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PART I. DQK8 TBAST AFF80T THE lUPJICTIVITT AWD OlGVn OF

y« nouToai. ascakidia libkata (sgiobzisb) z« cucibh

ZMTSOOOCTIOM

Yoaat Is reoognlsttd as being one of the asin sources

of the Tltanin B eonplex. That this food aeeessory Is re-

quired for nonoal grovth in' ehlokens was ahovn by Klkjaan

In 1800 according to SheriMn and Smith (1951). Elkjnan ex*

perlowBtelly produced ayinptoTBa In fowls slodlar to those of

berl berl by feeding thnn polished rice. He was able to

isreYent these synptons or cure the disease by feeding the

fowls extraet of the oollahlngs. His first theory was ttMit

the dlseaae was caused by toxic aubstances which were pro-

duced b7 excessive starch and which were not offset by sons

Material In the pollshlngs. However. In 1906, Klkjnan

stated his second hypothesis. This was to the effect that

the <1l8order was caused by the deficiency of a pertleular

substance present In the rice pollshlngs md he gave the

dlseaae the naae "nutritional polyneuritis'' (SheroMn and

Salth).

That certain vitamins are essential for the nialntenan<Mi

of normal resistance of ehleksns to an Inteatlnal iwraslte

toes been demonstrated by Ackert and his associates. In 1031,



Aolwrt, HallimlB* and Crmrford found aor« and larger Aaea .

rldla linaata (n«Mitoda) in ehle1»na Milntalned on ratlona

deficient In Viteieln A then In the ccntrole eirallerly pere-

eitlsed end eupplled with thle Titealn. Aokert and Spindler

(1989) found that while the laek of Titanln D did not appear

to lower the reslatanoe of the ehlokena to the growth and

de^lopaent of A^^ llneata . the aupply of thia Titanin

inimiyed the effeeta of the paraaitea on the ehlekena.

Aekert and Nolf (1931) in atudylng tftie effeeta of

ratlona deficient of the vltanin H eonplex, found a larger

nTBBber of A^ llneata In the ehlekena whoae dieta laeked

thia Titaain. Thia anggeated a lowered realatanoe of the

hoata to the paraaite. Longer worwa. however, were fouiul

in the groupa of fowla reeeiwing the wltanin ii in the for«

of yeaat. Thia reault whieh atvgeeted the poeaibility of

the growth faetor in yeaat having a atlmilatlTe effect upon

the growth of the A^^ llneata led to the exeoutltm of experl-

nenta deaerlbed la Part I of thia paper.
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AfmZALS AHD MBTHOOB

the ehlekena used In these exnftritaents were obt:alned

M dey old, purebred, white lei^om ehloka froH accredited

hateherles. They were raiaed in eonfineannt under con-

dltiona whleh were adequate for noraal growth (Herriek,

AelBBFt and Danhelw, 102S). At the beginning of each experl-

«ent the ohieka were weighed, banded and aeparated Into

grouoa of equal else and weight. The ezeeptionally hea^

and light birds were not included in any of the experi-

mental groupa. Weighta were reeorded each week for eaoh

ehieten and the aTerage gain ealeulated. The results ob-

tained thereby were uaed in the eonatruetion of growth

eharta and in biometrle treatnent. Prow tbeae data it was

PMaible alao to atu<^y the effeeta of paraaitiaa.

The woTB egg eultvrea used for paraaitising were nade

aa follows : grawld female iU linesta fro« recently drawn

ehieken inteatinea were plaeed in a clean petri diah. The

ant«*ior enda were cut and the Internal organa pressed out

throu|0 the cut end. The uteri were soTiarated and the

proxlBaal enda containing ttie higheat percentage of



f«rtilisttd •§! asovrated In another clean petrl diah.

Dlatilled water vaa oaad to eorer the egga to which waa

added a few dropa of 2 per cent fornalln to prevent tfa»

growth of bacteria and »old. The ettltnrea were then

plaeed In an electric Incubator kept at a tenperatxire of

50® C. and were allowed to develop to the Infeetive stage.

Ito paraaltise each chicken. 50 eiatxryonated eggs (Aokert,

Grahan, Wolf and Porter, 1931) were coxinted out on a slide

under the low power of the eoapound ieroaeope. Thej were

then washed off onto e filter paper with dlatilled water

and a pinch of cornnnal added. In parasitising, the filter

paper oontalnlng the parasite eggs and the eornaeal waa

rolled Into a pellet and farced down the oesophagus and

Into the crop of the chicken. In Kxporliaent I the birds

were parasitized at the age of six weeka and in Experlasnt

II at the age of nine weeka.

At the end of three weeka ot paraaltlan the chickens

were killed and the aaiall Intestine remoTcd. The Intestine

was broken Into three or four ai^roxlnately equal lengtha,

each length In turn being placed in an Rrlenasjer flask

with one end orer the nossle of the flushing appnratua

(Aekert and Holf. 1020), and the eontenta flushed Into the

flaak by means of war« water under preasure. Thla Material

cone la ting of fecal natter and nemtodes (In most eases)



Villa rmt Unto gl««« Jura mnA px*eserved in formlln. Th»

worm vttr« r«moiF«d from the tmoml miterlAl ftnd debris with

the eld of a bino«roliir wloro^eop© and foreeps. Tbay thon

were plaeed In Tlals containing four p<tr eent fornalln and

the leg hand of tShm ehleken fron whinh thej were rewored for

tbe purpose of Identlfieation.

