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mmoDUCTICli 

Until recent years, cottonseed meal was the most important vegetable pro­

tein supplement used in livestock teedi:.i:l.g. During the last two decades soybean 

products have became mare and more important tor this purpose until today they 

aeriousl3' rival the cottoMeed product s and e"Ven s0tne ot the well-known protein 

supplements of animal origin . 

1'he tirst cottonseed oil produced in America was experimental.l,T extracted 

in 1768 (Mac,-, 1921) . The British Government ottered prizes tor oil and cake 

production in the Britiah West IIidi_es in 1783 and the South Carolina. -~cul­

tural Society offered similar pri~es 1n 1785. A patent for a cottonseed oil ex­

tracting process \la8 granted to c. Whiting in 1799 and a small amotmt of cotton­

seed wau crushed b7 Benjamin Waring or Columbia, South Carolina in 1802. A 

patent was issued 1n 1819 covering the use or cottonseed cake ae cattle teed 

(Naoy, 1921). A small amotmt of cake was ffident]3 ~ing fed to oattle by 

1829, but Bailey (1948) quot.es fi~s that show that as lat e as 1890 a very 

large part or th.a cottonseed. ,: alee pro:Juced wa-a used as rert:tl13~r. I t was well 

established as a liTestock feed by World War I and has continued to the present 

to be a source of iDCOJllle to the cotton producer as i.iell as a good source of pro­

tein £or the livestock feede:" . 

The soybean is one of the oldest crops known to man but is relatively new 

to American agrioultlll"e. Markley (1944) quotes Morse an! C-irtter as stating 

that a reference to soybean is found in a Chinese manuscript written in 2838 B.O. 

hidenti,, China is the original home of the soybean but 1t bas migrated to 

pract~ every country in the world. There has been much interest in its 

production in lurope and the Orient for human food but in the United States 

most of the soybean products have been used industrialJ.1' and a.a livestock teed. 

Tm first soybeans to be processed for the oil and meal. were imported. 



try harl bean established .. 

methO'J.~ {b,ydrau.lic pres:s &Jd expellers).. F<n-eign countries J't..a.V'e al:waya favored 

was crushed by the hydraulic process.. Iu 1946 the solvent processing cc.pucit.y 

eo.m:prised JO - 35 per cent of the tot.al soybean proeas.sing eapzcity (Bailey 

1942) • '?he same a.u·thor estina:ted tbat 90 par eent of' all eotton.seoo. .m.ea.l fa 

proeess as~Jfl a.nd contain on.4'" from. 25 to 50 p-er oe.nt as :nm.eh fat G.S :;;ressu.re 

of f'at-soluble vitn,":iJw tlm.t my be r0novad by the .rat solvents in solvent 
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LITEJW:ORE REVIEW 

Sotte trou.blA ua.s ~rienced l1hon cottonneel troducts were .t"ir .. t uood. as 

livestock feed:,. Mt:\o:- (192.l) quotes Voelker as observing injurious effects 

tram cottonseed ooo.1 1.11 1859 and the S8!llC a11thor givoc KuhL~ crodit for the 

disc~ of a toxic ;roll.a: dye in cottonseed. '.rbis d,ye was c-.rystalllzf'ld. by 

Marcklowsld. in 1899 run wao nam.'i'd. 11,:::oss:rpol" by b.1n. 

Osborne ~ 1".ol'.lde~~ ( 1917) founi cottonoood hn-i1els t.o bG toxic ·t;o rats. 

Tbs toxic substi:mco could ba er.;rai,ted by Gthor. Steat? treatment o£ karnel.3 

destrayeu th~ tcr.d.o ettect,s . Wide v.:iriD.tions in the w.11~ at the product duo 

to variations in tho length ~ tha heatin6 period ,-1ore na~ad. Gallil.> (1928) 

reported that 1 por oent or g03sypol in the ration \las .fatal to rats. Cook­

ing deatroy,:d the toxic proporties of the :ioals but autoole.vin~ oit,her seeds 

ar meals 101'/eroo. the dieestibillty. Robison, ~t tho Ohio station de:Jtroyed. the 

tarl.c factor in cotl;C>ru)oed mal. by cocm:._ing ,11th ntea.'a imer 14 pourds pressure 

tar one hoar . Feeding tho meal vitb 2 per oont of iro::i BU.lfate or fesdlng tho 

mcru. with tankego uo,tJil prova:It doo.tb lossos 1n m.tir..e (19.39, 2948). At the 

same sts.tion Ger.l..nu.g1' (J.940) !own no d1ff6ronc3s 1n ¢Tl of RWCll" c~.lva~ fed 

ootto..."1sec:l D10el vitb iron .salts in contrast to ejmil->-;-- 3ni.m.:.ls foo the ncru. 

withoat the Re.1.ts. 

Ip~, !!.ti. ~ (1944) dcirvel.opod a hee.t proeess!.ng method that prod.u.cod 

oott~ro. J'lle&l coma.in.iJ:Li <>Jicy" 0 .02 per o-ent :rree gossypol, as detormincd. by 

a ooloritlet:rto tf'lst. This nao.l 'WM non-toxic to guinea piga and gavo gooi re­

oult:, 1i1hen fed in a fattening ration ~o hogs f.or 90 days. 

Heat Trcn+.mont 

The affect of heat treat.mont on soybean meals has stimulatod research in 

several laboro.tol1.es. This "Work bece.mo espeoi9.lJ.;r inportant as soon a:1 solvont 

extract&-l me~J. appeared. on the market in large quaat1tias. Stud.1Gs ·wero made 

on solvent process lllBale and on hydro.ulio ar.d expeller procc::i::i meal.D, Cld tha 



effect of various heat tteatments on ea.ch of these meals was noted. 

Osborne and Mendel (1917) foUJld that when raw soybeans were fed to rats they 

ware unpalatable 81ld Yould not support normal growth. The meal was not iJl:groved 

by coold.ng 1n dry heat but cooking 1n a ateam bath far four- hours pr<Xlu.eed a 

meal that supported good growth. A 8amp1e ot camr::ere~ processed meal pro­

duced resul.ts that were practical 1T identical to those o.f t he autoclaved meal. 

