the first 10 days. Records were kept on feed offered and

feed refused when animals werc on ad libitum experimental diets. Feed offered was reduced

during the adjustment and collection periods w8A% of ad libitum consumption. During the

collection period. total faecal and urinary excretions were collected daily for each animal"

Faecal samples were weighed and urinary samples were measured. Ten percent aliquots of

faecal and urinary collections were storcd at 5C for later analyses. Five ml of phosphoric acid

were added to each urine collection bucket in order to minimize N loss. Water and trace

mineral blocks were available to all animals ad libitum during the entire period.

Theexperimental feedsand faeceswereanalyzed forDM, CP, ADF, EE, ash, NFE and

gross energy by methods described earlier. Urinary N was determined by AOAC (1975)

methods. Digcstion coefficients for components of each diet and supplsment (by difference)
rvas determined"nv the methods described by Schneider and Flatt (1975).

S$.atisfi cai A**i-vris:

L,al:: i'or Llz* iit, ',;: r, sil-ldy rvere alajyzed hy us* of one way analysis of varianee as

des,.:l',iri:j '1,'y ljei*r ai:ir.! :,!i'as!erm*r: ii977i. Treain:eri ineans were compaled by use oi the
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LSD as described by Steel and Torrie (1990).

Resdlts

Chemical Analyses:

The results of the.chemical znalysis of the basal diet arul each protein supplement are
shown on table I ' FM which was the test protein contained trigher Cp (gs .5vo) onadrymatter
basis than cSM(47 -2a/o) which is a widely used protein ,uppt"r"rt i, the diets of ruminant
animals. FM also had higher ether extraci and gross energy than csM. However, cSM had
higher ADF, total ash and NFE contenrs than FIVI.

In Vivo Digettion:
The mean in vivo digestion coefficients (7o) for components of each diet are showni, table 3. The percents digestibte dry matter (DDM) and iigestibl" o.gu*. matrer(DoM) amor)g the trcatments were not different (b.05). rni oigestion co-efficient for

cP was trigtrer(p<.0s) for ihe supplemented diets than for the uisa oiet. Among the
supplernented diets, the percent digestible crude protein (DCp) were not different(b.05).

- 
The percent digestibility of EE for the experimental diets were in the order: CSM-50>FM40 = FM-50> basal (p<.05). Digestibiliry of arf, was higher tp..OOil fbr rhe CSM diet

than tbr any of the other diets. The percenr &gestibility of Nrr was higher (p<.05) for the
supplemented diets than for the basat diet. emong the supplemented dieis percent digestible
nitrogen free extract (DNFE) were not different (b.05). The low levet of NFE in CSM(25'37o) coupled with the fact thatFM had noNFE (table l) make this resutr less meaningful.
W.75 N retention expressed as centigrams per kilogram of metabolic weight (cglkg W.75)
was llot different (b.05) among the diets due to laige variations among individual animals
on each diet. When N retention was expressed as percent of N fed, the values obtained were
higher (P<.05) lor rhe basal and FM-40 diets rhan tbr the csM-50 and FM-50 diers.II new paragraph Table 4 shows the <ligestion coetlicients (Zo) tbr DM, OM, Cp and GE tbr
each protein supplernent in the experimental diets. These values were calculated by
difl'erence' a method which assumes that the digestibility of the basal diet did not change
when the different protein sources wcre added to it. tt. i....nt oigestiuitiries of DM. OM
and cP by difference were in the order: FM40> FM-50 = CSM-50 r"r..o-ty. GE digestibility
by difference was in rhe order FM-40> FM_5b CSM_50 (p<.05).

Discussion

The high cp content observed tbr FM agrees with the findings of Aderibigbe a,,d
Church (I983). whoobservedthatFMwasalmoJtpureprorein.containilg g5 - 90Zc Cp(DM
basis)' Thus. FM can serve as high protein concentrate in livestock oieti. rne higher ether
extract and gross energy contents of FM compared to those of cSM could have been due tothe fact that during the rcmoval of t'eathers form birds, some of the skin ald adipose tissues(which contain firainly fat) arc often pulled off with the f'eathers. ln contrast, the cottonseedoil had been extractcd with_a solvent resulting in very little oil ieft in the nreal. The result ufthis study showed that cSM conrained higher ADF than FM. Aderibigbe et aI. figg2)observed a negative relationship between the ADFcontentand the nut itio."rrf u. J;;**:
The tact that F[{ containetl no NFE, and very little fiber suggests that it contains little aniouut
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ofcarbohydrate. Van Soest(1982)pointedoutthattheproximate systemof analysis divides
ttrc carbohydratesof feeds into crude fiber and NFE.

The higher Ievels of tligestible CFob,ser.red fcr the supplernented diets &an for the
basal diet was expected since the bosal diet was present in all treafinents and the levels of
protein in the supplemented diets were highry than that in the basal diet, and were more than
adequate for the reguirement cf the growing lambs. A cornparison of tk percent digestible
CP among the supplemented diets showed no significant differe*ces (b0.t)5) indicating that
commercial FMc**paredfavourably withCShlasprotein supplemenis forgrowing lambs.
On the conray, Tkcrmas and Beson i 1977) obseru€d higher faecal N for Hereford steers fed
a l2% CP, FM and hair meal (HM) supplemented diets as compare"tl to a soyebean meal
supplemented diet" However, the differences in the levels of protein in the different
experimenB andtltedifferentoil seed mealsinvolved tlo no{allcw foradequate cornparison.

