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PREFACE 

Protein feeds are necessary to maintain a.nd build body tissue. 

l3ecause of this requirement, swine producers a.re constantly confronted 

with the problem of providing adequate a.mounts and proper kinds of pro

tein for t he proper nutrition of the ani mal . Hogs grow more rapidly in 

relation to their weight than other f rm animals ~ con equently, their 

feed requirements change ra~idly. In a comparatively short time there 

is a change from the high protein requirement of growth to a lower pro

tein requirement during the f a ttening period after growth has been 

attained. 

From the standpoint of mtri tion the period from weaning to one 

hundred pounds in live weight i s a very critical one. Under t a.rm condi

tions the weanling pig is frequently t aken from an excellent eonroe o! 

protein, the ow1 s milk, and paced on a r ation not only lo er in 

quanti ty of protein but poorer in quality as well . As a. result there 

follow a period of. six to eight weeks when the pigs make slow and un

economical gains. It is in this period that we are partieul rly concerned, 

al though a t udy as made of the complete period from weaning until a 

market weight ot 225 pounds was attained. 

Protein rich f eeds , particularly tho se containing protein of high 

qual ity a re nearly always higher in price than energy feeds . This t act 

gives pr actical i mportance to the level of protein necessary to produce 

maximum gains and economy. !he present emergency reemphasizes the need 

fo r more efficient pork production as well as optimum rel tionship be

t ween the percentage of protein concentr tes and gains. 

'.I'he literature on protein supplements and supplement al mixtures is 

voluminous . The most of 1t . ho ever . deals with co aring variou 



supplements for p i gs weighing :from 100 to 230 pounds. The percentage 

of protein in the r ation that will be t meet the requi.rements of gro 

ing and fattening p igs. po.rticularly those under the weight of 100 

pounds. has no_t been a.s thoroughly investigated as its pr actical im

portance wa.1,"ra.nts. 

It is poa ible that Younger p igs do not r eceive enough protein for 

ma.:dmum growth. and that older p igs in some cases are receiving IDOl"e 

than necessary. In man.r cases swine :teeders do not rea.li ze that the 

protein requirement of a. pig changes grea tly with the increased weight 

of the pig. '?lms , they are not 1'eed1ng the optimum amount of protein 

a.t all times. 

If :trom this stud.7 we can establish the optimum protein level of 

pigs a t various weights and make such material available to swine pro

ducers, then we should have attained a. grea t step toward the goal ot 

maximum return :trom each dollar invested 1n a swine feeding enterprise. 
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RffIEW OF LIT:imATURE 

Carrol a.nd :Burroughs (1) studied the protein requirement of a 

ration to produce maximum efficiency as judged by rate and economy of 

gain. In their study they compared rations of 22 percent protein 

against r tions containing 18 and 14 percent for pig weighing 50 to 

1 

75 poun s . For pigs weighing 75 to 10 pounds they used 19 , 15 a.nd' 11 

percent protein. "for pigs weighing 100 to 150 pounds they compare 16, 

12 and 8 percent protein ration • From 150 to 200 the comp ed 14, 10 

a.nd 8 percent rations. 

Por pigs weighing 50 to 75 pounds , the lot getting a 22 percent 

protein ration ma.de progressively faster gains than either of the lots 

getting the 18 or 14 p rcent protein ration. From the standpoint of 

economy the high protein level also held a good advantage. 

In th second period or series ot pigs weighing trom ?5 to 100 

pounds , rations containing 19, 15 and 11 percent protein were comp red. 

The gains ma.de on the 19 and 15 percent protein ration were pproxi 

t el7 the same. Gains ma.de on rations of 11 percent crude protein were 

di tinctly lower. The total :teed required to produce 100 pounds of 

gain was in :tawr ot the group receiving the medium protein level. 

As the pigs put on t he next 50 pounds gain ( from 100 to 150 pounds) 

the percentage of protein in the ration appeared to be decreased too 

severely from percentages used in the previous interval . The gains e 

ell as the economy of gains were progres~ively benefited when the pro

tein content wa advanced trom 8 to 12 and then to 16 percent. 

In the last period from the time the pigs weighed 150 pounds until 

they reached market weight at 200 pounds . the percent ages of protein 

fed ere 14, 10, 8 respectively. The gains and teed consumption during 



this period favored the higher percentage .i,f p1>otein. 

Oo~lete l&esults of exi,~riment are given. in Table l. 



Table 1. Ciompari'son of ;~,Aelve :tots of g.taot1ing f!:l.tteuing pigs :fed at tour weight levels to 
determine protein requirements. 

. BatioBj . pf figs 1teitmiD£. --, . 
50 tt, 75 Pounds 75 to 100 Pound.a 100 to 150 Founds 150 to 200 Ponnc'ts 
Lot Lot Lot Lot Lot Lot Lot Lot Lot · Lot Lot Lot 

, --···· J; . G. 3 ~ .. ,5, . 6 7 8 ... i - . lO 11 . 12 
A:pprorlm.."lte ?ercentage 

of Protein Fed. 22 18 14 19 15 ll 16 12 3 14 10 8 

1~1mber or P1gs Started 21 20 21 20 19 20 18 19 17 15 15 18 

l>iumber of Pigs Fini shad 19 ao 19 20 18 18 17 18 12 15 13 14 

La. Lb, l,J;,. Lb. Lo, Lb. l,b. L]211 Lb, Lb, Lb, Lb 1 . . . 

Average lni tial "\ie.ight 50 ,1,9 50 76 75 75 101 103 100 152 151 150 

Average Final Weight 75 75 75 102 102 99 149 149 139 201 195 196 

Average Daily Gain .83 .77 .67 1.05 1.oa • 79 1.23 1.05 .86 1.62 l,20 1.01 

Average Daily Feed 3.40 3.16 3.14 4.50 4.26 4.10 s.12 5.29 s.11 6.56 5.94 5.84 

Feed tor 100# Gain 415 426 499 443 422 560 435 531 580 421 536 sos 

C,l 
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Carroll and Bu.rroU&hs ( 2) ha.ve completed some work on nitrogen 

met abolism. In thi study a.n 18 percent prot ein ration was compared to 

one containing 22 percent crude protein. Another series compared ra

tions of 20 and 24 percent crude pro tein, still another studying r tions 

of 22 and 26 percent protein. h pai r of r tions was designated to 

:furnish the same quantity of energy, aeh, and org nic nutrienta per pound. 