Wilgus• & ~ (19.36) reported that no significant d.1£'.ferences existed be-

tween meals produced 1:q the three ditferent processes but that the aJDOUnt of 

heating each meal was subjected to affected its nutritiw ffllue . The m.ost etti-
' 

c1ent ~ s were produced by beating expeller meals at 140 to 150 degrees C. • 8Dd 

~c meals at 105 degrees C. The usual commercial practice o_f heating sol­

wnt meals tar 15 mmu.tes at 82 degrees C., also produced a satisf'aotory product. 

Heyward and co-workers (19.36) found that mea1s manufactured by all three pro-

ceases gave good growth if treated -with heat at high temperatures. Growd soy­

beans or low temperature , eals gave poor growth 1,1hen .fed to rats even though 

they seemed palatable and were consumed 1n large amotmts. Mitchell and Beadl.es 

(1937) heated s01beana for one hour under 15 pounds or steam pressure aJXi raj.sed 

the coefficient of digestibility of protein f'ran 78 to 83 al.Id the 1 iologice.J. 

value tram 49 to (fl -when fed to rats. They concluded that heat.ing the beans made 

oyst:ine more available to the animal • a digestive aysl:,OlD.. Johnson and co-workers 

(19.39) used several sol'Vellts in extracting so,bean oU meal. Bone of t he solvents 

seemed to affect the nutritive value of the meal. When meals 'Wtl1"8 autoclaved 

far 19 minutes at 150 de~s c •• they ga:ve good gr°'1th and it -was noted that a 

greater percentage of' the BUltur 1n the meal -was retained by the rat atter it 

'Was digested. Bird and Burkhardt heated llleals produced by all tbree processes. 

~c meals could not be improved by heatillg bu.t expeller and solvent meals 

ohawed response to various amotmts ot beat . All of the meals could be over-

heated D.Ild such overheating decreased the nutritive value. They advised beating 
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at ~ pounds pl"eaaure for 2r-1/2 minutes rar poultry feeding and further stated 

t hat the nutritive value could be deoreaoed by a temperature of' J.2S de~ea c., 
but not by a temperature of 104 degi:-ees c. In two experiments -with lambs, 

Millar tmd Marrison (1944) :found the protein in raw ooybeans to bo 91 per cent 

as digestible as the protein in either heated or unheated solvent processed soy­

bean oil meal. The solvent meals bad biological values of 62 and 6), the heated 

meal having tho higher vnlua. 

Ca.alee,.. and Knapp (1944) developed a method of de'teotiilg inadequately heated 

meal.a that depellded on a teat for the presence of urease 1n the meal. Bird and 

Burkhardt confirmed the value ot the test but found it to be inettoctiw 1n 

detecting overheating. 

Hayt1ard am Hafner (1941) conductod a aeries of parallel experiments with 

chiolw ani rata, using ra;w am autoela~ beans. They eonc1udod that haatina the 

beans a.f'fected the digestibility or the aulfur-conta.in1ng amino acid.a o.IXl that 

adding 0. 3 per cent cyutine or 0.3 per cont methionine to mw bcana gnw as 

good results aa autoclaving. The effect o.f adding methionine waG greet er than 

that of adding oyatine. Autoola~ beans were bet·ter utilized vi.th eithor animo 

acid added than wore tho rau beans uith both amino aoids added. The oonclusions 

were that raw soybeans contain a su.b-opb:lmal. quantity or meth!onine alld a. deti­

oioncy of oy'stine.. Evans and McGinnia (1946) advised aut0<4aving meals at 100, 

llO ar 12) degrees C. tor opt;ii:aum results in pouJ.tr;r feediDg. Thay found the 

methionine and cystine in tho meal less available i.f' heated aver 12> degrees c .. 

Adding 0-2 par cont mothionine to ray neal gave npprox1mat.e~ the sama results 

as heatod meal. S1rnUar responoe ws observed izi the ohicks fed the raw meal 

and in those fed overheated t:1eal. In a later test (1947} those workers e~ 

firmad thofr previo\13 msulta and also reported a higb oarrelation bet-wean ,U! 

ptro digestion or the mes.ls by e: solut-fon or trypsin aDd erepain cmd the actual 

digestion 0£ the JOOa.ls by the chick. Fritz and co-uorkors (1947) f'ed turkey 



meal. 

pool' growth resulted. This could bo co1.~2'eci,od by aJding lysine, nothionine G:<1d 

cysti21e., 

;rat,o .. 
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to tho meal before autc1aving gaw even more complete destruction of .lyains. 

Evidence of additional. factors being involved was presented by Patton 

and co-varkars (1946) . The addition of l . A> per o ant DL-&3th.1onine to a 

ration of corn and heatod. solvent soybean oil meal did not give ea crood growth 

in ehicktl as adding a smll amount ar fish caal to the diet . Tbe conclus-ion 

drawn ws that aom other !'actor was needed to give good growth on a corn-aoy­

bean oil tieal ration and that tho need of' this f actor might be a peculiarity of 

thia diet onJ,¥. 

~ Factors 

.l trypsin inhibiting sub3tance was extracted f'rom ra1o1 soybeans by Bowman 

(1944) and Hrun and San:istecit (1945) . I t waa derivod from aqueous extracts of' 

ray soyboails by a dilute acid at a pH of 4. 2. It vas found to be inactivated b1 

treatment \11th 45 per cent al.cohol, or by autoclaving either the meal ot the 

ext...~ct. lloso, Hill and Fevold (1946) reported the extraction from raw soy­

beans of a eu.batanoe that retardoo t .ha gr.-awth of rat a . I t uas assumed by Ham 

and Sandstedt that the trypsin inhibitor var, alao a growth inhibitor. Ham, 

Sandstedt and Muasehl (1945) conducted an experiment with young ohioka that ex­

tended over a 1.5 day pericxl. They found tho trypsin i.nhibitine extract re­

tarded chick growth t.1hen addod to a ration containing protein from either 

an1maJ or vegetable sources, but that a ration contain~ng soybean oil meal 'Was 

attected more than a ration with pr-otein from animal souraeo. These Nebraska 

varkera auggo:Jtod that the .inhibitar made methionine leas available to the chick. 

lunita (1945) orysto.l.l.ized the tmsin inhibi tor a'Od. showed that it -was of 

a protein naturo. It was soluble in dilute acid, dilute alkali am. in a aalt 

solution. 