The coefficient of digestible EE xas higher (P<S.05i far the CSM-50 diet than for the
o&erdiets. However. the low levels of EE in all diets {2.1% for tlre basal; 1.39c and 5.17o for
tlr supplementral CSM and FM, reqpectively) rnaqlc the result of little signiflcance. The
higberea*fficientofdigestiblcashobsenreilfortheCSMdiettha$ f6rthe otherdiets E<0.05)
irdisates that CSM was a bess souree of digestible rnineral cornponents th*n FM for
growing lamb*. The fact that CSM containsd high*r Ievel of ash than F${ {6"7% and 3.09e.
re.lpctiyery) makes this res*lt more mc*r:ingfu}. lditrogen r*t**fioer exp"cssed as;rercent of
nitrogen fed wa* higher {P<0.05} for the hasal and FM-40 diets &an lbr the other diets. This
sngge$[s that &e aplimum level of supplerne*tation of FM iR the diefs of gr*wirrg larr*s
wmld be40lrpof tlretotalni$cger. TheresulBobtair#d forthecoefficie*ts *f dig*sfible illv{"
OM, CP and eE for erch protein supplemcnt in the experimenutr diets try difference it-tble
4)alsofavours thecptimurn u(eof FMat40% of &e total nitr*gen. The rs,qultsilf,mired f'or

tl:e *oefficients *f digestible DM, OM, CP and GE for each prolein s*ppiemenr in th*
experimental diets by rlifference {table 4) *iso fav*urs the optirnum use of FM at 4070 of the
total nitnogen in the diet. Theresults shcwed that EM comparesi well with CSM as protein
supplements fu growing l*mb's on a per rrrit of nitrogen basis.

TABLE 1: CHEMICAL COMPOSITIOT\ OF ?I{g IIASAL I}IET AND ?HE PROTEIN
SUPPLEMEN?$

Feedstuff

Item Bassl C*ltonseed
mepJ

(e$Mi

Feather
meal
(FIvI)

Dry matrer (DM),Eo

Analysfi, 7o of DM:
Crude protein (CP)

Acid detergent fiber (ADF)

Ether extract (EE)

Ash

Nitrogen-tiee extract (NFE)

Gross energy (KcaVg)

90.2

8.9

14.2

2.2

4.3

70.4

4.2

90.9

4'.7.2

19.5

1.3

6.1

25.3

4.7

94.4

85.5

6.3

5.2

3.0

5.6
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TABI E 2. DAILY FEEDING SCHEDULE (G DRY MAT"TEB BASIS) FOR THE. 
EXPERIMENTAL ANIMALSA

Treatment

Feedstuff

Basal

Cottonseed meal (CSM)

Feather meal (FM)

Total

Basal

w4.2

w4.2

csM-5s
723

266,.1

9S,.1

FM4S FM-5tr

813.4 813.4

107.5 161.2

920.9 974.6

"Daily t'eed was divided into two equal parts and fed at 0800 and l600hr.
bConttonseed meal supplied 5AVo of ttre total N in the diet.

"Feather meal supplied 4A9o of the total N in the diet.
dFeather meal supplied 5070 of the total N in the diel

TABLE 3. DIGESTION COETT'ICIEI{TS ( % ) FOR INDIVIDUAL COMPOI{ENTS
AND N RETENTIONS OF EACH EXPERIMEI\ITAL DIET (MEAhIS OF
FIVELAMBS)

Diet

Component Basal CSM-50 FM4O FM-50 SEM

Dry matter(DDM)*

Organic matter (DOM)*

Crude Protein (DCP)*

Acid detergent fiber (ADF)*

Ether extract (DEE)*

Ash (D Ashl*r'*

N-Free extract (DNFE)-

Gross energy (DGE)

N retention (cg&g BWrs)|

N retention (7o of N fed)*

77 "4 .6

79.O .6

80.1b .7

45.3 1.2

89.1b .8

47.1, 1.3

88.3b .5

78.4 .7

u.9 4.9

23.1 1.9

'16.r

78.9

68.5"

M.3

8s.y

48-2.

u.9.
77.5

52.8

30.3b

76.6

78.0

80.8b

43.7

92.y

54.9b

88.2I

77.2

61.3

24.4^

78.s

80.3

81.Ib

48.1

90.0b

47.7,

89.3b

79'5

6.3
28-4b

"'b'"means in the same mw with different sprerips re diffmrt
*P<.05.

***P<.001.
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TABLE 4: DIGESTIONCOEFFICIENTS (%) FoR CEI$AINC0MPONENTS OF EACH
PROTEtrN SUPPLEMENT By Dmp'EnrNCE {MEANS OF FrVE LAMBS)

Sui.rpler**nt

Component CSM-S,J Fir{-4{i F&,{.:{J SEM

Dry matter (DDMI

Organic matter (iX..!l,ti

Crude protein (DCf ;

Gross energy (DGIii

?4.9"

74.6^

83.?"

87.4i,

ii9"0b

86,t:to

36.t"

76.{i,

76.5"

8?.4,

19.*l

1.0

o

{

a'b,$,Me{u1$ in th* same row with different superscripts are different (P<.0S:.
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