In all the eight groupa of pi gs studied, the daily ni trogen balance 

increased an average of 26. 3 percent when the protein content was raised 

from 18 to 22 percent. When the protein content was raised from 20 to 

24 percent t he r ate of nitrogen retention increased 20. 7 percent ; a.nd 

finally when the protein level was raised from 22 to 26 percent the 

nitrogen retention increased only 12. 9 percent. However , i n this latter 

comparison with the two heavier groups weighing around 100 pounds, the 

increase in nitrogen retention amounted to onl~ 2. 8 percent and 2.5 

percent. Thia conclusions were for pi gs of this weight that a r ation. of 

22 percent crude protein or 18 percent digestible protein 1s nearl71 if 

not quite, adequate. For the younger p igs of l ighter weight , clearly 

more t han 22 percent protein 1s needed for maxilllllll growth. However, i t 

appears probable t hat the protein content of a r ation needed for maxinm.m 

growth is great er for pigs closely confined as were those in this experi

ment than for pi gs given the free run of a ~od- aized feed lot because in 

the lat ter case more :teed energy for muscular activit7, bu.t no more feed 

protein, is required. 

Crampton ( 3) in studying protein requirement of weanling pi gs found 

that with pigs from eaning to 100 pounds in weight within a given level 

of daily feed consumption increasing the per centage of protein i n the 

r ation may be expected to result in incre sed gains . Bu.t also increased 
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gains will result from increased food intake a t a given level of pro-

tein intake. 'lbnl!I protein re uirement determined by any method is in-

separ bly linked with average dailv foo d consumption and due allowances 

for various levels of total food intake must be made in any workable 

feeding standard. 

l!'or example , Morrison gives _ the requirement of a 75 pound pig as 

3. 4 dry matter and 0 . 31 pounds of digestible protein. These are ap-

proximately equivalent to 3. 75 pounds of feed and 0 . 40 pound.a of total 

crude protein. Intakes of thia level should result in a daily n of 

about l pound. I! leu feed is eaten, howev-er , but with the same daily 

protein intake, less rapid gains mu.st be expected unleas the percentage 

protein of the diet is raised enough to result actually i n a greater eon-

ffl1Il11)tion of p rotein per day. This ie illustrated in Table 2 where it is 

seen, for example , that to obtain the same d ily gain on a diet eaten at 

3. 50 pounds per day s.e would be obtained were 4 . 00 pounds of feed eaten 

requiree that the protein ~ercenta.ge of the r a tion be raised some 8 units . 

Table 2. Average daily gains ( 1n pounds) of pigs from weaning t~ 
a final weight of 100 pounds , a.ccor ing to daily feed intake and the 
pounds of protein 1 t contained. 

Po\Ulde Da1l7 Average »ailY Peed lllaten 
Protein Eaten 3, 00 Lbt, 3, 50 Lbs. 4,0Q Lbs, 

. 30 • 77 . 89 1. 01 

.50 . 91 1. 03 1 . 15 

• 70 1. 06 1. 18 1. 30 

. 90 1 . 20 1. 32 1. 44 
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Table 3. Average daily gain ( in pounds) of pigs from weani~ 
to a final weight of 100 pounds of feed intake and the percent of 
protein. 

Percent Protein Ayeraa Da111 l'eed laten 
in Bat1on 3.00 Lbs. 3.50 Lba, 4.0Q Lbte 

15 .87 1.06 1.25 

17 .92 1.11 1.30 

19 .96 1.15 1.34 

21. 1.01 1.19 1.38 

23 1.05 1.24 1.43 

Keith and Miller (5) checked the pl'Otein leTel for pigs of vai'ioue 

veighte by feeding them rations of corn aupplemented w1 th low protein 

ta.nkage, soybean oil meal and alfalfa meal. 'lhe7 compared a 10 percent 

protein ration against one co-ntaining 15 percent Cl'Ude protein for piga 

of 130 pounds initial weigh\. 

Pigs fed the 15 percent ration made on the average 32 percent 

greater gain in weight and required 37 percent leBS feed for ea.ch 100 

pound gain than the pigs fed the 10 percent protein ration. The 1nd.1Ti

dual average daily gaina of the pigs fed the 15 percent protein ration 

ranged from • 20 to • 58 pound or from 14 to 114 percent more than their 

paired mates fed the 10 percent ration. !hey also required from 12 to 

53 percent leas teed per 100 pound gain. Pigs consuming 15 percent pro-

tein ration required 326 pound.a of feed for each 100 pound gain, while 

the pigs on the 10 percent protein ration required 447 pound.a of feed 

for each 100 pound gain. 

A second trial was conducted studying protein levels of 15. 20 and 

25 percent protein. leTels. The average initial weight of the p ip giv-en 

the 15 percent ration was 82 pounds. Their average daily gain. waa i.55 
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pounds to a final weight of 202 pounda. J'eed required per 100 pound 

gain was 276 pounds. 

The average initial weight of pigs receiving the 20 percent ration 

was 85 pounds and were carried to a final weight of 205 pound.a. '.rhe 

average daily gain of this group was identical to the group receiTing 

15 percent protein, being 1.55 pounds and requiring 276 pounds of feed 

per 100 pounds of ge.1.n. 

The group receiving 25 percent protein ration had an initial weight 

of 86 pounds and a final weight of 193 pound.a. Their average daily gain 

was 1. 38 pounds and reqnired 314 pound.a of feed per 100 pounds of gain. 

Ot this same group of p igs, the most economical. ration for weight of be

tween 82 and 128 pounds, approximately, were atu.died. Here the pigs fed 

the 20 percent ration made more rapid gains on less teed and in leas Ume 

than pigs fed either the 15 or 25 percent protein ration. Summary ot 

results are shown in Table 4. 