In eaaurlng, the nenatodea were plaeed a few at a

tine In a oetrl dish wMeh rested on a glaas plate. Under

the plate a strong light was used to eaat a shadow of the

wortw <«ertieally thrrmgh a lena whieh inereaaed it six

diasMters on the ground glass of a i^otographle bellows.

This enlarged shadow was traced on onion skin paper. The

lengths were then taken by running a eallbrated tracing

wheel awmr the traelnga which reduoed their else six diaws-

ters. The use of this Tssthod of aeasurlng Insured accurate

results aa the tracing wheel eould be aade to follow any

twist or tium that the worn aright have aasuned as a result

of Villlng and praser-vlng. Coaiparlsons were taade hj ualng

aa criteria the mm6mr of wonas per group which supplied

the data for the degree of infeatation and the length of

venw psr group which ftarnlshed the data for ths rate of

growth of the woi



BXFIBZMtlftllX. TikfM.

Bxpwlwtot I. On* liiaB<9r«d white leghorn ohieka of the

••• hateh roared on tax adeqaete diet for five veeka were

weighed, banded and aegregated into three groupa of thirty

eaeh, the total weighta of whieh were the aoMi. The re-

miining ten were dlaearded dtie to their exeeaalTe or de<-

fieient weighta. On the following day oam group wee put on

a ration eonalatlng of the regular diet eontalning an ade»

qwite eaount of Tltevin B eeaiplex plua 6 per eent tj weight

of Brewer* a yeaat (Brewer* a group}* Another group waa put

on a ration eonalatlng of the regular diet eontalning an

adequate aaoBnt of vitaialn B eoMplex plua eo per eent by

weight of Bidcer'a yeaet whieh due to the aM>latui*e eontent

waa equivalent to 6 per eent of dry yeaat (Baker* a group).

The third group was kept on the regular diet eontalning an

adequate aaount of witaaln B eonplex aa eontrola (Control

group }• One week after the groupa were put on tlwir re-

aiMetive dleta eaeh ehieken waa paraaltiaod with 50 ewSary-

onated egga of A^ lineata . The ehlekena were aix weeka of

age at that tine. Three weeka later they were killed and

the wonaa reaoved. Not one ehieken waa loat during the

experinent.



After being placed on the rations the blrde grew renld-

ly until the second veek of parnsltitn when ell three groups

not only felled to geln but lost weight (Pig. 1). These

results are in aeeord with those of Aekert and Herriek

(1966) who tested effects of these nessatodes on ehielnns

throughout ysrlous periods of parasltisn and found the

eeeond week to be the nost deleterious to the ehleken.

This Is doubtless dtie to the young woms burrowing into the

Intestinal eplthelluas deatroyli^ Brunner's glands during

this period (Aekert, 1923). Durli^ the third week of pera-

sltlSB the worms withdraw into the lunen of the Intestine

and the greatest sewerIty of the psrasltlm iHiglns to pass.

That this condition probably oeovrred in this experlnent ie

indicated by Fig. 1 which shows that all three groups of

chickens gained in weight during the third week. From a

atudy of these g^ins it was found that the awerage gain of

the Baker' a group was 67.6 gn. (Table I) and of the Brewer's

64.6 gn., OP a difference of 22 §• which waa algnifleant

(6.11 tines its larobable error). While the reasons for this

difference hawe not been detemined, it is thought that the

aosMwhat sour taste of the Brewer's yeast nay hawe resulted

in s slightly ssaller consumption of the x^tion by this

group of chickens. Ho significant dlfferenee in gains oe*

CTJOTftd between either of these groups and the control group

during thia period.
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Pig. 1. Showing the growth otirvea of groupa
of chlokens on Baker*8 yeast. Brewer's
yenet and control diets.
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Tabl« 1. Showing co'-parfttlvo g«ln» In walght mde by
th« grouiM of ehlokmui dta*lng tho last «a«k

of Kxperlisent 1.

:^»t»r: ; : :Aet. TFTTT: T"
: of : jStand. jP. E, oftDlf^.of: of :Rstio^

OroTip ;!!oat8 tg>>n«i Pott, a M^nn ;««»ana ;Plfr.: I_

Bator's : 30 j 97. «: 17.83 : 2.19 :

10.64: 4.55: 8.45
Controls: 30 : 76jWs 30,35 : 3.74 j

_ IS.SO: 4.83: S.SS
Br«inir*a: 30 : «4.5i 24.88 t 3.06 j

^. , _ E3 t 3.76: 6.11
Bator's : 30 : 67.6: 17,83 i 2.19 :

Tha M«aetrloal traatnent of tho data on nusbara of

!—owd froia oaoh obleton ahovod that the Bator's

grotsp had an averaga of 4.43 vorna par ehleton aa eomparad

with »n aworaga of 6.9 worva froa tlia aontrola, or 2.46

vonM. Aa thla dlffaranoa la only 2.79 tlnoa Ita probabla

error. It la not algnlfleant (Table 2). Th« Bravwr'a groi9

had an average of 9.06 aumber of roraa per ohloken aa eoa-

pared with the 6.9 from the eontrola, the difference being

8,16 worioa which la alao within the lliata of experlaental

error. Uowewer, tto difference between the average nuiaber

frow the Bator's group. 4.43 worras as compared with 9.06

worw tram the ft>«arer<a group la 4,63 worsw. Thla la 4.6

tlaaa the probable error and may be considered significant.
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J!hm data obtalnod from neasurlng the woma ahowod that

tha avarage length of those frots the Bak«r*s group was

19.41 OB. as eoapared with 10.83 nm. fron the controls,

fhla dlfftorance of 0.41 bbi. la not significant (Table 8).