McG1.nn!s and Menzies (1946) disoovored that digesting raw soybean flakes 

'With pe.pein tor 14 hours at 71 degress C., gave as good growth as autoclavin.g 

the £lakes .30 minutes at la> degrees C. When the flakes were both autoola'Ved 
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azid digested with papain chicks gained slightly faster . They concluded that 

either autoolav.Lng or digesting uith papain wa.o effective in inaetivati:ng the­

growth 1Jlhibiting substance. 

~o Indian investigatara, Desikaehar and De {1947) conducted an exporimont 

canpari.ng papain digaated ooal l-lith an undigested control. They could .find no 

si.f.;ztlficant difforenaes between the two and concluded that o.11 proteins in the 

meal vero aff'octed by the ~in inhibitor, not juct tho ~thionine containing 

trectiona. I t wa!l also concluded that otl.J.er substancos in ra-w so~ be3ides 

the trypsin :lnhibitar attectad grovth. Tlus vas alao suggostod by Barcbcrs 

(1948). He prepared a hi~ purified solution o£ tho trypsin inhibitor from 

soybean flakes digested. with papain and a simi Jar soluti on 'Was precipitated 

from tho tmligested coybe:an extract -with acetone. The acetone solution inhibited 

chick growth while pa.pain solution did not. Gerry, ~ Al (1948} also reported 

a growth inhibiting substance present in unheated soybean oil meal fed to chicks. 

They ate:l.ied that the addition of D~thianino to tho ration gave on4' sll1;htl,y 

greater growth and t,he.t females riere af'.f'ect ed. more by tha factor than uere males. 

Dorcbara, Ackerson and Sandstedt (1948) reported that the trypsin inhibitor 

d.icl not compete 'With tryp.gin far the substrato but rather that tho inhibitor 

neutralized tho trypsin. .Autoclaving for 30 minu:tos at l5 poundo pross.ure doa­

troyed the 1:iihibitor. The urease test of Oaskey an.1 Knapp, previous]¥ mentioned, 

\JUG found to be inetteotivo in detecting lihe loss of action by the inhibitor, 

as 45 par cent of the irihibitar remainod after the meiil gave a. negativn ureaae 

test . Borehor3• Aokorson and M1esebl (19.48) gat; adverse results from maal 

autoolo.vod 4 minutes as advised by Cland.snin and stated that meal. ahol..w..d be 

autoclaved at loast ~ minut~ at 15 poi.mde pressure if the trypsin inhibitor 

is to be inactivated.. They auagested a t.est for the presence 0£ the inhibitor 

aa a means or detecting inadequate.ls heated meal. They explained the differGll.Ce 



G~~::.1 .~"11U ::~~ ~!e~ rl'U.k J.l'i."~tcrbion. Mi ~r ~~fat. i~~ 

than <JJ:th£w so:,~ o£1- ::10tu. at" c(Xtt~~ ~. a~mxa:t?. ~l c~l~~t}: C:1t 

c~. {19.$J2, .lr;#:3';,.. 1i~,, 19411, ,;:J;r,.i~:t~taa a $iiil:1e~ .or· ~~~~rtQ 'id~i. &ir';-

eowa, !lSinS ~.a, aab~ ~l, ~oa~. ~. ~l .lin..'le.:rl ;~ nil r&-:iir:;~ 

$.lpl)..1o.1ni~ill• l'tl e~~ ~ir.a ®~~ b,sr tJ•iooo· ~:i~l:e&'~l,, tl1u bit~~ fai;;; rlkt'-,!l 

.~ ldgb£1;1;' 2.o'wu* ~ r~: ;n;<"'~lw.:ti:~ ,;;\,l~t f.li r,'lfJJ.\1 ·.o.£!· th:2 ~t~ tho ]~" cont 

at bu'tlta1·lnt, Lil tho rltlk ~<*l$d all.lo.. Farbcu a;;:w,l ~~~s (.lFJ46) ~v.[4~ 

·".'"" .. ~.·· .· .. ,.....;:.,li".''14{'} ·t.r~)'-"."-t.,,4.,. .• ,1 t l• ... I:.,., .A~ ,n . .,.,:,.,.,,. __ -~""'- Thr- ""'~\, .. e<.i ~.1•e~.""''t'!i J!!!,,..,.'l ·~'--',,-,,..," ~ ~• ~J:""~-;~ .. ~~.w- ,_,. ... _;,iJJ~.~~·~, -}r "- ~-~ ~ .M:J ~"" ~Q.~-- .•. .,.,. . .;Ii, .• ,.~-\#..,., -u~ w- -4~ mit,i:lil4~ ·~ 

.a ixw cent,. ;; ~ .. ~ti :J.O 11t)1~ cont .and .30 tx.tr cont ~t.. ~, ·~,t}(Jd.itiat. et ..... 

·~ f'r.x:;· 70 ~"' lt uns :ro~u that CL$: tho tllet !i'~ 1n £at, t:mi~'1tit tk'.o 
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per cent diet . 

Other "dorkorn have failed. to find OllY dit.f'ereuces in diets or varying fat 

ecmtont . Knmt,llado m.d Mlckey (l.925) conducted t\lo three-month oxporimonta 1n 

dllierent :years on fattening lambs coELparinz ground soybeans, Yhole soybeans, 

cotto.nseod meal, pressure proceso soybean oil meal and linseed l!l08.l as protein 

oupplenetrts. The dzrl:.ly ga:in 1n nil lots aver both yetl!'a varied from 0 . 24 lb., 

to o.26 lb. In fattening ateer teats, over a three-yoo.r period, whole soybeans, 

soybean oil iooal. and cottonseed r.eal eave prnctioal..1.J' the Gal'De daili gain3 

{Skinner nm King, 19Z'/) . Those some Yorkers repcxt"ted lator that steers fed 

cottonseed m.oa.l slightly out gained those tad wholn noyboB.no (19::e) • Monroe ru:ri 

Jr..re.u.sa (1940} fod dairy cows ration.a ·with fat va:ry:i.nc from 2..8 per cont to 9 

per oon:t of tho rntion. lJo differences :ui either milk or butt~e.t production 

vere observed duo to fat content in arr:, of tho ratiOI1;J . Scbtlbert and Welli 

(1940} :replaced solvent extracted so~ oil !I!eal ,1ith ground soybeans in a 

dairy ration. The original rntion cOIItained 1 • .3 par cent rat am tho axpori­

mental ooo 4.75 per cent fttt . No ohanea was notod in milk fat content or in 

the total proJuctian o~ milk after one nonth on tho ezparimontal ration. Davls 

and 'Upp (191..1) oOl'ldw.rted a series of aKpeTiments \IUh growi."ie chick:, ru:i1 lny-2.ng 

hons on diets free from £at and tho same rations wl'th gr:-aded amounts or fat 

added . S101i1er gr{)t,th reculted from t.he fat- :r.ree :ration but at maturity all 

the birds uera the same ueight . Egg production uas uniforlll4r high on all diets, 

fat tree us well as those with £at, but law batobabil1ty was reportod for all lota, 

Ra.asell, Taylar am Wa.Jlcor (1941) reportoo lol.:ered production and lose in body 

weight of heruJ on a low fat ration. 