!able 4 

No . of Percent of Dqs in Initial 11.nal ATerage Feed Required 
Piga Protein in Period Weight Weight Da11T for la.ch 100 

llatj,on Gain. Pounds Gain 

13 15 35 82 128 1.34 269 

13 20 31 85 128 l.38 252 

13 25 33 86 127 1.28 284 

~he optimnm percentage of protein required in a ration for 

piga from 125 to 200 pound.a was studied. Resul ta are ahovn. 1n the fol-

lowing table. 
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Table 5 

Number Percent of Days in Initial Final Average Feed Required 
of Pigs Protein Period Weight Weight Daily per 100 

Gain PoU}ld. Gain 

7 15 39 128 196 1 . 76 268 

7 20 46 128 207 1 . 73 265 

7 25 45 127 193 1 . 49 316 

A comparison. was al o made of gains in live weight of three group• of 

pigs fed 12, 17 and 22 percent protein rations respectively. eights , 

gains and economy ot gains of pigs between the average 1n1 t i el weight of 

38 and the final weight of 75 pounds being fed 12, 17 and 22 percent pro-

tein ration are shown in Table 6. 

'?able 6 

Number Percent ot Dqa in Initial Final Average Feed Required 
of P1ge Prote.1n Period ·/eight eight Daily per 100 

Gain Poun,d Q:ru. n 

9 12 76 40 74 . 45 375 

12 17 72 38 '75 . 50 301 

12 22 '70 41 74 . 51 289 

Pigs :f'ed the 22 percent ration ma.de . 06 pound greater average daily 

gain, 13 percent more in 6 days or similar gains in 8 percent less time 

than p igs fed the 12 p ercent protein ration. They requi red 23 percent 

le s feed than p igs fed the 12 percent protein ration. 

The pigs :f'ed the 17 percent protein rati on made • 05 pound greater 

average da117 gain, 11 pereent more i n 4 cucy-s or similar gains in 5 per 

cent less time than the pigs fed the 12 percent protein ration. They 

required 19 percent le SB feed for each 100 pound.a of gain than the pigs 

fed the 12 percent ration. 



protein ration. 

Results obtained :from pigs weighing 73 pound.s a.n<l being carried. to 

'i'able ?. Veig:b:ts. g®J.ns, a,nd econom1r of gains 0£ the pigs between: 
the average initial rmii'llt of 73 pounds and. the average final weight of 
131 pounds being fed the 121 17 and ;32 percent protein rations. 

1'.!umber Protein Dasrs in InitkJ. Fin~J. Avere.,ge Feed :f~r. 
of Pigs Gontent 7?eriod Weight Weight naily Yilach 100 
~--":!< ..,, of llation Gain :ou.n(l Gain 

9 1~3 54 7Z 128 1.02 310 

12 17 45 75 131 1.27 245 

11 22 48 '?5 128 1.13 259 

Pigs fed the 17 pcroent protein ra.tion m.G',d.e .25 pound or 21 :pe.rcent 

cent protei.n ration, mvl the pigs fed the 22 percent protein ration made 

ui tb. an ini Hal t-ie:i.ght of apr,roxiaately 32 pounrls antl a final weight of 

}~bison ( 6) in a preliminary tri&J. studied the eff'ects of high pro-
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trial nsin.12; pigs ui th ait iui tiftl ,::eig;l'lt r,1;1,n~ing frorll 60 to 71 r,,otw.rle, ru1d 

c:.n av.,?:rag;e e.ge of 66 days h:1 corn1J:iri:ng the effects of protein hnrels of 

17.3, 25.6, 34,.2 51.0. 

in this tri~l Robison re-ports th.at scouring r:ras prevalent per-

sinted. .8lli10nt; the pigs fed the 26 pc:rceiit or more of protein. 111:;tcl:1 inc:re1?,s.e 

:i.1.1 protein :i.1,1ore2,r~ed the severity of 'the ii:lCourilig;. So ftJ:f! as was observed 

the scouring 11-ad :no ms:,:rious d.etr:i.mentnl effect on the pigs. 

tri th e1c1eh incre:;~se t!.'bove 26 percent of 11rotein th.ere ,>Jtts f'. dec.re~se 

in the average rapidity of' gaini:1 e.nd. gains: prod:n.ced Jier tmi it of feed. 

The 51 nercen.t protein r,:ottiou, htmever, t:M'tS xmich i:1ore e:ff eeti ve tl1a,n the 

£i percent p11otein ration. 1l:he l@,tter rr~de ct le::;s n.1ri'avor12tl)le shtmilig as 

the pigf! became heavier 'btit there. was no perioa in which the :pigi!:l on. it 

did not reqrl.i:re au e:xcessi ve /ElJi1ount of feed per unit of g;ain or il.'1 uhieh 

~;t n :normal rate. 

appro;itimatel~r 90 pcnmdl:l in t.reif;ht, ·~he 26 and ;91 11,e:rcent protein 

:r.e.ticms i.tere more effective th,'Ml the smaller or larger arnou1?ts. ietween 

f ecti ve as the 26 antt :34 percent :;orotein ration.a. Above 125 pounds the 

:estim1s conte.inin{c; lA and 17 percen.t of pro'!H:)in rirodu.ced: more rapid. g;tiins 

JH3x> unit of feed tha11 tht:Hie conteinin.g mo:r.e ;protein. 

Pig~ fed th.e 112>,rger .sl!lounts of protein shr~,nk more in tr~n$it t>..ii'ld 

clre£JGDd out les~ than th<HH~ fed somewhfl.t sz:1aller :11uo,mts. 1t'eeding of ldgh 

am.ounts of prot1~in rlid. not :p:roduee carcat.se~ carrying mu.eh more th"ln a 

norrnel ai:rrou.nt of loan. The lot th.at received. no protein concentrate re

s-al ted in, excessive fe,tness rather th.tin normal ~ottth.. 
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1-'igs !ad the 51 percent protein ration we:re examined upon slaughter 

for e.11;r h!:c,rmful effects. The kidneys, livers :ind spleens were approzi-

lar ueight .fed more nearly n:orraal :ra.tione. .Although tlle kidneys, livers 

Ferrin (4) studied three lots of pigs fed varying amount0 of protein 

coneent:rates. Lot l received 0.20 of a pound. per pig daily of eqt:al pa:rts 

dry rendered. ta.nka.ge rutd soybean oil meal. Lot 2 received 0.40 pound per 

pi& da.ily, and Lot 3 we.s self-fsd the p:rotein mipplement. .BJ.1 lots were 

self-fed corn a..'ld ha,d £re~ access to rape pasture. 