The ffortna froiB the Braver* s gt*ntxp had a noan length of

20.92 raa. as oonpared with 10.83 nm. for the e<mtrola« Tha

dlffereooa of 1.00 »• llkawlaa la r%ot significant. Th*

average length of 19.41 an. for tha Bakar*s gronp aa cos-

pared with 20.92 aw. for the Drewer's group ahowed a dif-

ference of l.S as. vhleh is 2.15 tinea ita probable error

and tharafora not aignifleant.

Tha raavlts of this experiment aaaswd to indicate that

yeaat fed in tha presence of an adequate diet does not alter

the reeistanoe of ehiekans to the nenatode Ascaridia llneata

xior does it, tindor the sane conditions, affect the growth of

this nematode. Although there were significantly store

A. llneata fotmd in the chickena of tha Brewer* s group than

In those from tha Baker* a group it w«a not eonsidered aa

index of infeetiwity because the difference existed between

two axperiaantal groups raealTing different types of yeast.

It appeared also that tha presence of Baker* s yeaat In tha

ration inoreaaed the rate of growth of the chickens whex*eaa

the presence of the nri»w*a yaast smaswhat retarded their

growth. It is possible that thia difference slight be due

to the diasinilarity of the palatability of the rations.



"»*•

Table 2. Shoving nmibers nnd lengtha of Asoarldla
linesta frrm oMekens In Sxperlasnt 1.

r: lAet. :P. £•)

Orotip
Of : }8t«nd. :P. E. ofjDlff.of: of :Ratlo £

;Hoet« :Me>n«» Dov« : Mean iMeena ;Dlff«; E^

Baker* a :

Control :

!"a,

ir'a I

Control J

Brawer'a:

••a t

Ktuabera of 13oriM

30 2 4.43: 3.16 : 0.39 :

30 : 6.00: 6.41 : 0.79 :

30 t 9.06: 7.54 s 0.96 :

30 : 4.43: 3.16 t 0.39 :

Averaga lengtha of aonui (•)
30 :19.41tl0.89 s 0.63 s

30 :19.85: 6.86 s 0.38 :

30 t20.98t 7.48 : 0.3

30 :19. 41:10.89 t

2.46 : 0.88: 2.79

2.16 : 1.21: 1.77

4.63 : 1.0 2 4.63

0.41 t 0.71: 0.58

: 1.09 2 0.44: 2.46
0.7 2 2.15

0.63 : 1.5 :
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ExparlBBnt 2. Th« sMioniS oxparlaent folloved closttly

the procedure of bxperlmnt 1 except that the pfirnsitlxli^

was done four weeks after tho chickens had teen put on

their respeetlwe diets. One hundred fifty pwrebred, white

leghorn day old chicks of the sarse hatch were raised in con-

fln«c!ent on the sane Rdequate dlot rs those in Expftrlnent 1

for five weeks. At the end of that tine they were banded,

weighed and segregetod into foair groiips of 4S each, the re-

tsainder being discarded d^ie to their exoesfji\'e or deficient

weights. Ybe groupe of ohioifiens were put on their respec-

tive diets, vis., a Baker^s group receiving llie regular diet

rontnlning an adequate aiaoung of vitaain B in addition to SO

per cent bv weight of Baker's yeast, a Brewer*8 group re-

eel ving the regular diet containing an adeqtiate anmmt of

vitamin 3 plus 6 per cent of Brewer's yeast and an addi-

ticmal group receiving the regular diet containing an ade-

<|iiate aMount of vitamin h complex plus 6 per cent b-r weight

of dry fiaker*a yeast (dry Baker's group). Besides Uie

afw^nentioned groups, there was a control group receiving

the Siguier ration containing an adequate anmmt of vitaain

B cnmolex.

After the chickens had been on their respect'"' *5fto

foiir weeka they were parasitised, eaeh witti 50 enbryonateA

iNHt> of A^ lineata froK a culture which had been incubated
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thr«« ire«lca, Aft«r three VMilm of psmsltlBn the ohleken*

«93*c killed, the Inteetlnds veworm^ und the piir««lt«s iao-

Ijited. Dtarlng th« exwirlrwnt ••«r»»l of the birds died,

•ight of thew were frot3 the control fxoup, two frora the

nelet B»)mr'B i^ronp, two rrow the Brerer'B RToiip, end non*

frors the dry Be)Ter»8 fp^ovin. The fRct thet such a lerge pw-

eentsge of th«« were fttm the control group would see* to

Indicate thet the jeast helped to keep the blrde In • r»ore

h«»althftjl oondltlen-

!!T>on Ajcaalnatlon of the giowth eurxrea (Fig. 2) It will

be seen that thoae In the (dry) Baker* a and the nolat Bakei^

groopa T«dc better gains thmn thoae of the control firocp

and the Braver* a groupa, while the Brewer* a group niada leaa

gain than the controls. Ho^'cver, there were no significant

gains wndc by any one group over another.