Calcium mx1 Phosphorous Content 

Protain sap~ments ~ be good aou.rceo of' minerals in on:J rol mtrition. 

lbrrison (1948) gives the average calcium content or soybean oil meal as 0. 29 

per cont atld that of cottonDoad mal ae O. ~ per o.ont. Cottonseed meals are 
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tJmti 

thu ~-.... ca;.,-,a.,g 

~WilUR (19/.8) repai-tca. g 

tad aqybewl meaJ. 



Rd)1aon (l9.30, 1941) ~Oim.:l both ~ ac:1 ~ OOGSD BOjboml cU 

mnJ.s DU}.)32"101" to oit~ MV a:" tad. GOJ.vant OOOSS oo,ba!m oil C18 

~!lloLQ~:to in mtim tut~ordllg rat10WJ. 'Bgl3;raulic ma.l saw cC>:IJQhat 

~ c,un& than ~ Dl)l'.U.. In '0 ri tri:llG, BabstMt, ~ end 

lio;nll1'\i (19.SS) re~ :ml.ts vi.th bo~ 

1328 all µ:,ccea::oo. Veutal 

c.<mf'lta ro:sul.t the:!" J!O'.m:1 sol,mt, lilOt1l. to gi'98 tutar 8Dd maro Gf'l'J.-

cumt t,11na tbaD O'Jq)Ol.lor '4um -od tc boge. Tb& azpelJe:r ma.l Qppaera1 to 

be ~ pa.latn.blo *= fed to • 

~llad:ll> (1937) roponod th.At bc3ct C!il: tada tl01"0 ettlclcnt Ol1nU 

an al.vent but tbzit ~llor mal ua.a 

equal ~ far the ditterent meals. 

Varlo;:w ~km" have testoi ... ~ ~ COvtcmsood lil03l 1n llvo,­

~ t"ound er~~ 

care or.toot!: mi~ thon cott c3ka in int ratianc tor otom:a 

(1947). ~ (1947) a.t Ar1£ona, oacpnral aolvcnt co~ caal, ~ 

canto 1n lllt.?7 la¥ing ratJ.ana. · ratiaco wo ecnt.ablod 1tbar 3 .. 7 :per cont 

fish ~ ar 4. 5 pen- cent meat ~P• ~ cott.cmaeai tl03l f.UW ~ 

h1gbc,: cua ~ wt roau.lts fit ill t.hroo nit.ton:& \Tero T/01!¥' similar. 

Cox (1948) at ' as, ~ an ~imant vitb lambs uaing a rat10ll o£ earn, 

a.J.ralt 1W 4lll1 AUaa ~. 1broe lot:1 at 30 lambc var-& rodiv14od ~ tbreo 

grou.po ten llll::lbs ench, thus mlcSns 9 grou.pu or lO lad)a oaoh. ctlo ~ o.t 

each lo!. W43 tod OllC ot the p.pp1omontB to bo tootod. Cot~ , ool.WDt 

oil r»zl azpelJe:r Pl"'()COOS ~ oil DlaJ.. \10l"e JJttpp;lo-

OlD.t:J • ~ dailT ~ tr:r all lo a 0.33 lb., 0 • .35 n,. , ml 

0.36 lb. , Sn tJm ~ nomod. Cax (l.949) ropartod soma trouble SD kNpinc tho 

lar:lbs cm the so,bean mealD •an f'OQd"• Bnm;s, OeJJnp on:l DQrlow (1946) tod soi,-
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bean oU meal, oottonseod meal and peanut meal to steers and reported that the 

nitrogen atorage from. e.11 three mooL'3 was approodmately equal. The digestion 

coefficient f"or the ~trogen 0£ the cottonseed meal was 89. 2 and that for tho 

soybean meal 1o1aa 91.3. Briggs and associates (1946) fed the same supplemonts to 

eight lambs alld eot substantia~ the aamo results as in the steer experiment . 

Briggs, Gallup and Hatfield (1948., 1949) oonductei digestibility experiments with 

steers eomparing four maa.ls, solvent nnd hydraulic cottonseed meals an:l solvent 

a:M expeller soybean oil meal.a. They reported tbat soybean meals gave b1gher 

appe;rent protein digestibility than cottonseed meals b11t that tba am.om>.t o£ 

nitrogen stored from all rations waa very nearly the same. All meals Yere 

palatable at the level.a foq. . 



l.. To rletorr:1.1.ne 'the l"f.>l&·tive "~11ue of l~b:-aulic 12.zd solvent J;.'i.t'Ocess 

oott,onseecl meal ao a suppltm1ant to :mail1.t,enance ard i"att;oning ratiorAO f01· 

laubs. 

2. Xo dev,...rmin~ tho '.reJlE.tive w.lUlli of' ~ller rurl solver.rt pJ:'oeess 

soybean oil ll10al ns a -surri:ilrnrren't. to E1a:i.:nte'l1u11oe and i'atten:lng ratio:nc, £or 

lruabu •. 

3. To- doterm.ill.e thf; relo.tivo value O'! ooy°OC,fm !oil meal ~.nd eott,:::,nc-Oed 

meal as tho pro·tEd,.'1 supplBin,snt. in m:.ttint.!)rtD.nao arvl i'e.:ttozd.ug r:c:?.tiort:l far: 

lambs. 