1:he a.verage gain of the piga in the three lots varied. in di:t-ect pro-

portion to the emunh of the protein mixture fed. Lot 1, with an aver-

e.g;e ini tinl ueight of 51 pou.ncls and o.n average final weight of 160 pounds:, 

made the lo1:1est and least economical gains tor the 91 day :feeding period. 

Lot 2. with an e,verage i;ni ti!'ll weight o'f 49 pounds 2l,lld a final weight 

of 167 pounds, were 110t only more economical in their e:a,ins than Lot 1, 

but gained 1.30 :pounds per ilay for the entire period as comp.E'J,red to 1.20 

for Lot l. 

Pigs in Lot 3 started with en initial \teight of 47 pounds !'l.nd finished 

at an averr3,ge weight of 186 pou.n.ds. '.this lot 1:.ras self-fed the supplement 

and comm.med on an a:verage o. 75 11ound. per head daily. tot 3 wa~ tho most 

efficient lot of the trial, ga.ining 16.25 pe.rcent more than Lot 1, and 

req:i;iiring 19.34 pereent l.ess f'eed. fh;ey gained 11.37 percent faster tbi?.n 

!,ot :a. and required 13.44 :percent less feed per- 100 pound of gain in live 

weight. 

~oodroa.:n, 1!\vans and Turpitt ( 7) stu.die(l the influence of high protein 

intake on protein encl miner2.l metabolism. They found that an u.nusu.all;r 



be,co:u pigs b:1,d only the slif:;htegt effect on the rate of live weight in

creas,;) 1,etween weaning m1tl t3laughter. The (!iet co1ita,ining a.n ai:n1or:m2ll;r 

high percentage of :protein rich feed gave rise to Ct?,raasses nei tller 

lee.ner nor fatter tha.11 those arising from a diet containing ti rtetlium 

an:iount.. From the st1:M1dpoint of both grtnrth and. f!'ll,ttening. the high pro

tein rliet was se;c1rcely to be aJ.stinc;u.ished 1::rom medium protein diet. lt 

ccJUS found further that the gilts in the experiment -p:roi.tu.eed somswha:t 

lei,,J:i,er carcasses tha.11 1,)al"rous from the same litter, a .find that pointed 

to a somewha.t mo:re efficient retention of fool'l nitrogen by the gilts. 

Since the factors tihich dete::rmin.e the le~mnese of bacon carca.sses a.re of 

co11siderable econoniic i,nportance. it 111aG decided to investig,a,te further 

bzr the more precbe technique of metabolism trials, the utilization of 

food protein by bacon pigs at d.if'.f erent stages of growth fTom ue-aning to 

slaughter. 

I:n co!lflucting the met&,bolism trials the investigators COirri})ared a 

medium protein level with wha,t they consiclered a high protein level. 

tein level group hat'l an addition of' 12 percent o.f soybean med tihich re

:pl&.,eed &.,11 ecrual ,1eight of' b21rley in the ration. Their conclusionsJ of the 

e:l!:pe:.riment tJe:re as follows: 

(l) The y-cung pigs after Beaning 11e:re able to digest their :food t!S.th 

a.s high 2.n efficieuc:;r as was d.isplayed in the latter stage~ of g;1•otrth. 

2he e;;.-:t1~a protei11 in. the high J,rote:tu rations ha.cl little or no effect on 

the extent to 1Jhich the food t1as cl.igeste1l. 

( 2) evit'!.et1cG was secured at any stage of the trial ff!lgger:iting the 

presence of protein in the urine of the pigs subsisting on the high pro

tein dir3t. 
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(3) The gilts showed consistently ·higher rate 0£. n1trocen Pete~lion 
i 

than barrows of the same littel". This behavior was man.1.:fested even' wh-en 
• ' 'I 

. . ! . 

the protein supply in the gilts ration uas lower than. that in the :re.lien 

of the hog t.dth which it was compared. This mare at"i'icient utiltza.t1on 

ot food protein by the gilts is held to explain the te~deney of giltt to 

give :someuha:~ leaner oo.iocasses than barrows. 

'( 4) Nit:to&im retention from htgh protetn diet 1.!l'as no higher t}¥m from 

the normal protein diet, a finding suggesting tbat the a.moU;nt of prot~in 

1n tlie nol'lllal ration is suffie1enil to meet the demands for the quick 

growt:h :required by moden standards. of bacon production, a. very large 

propo;rtlon of the extra protein in the high protein ra't1on could be: ac

counted for by extra. urea eliminated in the urine ot the p~gs on these 

ra.tion.s. ~Ms finding atf'ords a se1enUft.c 'basis for explain1:ng wb.f an: 
' 

in.crease of the protei1t supply 'beyond the leviels ordinarily fed in prac-

tice lead$ to no gain tn respect to oa?"C1:u1s leanness. 

(5) The daily retention of :nitrogen by the bacon pig remains V(l)l"f 

mu.ch the same throughout the whole period of' growth f':rom weaning to i 

alanghter at aoo pounds 11 ve weigh't. 
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Object 

,he o'bjeet of th.ts experi.ment was to determine the optimum percent,.. 

~e of protei.n a ration should eont.ai..n for ma:rlmm e:fficieney and eqono..rq 

of gains £or pigs of various weights. i;te were pa.rtioula:rly interested 1n 

the optimum protein le'V$1 from weaning to 100 ponnds 3.ive tre.ight but a 

study, of the complete period of wea:m.ing to market weight was made. 

lbperimental Ani!lmls 

Pigs us.ed in the erperiment were all of purebred breeding eeleeted 

from f;he 1942 spring pig c.rop of the College herd. The breeds repr~aented 

included Dnroe. Poland China., Ohester White, Hampshire and »erkshlre .• 

Housing., Yards and. Equ1praent 

This experiment was conducted 1n the experimental unit of the swine 

t'arm,. Okla.how.a, Agricultural and Hec.ba.nioal College.. The building is a. 

shed t1Pe brick eonstrnction, open to the south !).nd i.s uniformly divided 

into pens joining paved lots. 