CoiRparlng the miuibora of woraa It w«a found that the

Baker 'a group hed an eimrage of S,C4 wema laar bird and the

eontrola. P.8 wor^w. The dlfferenee waa 0.44 wonna which

la net algnlfleant (Iteble 3). The firewer*a groap hed an

everege of 3.41 wcrns and the eontrola 2.8 w^rvem or a dif-

ference of 0.61 worTTW w^'/i^h llVvwlse waa not algnlflcflr.t.

The average of ?.P8 woraa of the dry Baker 'a group as ooia*

pared with the 2,8 werna of the eontrola nade a dlf '*erenee

of 0.6 worw which la within the rnnf^o of axrjcrSrrsontal error.

The consideration of the differences between the groQjM in
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Tabl« 9. iShoving niaibara and lengtha of Aacaridla
linaata trom ohlokona on differ«h€ Toaai

rationa in BxTMrinent II

sWiailMrs t t

i of J {Stand « :1

Group {Hoats tlteansiDev.

Vofltera (

P. E. o
Mean

:Aot. :P. E., Q
f:Dlff,of: of jHatlo^
siteana :Dlff.: *

3f florm1

aa»r*s s 41 t 3.24: 4.5 : 0.47 :

Control s 35 s 2.8 1 5.13: 0.35 s

0.44 : 0.59: 0.74

mpmfT'mt 41 t 5.41} 5.0 , 0.52 t

0.61 , 0.63: 0.96

Dry t
1.12 2 0.61: 1.82

D«k«p»a: 42 : S.28: 5.13, 0.32 t

Control : 55 t 2.6 t 3.13, 0.35 •

0.51 , 0.48, 1.06

Br«»ar*a} 41 i 3.41

t

5.0 , 0.52 t

Bakor'a : 41 : 3.24, 4.5 , 0.47 I

0.17 , 0.7 : 0.24

9W7 ,
0.95 : 0.57: 1.66

Baker 'at 42 t 2.28: 3.13 s 0.52 i

Average langths of vox>M (»«.)
Balr«r*a t 41 jl2.56: 5.68, 0.33 1

Control : 55 :11.43, 5.12, 0.35 •
•

1.12 , 0.47, 2.39

Br««er*a: 41 tl4.S4: 16.18: 0.93 •

2.8 : 1.0 s 2.8

"Dry 2.0 : 1.45: 1.37
BBker'a* 4S t12.23s 15.89: 1.11 1

Control t 36 ill.43: 5.12: 0.35 t

0.88 3 1.16: 0.76

Br«wor*at 41 ,14.24: 16.16: 0.93 I

Bak«r»a : 41 :12.56: 5.68: 0.33 <

1.68 : 0.99: 1.69

a*! t
0.32 : 1«54: 0.21

BrirerU: 48 tl2.23: 15.89: 1.11 s



35

whlev 7««»t WB used showed that the dlfferenee In the av^r-

»f«« of th« BiV9r*a grtyaj> ajn<5 th« Brever's group was 0.17

wor?R whteh vaa not al^lfJcant. Betwean the Bak«r*a tmA

Drr Bakar's groups the dlffer<mi»« traa onlT 0.95 yroTm and

ll)rairlt« not aignlfioant. Tha Orv Bw>«r»s and ttja Jk*«««p*s

<!lf*'«r»ne« awwnted t© 1,12 mwm» whi«h waa 1,82 tlmea ita

rrrf»babl« arror aw! tharftfore within the ran(^e nr fi>r.'>^*»ri-

wantal mr-rcT,

Thn nvftrnc^tt length o^ woraa fffund In tho Baker 'a groap

waa 1I?.5< ms. aa eoiaT»r«<! wlfi 11.43 '^, In the oontrola.

The dJffarenre waa 1.1^ tw. whleh la 2,59 tlmea Its Tjrobable

error and not algnin^nnt. The wonaa In the Brewcr'a groop

had an average length of 14,24 wm, and the eontrola 11,43

which rcade a dlfferenoe of 2.8 an. whteh waa not aignl'lrant.

The 12,23 wm, average frow th© Dry Balrer's group aa ooispar«d

with 11.43 for the eontrola oiide a difference cf 0.88 m,
whl<!h waa within the ran/je of oxperlf«ntal error. The con*

aldaoratlon of the gronoa In whl«h yeast was nsed showed

that the difference In the averages between the Baker's and

Brewer's waa 1.68 ms, which waa not algnincpnt. 3etreen

the Batear'a and Jfehe i:*^ Baker' a ST^^P^ the dlfferanee waa

0,32 raa, which waa not algnlfleant. T!»» Dry Bftkur'a and

the Brewer's ^i.tff>z ^r.i^ awryunted to 2.0 t»«. which likewise

waa not aignlfleant.



It waa suj^geated fron ttui rettilts of this experlnsnt

that T*«at, whan fad In the praaanea of an adaquata diet,

doaa not altar tha Infaetivlty or affoet th« grovth of

£.* ^^^y^—ta In ohlekena. Hoaaver, the praaanoa of Baker*

a

yaaat In the ration, whether dry or rolat, aeaaad to in-

ereaaa the rate of growth of the ehlekena.

a«MAR¥ (Part 1}

!• TWO eontrolled exTXirliiienta involving 268 ehlekena

ware etnidtieted to aaeertaln If yeaat la a faator In tha

Infaetlwlty and growth of Aaearldla 1 Ineata when the hoat

ehlekana ware fed different forma of jeaat in addition to

an adequate diet.