EXPERIMENTAL PRCCEDURE 

Two experiments were conducted in rn, .. kj ng this study. Tho samo lambs wore 

UGed. 1n both experiments and the chemic:u anaqsos of feeds, urine and feces 

15. 

vera made in the oom.e TJfJ3' for both experiments. Tbe exper:l.mants differed only 

1n the r1tiona .fed and in the metabolism cages used. The first or oa1ntenllnce­

exper:l.:ment, vas oonducted in the sllll!I.1&- o£ 1948 and consisted ot trials l through 

8 . The second or fattening experiment va.s conducted a.long s1rn:l1or lines except 

far the addition of corn to the rations aild the ':JS8 of a natJer type met abolism 

otall de-reloped at the Oklahcca Stati on. This experiment inoluded all trials 

fran 9 through 1S 811d "'as o6Ddu.otod. 1n the winter and spring of 1948- 1949. 

Eight crossbred ·uetber lambs of sim.11.ar type m:d l-l'eight were used fo:r these 

experiments. The n.n1rnals averaged apprcxx:iraately 58 pounds each at tba start of 

tho first experiment . In this experfuent oe.ob lamb vas put on a pre) 1rn1 nary 

f'aeding period -while con.tined in a small pen witlrout access to mI3' food other 

than the experimoutal ration. At tho end of this period each lamb was traDS­

f'erred to a metaboliam. cage. The cage used. lJas of tho f'alse bottom type de­

scribed by Forbes (1915) 'b1.1t \ms sliz}:rtl;y m.odli'ied to acco;.m;iodate shoep instead 

of swine. The cage had a coarse wire mesh batitom with a removable screen of 

finer mesh direot.13 un:1.ernaath to recoivo the fecea.. The urine \lent through 

both screens into the .t"wmel at tba bottom or tbo cage, when, it d:rail:led out into 

a large 'Wide mouthed el.a.as container of' two liter capacity. The urine and feces 

were colleoted daily over the t en-day colleotion poriod. Each lamb \Jal3 obanged 

to a different ration as eoon as it ruu1e off a collection period, so that each 

lamb You.ld receive each or the four rat.ion:, at sooie time during tho exporincnt . 

Es.oh lamb was -weighed at tho beg;irming a.Id end of each trial. 

The lambs wro handled in «mct.lj' the same manner durine the aeoond exp3ritlent 

except, far the use of the new type metabolism stalls for oolleotions. These 

stalls were of the type dewlopad by Br iggs and Gallup (1949) and wore for tyo 
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lambs. The stall, 'With stanohion at one orxi , ya.a uide enough for the lamb to lio 

dovn cam.forts.b4" but no.rro"H enough to eliminste unneoeass.17 motion. Tho urine 

'Was collected by n.eans or a large (12 :!.nch) funnel that was fastened under a 

coarse screen wire section of the ste.ll floor . From tho fumloJ. the urine dra.inod 

into a t1.10 liter glass container. In this new type stall the feces were c-olleoted 

in a metal gutter-box .:ro.stened. to the rear or and flush uith tho rioor of the 

stall. The gutter-box eould ba ea.si:'3 re!lloved for cleaning. Since tha stanchions 

.in the stalls could be moved either forward or backt~ard to accommodate l:mibs of 

d.iff'&rent sizes, the urine and feces losces 'Were held so low as to be considered 

negligible. 

In both experiments the lambs '\.lere .fed twioo daiJ.3'. One half of the d~ 

ration was fed in the morning and ona ho.lr in the evening. During tho first 

experiment the lambs bad tresb "Water b3fore them in too cages at all tiltea . In 

the second experiment all .lam.bs wero watel"ed at loast ti.iice da14r -while in the 

cages and had f'reeh 'Water before tho.mat all timao during the pL"eJ1m1na:cy 

feeding period . 

Before the start of each EtA--periment, all foed.s to be uood \.1ero secured, 

thoro~ I!li:xed and enough set a.side far the entire experi!nent . The prairie 

hay used in both experiments -was £.::tan the same lot . It \las chopped am thor­

ougb:cy mixed baf'ore the experiment started. Tho cam used in the seoond experi­

ment was purchased looa.113 and coarse~ ground (cracked). Due to an error 1n· 

calculation, the corn vo.s consumed oofore the end of the second oxperim.eIIt but 

it was replaced with similar grain for too la&t f'our trials . The same protein 

su.pplemente 'Waro used in both oxwriman·cs tUld. those were Ell1a.13:zed at the start 

o£ aaoh experinent and wera checkod thereafter. A composite sample or the prairie 

ha,:r ,~es obta.ined. far ohemio.al 81'.lll.cy"sis by taking a. small sampl e of hay i'rcm each 

feeding during a trial and canb1:n1ng tho oam_les at the eirl of the tr.ial. All 

.feed 'Was storod in a dry ple.co during the entire study. 



·, 
,;;,\)UJ:>cu""' ru:1::1 etl1 hsd lU:t::iergOl'L".c) DOID 

t1eals. 

1ivo1 .. oil .. 

acid to llt:i:nus 'by ciding ao:ncen"l:,rated lzydroohloric c.cid. 

each collee"l:,io.c1 po:r·iod. 
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D:c.. H,. n. Ck.tllup. .. 

as ::;pooifi0d b;r tho A.O .. A..C. (1940). 

Kj o.ldahl m.o-U1od. 



ThiB e:q;,oriment we.s designed to coJ~p1rl;;l the ·tuo cotton~eed me<',1.lt:i 11ith 

such other and td:th the tuo soyb0a.n r:1eals t1hez-1 used as 'ths D.air1 protein su.pplf3-

mo1Ti:io in mai11tenance ra:t.io.us for ~'lbs.. 'i'he exper:i.luen:t ex'Gei:ndad from Jul¥ JS, 

1948 until Xfovembm.- 3, lSMB.. Tbis period was tho tir'~ .ft~om t,he hegira.d..nc of 

the fir::;t collection period until t,ho end of the lest coJ.leet:tm1 period. :u1 the:;; 

a.'\..l)eriment. A few days we:r:e take:r1 ut tho bo;;_;ilil'1i:r13 of the o;.1mrim01:ri; to lot 

the lalllbo becomo a.ccus:too1ed t,o tho ratio.m1 11 bu:b these -were :n!)t incl1.tdacl i:.t tlte 

tira.e quoted. 