L:1ch pi« was provided vith au identical individual feeder built 'in 

a sma.il holding pen. ixhe pigs ~ere. aclm.ittad. three times each da,v and 

could free them$elvea af'ter they compl,ated feediug. Self:...-wate:rers a.re 

available in each lot. 

Feeds and Method of :?eeding 

lfhe :rations tad consisted of coarsely g?"ound Mo. 2 yellot1 corn 'and 

varying amounts of the following supplemental mixture: 30 parts of ,dry 

rendered tank~e, 20 parts of sardine meaJ., and 25 parts of cottonseed 

meal. Dehydrated alfalfa leaf meal. nk'1.de up 5 percent of the ration i.n 

all eases. Powdered limestone 9,nci steamed bone meal were added to all 
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rl'.ltiona where it was necessary in order to mnint~.in. a m:tlmm of O. 5 

percent catcium tm.d 0.3 percent phos:phons. An. effort was also m."sd.e to 

keep the c~J.cium-phosphorus ration 'betl'1een 1:1 and 2:1. 

A sufficient quantity of each of the f eecls were obtained. sampled. 

analyzed. and the ration computed and mixed at the b~ginnin~ of .each 

trial. An analyses wns also run on each mi~ed ration in.termittentl~ 

du.2.·i.ng the :f'eeding trial. The chemical · a.nti!lys1s en the feeds included 

:protein, fat, fiber. nitrogen free extract. calchua, phosphorus !t).l'ld 

carotene content in the case of alfalfa. leaf meal. 



Sample 

Gorn 

Al :f'~.l :f' e.. Leaf Neal 

Cotton Beed Heal 

fankage 

Sardine Ueal 

Bone Meal 

Carbote,: 

*Parts per million 

H:J,O Ash 

6.89 10.52 

Table 8 

Ohe1M.ce.l Ans.J.yses of Feeds 

RgO Ash ?rotein Fat Fiber N.F. E. Ca. Phos. Oe.rotene 

14.39 1.39 10.00 3.59 1.39 69 .. 24 .03 .279 

9.41 9.93 24.32 5.22 16.08 35.04 1.22 .416 190111 

6.78 7.22 40.90 7.34 8.62 29.14 .182 1.365 

5.B5 9.87 60.22 18.86 i.49 3.?l 4:.00 2.967 

7.49 17.48 63.94 3.07 .33 7.69 5.43 3.183 

2.112 79.37 7.00 4.02 1.30 !5. 5 30.08 13. 794 

.15 99.17 - -- -- 0.68 39.15 .013 -

Ohemioal Analyses of Protein Concentrate 

Protein Fat Fiber lil. F. E. -Ca. l?hos. 

54.31 10.S2 4.93 13.03 2.39 1.954 

1--' 
ffi 



Approxir.l9.te l~ercent 
of Crude Protein 

Oorn 

Protein Ooncantrate 

AJ.i'al:t'a .Leaf llile&J. 

Oa.r'bo tax 

Total 

Tabh1 9 

B.ati.ons Used in !'his Ezq,eriment 

Ration ~tion Ba.tion Ration Ration Ration P.ation 
I . !1 II I IV V . VI V!l _ 

27 24 21 18 

351 380 420 465 

219 190 150 105 

30 30 30 30 

... ~ ... ... 

600 000 600 600 

Protein Su.1):plement Concentra.t$ 

lfank~ge 60 Pe.rta 

Sardine l!ieal 4.-0 Parts 

Cottonseed Meal 50 Parts 

Total 150 Parts 

15 12 

498 535 

66 28 

30 30 

6 7 

600 600 

9 

560 

30 

10 

000 

f....l 
-"2 



Experimental Procedure 

Pigs were selected at weaning (56 days of age) on the basis of sex, 

breed. weight a.nd apparent thrift. 'l'hey- were then group ed into trios by 

carefully consider~ng similarities in breeding, weight. thrift and poten

tial feeding ability. Each pig was assigned a series of protein levels 

and was changed from one level to another in accordance with his weight 

ae is shown in the following table. 

'lable 10 

Feeding schedule of protein levels from weaning to market weight 

Weaning to 50 Pounds 

50 to 80 Pounds 

80 to 120 Pounds 

120 to 165 Pounds 

165 to 225 Pounds 

Crude Protein in Ration 
High Medium Low 

Protein Protein Protein 

27 

24 

21 

18 

15 

24 21 

21 18 

18 15 

15 12 

12 9 

Pro tein leTels i n the above table were determined after caref'tl.117 

reviewing the results from similar experimental work at other experiment 

stations. 

A complete record of feed consumption and gain i n live weight wa1 

r ecorded throughout the trial. Pigs were weighed every 14 days and were 

changed from one protein lev l to another as nearly on schedule as pos-

sible. In many cases it was necessal"1' to weigh certain p i gs and change 

their protein level between t he regular weigh periods. 

18 



Experimental Resulte 

fable. l 

Rate and P.,eononv of Ga.ins of Pigs 
from Vea.ning to 50 Pounds of Weight 

: 19 

Bi~ Protein Madinm Protein l,ow :Protein 

Percentage of Protein i;n Ration 

Ifumber of l'igs 

Average lni tial Weight 

Avr-1~e J'inal lleigl\t 

• Average No. ot Dqs in Period 

Ave;rage Gain. :Per Pig bt Pertod 

Average Daily Gain 

Aver.~e Daily Feed Consumption 

Feed Required per 1001 Gain 

Cor.a 

Protein Concentrate 

Feed. Cost per 1001i1 Gain 

.Groun A Group :a GJ-01:p c 
27 

10 

33.97 

52.55 

19 

18 .. 58 

0.97 

1.89 

116. 59 

72. 74 

9.96 

199~30 

$ 7.02 

24 

10 

34.87 

51.15 

19 

16.a& 

0.84 

l .. 82 

137.27 

<ss.:65 

10.84 

216. 'l5 

$ 7.12 

21 

10 

51.0 

:32. 