2, After being on the regular ration for five weeka,

ttw ehlekena war* tended, weighed and aagiNigalwMI into

frottpa of equal else and weight. The flrat grouo reeelved,

in addition, 20 per cent (by weight) of Baker's y^aat; and

the aaeood group 6 per eent of |p««ar*a yeaat. In Kxperi-

seat 2, an additional group received « per eent (by weight)

of dry Baker* a yaaat. A control group on the regular

ration waa iwlntalned in aaeh experlnant.

3. Each ehleken waa paraaltlaed with 50 enbryonatad

•fia of Ajj^ 1 ineata after being on the aoeelal rationa (one

week SxTieriTnent 1| four weeka, Experlnant 2), At «ie end

of three weeka the experlnenta were temimited and the
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laolsUd.

4. Ilaroia^tout Bxp«riwnt 1 all group* gained In v«lght

©xeoot during th« seeond wMk of piirasitisB whmi thmj lost

volght. In tho final wook of tho oxporisant. tbo B»k«r*«

ffrouv •*• o Msrlnid (elgnlfleant) gain over that of the

»m§mr** group, but not over tho gain of the control group.

Xt Is thought that tha dlfTeranea bat—an tt» tve 7«aat

grottpa «ar hava baan dtaa to dooraaMrt palatablllty of tha

]lra«as'*a ration. Llkoalao In iRxTMrlrnent B tha ehlekana

r«««ivliis fcl» araaar'a raaat aada tha pooraat gains.

5. The criterion used for aaaartalnlng tha d«8ree of

Infeetlvltj »aa tha nuribar of worna renovad at atttopsyf

that for judging tha growth of woraa was thair len^jth at

autopay.

•• In Kxnarlmant 1 there ware no aignlfleant dlffter-

eaaea between the control group and the experlaantal groups

for nnnbera of voraa. There vaa a algnlfleant difference In

nnttbera of wonra batwean the DAer*a group and the tkmmi '»

groun. Since this wee a difference between two forms of

yeaat and not beteeen the control and experlaantal groupa.

It «as not eonalterad aa an Index of Infectlvlty.

7. The rasulta of Bxrwrlnent 2 showed no significant

d;ri^r«neea bat—Mi any of the groupa on either nwiber of

woraa or on langtlw of vonai.
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8. It bes b««n ooncliided from tlMMM exp«rlnMint« that

7a««t does not contain • speaial growth fbotor for

Aaeartdla llneata vhon uted In the T>re8«n«D of an adequata

dlatj nor do«a It, tnklar the aana condttlonu, oonatantly

altar the Infoctlvity (degree of InfeatatXon) of thla

naaatode.
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nxf II. fuuavtisn afi^ctbd bt DiPiutm

PROfini SUPPLKKKNTS

IltRODUCTlON

WYilla the stt>dl«a on itasln A (Aekvrt, Plshor and

Crswford, 1951) «nd Itamin B eonplex (Aek«rt and »olf,

1991} •« faotor* in the raalatanca of ehlokena to paraal«

tU« «•!*• In p*ogr«88, two azpariaonta wrm earrlad out in

19fi7 to aaeortaln If the realatanee of ohiekena to the

aenatode, Aaeartdle llnaata (Schneider), night be lnflwiiM«

by different protein auoplenanta in dieta. The daU frtm

theae exnerlmenta whieh were turned over to the writer have

been examined, the oreaervad A^ lineata frow the gronpa of

ehiekena under eoRpariaon have been counted and nAsatared,

and the deaerlt>tiona of the experiaanta larepared aa a por-

tion of Part II of thia wper. The general method of

proeedure waa alailar to that deaeribed for the oroblea in

Pert I.
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Dr. Janea S. Aekert for hie planning and auperviaing of the

wOTk aet fortti in thia paper and to Dr. J. S. Hughea for
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rations us«(S. Thanks are also due Mr. Dale A. Porter and

Krs. vr. w. CrawfoinS for their asslstanoe during the eourse

of the exnerlnenta and Dr. W. H. Andrews for his adYlee

eoneemlng the statlstioal Methods employed.

BXmXMBITAL DATA

Bxperiaent 1. The naterlals used and the aethods esH

uleyed were the eana aa those In Pnrt I of this pmpmr,

Sewenty-flve pure bred white leghorn day old ehieka were

reeeiwed fros! the Snith Hatnherlea of Boonville, Miasouri.