The p1 .. air1n hiiy use.ct W&LJ of goo::1 qwJ.lity:> a ligM, i;Teen oolor and of 1..mi­

f oi-r::ly .lau protefu c ontont. It had hoen stored in a dry, well -ventihtoo p 1 ,:t0e 

f'or at lea.st one yco::c and the m-.oisture oont0nt oX tho hey wal;il probably at a 

:miniraull1, The llay 1n,1.s chopped aru1 ·tho.roughly mixed several times before the 

experil:11e;,:r(; irtartod. It was stored Clo before in a ·well wn't,ilated dry place .. 

All rationo fed and all m.:aterial excreted. (f'eees er.id ur·L"'le) Yero cl10, ,ice:..Uy 

analyzed. Frou tho i'ir:;~i.U?er:l obt,d.11ed~ th~ nprJll!"ont coeff'ieient of digestibility 

for eth.0!' extro.i:rt (fat,), protein, fiber, nitroge:1 free e-A,~ract an;.:l organic 

nie.tter we1·0 detorra.:11100 f'or each lamb on ee<.ch ration. Ea.oh lamb' B reterrl:iio,:1 of 

nit:roeen i'r~11 each ra'til')'£.1 f.cd wao al.st> coaputod. Thci am.ow1t of 1tltrogo11 re-

tm..nod o:11d t,ho appa:i?t)nt, coef':?icient of digostibilit;y for pr,Yhein iii each ra:t;ior1 

w0ru tho rJt,~ndardH l>;;t which ·th.e 1tl·t1"ogo:u u:tilizstiou ol ·tho 1·0.t,iona woro judged ... 

The r,x:4i0J'Jl?J fed. 1:1..rc, prei;,o:i1tod in tab~ 1 e.11;:l the ehor!.dct,l eo:;npov:Jit,io:a. of: t.h0 

i'eedf.i is given in table 2, App.i.~o:itlrc1,1.tely Go p~r ceu!; of tho 11!.troge::1 intuke 

:Crom ot1ch l'(:t.ion tm,J fu.r,11ished oy t.he prot.ein supplement. 



!ABIE 1. Da1lt Allowance at Feeds used in DigestiQn and Nitrosen utilization 
§t1¥J;J&s fqr; Iemo 1n ExooriJJlmi I, 

Al.lo\.lanoe in Qrm::ia 
Bat ion Ration Ration 

Peed Di:r mtter • M BB cc 

Prairio ~ 92.S9 572 572 572 
J\Ydraullo oO'ttonoeed mal 92.'n 84 
Solwnt cottonseocl meal 91.91 87 
Expeller 8~ meal 92.24 74 
Solvont so,t;,oan meal 92.29 

tABll: 2. 

Ration 
DD 

'J7 

67 

QbmglJ. &aAJu~ '2~ fEW4 lm Imm,~ an 1xm1:w11t IS2a: Ji 
Cber:lioal CCZJpOsitian ot D.ey- Matter (Percent) 

Qrg. 
Feed XrW ftotein ' ht Fiber m Mtv 

P.rairiG btq' l .3.91 2.55 33.04 52.53 92.03 

" It 2 3.91 2.;s 33.04 52.S3 92.03 
It .. 3 4.04 2.86 31,93 5J.S7 92.70 
If n 4 .3.96 2.56 .33.34 52.88 92.74 
• • 5 4.00 2,,47 34.51 52.00 92.98 
" tC 6 4 .08 2. s2 32.lB 53.90 92. 98 
" " 7 4.04 2./J) 35.71 ,0.88 9.3.03 
' " 8 4.0.3 2.6, 34.87 51.19 92.74 

u,draullc cottanaoel meal 1--S 44,67 6.'R a.1s 33.59 93.38 
Solwnt cottanseod meal l--8 42.33 3.01 ll.61 36.34 9.3.29 
~ so;vbean oil moa.l l-8 50.08 5.~ S.72 32.~ 93.29 
Solvent eoybelm oil meal l...S 53.27 0.79 ,.02 33.96 93.04 

~ 
• 



This experiment \ms designed ·co d,atermir1e ·the relative w:1lue of' 'the tuo 

cottonseO\.."l mea.l.s a.ntl tho two tJoybea,1 oil mealrJ t-1hen w;ed as protein sup1Jle­

racnt.s m <":1 oa.1ir,ior.J;y used lou proteiIJ. fa:tt;onil1{l ration for 1a.."1l:>s. ill protei:i1 

llleala used in this experime:nt ·wor0 fret]i the same lots as the .meals ur.1e:·1. ln 

the first experim.on.t.. DifforeneeB i:u ekwrrdt\t\l. ime,lyoos were sniall. The mea.Ls 

tiare adde"'i to t.hc l'E,tion0 ae~ordin,'.}; t,o ·bhe :rwot:r1in co:ntont a:r.cl. enough of' 0r1eh 

2.1. 

meal i¥J.S used i:n. the re.tion to fu.r:;:liah .nppro:r.;::lmats,~y 23 y:ie!' cezit of the toi~a.l nitro­

gen intake of the r,z.tio:n. 'fhis u::\s o.lso ·the cane ii:1. the f'h·t::rt or main.tenanca 

ex:p-sriment except f'or tJ1G larger p.:iroc:n:tace of prot,ein furnished by this meals i:l:1 

that oxperi:n.ent. 

:l'he hay fed in this a:;qJGrim.ent iv2s from ·the saine lot t;tS that, used in the 

i:nr; th~ 0xperimant as the 11:v 11sei in the <%1I'lier ex:,Je1·im0nt. 

Th,a e::tpec:rimn:nt, e:;ciendcd froJ2 Docoribo1" 2,;, 191i8 until Al!'Jt'il 9, 1911.9. Tho,~e 

period,. 

Th:3 sam.o eoef'i?icientn of digestibility were co::ay.iatod ac in t,ht::1 first 

experimen:t. arid. tn0 ssEe criteria of 11itroc;en utiliza'tion -wero 11$;.;(, 0-1::i before. 

Tho rations f'r~J. ?c:r0 given in tablo 3 m'ld tho cha:,1ic,tl cm1:1pofJition oi: tl13 i~f .. tion. 

constii.ue:nt:J i;;, i:,ll·ese:rrtod 1.a tabl · ,~ .. 



TAB 3. Util1mat1an· 

91.92 255 255 255 255 
6.56 636 636 6.36 636 

91. 58 67 
91. ~ 73 
9048 
90 06 S6 

u: 4. 0 

al Co. 