15 •. GS 

0/7.L 

1~77 
I 

172~07 

61~45 

12.29 

245.81 

$ 7.20 

ln the first trial• rations containing 27, 24 and 21 percent cmde 

protein respectively were studied. Pigs used in this trial were wea.nlf.ag 

pigs td th an initial weight of a.ppronma tel7 34 pou.nd.s and were ted.' to a. 

final weight of approximately 50 pounds. 

The pigs o.n ration A tha.t received the 37 percent protein ration ma.de 

progressiv$ly taster and more economical gains thtul either: the group re

ceiving the 24 or 21 percent protein ration. ~e pigs that received 



ration A .~,ined • 97 :pound per da,v during this period. as compared to • 71 

pound per fu'),y or 36. 6 percent faster than the low level group tMt re

Ct:liVed ration o. :?h.e high lovel group was also ~23. 3 parcen.t mo:re eoonom

ic:Pi.l in feed :required to produ.ee 100 pounds of gain in live weight. The 

ad<l1t1cnf!..1 11.29 potmds of protein eonsmned by the high level group for 

each 100 pounds of gain saved. 55.48 pounds of eorn in eompe;rison to the 

rcq:airement for the lo-i.r protein group. 

l?igs receiving the 24 percent protein ra:tion P.lso gained appreciabl2f 

faster t~ tho~e receiving the Zl percent protein ration. They gained 

13 • .. '.!£ faster and. were 18. 3 percent more economic&l in feed required to 

prodn.ce 100 pounds of gain in live weig-,ht. :!'he medium protein level 

group required 216.15 pounds of .feed for ea.oh 100 pound@ of gain compared 

to 245.81 for the lotr level group. From the standpoint of .feed saved, 

the extra 7 .20 pottnds of protein concentrate consumed by group B sa.1ired 

35. 00 pounds of corn as eomparad to the feed required per 100 poand.s of 

gain of the 101:1 protein level group. 



Table II 

Rate and R-eonom;r of Gains 
o.f Pigs 50 to 80 pounds of ileigb.t 

Figh Protein · t1!edium Protein 
Grgup A . Orrow :S 

:Percentage of ProtEd.n in Ration 

Average Fin.al Weigl1t 

*Ave~ge lfo. of Days in Period 

Aver~.,ge Gain per Pi~ in Period 

Avera.gs Daily Gain 

Feed Required per lOOf Gain 

Corn 

Protein Ooneentrate 

24 

11 

62.35 

80.73 

26 

28.37 

1.09 

2.48 

144.06 

72.05 

11.37 

Total Feed P.equired per 10{)1/< Ge.in 227.48 

$ 7.47 

21 

l.l 

50.54 

80.73 

31 

30.19 

0.96 

2.81 

208.02 

74 .. 28 

14.85 

2lJ7 .15 

$ 8.71 

l,ol1 ?ro tein 
GrpwQ o. 

18 

11 

50.64 

80.82 

27 

so.za 

1.13 

3.12 

214.84 

48.5 

lS.85 

277.19 

i$ 7.04 

In the second part of this e~cper:tment the sa.>ne pigs with 8n initial 

weieJ'tt of a:gproximately 50 pounds and a final weight of .80 :pounds were 

protein. Greu.p A, the lot receiving the 24 percent protein l'ation, and 

C¢ou.p c. :ted the 18 pe;rcent protein ration, made sil!:1ila.r gains. ~oup 0 

held the advantage in this series b;t gaining 3. 7 percent faster than 

Group A. bu:t required 21.8 percent more teed for eaeh 100 pounds of gtsi.in 
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in live wet ht. Group C g ined 17. 7 percent f .ster than Group B and w s 

also 7. 2 percent more econo ical in their gain in respect to feed 

con med. 

h group receiving the hi h protein level was t he most efficient 

in utilizati on of feed and also held an advantnge over Group Bin 

average daily gain of .13 pound per dq. 

Table III 

ltate and l£conomy ot Gains 
of Pigs 80 to 120 Pounds of Weight 

High Protein MediWll Protei n Low Protein 

Percentage of Protein i n Rat i on 

Number of Pigs 

Average Initial Wei ght 

Average Final Weight 

*Average ber of Da~s in Peri od 

Average Gain per Pi g i n Peri od 

Average Dail:r Gain 

Average Daily Feed Consumption 

Feed Required per 100# Gain 

Corn 

Protei n Concentrate 

Alf fa Leaf Me 

C'arbotex 

Total Feed Required per 100# Gai n 

Feed Cost per 1001 Gain 

*Rounded to earest Day 

Group A Group 13 G;rcmp c 
21 

11 

80. 73 

123 

29 

42. 27 

1. 47 

4 . 55 

206. 72 

73.82 

14. 76 

295. 30 

$ 8.65 

18 

11 

80.73 

124 

31 

43. 27 

1.38 

4. 56 

271 . 65 

61 . 33 

17.52 

350.50 

$ 8.91 

15 

11 

80. 82 

125 

37 

44. 18 

1.19 

4 . 45 

309. 85 

41.06 

18. 66 

373. 30 

$ 8.21 



The optimum protein level for pigs between the weights of 80 to 120 

pounds was studied in the third part of thi investigation. Groups A, B 

and o. respectively, received r ations containing 21 , 18 and 15 percent 

crude protein. 

Group A had an average initial weight of 80. 73 pound and a final 

wight of 123 pounds. The average daily gain for the group as 1 . 47 

pounds per day and they required 295. 30 pounds of feed for each 100 

pou s of gain. 

Group B, with an verage initial we·eht of 80.73 pounds an a final 

ieight of 124 pound , gained 1 . 38 pounds per day a.nd required 350. 50 

poun of feed ;per 100 pound gains. 

23 

Group O received the lS percent protein ration and gained 1 . 19 pounds 

per day. Thy required 373. 30 pound of feed £or each 100 pounds of gain 

in live weight . This group bad an average initial weight of 80. 82 pounds 

and a final weight of 125 pounds. 

In thi test Group A · as 26. 4 percent more economical in the feed 

required for each pound of gain and made 23. 5 percent greater daily gain 

than Group C. Group 13 gained 15. 9 percent f aster and required 6. 5 percent 

le s feed for each 100 pounds of gain than Group C. 