They were aeoarated into three grottpa of 26 each at four

daya of age and out on their reapeetiTe diets. Esceept for

the first five and one-half weeks the baeel rntlons eon-

sis ted of the following:

Cornweal
Whest
Oeta

20
10

5.52
2.22
1.6

1.14
0.54
0.77

45.24
15.10
6.7

Kixtore
Cod liwer
oil

6
2
2

99 0.34 2.25 67.04

In eddition to thie beaal ration, Oroup 1 (animal

protein nlua wllk) reesnwed 54.3 per cent of its protein in

the form of meat meal which amounted to 11.22 per cent by

weight of the ration. 0.7 gm. of Rriaeo and 3.2 gm. of

com atareh. The eriseo and oom stareh were added to
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equalise the f«t mntf earbohydrete eontent of the other

groups. Tirlee dally green alfalfa waa fed and aweet akla

wlllc waa given ad llMtuTii. Oronp 2 (anlwal protein) waa

given a diet Identleal with that of Oroup 1 exeeot the akl«

iBllk, whleh waa omitted. Qroup 3 (plant protein) waa reared

en m diet entirely laeklng In anlnal protein. In the plaee

of the nroteln fumlahed by the neat seal In Oroupa 1 and 2,

peanut neal waa tiaed aa a atipoleaent. Thla furnlahed 54.3

per cent of the protein In the ration, which conatlttited

11.1 per cent by weight of the ration. The balance of the

protein waa appolled by the wheat, oata and corn In tlM

baaal ration. During the flrat part of the experlnent

analler avounta of protein annnlewnt were used In the

ratlone. Oroups 1 ftnd 2 received 27.8 per cent of protein

atippleraent and Oronp 3, 28.3 per cent of protein anpplenent.

Theae anounta proved to be Inauf fie lent and were, therefore,

Inereaaed to the aforeraentloTMid awntnta.

Sach chick waa paraaltlsed at the age of aeven veeka

by being fed approxlaaitely 500 eaibryonated egga of A.

llneata. Upon examination of Fig. 1 It la aeen thet the

groiip receiving the anlsial protein plua milk aupplenent

PMda notleeably greater galna In weight t^mn did the oth«>

tva groppe. The animal protein group nsde better galna

than the plant m*oteln group but markedly leaa than the

anlaail {n>oteln plua milk greupe. The chicks remained on
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th«lr rations for thF«« «««ln after naraaltleing at vhieh

tlaa th»j Vttra killed, tha nanatoaes laolated froai their

Intee tinea and later counted and sienaured.

fhe bionetrieal treatment of the data on ntodbers ef

vorna reaemid frow each ehieken oheved that the ehiekans In

Oroon 1 (animal iirotein plus «llk) had an average of 8.54

wortm pn» ehieken as ee«p>r«d with 49.6 vorna In Oronp 8

(anlnal protein), the dlfferenee amounting to 41.06 waraa.

This la 4.29 tlaaa its !5robeble error, and la o'maldered

to be algnlfleant. Group 3 (plant protein 8'*oup} bad an

average of 38,7 worns pur ehieken; eonparing thla with the

8.54 woma from Ortnxp 1, gave a difference of 30.1 voriia.

Thla difference la 4.14 tlnaa Ita urobable error anfl ia

llkevise algnlfleant. The dlfferenee between the avera^

B«al»era of werwa frort Orotipa 2 and 3 waa 10.9 worws, but

dae to the large probable error thla dlfferenee waa within

the range of eit?>erip!ental error (Table 1).

The analyaia of the data obtained frow neaaxs'lng tha

•orwa ahoved that Ormip l had an average worn length of

13.02 WR. and Oroup 2, 22.6 m. Thla difference waa O.tB

WB. which la 17,1 tinea ita probable error and obvioualj

algnlfleant. The average of the length of warma of Group 3

waa 25.87 nm, Thla average length eonpared with 13.02 bp.

of Oroup 1 gave a dlfferenee of 10.85 mbi. which waa algnlf1-

cant (22.6 tinea Its probable error). Conpariaon of the
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•«r«g«» l«ngth of Qrorxp 8 and that of Oroup 5 gaw a dlf-

faranoe of only 1.27 na. «Meh fall within tha ranga of

axfMirinsntal arror.

raaulta of thla experStwnt Indlnata th»t tha

of «llk in the dlat algnifleantly Ineraaaad ttia

raalatanoa of tha ehlekana to A^ llnaata > Hot only did tha

nllk appaar to deeraaaa tha alsa of tnfeatatlons found at

autopay, but jitdglng froai thalr length It aaamod to hava aa

inhibitory a ffact upon tha growth of tho voraa praaant. Aa

to tha a ffacta of tha anlraal and plnnt protaln avi^olaaanta

on raaiatanoa, there apoarently waa no dlffareneo. Although

there were nany inore woraM found In the plant protein group,

tha hl^ m»obabla error preoludod tha poaalblllty of a

aignifleant differenoe. Tha fidraaenee of Ilk in the diet

aeetsed to Induce raoid growth of the ohlokena. Tho presenea

•f aniaal protaln without rallk appeared to laek aevathlng

aaaentlal for the normal growth of tha ehlotoena aa alao

aeened to be the eaaa to a greater degree of thoae reeelw-

lag plant protein. There aeeaed to be a retarding of tiM

growth of t*»o wonaa In the aninal TB*otein group when cow-

pared to the lengtha of those fron the plant protein group.

Tha plant protaln aupplaawnt appeared not to hawe ewerything

required for normal growth, aa waa likewise the case of the

ehiekena reeelwlng aniaal protein alone, but to a laaa

notieeable extent than tha plant protaln grouo.
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gxperig»nt 2. The proe»dure in this experiaient olosely

follow©^ that of the t»^v1o«« one. SeTenty-five vivo'e br©<S,

day old, white le(:;horn ehlekens were segregated Into three

groups of 25 eaeh. At four days of age they were put on

their resneetlve diets as follows: Sasie basal ration ns in

Exporlnent 1. Group 1, in addition to the basal ration, re-

ceived 51 p^r oent of Its protein in the fona of meat B»al

whleh constituted 17.6 pnr cent by weight of the ration;

also 0.7 go. of oriseo and 5.2 gn. of stareh to equalise

the fat and carbohydrate content of the other groups.