Prairie bay 9 5.02 2.74 34.07 51. 21 93.04 
" If 10 5.42 2.87 34.34 50.17 92.80 
If n ll 5.10 2.47 35 . 53 50.33 93.43 
a " 12 5.12 2.46 .36 .0l 49.48 93 .07 
ti n l3 5.35 2.75 31.06 54.01 93 .17 
n n ~ 5.03 2.47 33 .77 ;2.47 93 .34 
• n 15 5.30 2.84 34. 58 50.;1 93 . 23 
• II 16 5.74 2.95 34.06 50.24 92.99 
• a 17 5.74 2.95 34.06 50. 24 92.99 
" n 18 5.60 2.95 32.76 51.60 92.91 

Corn 9-14 10.47 2.76 1.87 SJ .42 98.52 
15 9.65 5.02 2.0.3 81.71 98 .4]. 

16-18 9.94 4.61 1.86 81.93 98 • .34 
Jtrd,raulio oottonseed meal 9-18 45 .46 5.95 8. 08 JJ .82 93.31 
Solvent cottonseed meal 9-18 43 .76 2.88 12.02 34.45 93.11 
Expeller soybe oil meal 9-18 51.26 4.97 5.46 Jl. 58 93 . 'Zl 
Solvent soybean oil meal 9-18 54 .96 0.47 ;.05 32.70 93 .18 

~ • 
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RESULTS AND DISOUSSIW 

The coe-f:f'icients or digestibility for crude protein 1n the ration.a con­

tajn1ng the soy-bean oil meals averaged much higher in both exporimantei than did 

the oarresporuilng coe.fi'icients or the rationB supplemented by the cottonseed 

!OOals . Thia is ab.own in table 5. Tho soybean oil meal rations CC and DD had 

coefficients of 61.0 and 61.4, while the cottonseed ceal rations AA and BB 

bad coefficients of' 54.6 and 54.3 In the secord experimont the coefficients 

for the soybean oil meal rations GG aid HH were ~.2 ani 6S.o, while the figures 

for the cottonseed. meal rations EE and FF were 64.4 aDd 6.3.3. This ditterence 

"'as high:cy' s1gn.itieant (at the l per cent level) 1n the f'irst experlln.ent EIDd 

sign1.f'1cant (at the 5 per oent lewl) 1n tho seoODd. exper:Lment. 

The digestibility coefficient for ether extract was much higher tor the 

press extracted soybean oil meal ration thsn. i'ar the solvent extracted .soybean 

oil meal ration. A dit!'erence also e:x::1.sted between the eydraul.ic process an:l 

solvent process cottonseed meals bt.tt it 'Was mu.oh less than was the case uith 

the soybean oil meal rations . The solyent process soybean oil meal ration bad 

a lower ooef'ficient than 8JJ3' of the other rations . This was true in both ex­

periments . In the !'!rat experiment the coefficients 0£ digestibility ot ether 

e::z:traot of rations AA and BB averaged 57.9 and 50 .. 0, while these.me figures for 

rationa CC and DD llere 51. 9 8Dd 41.6. These differences woo.•e bigh:cy' significant . 

The same coefficients for the rations fed in the aeoolld experiment Y&r-0 78. 5 

8Ild 75 .6 for rationa EE and Fl respeotivel.¥ and 74.8 and 7.3.0 for rat.ions GG 

aild HH. These dif'ferenoes -were not signi:fi-eant. 

Crude .fiber had a louer average digestion coetf'ioient 1n the secoz:id experi­

ment than in tho first . The digestion coo£fio1ents for crude protein, ether 

extract, nitrogen free extract and organic matter were all higher in the secom 
experiment (rations EE, FF, GG and HR) than in the tirst{rations AA, BB, CC am 



Tho Average Appe.ront Digestion Ooetticients ot Nutrients and too Total Digestible 
Wutrient Content ot &aoh Ration .Fed larlbs. 

A~D1. Di;;~~~~it ls;;;smil ~! 
Ration Nlllilber Et1- Crude Organic) 

B.g;nat mer 0 Hattar 
First Exper1rnent 

54.6 il Hydraulic cottonseed meal 57.9 64.7 58.6 60.5 
BB Solvent cottonseed meal 54.3 50.0 64.2 59.5 00.3 
cc Expeller soybean oil meal 6l.o 51.9 65.S 59.S 61.4 
00 Solvent soybean oil meal 61.4 ~ .6 66.9 59.9 61.9 

Second LXperiment 
D ~aullc cott onseed meal 64.4 78.5 54,.6 8.5.4 79.4 
n Solvent cottonseed meal 63.3 75.6 5;.o 84.6 78.3 
GQ Expeller soybean oil meal 69.2 74.8 60.2 86.0 80.7 
HH Solvent i3oybean oil meal 68.0 73.0 60.2 86.4 ao.a 

-t.D.H. 
ot 

l4tign 

53.9 
53.4 
54.6 
54 r.. .:::> 

71.l 
70.l 
72.0 
72,0 
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DD). The oa;n.puted toto.l digestible nutriont values (Tm) of all rations 1n the 

second experiment were much higher than the eoITesponding values in the first 

experiment . Although ditf'e:rences among rations in both experiments existed, 

the on.q significant differences found were those that have a.heady been stated 

tar crude protein BDd ether extract. 

The data on the nitrogen ret enti on of the ditf erent rations containing each 

o£ tho fou:r meals are presented ili tab1es 6 81'.ld 7 . All data from the mainten­

ance rations are in t able 6, whilo table 7 contains the dato. oan.puted :f'ran the 

result a or the fattening rations . 'l'he data gi van ~ar each lamb are the averages 

cqmpu.ted tram the composition of the ration, urine and .feoes over the ton day 

collection period.. 

The nitrogen content or the <.U.tferont rations varied slightl y but these 

ditterences 'Wei·e not important because of the ama.J.1 amount of the total intake 

that thoy represented. There were rather wide variations in the percentages or 
nitrogen retained from the £our rations in the t!rst experiment but tbeae differ­

ences wre not si gnif"icant. There uas very little variation in the percentages 

of nitrogen ret ained f'ran the rations in the second experiment anl these differ­

ences were not signi£1.cant. The amount or nitrogen retained f r an the solvent 

meal r ations Ye.a s light q larger in all cases than the anwtmt from the pressure 

process meals. 