From weaning up to 120 pounds the high protein level group had a.n 

average daily gain of 1. 21 pounds per day as compared to 1 . 09 for Group B 

and 1. 04 po ds per day for Group C. Group A was also 22. 6 percent more 

economical than Group c. and B2. 4 p rcent more economical than Group 13 

in th amount of feed required er poun of gain. 
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Table IV 

Ra.te and onomy of Gains 
of Pigs 120 to 165 Pounds of Weight 

High Protein Medium Protein Low Protein 
GJ;:ou;o A G;x:smn B oup o 

Percentage of Protein in Ration 

Number o:t Pigs 

Average Initial eight 

Average inal eight 

•Average No. of Days in Per iod 

Average Gain per Pig 1n Period 

Average Daily Gain 

~erage Dail y Feed Ooneumpt1on 

eed Requ ired per 100,f Gain 

Corn 

Protein Concentrate 

Alf al.fa Leaf eel 

Oa.rbotex 

18 

11 

123 

163. 55 

29 

40. 55 

1 . 39 

5. 15 

289. 08 

65. 27 

18. 65 

Total Feed Required per 100 Gain 373. 00 

Feed Cost per 1001 Gain $ 9 . 49 

*Rounded to Jearest Day 

15 

11 

124 

165. 9 

31 

41 . 90 

1 . 34 

5. 78 

367. 85 

48 . 74 

22.15 

4. 43 

443.17 

$ 9 . 75 

12 

J·" .... 

125 

167. 45 

31 

42. 45 

1. 35 

5. 94 

392. 92 

20 . 54 

22. 06 

5 .11 

440. 65 

$ 8. 24 

In the test of pigs from 120 to 165 pounds of eight the crude protei n 

in the rations was lowered to approximately 18. 15 and 12 per cent f or 

Groups A. n and C, respectively. 

Group A again made the greatest daily gain. also the mo t economical 

from t he standpoint of feed consumed. luring the period they made an , ver-

daily gain of 1 . 30 pounds per day and required 373. 0 pounds of feed tor 

each 100 poun of gain in l i ve weight . Group 13 ma.de a.n average daily gain 
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of 1 . 34 pounds per day and requi r ed 443. 17 pounds of feed for ea.ch 100 

pounds of gain, while Group C gained on an average of l . 35 pounds per da.;y 

and required 440. 65 pounds of :feed per 100 pounds of gain. 

Group A during t his period was 18. 7 percent more efficient in utili

zation of teed t han Gr oup B, d 18. percent more efficient than Group C • 

.Al t hough the difference in average daily gain was not significant~ Group .A 

gained 2. 9 percent f aster than Group C and 3. 6 p ercent faster t han Group B. 

Du.ring the entire period. from weaning to 165 pounds , Group A gai ned 

1.26 pounds per day or 8. 6 percent f aster than Group C, which gained 1 .13 

pounds per day. The high protein level group was also 22. 4 percent more 

economical in feed required per 100 pounds of gain. 

Group l3 had gained on an aver age of 1 .16 pounds per day which was 

three hundredths of a pound per day greater than Group C, but consumed 

8. 4 percent les feed to a ttain the weight of 165 pounds. 
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Table V 

Rate and Econom.v of Gains 
of Pi gs 165 to 225 Pounde of Weight 

Percentage of Protein in Ration 

Numb er of Pigs 

Aver age Initial eight 

Average Final Weight 

*Avera.ge o. o! Days in Period 

Average Gain per Pig in Period 

Average Daily Gain 

Average Daily Feed Consumption 

Feed Required per lOOf Gain 

Corn 

Protein Concentrate 

.Alfalta Leaf Meal 

Carbotex 

High Protein 
Group A 

15 

11 

163.55 

225. 18 

44 

61.63 

1. 39 

6. 83 

403. 47 

53. 47 

24. 30 

4. 68 

Total Feed Required per lOOf Gain 486. 10 

Feed Cost per 100# Gain $ 10. 69 

*Bounded to Nearest Day 

ed1um Pro tein Lo ~rotein 
Group l3 Group C 

12 

11 

165.9 

225. 2 

41 

59.30 

1 . 44 

7. 04 

437. 14 

22. 86 

24.52 

5 .68 

490. 20 

$ 9 .17 

9 

11 

1 67.45 

222.18 

43 

54. 73 

1 . 26 

5. 64 

436. 93 

23. 40 

7. 77 

468 . 10 

$ 7. 62 

In the final part of this experi ent ot studying optimwn protein 

level for pigs of various weight , r tion containing approximately 15 , 

12 and 9 percent crude protein were studied , using pigs w1 th an average 

1ni tial weight of approximately 165 pounde and a. final weight o! a.pprorl-

mately 225 pounds. 

Group A which received the 15 percent ration had an average initial 

weight of 163.5 pounds and was carried to a final weight of 225 pounds. 
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The average daily gain for this group as 1 . 39 pound.a and required 

486. 10 pounds of :teed. per 100 pounds of gain. Group B,. w1 th · an avel"a.ge 

i nitial weight of 165. 9 pounds and a final weight of 225 pounds, gained 

1. 44 pounds per day and required 490. 20 pounds ot feed for each 100 

poun s of gain i n live weight. Group C, which rec&iTed the 9 percent 

p rotein ration, gained 1 . 26 pounds per d~ and required 468 . 10 pounds ot 

feed for ea.eh 100 pounds of gain. Group C had an initi al weight of 167. 4 

pound and was carried to a final weight of 222. 10 pounds. 

The medium l evel group that received the 12 percent protein ration 

made the greate- t daily gain, gaining 14. 2 per cent fa.st er than Group C 

and 3. 9 percent faster than Group A. Group C, tthich received the 9 per 

cent pro tein ration, was 3. 8 percent more economical in the amount 0£ 

teed required per pound of gain than Group A, and 4. 7 per cent more eco

nomical than Group B. 