Oreen alfalfe was fed twice a day and fresh sklsi nllk was

glTsn ad llbitUTB . The ration for Group 2 (anlaal protein)

was Identical with that of Qroup 1 with the exception of

the absence of the a Vim nillc. Oroup 3 (plsnt protein) re>

eeiwed no animal protein in any form. Xastead. peewit swal

was fed as a suppletoent, which awountod to 51.1 per oent of

the protein, the balance being poresent in the cornraeal, oats

end wheat. The peanut tMal oonatituted 20.1 per cent of the

ration. ^

At the age of seven weeks, each ehieken was parasitised

with approximately 500 embryonated eggs of Aj^ lineata . The

effects of the rations on the growths of the chicken is

illustrated in Figure 2. The anioal protein and railk group,

as before. sMde teeidedly better gaina than the aninal

protein group and the plant protein groupe. Alao, aa before
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Pig, 3. Showing the growth cxjrves of chickens
on control (Group 1), animal protein
(Group 2), plant nroteln (Group 3),
and protein deficient (Group 4) sup-
plements.
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yvotaiii i»«iMMat la fb» mUoa -^ *^4 •oeitMl gim^m p«o*

UnottA «M»» m^il tfUtm in «M dhi^GiMMi* «Mt m<3miiaa§ «Mi

tiiiciat ill flM 9l«rt ^mte&a mfiim* hm vvlAiM^i Igr tiM

foot tSiAt tte Ai2maM S9a»iwlm ^^ raU<o «»i» wauiUm

to s^liitain ft vQl^bt isuamtmti^ •^uJlval«B% to tte ai^tai^

ylnft BtUe «wqp« ft* iMit of suffioUat pvotoSA la tlM Oiftt

«P9af«atl7 luliiftlttft thft 8«iMitk of Wm ftliHlMas, «iw nrifclBK

ft mmXkt irwuigay gftln* i*llQft«i«ft» tfa* onan^nftnft itwwinfti

i& ft pooip fttftts »f bsalth «« vftft #fA<l<iiift>i iy tlMil» fwifUd

taflUByWi iit ^ ^^^ ftiM^ri.jaut* ftllg&t TftriftUaoft

wm «•!• iu thft Mfsimtft sf p»»t«la ftnro>iwttit ftnft t&ft

«$i!i^A»ft «Mi wf« mBH^ fooaisftr tSmk tftoMaA tn tiMiv

»M|^ftft%lv« mUoaft* 0«MfKMM« th* yvftftftiasft ftlAMly f^*

iftwii Ito pffvloftft «i9«9iJ3Afit» 009 liftaiffta iiidolrMB «•«»

»a«o4 for tut £Umt t«ii dagp m m rtftfwitt 4iat* m tut

4m« of thftt tifltt msy «•«» iMii«^teA» Wniaft* «aft mttf^am^U
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par a«dt» Uy waa«at) «? T»r9t»UJ »«|»9l«ant •3asi«%lii$ ofi

Bon* asal -SO *g?

fUt frtiljiiini i*4»^;mii:ied &a. tStauft ratiazse for a ^HiTidA 9i

mim «Mk«« »t !^«ik Um «b« la^^ayA i janfe aw twinl n«t»4>

•tat«» ftM cv««|i j»eaivia« «[» nillc 111 «aaitla. t^j miMmA

y^teln in Vbm mxm^btssmt msA« %9t«»r ^aiits tttt^agHait tbwi

plMMMt «•!• totter miM ^ MoalTlnff tb«

j^Xaat pvottlA sii^plessQnt* xt cilfiflit ':i%i4ait(ft vt HHa

ttai Huit YttS7 Uttlfl JJ.£fi««iO(i offiiia jmi a«t««t»d in W»

tmomU it U^A iiMHWin 1 ^ ^» «ilia»l yrotsla ploa aillk

poMidiUly af «^ iprcat l»t»»«M In salae of ih$ nr: r-^)

«V«# tit* ottoix* d«8 to the .'j-K»«& in ftid^atrt^llitr*

^i» a^^iliiwntx Uwi^ «^ ^ik«t it ^s«iawi

not pr«6«aU J:* tt» (,!:&!»& yr<»Viit irf tJU «4iAO>'ono tiQya an-

«bU to iB^Uitiaa • mwiit i#o«tb thrcTKgb >at Um
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DISCUSSION

It la g«n«rall7 undaratood that a raduetlon In qtmntlty

of food tip to a eerUin point la not harwftil end nay, in

aom Inataneoa, ba baneflelal. HenmrBr, tha quality of feha

food. Of Bora atrletly npoaklng, tho oropar mmoaxit of tha

naeaaaary oonatltuanta of a food or ration nay huva a alg.

nlfleant relatlonahlp to growth and raalatance to paraal-

tlaw. Tha naoeaalty for tha preaonoa of vltmnln A (Ackart,

ollvalna »nd Crawford, 1951) and vitamin B (Ackert and

Holf, lOSl) In ratlona fad to ehlcV»na In order to maintain

BOTMl growth of ehlekona and high raalatanoo to nematode

InfeataMon waa pointed out In Part I of thla paper. Thla

oolnt la aupported In oart by the work of Toator and Cort

(1931) who ahowad that doga nalntalnad on a deficient diet

ware meh nore auaeeptlble to hookworw (Ancyloatom nanlnwa)

Infeatatlon than were thoae on an adaqnata diet. Ibat tba

deficient ration lacked wltainlna and alnerala was pointed

out bj the authors, and, although It la not uentloned, thera

apparently waa a laek of nnlaal protein aa well.