There was no evidence of harm.t."ul etteets due to feeding BJlY' of the meal.a 

1n either experiment. 

OJ1l3: t\h} o£ the lambs failed to gain weight m tho maintenance experiment 

an1. all lambo made vary satisfactory gain:, 1n the fat tening experiment . The 

gains in wei ght in both ~riments were given in table 8 . All of the l.ombs at e 

all or the feed Qf'fered 1n the first experiment but aome trouble Ya.a experienced. 

1n keeping all animals on feed during the second experiment. Some feed was 

retused f'rom all of the rations but more an:1rnaJa refused feed from the b,ydraulic 
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TABIE 6. ~ trogen tention of tho Batians for 
Iambs in Exper nt I. 

riD.ary 

AA JJS4 8 .9 3.5 4.1 7.6 1.3 14.6 
]355 9.0 3.1 ,3 .8 7.5 1.5 lh.7 
l356 9.1 .3. 5 3.s 7.3 1.8 19 .. 8 
1357 .o 3.7 4.3 8. 0 l.O ll. l 
]358 8.9 4.0 3.9 7.9 l .O 11.2 
1359 9.0 .3.1 4. 2 7.J l .7 18.9 
J.360 8.9 J .2 4.3 7.5 1.4 15.7 
l400 

:verage 4.0 14.4 

1354 .8 .3. 8 4.0 7.8 l.O ll.4 
JJ55 • 4.0 4.3 8. J 0. 5 5.7 
JJ56 8.8 J .6 3.9 7.5 1.3 ]4.8 
1357 8.8 3.8 4.1 7.9 0.9 10. 2 
1358 8.9 .'.3.2 3.6 6.S 2.1 ~ .6 
1359 8.9 3. 2 40 7.2 1.7 19.l 
1360 8.7 2. 5 4.2 6.7 2.0 23.0 
1400 

8.8 3.5 4.0 7.5 

cc s.9 12.4 
.9 ll. 2 . 12. 5 

8.9 7.9 
8.9 15.7 
8.8 19 • .3 

9.1 
0 

A: )3 . 5 

1354 8.7 3.6 J .2 6.8 l.9 21.s 
.l.355 8.7 4.0 3.3 7.3 l lh.1 
1356 .6 4.2 3. 2 7.4 1.2 1i·o 1357 8.6 4. ; .3 . 5 8 .0 o.6 .9 
1358 8.6 4.3 3.4 7.7 0.9 lD.5 
l359 8.7 3.4 .3 .4 6.S 1.9 21.8 

8.8 J.J J • .3 6.6 2.2 25. 0 
l400 . 

A 8.7 .3.9 3.3 7.2 



00 

1. Avera ~ ti s 

Dietary Feoa.l Excreted M 
Gm.. 

1354 15.7 22.9 
3355 l.3 .4 3. 
l356 16.0 25.6 
JJ57 JJ. 6 14.7 
JJ59* l5. 2 23.0 
1359 J.5. 2 16.4 
]J60 1$. 2 4 
]400 

A:. rage 

1354 16.0 7 . 5 5.4 9 .3 .1 19.4 
1355 14.4 ; .1 6. 2 ll.3 .3.l 2.1.. 5 
1356 15.1 8. 2 5.5 ]J.7 1.4 9 • .3 
1357 15.9 6.9 6.o 12.9 3.0 18.9 
1..358 16.o 6.9 6.o 12.9 3.1 19 
JJ59 16. l 5.5 5.9 11.4 ,.._.7 21.2 
J,J6o 15.9 8.8 5.3 ]4. l 1.s ll. 3 
1400 , 

JJ54 15.9 7.8 4. 5 12.J J .6 22.6 
J.355 l5. 7 7.1,, 4 .7 12.1 3.6 22.9 

56 15. 6 6.4 6. 2 12.6 3.0 19. 2 
1357 11,..8 7.7 4.8 12. 5 15. 5 
358 15.6 4.7 JJ. 5 13.5 

1.359 l5.7 5.1 12.6 19.7 
1400* 15. 1 3 12.8 15. 2 
1400 1 

15.4 JS . 2 

1354 ]4. 8 .3 4.6 12.9 12.s 
1355 1s.9 7.8 l). l 17.6 
1356 15.S 6.8 ll.8 25 .3 
1357 12.0 5.5 10.1 15.8 
13 5.2 7. 5 ll.7 23 .0 
1359 15.7 8.4 12.8 l.8. 5 
1360 15. 12.4 21.0 
l400 

2.9 19. 2 

ince l3 'Iii' s off fe while an tion and 1360 off fe 
while o Ratio GG, retriw v ro nm a?ld 1.359 as subst.1.t.uted on 

:tion 1400 o Ratio 

Zl . 
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s. 

l35ii 2 
JJ55 6 19 
l.356 0 2l 
1357 J 
lJSS 2 23 
l3S9 4 , 5 
1360 2 24.5 
1400 25 
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m.ent. 

lamos 1-Jas detor1ained :£'.o:r· r0ach rai:do:n .. 



s:ir~i:eari.'b m tlie fCttte~ ~ti~;,., 

Xhc. :o,~o ot the ~ ((tot·to:i:l31:l0!'.1 or so:,?;oan) ~ tho ~uttel'~ Il0tt1'04s 

~ .cul.1:i,~00 t.Ul1 val~ ·of a11 irntiooa l.11~r!tt on.ob oxp.n~~t ~e ~ 

si(!)lit~~CQ.li;ly ,llil'f~t •. 

:&V.itd.®tl\Y' aQy~ ·oil ~ .~ ~~~d r:ionl:1 lclGl"C of' ~PI~timateq 

eqw:.tl \'!'alue uhoo U$ed 't;.) ~intn!n imd Zi'l;t-t,en lanb&,, .. ml f}h1:l f!JJth!Xl of 1xc::1~as:-
' 

5lng ~:l to.-i'If."~ tlm :r~ ~:ts 'to· h~1t~ little or· 110 lnflllm- :o;n ')}in~;lr 

a l&lb .feeder w:.lld oo .jutt,tJ.liod .bl 1>:~inr.; ~ ;;~ that· is: ~ mql!ltt;w 

.si'.VS arA. rocilil;r ·~,;,, · 
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