For the entire period f r om weaning to a final w ight of 225 pounds , 

Group A made the greatest daily gain. gaining 1. 30 per day a s compared 

to 1 . 23 pounds for Group 13 and 1 . 16 pounds for Group C. Group A wa a.tao 

the most efficient in feed utilization, r quiring 361. 6 pounds of feed 

fore 100 pounds of gain, which was 9 . 8 percent more efficient than 

the lo level group d 5 . 2 p ercent more efficient than t he medium pro t ein 

leTel group. Group B required 379. l pounds of teed per 100 pounds of gain, 

and oup C required 396. 6 for each 100 pounda ot gain. 
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Table 16 

Rate and onomy of Gains of Pigs 
from Weaning to 225 Pounds of Weight 

Percent Average ' Economr Average ATerage 
of Daily of Total Gain Dally 

Group Protein Gain Ga.in in Period Feed 
in Ratio; Per Pig Consumed. 

eaning to 50 A 27 0 .97 199.30 18.58 1.89 
Pounds l3 24 0 .84 216. 75 16.28 1.82 

0 21 0.71 245.81 15.65 1.77 

50 - 80 Pounds A 24 1.09 227 . 48 28.37 a.4a 
l3 21 0 .96 297.15 30.19 2.81 
0 18 1.13 277.19 30.28 3.12 

eaning to 80 A 1.04 230.70 46.95 2.18 
Pounds l3 . 91 270.70 46. 47 2. 41 

C .94 269.19 45.93 2. 48 

80 - 120 Pounds A 21 1.47 295. 3 42. 27 4.55 
:s 18 1.38 350.5 43. 27 4.56 
C 15 1.19 373.3 44.18 4.45 

'ti eaning to 120 A 1.21 261. 9 89 . 22 2.98 
Pounds :B 1.09 312. 7 87. 74 3. 24 

C 1.04 321 . 1 90.11 3. 29 

120 - 165 Pounds A 18 1.39 373. 0 40.55 5 .15 
l3 15 1.34 443.2 41 .90 5. 78 
C 12 1.35 440. 6 42. 45 5.94 

Weaning to 165 A 1.26 296. 98 129.17 3. 47 
Pound a B 1.16 347.70 131.64 3.69 

C 1.13 377. 20 132.56 4. 03 

165 - 225 Pounds A 15 1. 39 486. 10 61.63 e.az 
:s 12 1.44 490.20 59.30 7.04 
C 9 1.26 468.10 54.73 5.84 

Weaning to 225 A 1.~o 361. 60 191. 40 4. 20 
Pounds :a 1.23 379.10 190.94 4 .55 

C 1.16 396. 60 187.19 4 .48 



DI$CUSSI011 

In this experiment of high protein versus medium and low protein 

ra.ti ons £or pigs from weani.tg to a maTket 1;1eight of 225 :pouni:1.s • no ill 

ef'feets 1:1er-e detected fror11 ei thel"' the high, medium or low protein 

rations. The group of 11igs that received the hi@'). level 1:>rotei.n ration 

made i'aff~er gains during 1nost of the trial, but were a.1,,parently no more 

thrif'ty than either of the other groups. 

DtU'i.~ the time this experiment w11ui conducted. the ratio 'between the 

col!t of protein concentrate and grain was rather trl.de. This accounts :for 

the f2et that in some of the weight series Group .,i was considerably more 

efficient in their gains.. out :feed cost per 100 pound.a of gain often ·1.,m.s 

as l'llltch. or exceed.ad those of Ga-ou-p c. tilhen the price of energy feeds 

t;i,mi protein concentrate ti.re more nearly equal tn price per pound the ad

d.itional eoncenti-B,te .fed the Mgh level g-roup saved enough gain. to 

just;i.fy feeding of high protein rations. 'fhe feed prices uaed in com

puting the cost of gains for this trul show th.at a pound of pro.te:1n 

coneentJ>ate costs slightly moi'e tb@.n four times the cost G:f a yound of 

corn which is e gres,te.r spread than norma.lly exists. 

Fron1 the !'esul ts obtained from one trial, the optir.m.,_m protein level 

ce.lll1ot be definitely determined. 
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l. From the results of this trial the opt1Jl11l!ll pl'Otein level tor 

pigs fr,om v1eaning to 00 pounds appeared to 'be at least 27 percent. 

Rigber levels ot protein ra:tions were not tried. 

2. From 50 to 80 pound.a, the group reeei ving the 18 p~rcent ration 

made the greatest daily .gains, bu.t required approximately 50 pounds more 

feed for each 100 pounds gain in live weight than did the group receivil:'1$ 

the 24 percent protein ration. 

3. !he high level group th~t received s 27 percent protein ration 

up to 50 pouwls and a 24~ercent ration from 50 to 80 pounds gained pro

gressi vel,- faster and required approximately 40 pou.n<ls less feed for ea.ch 

100 pounds of gain than either the medium or low level group whes-e re

quirements were almost identical to a weight of ao pounds. 

4. In the weight series of 80 to 120 1,oun(ls. 1 t appear!! as though 

the protein level of the rations i,;rere lowered too :fast as the group that 

reeei ,,ed. the 15 :percent ration made slot-rnr and im.re expensive &,'.'lin than 

either C-roup A or B, which received 21 and 18 percent rations. For pigs 

of this weight the 21 percent ration was the most economical in feed 

required per 100 pounds o:f gain mid also made the greatest avar&,ge daily 

5. From: 120 to 165 pounds ,?ations of. approxiEW.telT 18, 15, 12 per

cent erude protein uere used. and there was no appreciable diff'erenc.e in 

aver<¥t;e daily gain.El, but the 18 percent ration produced a pm1ml of gain 

with 18.1 percent less feed than 111aa o1,ta.inoo. from tha 12 percent ration 

and la. ''I :percent less feed than the 15 percent ration. 

6. In the final weigb:t series, 165 to 225 pounds, the 12 percent 

r-e;tion appeared to be ne,9,rly the optimm for nutrlmu.m gains for pigs of 



this weight. 

7. For the entire period o't t•1ea11ing to a weight o:f 225 pounds. the 

group that reeei ved the high level of prot1~in 1>1e1•e most efficient in 

util:t~ation of feet1s and also CFdned ap:proxirM.1.;ely 6 percent faster tlian 

did the medium level grotl.Jh and 12 percent faster than ths low lavel group. 
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