Baaldea an adequate awoung of neeeaaary conatltuenta,

the addition of «llk In a diet aeem to play an Important

part In growth and hoat-paraaite relatlonahlp. Clreum-

atantlal evldenee on thla point waa fbmlahed by Smlllle
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(1922). I!0 cited an onvpU of ai^t peasant* who. In ad-

dition to an aT>p«r«ntly adequate diet, were able to eonauwi

all the ml lit they wanted. Althotigh the Infestation* of

hookwor™ were large in thle group, the peaaanta appeared to

be In good health and with a haewoglobln Index of S6*, al-

thaogh each Individual harbored aa amperage of 550 wonna.

This ^onp he eonroared with 16 field workera who. apparently

were receiving adequate rations, but to then the rallk waa

not available. Althou^^ they harbored fewer hookworas, 224

aa ooaipared with 350. their haemoglobin Index was low, an

average of 57. and they did not have the strong, active and

rvA&f appaaranee of thoae who were receiving »llk.

In addition to these groups, Srnlllle observed three

ale swuntslneera who evidently were Ill-fed and whoso diet

waa deficient In many respects. Their average nunber of

hookworwB was 518 und their haemoglobin Index, 33. They had

a yellow, waxy skin, oedena of the face and feet, and were

greatly depressed In spirit. These observatlona auggeated a

relatlonahlp between nutrition, especially nllk, and tha

effeeta of paraaltlasi. Differences In effects of paraaltla«

were noted by Aekert and Solndler (1927) who found that

ehlekens sunolled with vitamin D auffered leaa frora parasi-

tism than thoae fowla from which It waa withheld* Likewise,

*8mlllle si^gested that the haemoglobin per cent waa an

index to tha affaet of parasitism.
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th« groniM vhleh reeelvad «llk In addition to anionl protein

{Kxiwrlments 1 and 2) evldoneed wry little. If any, effect

of paraaltlaw. Of eourae, the nmnbers of worms were fewer

In t»ie grotips reeelwlng allk, therefore less daamge tron

their presence wotJld be expected. That the Ilk In the

rations was the chief factor In the greater resistance to

parasItlsa in the present experlaants Is qclte evident.

Also, fron the results of these experltnents It has been

concluded that an adeqtiate diet la neeesssrr ^or a high

dtgrme of reals tanee of chictons to iU lines ta and for

nomal growth.

smiAinr

!• Fe«a* experlnanta. Involving a total of 540 chicks,

reared under controlled conditions, were eonducted to study

the effects of warloos protein aupoleaents on the resistance

of the chickens to the nematode Aacaridia lineata (Schneider).

2« Dm chickens were banded, weighed and segregated

Into equal groutM, Group 1 receiving a protein supplcEoent

containing unlnal protein and TBllk, Group 2 receiving a

protein supplement containing anlraal protein but no nllk.

Group 3 wss fed no anlnal protein, but received Its protein

supplenent In the forw of peanut meal. An additional group

In Kxnerirvent 9 received a ration containing only 28 per

«ent of the required amount of protein. Wf asans of weekly
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wolgtits mnA graph* , the growths of the verioue groupe were

•capered

•

5. The ohiekens In Exnerlaente 1 end 2 were eeeh

pereeltised with 50 entoryonated eggs which were allowed to

grow for three weeks, et which time the experlnent wee

terslneted and the worve Isolated. In Kxperlnents 3 and 4, ^^
studies were raade m. the effects of the different diets on ^^
the growth of the ehlekens.

4. The criteria for judging whether or not the re-

sistance of the chickens was affected by the Tarlons rations

were the ntifabers and lengths of woras rewowed from the

various groaps at autopsy.

5. In Bxperlment 1, the results showed significantly

ore and longer worros In the group recelylng an anlnal

protein aupplenent and alao In the group reeelwlng a plant

protein aupplenent than In the group receiving anlnal

protein plua silllr supolewent. Wo significant difference
^^^^

•xlated between the anlvial and plant protein groupa. ^^
«. The results of Sxnerlment 2 likewise show signifi-

cantly wore and longer woma frosi the group receiving the

anlnal protein supplement and the group receiving the plant

protein aupolement than In the group receiving anlwal

protein plus allk supplensnt. No significant difference

existed between these two groups' nuobers of woms. How-

ever, there was a significance between lengths of weirsa of
n
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tlw anlwil DTOteln group and the plant protein group.

7. It WAS quite eTident froa the appearance of the

ehlekens as well ea their reeorda that thoae reeelving both

aniaal protein and nlllc were In raoeh better health and were

growing nore nonoally than the anlnal protein group and the

plant protein eroMp» The plant protein group chiekemi

failed worse then either of the other two grmipe.

8. Vmm the reaults obtained there was strong evl-

denee that the ml Ik present in the diet eauiod the ehlokena

to deirelop ncn*aall7 nnd to Maintain a high degree of re*

slatanee to the parasites.

I
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